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KLEBSIELLA PNEUMONIAE  ENTEROTOXIN

I. EFFEC T OF AERATIO N ON PRO DUC TIO N A N D  TO XICITY  
ASSAY IN  ANIM ALS

A n il  J h a n j e e  and P. J. A s n a n i

Department o f  Microbiology, Panjab University , Chandigarh, India  

(R eceived May 26, 1980)

The toxin produced by aerobic stationary and anaerobic cultivation  elicited a more m ark
ed gut dilatatory response than  that obtained in  aerobic shaken culture. For its  assay, the rab
bit ileal loop m odel proved satisfactory, whereas the rat ileal loop test yielded inconsistent 
results and the suckling m ouse test was unsuitable.

A lthough klebsiellae  were re p o rte d  from  d ia rrhoea l cases [1] these o rg an 
ism s were no t th o u g h t to  have an  en te ro to x ic  a c tiv ity  like en tero p a th o g en ic  
Escherichia coli. L a te r , klebsiellae w ere re p o rte d  from  cases o f tro p ica l sp rue
[2] and  were th e  p ro m in e n t species in  som e ch ild ren  an d  ad u lts  w ith  acu te  
d iarrhoea  [3, 4]. N ow  it  is a lready  kn o w n  th a t  Klebsiella pneum oniae  possesses 
en tero tox igen ic  p ro p e rtie s  like E . coli an d  som e e lab o ra te  to x in  inducing  flu id  
secretion  in  an im als [5—7]. These, to o , have been  found  to  s tim u la te  th e  con
ven tio n a l assay  sy s te m  fo r en te ro to x in s  [8—10]. O thers [11] show ed th a t  these  
s tra in s  induced  w a te r  secretion  or d ia rrh o ea , w hen  ad m in is te red  orally  to  th e  
ex p erim en ta l an im als.

These stud ies h av e  m ade us to  s tu d y  th e  p o ssib ility  o f en te ro to x in  p ro 
d u c tio n  by  a la b o ra to ry  s tra in  of K . pneum oniae  u n d er d ifferen t lab o ra to ry  
conditions.

M aterials and m ethods

Source o f  organisms. A  laboratory strain of K .  pneumoniae  (B-45-1), obtained from the  
Central Research In stitu te , Kasauli, India, was used to produce the enterotoxin. It was m ain
tained on nutrient agar and stored at 4 °C for use.

Preparation o f  seed culture. For the production of enterotoxin, the m edium  of K l ip s t e in  
and E n g ert  [12] was used. A loopful o f K .  pneumoniae  culture was added to 50 ml of growth  
m edium , incubated at 37 °C for 6 h which constitu ted  the seed culture for the production of 
enterotoxin.

Production o f  enterotoxin under different cultural conditions. To study the effect o f 
aeration on the yield o f enterotoxin, it  was produced in  aerobic shake, aerobic stationary and  
anaerobic culture. A seed culture of 0.5 ml was added to each of the 5 flasks of 1 litre capacity, 
containing 250 m l of grow th medium. Two, 1 and 2 o f these, respectively, were incubated  
under aerobic stationary, anaerobic and aerobic shaken conditions, respectively, at 37 °C for 
18 h. Each broth culture was then centrifuged at 28 000 g  for 45 m in in  a refrigerated centrifuge. 
The cell-free supernatant containing tox in  was decanted, concentrated to 8-10  tim es of its  
volum e in a rotating vacuum  evaporator (M etrex In stitu te , India) in a water bath at 40 °C, 
filtered through Seitz filter and finally dispensed in  sterile 10 ml v ials and stored at —20 °C 
for subsequent use. The sterile growth m edium  treated sim ilarly was used as a control o f the tox in .

1 Acta Microbiologica Academiae Scientiarum Hungaricae 29, 1982



2 JHANJEE and ASNANI

The sedim ented cells, w ashed tw ice in phosphate buffer saline (P B S) pH  7.2, were used 
to  prepare the cell lysate [13] by suspending these in  10 ml of PBS. The cells were disintegrated  
in  an ultrasonic vibrator (Vibrionic L td ., India) a t 25 kilocycles/second for 30 m in and then  
centrifuged at 7000 g  for 15 m in to rem ove the cell debris. The supernatant was the cell lysate  
used in  the to x ic ity  test. The to ta l protein concentration of concentrated toxin  and of the cell 
lysate  was estim ated [14], using crystalline bovine albumin as reference.

Determination o f  the number o f  organisms and the toxicity. The relation betw een the 
num ber of organisms and the tox in  content o f the culture was studied by the viable plate  
count m ethod. The toxin  produced under stationary aerobic conditions, and harvested at 0, 4, 
8, 24, 36 and 48 h, was used for estim ating its a c tiv ity  in the rabbit ileal loop model. The num 
ber o f organisms at each of the above tim e intervals, was also determ ined by the viable plate 
count m ethod.

Suitability of laboratory animal models fo r  toxin assay. In fant m ice, rats, rabbits and 
rats were used, (i) Infant mice and rats. F ifteen  newborn suckling m ice and 15 rats were used. 
Each animal received intragastrica'ly [15] 0.1 m l o f toxin , m ixed w ith  a drop of 1% ponta- 
m ine sky blue dye, while the controls received the same am ount of sterile growth medium  
m ixed w ith the same dye. The anim als were sacrificed after 1, 2, 4, 8 and 12 h. The weight of 
the gut and of the remaining body was recorded and tox icity  was expressed as a ratio o f gut 
w eight per remaining body w eight. Values above 0.09 were considered to m ean a positive re
sponse.

(ii) Rabbit ileal loop method. The rabbit ileal loop m ethod was used to study enterotoxi- 
city  [16]. Rabbits weighing 1.5 to 2.0 kg were fasted for 24 h before use. The sm all intestine  
exposed by laparotom y, was ligated  into sm all loops measuring 10—12 cm. Ten loops were used 
in duplicate for each test and control. Each loop was injected w ith 2 m l of cell-free supernatant 
intralum inally and the control loop w ith  the sam e am ount of sterile growth m edium . The 
anim als were sacrificed after 4, 8 , 12, 18 or 24 h. The volum e of fluid accum ulated in each test 
and control loop and its len gth  were recorded. The gut dilatatory response was expressed as 
ml of fluid accumulated per cm of inoculated loop length and values o f 1 or more were consider
ed a positive response.

(iii) Rat ileal loop model. The above m ethod was followed for testing enterotoxin in  the 
rat ileal loop. Each loop received 1 ml of tox in  and sterile grow th m edium  as a control, respec
tively . The rats were then sacrificed at intervals o f 4, 8, 12, 18, 24 and 36 h and the volum e of 
accum ulated fluid in the test and control loops and their length were recorded. The gut dilata
tory response was expressed sim ilarly as in  the rabbit ileal loop m ethod, and values beyond  
0.3 were considered a positive response.

R esu lts

The p ro te in  c o n c e n tra tio n  o f th e  co n cen tra ted  to x in  p roduced  u n d e r 
th re e  d ifferen t cu ltu ra l con d itio n s w as e s tim a ted  and  te s te d  fo r its  to x ic  a c tiv ity  
in  d iffe ren t lab o ra to ry  an im als . T h e  p ro te in  co n cen tra tio n  differed  un d er 
d iffe ren t conditions. I t  w as 20, 16.6 an d  12.2 m g/m l in  th e  s ta tio n a ry  aerobic, 
anaerob ic  and  aerobic sh ak en  cu ltu res , giving gu t d ila ta to ry  values o f 1.55,
1.21 and  0.67, re sp ec tiv e ly  (T able I) . T he tox ic  a c tiv ity  ap p eared  8 -1 0  h a fte r 
in o cu la tio n  and  con tinued  to  grow up  to  24 h in te rm s o f gu t d ila ta to ry  response 
o f 1.486 (F ig. 1). In te re s tin g ly  a d irec t co rre la tion  of th e  n u m b er of organism s 
an d  th e  p rodu c tio n  of to x in  w as n o ticed  (F ig . 2); 7.8 X lO 5 o rgan ism s/m l gave 
m ax im um  toxic  values o f  1.46 a t 18 h o f  in cu b a tio n . T he n u m b er of organism s 
decreased  w ith  the  decrease in  to x in  p ro d u c tio n . The effective dose of th e  to x in  
w as found  to  be 19.6 m g /m l, g iv ing a v a lu e  o f 1 and  was considered  to  rep resen t 
one effective dose.

A m ong th e  la b o ra to ry  an im als te s te d , th e  r a b b it  ileal loop m odel (Table 
I I )  gave encouraging p o sitiv e  re su lts  w ith  a gu t d ila ta to ry  v alue  o f 1.55, w here-
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Effect o f  aeration on the yield o f  enterotoxin and its toxicity in the rabbit ileal loop

Table I

Experiment-1 Experiment-2 Experiment-.]1

Aeration
condition

Protein
m g /m l

Obser
vation Fluid,

nil
Length,

mm
Fluid/
length
ratio

Fluid,
ml

Length,
mm

Fluid/
length
ratio

Fluid,
ml

Length,
mm

Fluid/
length
ratio

Mean ratio +  SD

Stationary aerobic 20 Test 15.2 10.1 1.5 16.4 10.6 1.55 15.8 9.9 1.60 1.55 ± 0 .0 7
Control 1.6 7.9 0.2 2.1 8.1 0.25 1.6 6.9 0.23 0 .226± 0 .033

Anaerobic culture 16.6 Test 12.2 10.1 1.20 12.6 10.1 1.25 11.5 9.5 1.20 1.21 ± 0 .1 5 8
Control 1.6 7.9 0.2 2.1 8.1 0.25 1.6 6.9 0.23 0 .226± 0 .033

Aerobic shaken culture 12.2 Test 5.4 7.7 0.70 5.1 8.2 0.63 6.5 9.5 0.68 0.67 ± 0 .0 3 8
Control 1.6 7.9 0.20 2.1 8.1 0.25 1.6 6.9 0.23 0 .2 2 6 ± 0 .0 3 3
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4 JHANJEE and ASNANI

□ Rabbit control I Rabbit test №Rat control Rat test

Fig.  1. Enterotoxigenic a c tiv ity  o f Klebsiella pneumoniae  (B-45-1) enterotoxin  at different tim e
intervals in rabbit and rat ileal loop

Fig. 2. Number of organism s producing enterotoxin  and its enterotoxigen icity at different time
intervals

as th e  ra t  ileal loop m odel was so m ew hat w eaker an d  o th e r  m odels fa iled  to  
g ive a positive response. T he cell ly sa te  fa iled  to  induce a n y  gu t d ila ta to ry  re 
sponse in  th e  r a b b it  ilea l loop m odel.

D iscu ss io n

On th e  basis o f to x in  y ield  in  te rm s  o f p ro te in  co n cen tra tio n  and  to x ic ity , 
th e  to x in  p roduced  ae rob ica lly  u n d e r s ta tio n a ry  cond itions and  anaerob ically , 
gave a m ore m ark ed  g u t d ila ta to ry  response  th a n  did th e  aerobic  shaken  cu ltu re . 
I ts  p ro te in  co n c e n tra tio n  w as also h ig h er u n d er these  cond itions. P ro te in  con
c e n tra tio n  of th e  to x ic  m a te ria l w as 20 an d  16.6 m g/m l, respective ly , u n d er 
s ta tio n a ry  aerobic an d  anaerob ic  cond itio n s, and  gave a gu t d ila ta to ry  response 
o f 1.55 and  1.25, re sp ec tiv e ly , w hich d id  n o t differ sign ifican tly . T herefore, th e  
to x in  w as p roduced  u n d e r  s ta tio n a ry  aerob ic  conditions.

Acta Microbiologica Academiae Scientiarum rlungaricae 29, 1982
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Comparison o f  various animal models for  the determination o f  their suitability for  assay o f  K .  pneumoniae ( B-45-1) enleroioxin

Table II

Infant mouse gut Infant rat gut Rat ileal loop Rabbit ileal loop

Sample
Gilt YVt,

mg
Body wt. 

g

Mean gut/ 
body wt
+  SD

Gut wt,
mg

Body wt, 
g

Mean gut/ 
body wt
4; SD

Fluid, ml Length,
cm

Vol./length 
ratio +  SD

Fluid, ml1 Length, cm Vol. length 
ratio +  SD

133 2.093 0.062 361 6.103 0.056 3.6 8.1 0.406 15.2 10.1 1.55

Test 154 2.504 ± 345 5.455 ± 3.15 7.8 ± 16.4 10.6 -1-

125 1.99 0.002 349 6.980 0.012 3.50 9.2 0.093 15.8 9.9 0.07

120 2.63 0.056 365 7.01 0.055 0.83 8.5 0.12 1.58 7.9 0.26

Control 122 2.73 ± 368 6.70 ± 0,95 7.9 ± 2.05 8 1 ±
125 2.72 0.012 347 6.00 0.001 1,1 7.8 0.02 1,60 6,8 0.033
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In  p rev ious s tu d ie s , th e  to x in  w as fo u n d  to  be h e a t s tab le . T hese f in d in g s 
d iffe red  from  those of o th e r  a u th o rs  [24] w ho rep o rted  th a t  K . pneum oniae  p ro 
d uced  h e a t stab le  (ST) e n te ro to x in  anaerob ically , w hereas s till o th ers  [25] re 
p o r te d  th a t  i t  p roduced  b o th  h e a t labile  (LT) and  ST u n d er s ta tio n a ry  an ae ro 
b ic  cond itions b u t no to x in  in  shaken  c u ltu re s .T h e  la t te r  in v es tig a to rs  rep o rted  
t h a t  o n ly  ST was p roduced  u n d e r s ta tio n a ry  aerobic cond itions, w hich  agrees 
w ith  th e  p resen t o b serv a tio n s in  th a t  th e  to x in  p roduced  u n d e r s ta tio n a ry  
aerob ic  conditions was h e a t s tab le . O n th e  o th e r h a n d , ST m ig h t p e rh ap s be 
p ro d u ced  un d er b o th  aerob ic  an d  anaerob ic  conditions w hereas th e  la t te r  p e r
h ap s  fav o u red  th e  p ro d u c tio n  o f ST only.

T he cell ly sa te  fa iled  to  induce a n y  g u t d ila ta to ry  response, suggesting  
th e  absence of LT. I t  is n o t, how ever, u n u su a l to  come across such  s tra in s , 
p ro d u c in g  e ith e r ST or LT alone o r b o th , as K l ipst e in  et al. [6] observed  th a t  
o u t o f  5 s tra in s  of K . pneum oniae  on ly  one s tra in  p roduced  b o th  ST and  LT 
w h ereas  3 produced  ST an d  on ly  one p ro d u ced  LT only . T he s tra in  u n d e r s tu d y  
p ro d u ced  only  ST.

In fa n t mice w ere re p o rte d  to  be a su itab le  an im al m odel fo r th e  assay  of 
E . coli e n te ro to x in  [15] b u t  th is  m odel fa iled  to  w ork w ith  th e  p resen t e n te ro 
to x in . T he sam e was th e  case w ith  in fa n t ra ts , b u t it needs re p e a te d  a tte m p ts  
to  assess th e ir  su itab ility , b u t  d ifferences in  th e  various species should  be ru led  
o u t before  labelling  th e m  com plete ly  u n su itab le . N eith er w ere observa tions 
xvitli th e  ra t  ileal loop m odel encourag ing  as v e ry  high co n cen tra tio n s  o f to x in  
w ere needed  and  th e  re su lts  w ere in co n sis ten t. O n th e  o th e r h an d , th e  ra b b it  
ileal loop m odel proved  sa tis fa c to ry  an d  gave a sa tis fac to ry  g u t d ila ta to ry  
resp o n se . O th er au th o rs  [12] found  it  su itab le  for th e  assay  o f K . pneum oniae  
e n te ro to x in .

T he LT of E . coli a n d  th e  e n te ro to x in  of Vibrio cholerae induce  flu id  
accu m u la tio n  in  8—10 h [16, 26] an d  th e  ST of K . pneum oniae  an d  of E . coli 
also in d u ced  it  in  2—18 h [27]. A ll th e  above observations p resu m ab ly  in d ica te  
its  s im ila rity  w ith  th e  LT o f E . coli an d  th e  en te ro to x in  of V. cholerae.
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After an antigenic stim ulus in vitro, a fraction was found in the supernatant flu ids of 
spleen (S -l)  and thym u s (T -l)  cell cultures o f 70 to 80-day-old sheep fetuses infected w ith  ovine 
adenovirus in utero. The fraction agreed w ith alpha-l-fetoprotein  in m obility and its molecular 
weight was 67 000. Injected into adult sheep, S -l and T -l had a suppressive effect on the hum or
al im m une response to both adenovirus and Clostridium perfringens  D vaccine. T ests w ith  
peripheral lym phocytes suggested that fetal cell supernatants do not affect blastogenesis but 
markedly inh ib it Ig synthesis as it  could be dem onstrated by im m unofluorescence tests.

In  recen t years  several d a ta  have show n th a t  th e  im m une re g u la to ry  
fac to rs  are  chem ical m essengers. T h e ir m ain  fu n c tio n  is to  s tim u la te  or suppress 
th e  im m une response, i.e. to  evoke a q u a n tita tiv e  o r q u a lita tiv e  m od ifica tio n  
of th e  im m une response [1 -4 ].

K now ledge on th e  reg u la tio n  of th e  fe ta l im m u n e  system  is incom ple te . 
I t  has been show n p rev io u sly  th a t  a t a defin ite  s tag e  o f developm ent th e  ly m 
pho id  system  o f th e  m am m alian  fe tus gains in  im m unolog ica l com petence  
[5—11] and all cond itions of th e  im m une response a p p e a r. N evertheless, several 
d a ta  suggest th a t  th e  im m une responsiveness of th e  fe tu s  is lim ited  and  is 
influenced b y  suppressive m a te ria ls  [12].

F e ta l a lp h a -fe to p ro te in  (A F P ) has been show n to  suppress b o th  th e  p r i
m ary  and th e  secondary  im m une response u n d er ex p erim en ta l c ircum stances 
[13, 14] an d  to  in h ib it th e  b la s t tran sfo rm a tio n  o f  lym phocy tes induced  by  
m itogens [13].

Since fe ta l A F P  is d e tec tab le  in  th e  n ew b o rn ’s serum  for a ce rta in  period 
[16, 17], i t  p ro b a b ly  p lays a role in  th e  reduced  im m u n e  responsiveness of no t 
on ly  th e  fe tu s  b u t  o f th e  new born  as well [18].

E arlie r, we h av e  a lready  s tu d ied  th e  changes o f  fe to p ro te in  an d  lipoids 
in  th e  serum , am nion  an d  a llan to is  of sheep fe tuses a t  d ifferen t stages o f  g e s ta 
tio n  and  th e ir  im m une response to  adenoviruses [19]. T he presen t in v es tig a tio n  
aim ed a t  s tu d y in g  th e  fu n c tio n  an d  ontogenesis o f th e  ovine im m une system , 
the su b stan ces secreted  in vitro b y  fetal spleen and  th y m u s  cells and  th e ir  effect 
on  th e  dev e lo p m en t of th e  im m une response of a d u lt v acc in a ted  anim als.
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M aterials and m ethods

Intrauterine injection o f  fetuses. E xperim ents were performed on fetuses carried by 7 
m erino ewes. A t 70—80 days of gestation after laparotom y the fetuses o f 5 ew es were infected  
intram uscularly w ith  the virus strain ORT/111, isolated  from sheep. This virus strain is related 
to  the bovine adenovirus typ e  2 [20J. A 105 T C ID 5O/m l virus suspension was used for the infec
tion . The fetuses o f 2 ew es served as controls and were inoculated w ith  the virus-free tissue 
culture m aintenance fluid. The ewes were killed by bleeding on the 19tli day after infection  
and then  thym us and spleen specim ens were taken from their fetuses.

Production o f  cell supernatant f lu id s  from  spleen and thymus. The specim ens were hom o
genized in PB S in a glass hom ogenizer. The coarse sedim ent was discarded then the cells were 
separated w ith Ficoll-Paque and suspended in P B S at a cell density o f 5 x l 0 6/m l. The cell 
suspensions of adenovirus infected  or control fetuses were pooled separately. The cell suspen
sions were treated w ith  heat-inactivated  (80 °C) 105 T C ID 50/m l suspension o f the ovine adeno
virus strain ORT/111 at 100 : 1, then incubated at 37 °C for 24 h. The spleen and thym us cell 
supernatants o f the infected  fetuses (S -l and T - l)  and o f the non-infected fetuses (S-0 and T-0) 
were purified by centrifugation and filtrated  through Seitz filter, then supplem ented w ith 1% 
0.1 M e-aminocapronic acid, lyophilized and stored.

Gel filtration.  The lyophilized supernatant flu ids were diluted 1 : 10 and fractionated on 
a Sephadex G-200 pH 6.0 and on a К  25/30 Pharm acia colum n, w ith 2 м phosphate buffer. 
T w o ml fractions were m easured photom etrically a t 280 nm.

Preparation o f  immune sera, and o f  the anti-ovine-Ig conjugate, agar gel precipitation , and 
polyacrylamide gel electrophoresis were performed as described before [19].

Gradient gel electrophoresis was carried out on P A A  4/30 slab gel. The eluent was tris— 
borate—N a 2 EDTA buffer pH  8.35.

Virus and toxin neutralization tests were performed as described before [21, 22].
Autoradiography.  The w hite blood cells from the vaccinated anim als were separated by  

Ficoll-Paque (Pharm acia) and suspended at 10G/m l density in H anks’ solution  containing 10% 
fe ta l serum and antibiotics. L eukocyte suspension sam ples of 1.5 ml from  each experim ental 
anim al were transferred to Leighton tubes. The control tubes were left untreated , the cell sus
pensions in the other tubes were stim ulated w ith  hom ologous antigen (0.1 m l inactivated  virus 
suspension or 0.1 ml 0.05 IN  anatoxin o f Clostridium perfringens  D) and incubated at 37 °C. In  
the 57th h of incubation 10 f i d  [3H] thym idine was added to each tube and 16 h later the slides 
were fixed  in m ethanol and washed in PB S. Subsequently, the slides were im m ersed in Ilford- 
N uclear К., em ulsion, dried, and stored in the dark-room at 4 °C for 6 days. The slides were 
developed in A49-ORW O solution , fixed , and stained according to May—Grünwald [23].

Immunofluorescence tests. After 76 h incubation the antigen-stim ulated and the control 
L eighton slides were fixed  in acetone at 4 °C for 10 m in, covered w ith anti-ovine Ig conjugate 
and incubated at 37 °C for 30 m in [24], then washed in PB S 3 tim es for 10 m in and counter- 
sta ined  with Evans blue (1 : 40 000), coated w ith  1 : 3 glycerol PBS and covered w ith  a cover- 
slip. The slides were evaluated by a Zeiss N U 2 type m icroscope using a BG 12 and a BG3 objec
tiv e  filter, and an OGt ocular filter.

R esu lts

Supernatants o f  spleen and thym us cell cultures. O u gel f i l t ra t io n  o f S epha
d ex  G-100 co lum n th e  S -l and  T - l co n cen tra tes  show ed th e  a b so rp tio n  profile 
d e m o n s tra te d  in  F ig . 1. F ra c tio n  I I ,  in d ica ted  in  Fig. 1, was n o t o bserved  in  th e  
gel f iltra te s  S-0 and  T-0.

P o lyacry lam ide  gel e lectrophoresis o f th e  S -l and  T - l co n cen tra tes  show ed 
o n ly  one frac tio n  w ith  th e  e lec tro p h o re tic  m ob ility  of a lp h a -l-fe to p ro te in , 
w hile  th e  S-0 and  T-0 co n cen tra tes  y ielded neg a tiv e  resu lts.

The m olecular w eigh t of th is  frac tio n  of S -l and  T - l co n cen tra tes  ap p ro x i
m a te d  67 000. as de te rm in ed  w ith  g rad ien t gel e lectrophoresis on a PA A  
4/30  slab gel.
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Table 1

Effect of spleen and thymus cell supernatants on the immune response o f  vaccinated animals

Group No. of Virus or toxin neutralizing\  accine animals Supernatant t jtre

l

2
S-l 1 : 4 -8

3

a Adenovirus 4

5
S-0

6
1 : 64-128

7

8

1

2
T -l 1 : 8

b Adenovirus 3

4

5 T-0
6

1 : 128

8

1

2

3
S-l 0 .1 -1 .5  IU /m l

C C. perfringens D 4

5 S-0
6 9.2-16.2  IU/ml
7
8

1

C. perfringens D

2
T -l 0 .6 -  2.1 IU/m l

d 3

4

5
1 T-0

6 1 9.1-15 .6  IU /m l
7

8
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I. I II. 1.1 II.

Fig. 1. Gel filtrate of spleen and thym us cell supernatant fluids

The S -l an d  T - l  su p e rn a ta n ts  d id  n o t p rec ip ita te  th e  an ti-ovine im m u n o 
globulin  serum  or th e  an ti-ov ine am nio tic  serum  in an ag ar gel m edium .

Effect ° f  spleen and thym us cell supernatants on the im m une response o f  
adult sheep. O ne-year-o ld  m erino sheep were d is tr ib u te d  in  four groups each 
consisting  of 8 a n im a ls . G roups a and  b w ere in o cu la ted  w ith  2 ml of ad e n o 
v iru s  vaccine in tra m u sc u la r ly  [20] w hile g roups c and  d  received 5 ml of Clost
rid ium  perfringens  D vaccine (P h y lax ia )  in tram u scu la rly . The exp erim en ta l 
an im als  received 1 nd o f the  fe ta l sp leen or th y m u s su p e rn a ta n t fluids (S -l, 
S-0. T - l ,  T-0) to g e th e r  w ith  th e  vaccine and  th is  Mas rep ea ted  3, 6, 9 an d  12 
days la te r. A nim als N os 7 and 8 w ere th e  contro ls in  each group, i.e., th e y  re 
ceived only vaccine  (T able I). B lood sam ples Mere ta k e n  1, 2, and 3 weeks a fte r  
vaccination .

The effect o f  th e  su p e rn a ta n t flu id s  of th e  fe ta l sp leen  (S -l, S-0) and  th y 
m us (T -l, T-0) cells on  th e  im m une response of th e  an im als in jected  w ith  ad en o 
v iru s  or C. perfringens  D vaccines is d e m o n s tra te d  in  T ab le  I, based on b lood  
sam ples ta k e n  on th e  21st day  a fte r  v acc in a tio n .

Im m une response o f  the anim als vaccinated with adenovirus vaccine (groups  
a and b). The n eu tra liz in g  a n tib o d y  ti tre s  of th e  exp erim en ta l anim als w hich 
received vaccine an d  5 tim es 1 ml o f th e  S -l or T - l  su p e rn a ta n t flu id  Mere in 
th e  range of 1 : 4—1 : 8. S-0 or T-0 did no t in fluence th e  im m unogenic effect of 
th e  vaccine; th e  n eu tra liz in g  a n tib o d y  ti tre s  of th e ir  sera  w ere, sim ilarly  as in  
th e  control an im als, in  th e  1 : 64-1 : 128 range.

Im m une response o f  anim als vaccinated w ith C. perfringens D vaccine 
(groups c and d ) . In  th e  exp erim en ta l an im als v acc in a ted  w ith  C. perfringens D. 
th e  to x in  n eu tra liz in g  t i t re  am o u n ted  on ly  to  0 .1-1 .5  IU /m l due to  the  5 tim es 
1 m l dose of S -l su p e rn a ta n t. On th e  o th e r  hand , in  th e  an im als in jec ted  M'ith 
S-0 and  in the  con tro ls  th e  t itre  was 9.2—16.2 IU /m l.
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Fig. 2. E ffect of the fe ta l spleen (S -l, S-0) and thym us cell (T -l, T-0) supernatants on the in 
vitro reaction o f  lym phocytes from animals vaccinated w ith  adenovirus

In  anim als t r e a te d  w ith T - l ,  th e  to x in  n eu tra liz in g  titre s  also decreased  
b u t  a t  a lesser ra te  (0 .6—2.1 IU /m l), w hileT -0 did n o t affect th e  im m une response,
i.e., th e  neu tra liz ing  an tib o d y  titre .

T he b lastogén ie  capac ity  o f p e rip h era l ly m p h o cy tes  to  hom ologous a n t i 
genic s tim u li in vitro  w as th e n  s tu d ied  and  th e  ra te  of Ig  positive cells d e te c t
able b y  im m unofluorescence. F ig u re  2 ind ica tes th e  values in  sam ples ta k e n  on 
th e  2 1st day.

I n  th e  an im als v acc ina ted  w ith  adenov irus an d  tre a te d  w ith  S - l , S-0 
(group  a), [3H ]T d R -in co rp o ra tio n  o f  an tig en  s tim u la ted  lym phocy tes w as 
17—18% , w hich v a lu e  was p ra c tic a lly  th e  sam e as in  th e  u n tre a te d  con tro l 
an im als. N evertheless, the  ra te  o f Ig -positive  cells de te rm in ed  b y  im m u n o flu o 
rescence was s ig n ifican tly  lower in  th e  an im als tre a te d  w ith  S -l th a n  in  th e  
con tro ls; only 5%  o f th e  cells show ed fluorescence, while th e  ra te  of Ig  po sitiv e  
cells w as 16-17%  in  b o th  th e  co n tro l an d  th e  S-0 tre a te d  anim als.

T he ra te  of b lastogenesis w as s im ila r in  th e  an im als inocu la ted  w ith  T - l 
or T-0 (group b) an d  in  the  con tro ls. T he m ean  value of an ti-ov ine  Ig -positive  
cells w as 8%  in an im als  trea ted  w ith  T - l ,  while i t  reach ed  18%  in the  u n tre a te d  
co n tro l or T-0 t re a te d  anim als.

In  th e  an im als v acc ina ted  w ith  C. perfringens  D (groups c an d  d) th e  
reac tio n s of lym p h o cy tes  in vitro w ere essen tia lly  sim ilar as th e  reac tio n s of 
an im als  v acc in a ted  w ith  adenov irus (groups a an d  b). T he ra te  of b lastogenesis 
in  th e  lym p h o cy tes  follow ing the  an tigen ic  s tim u lus in  vitro reached  th e  co n tro l 
va lu es  in  th e  an im als  in jected  w ith  th e  spleen an d  th y m u s  su p e rn a tan ts , w hile 
th e  r a te  of Ig  p o sitiv e  cells was sig n ifican tly  low er in  th e  anim als tre a te d  w ith  
S -l o r T - l .

D iscu ssio n

T he fu n c tion ing  of fetal im m une  reg u la to ry  fac to rs brings nearer to  th e  
u n d e rs ta n d in g  of th e  ontogenesis of th e  im m une system . These fac to rs p re 
su m a b ly  p lay  a decisive role in th e  developm ent of fe ta l im m une to le rance  as 
well as in  th e  re g u la tio n  of the  w eak  im m une response of new borns.
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In  th e  fetuses o f  vario u s species, d iffe ren tia tio n  of th e  im m une co m p eten t 
cells goes th ro u g h  s im ila r stages b u t a t  d iffe ren t tim es [6, 7, 11, 25—27]. In  ovine 
fe tu ses  th ym us an d  ly m p h  nodes are d e te c ta b le  on th e  3 5 th  to  50 th  d ay  and  
ly m p h o cy te s  ap p ea r in  th e  blood and th y m u s  betw een  th e  35th  and  4 0 th  day . 
T h e y  ap p ear in  th e  sp leen  som ew hat la te r , on th e  58 th  to  6 0 th  d ay , an d  in  th e  
P e y e r  p laques on th e  8 0 th  to  90th day . T he im m une  responsiveness of th e  sheep 
fe tu s  can  be observed  fro m  th e  41st d ay  on , w hen  it  is able to  p roduce  an tibod ies 
n eu tra liz in g  the  p h ag e  qoX174 [27]. A ccord ing  to  S il v e r s t e in  et al. [9] a 
66—70-day-old fe tu s  c a n  produce an tib o d ies  to  fe rritin  only  a t low t i t r e ,  it 
h a rd ly  reacts to  o v a lb u m in  and rem ain s in ac tiv e  to  Salmonella typ h i-m urium  
o r BCG. O ther a u th o rs  [22] d e m o n s tra te d  v iru s n eu tra liz in g  an tib o d ies  in 
ad en o v irus-in fec ted  70—80-day-old ov ine  fe tuses. H u s b a n d  an d  M cD ow ell  
[28] could provoke a lo ca l im m une response  to  S. typ h i-m u riu m  an d  Escherichia  
coli adm in iste red  on th e  30th to  17th d a y  p re p a rtu m . These d a ta  u n am b ig u 
o u sly  prove the  im m unolog ica l responsiveness of th e  fetal im m une system , h u t, 
a t th e  sam e tim e, th e y  p o in t to  its w eak fu n c tio n in g .

T he reduced  o r suppressed  im m u n e  responsiveness persists  fo r a ce rta in  
p e rio d  a fte r b irth  [10]. S p e a r  et al. [18] show ed th a t  a lthough  all th e  conditions 
o f im m u n e  responsiveness were p resen t in new born  m ice, th e ir  response to  a n ti
gens appeared  on ly  a f te r  th e  second w eek. D i x o n  and  W e ig l e  [29] tran sfe rred  
ly m p h o id  cells o f n e w b o rn  mice in to  ir ra d ia te d  ones and  found  a norm al im 
m u n e  reac tiv ity . W h en , how ever, th e  sensitive  lm yphocy tes o f a d u lt mice w ith  
n o rm a l im m une responsiveness were tra n sfe rre d  in to  new born  m ice, th e ir  
r e a c tiv i ty  was e x tre m e ly  low [30].

T h  ese o b se rv a tio n s  po in t to  th e  a c tiv ity  o f some reg u la to ry  system  in 
fe tu ses  and , for a c e r ta in  period, in  n ew b o rn s, w hich lim its  th e  im m une re 
sponse by  its su p p ressiv e  effect.

T he p resen t s tu d y  w as u n d e rta k e n  to  estab lish  w h e th e r th e  syn thesis  of 
m ed ia to rs  affecting  th e  im m une response  ta k e s  place in  a lym pho id  system  
a r tif ic ia lly  induced to  im m u n e  reac tio n  an d , if  so, w heth er or n o t th e y  are a n ti
gen specific.

Follow ing an  an tig en ic  stim ulus in  v itro , a substance  w as d e tec ted  in  th e  
su p e rn a ta n ts  of sp leen  an d  th y m u s cells (S - l , T - l)  of 70-80-day-o ld  ovine fe tu 
ses in fected  w ith  ad en o v iru s . The su b s ta n c e , sep a ra ted  b y  p o lyacry lam ide  gel 
e lectrophoresis, ag reed  in  e lec trophoretic  m o b ility  w ith  x l- fe to p ro te in  and  had  
a m o lecu la r w eight o f  67 000 as d e te rm in ed  w ith  g rad ien t gel electrophoresis.

A F P  in h u m a n  [31, 32] and in  v a rio u s  an im al fe tuses [16] is know n to 
p la y  a n  im m unosuppressive  role. A ccord ing  to  M urgita  and  T omasi [14], A F P  
suppresses the im m u n e  response and  also th e  m itogen-induced  ly m phocy te  
tra n s fo rm a tio n  [15].

F rom  prev ious s tu d ies  it  is know n th a t  A F P  is an  em bryospecific  p ro te in  
d o m in a n t in the  fe ta l f lu id s  from  th e  beg inn ing  of em bryonal life [33]. Chemi-
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cally  it  is a g ly co p ro te in  w ith  a sim ple po lypep tide  ch a in , resem bling a lb u m in  
in  its  am inoacid  sequence. I ts  m olecular w eight is 68-72  000 [33-35].

A ccording to  o u r re su lts , th e  substances S -l an d  T - l  have an im m u n o 
suppressive effect on  ad en o v iru s-v acc in a ted  a d u lt sheep . T his was in d ic a te d  
b y  th e ir  v irus n eu tra liz in g  ti t re s  w hich w ere sig n ifican tly  low er th a n  th o se  of 
th e  contro l an im als. S -l h ad  a m ore expressed  suppressive  effect th a n  T - l .

S -l and  T - l  sup p ressed  th e  im m une response o f a d u lt  an im als v a c c in a te d  
w ith  C. perfringens  D as well, since th e  to x in  n eu tra liz in g  ti tre s  were v e ry  low  
in these anim als.

T hym us an d  sp leen  cells w ere found  capable  of sy n thesiz ing  the  su p p re s
sive substance. T h e  m e d ia to r  show ed no an tig en  sp ec ific ity : its  suppressive  
effect was m anifest in b o th  adenov irus and  C. perfringens  D v accinated  an im als.

The resu lts in d ic a te  th a t  th e  im m unosuppressive su b stan ces found  in  th e  
su p e rn a ta n ts  o f sp leen  and  th y m u s  cell cu ltu res are p ro d u ced  by  the  a c tiv a te d  
lym pho id  cells o f th e  fe tu s . T his is su p p o rted  by  th e  fa c t th a t  such su b stan ces 
w ere no t d e tec tab le  in  th e  su p e rn a ta n ts  of non-in fected  fe tu ses and th a t  th e  su p 
pressive su p e rn a ta n ts  d id  no t re a c t to  an ti-ov ine  Ig  and  an ti-o v in e  am nion serum .

The reactions in  vitro  o f th e  p e rip h era l lym p h o cy tes  from  groups a. b. c, 
an d  d m ight p re sen t a basis fo r th e  fu n c tion ing  of fe ta l m ed ia to rs . The ra te  of 
b lastogenesis d e te rm in ed  w ith  [3H ]T d R  in co rp o ra tio n  in  sam ples o b ta in e d  
from  anim als in o cu la ted  w ith  S -l or T - l  was sim ilar to  th e  blastogenesis ra te  
in  th e  contro l an im als , while th e  Ig  syn thesis , as d e te rm in ed  b y  im m u n - 
fluorescence, w as c learly  in h ib ited . T hus, th e  effect o f th e  fe ta l m ediators m ig h t 
be sim ilar to  th e  “ a n tib o d y  in itia tio n  suppressor fa c to r”  (A IS F ) of T cell o rig in , 
described by  D o ug las  an d  R u b i n  [36].

E arlier it w as show n [37] th a t  a certa in  frac tio n  of th e  am niotic  f lu id  
h ad  an  im m unosuppressive  effect. The frac tio n  agreed in  m obility  w ith  a- 
fe to p ro te in  and  its m olecu lar w eight was 67 000 as d e te rm in ed  by  g ra d ie n t 
gel eletrophoresis. A com parison  of th e  ch a rac teristics of th e  frac tio n  iso la ted  
from  am nio tic  f lu id  w ith  th a t  found  in  th e  S -l or T - l  su p e rn a ta n ts  m akes it  
ev id en t th a t  th e ir  e lec tro p h o re tic  m ob ility  and  m olecular w eight are sim ilar.

The im m unosuppressive  effect o f th e  im m une reg u la to ry  a-g lobu lin  
in  adu lts  (IR A ) [13, 38—40] w as p roved  to  orig inate  from  its  in h e ren t A F P  
[41]. The syn thesis o f IR A  has n o t been localized y e t, b u t  since i t  is e x tra c ta b le  
from  bovine th y m u s  [42] i t  is p ro b ab ly  syn thesised  b y  T cells.

F u rth e r  s tu d ies  are  req u ired  for clarify ing  th e  id e n tity  o f the  p rev iously  
iso la ted  am nio tic  f ra c tio n  an d  of th e  fraction(s) in  S -l an d  T - l .  Still, it can  be 
assum ed th a t  th e  su b stan ce  in  S -l and  T - l  is com prised in  th e  im m unosuppres
sive A F P  in th e  serum  or o th e r biological flu id s of fe tuses a n d  new born  an im als.

C ertain  ex p e rim en ts  on th e  im m unsuppressive  effect of A F P  y ie lded  
resu lts  co n trad ic tin g  th e  p resen t ones [43]. This is p ro b ab ly  due to  the com pli
ca ted  iso lation  m eth o d s , w hich m igh t affect th e  biological a c tiv ity .
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DRUG-RECEPTOR INTERACTION 
ON PLASMID ELIMINATION 

BY PHENOTHIAZINES AND IMIPRAMINE 
IN ESCHERICHIA COLI

J . Mo l n á r , Y v ette  Má n d i  and S. F ö ld eá k

Institute o f  Microbiology, University Medical School, Szeged and Institute o f  Organic 
Chemistry, University o f  Sciences, Szeged

(Received N ovem ber 19, 1980)

Plasm id elim ination in Escherichia coli by  a quaternary amine of chlorpromazine was 
dem onstrated on different incom patib ility  groups o f  plasm id. The biological effect o f the drug 
depends partly on the host bacteria and partly on the plasmid itself. Various receptor sub
strates such as adenosine, dopam ine, histam ine and norepinephrine do not alter the plasm id eli
m ination by prom ethazine and imipramine. N one o f the known drug-receptors studied are 
involved in drug binding of the bacteria. The direct membrane action  o f im ipram ine and 
prom ethazine was dem onstrated in electron m icroscopic studies and alterations in  the bacterial 
membrane such as discontinuities, phase separation or rarely extensive ly t ic  alterations were 
observed. M agnesium ions prevent the ultrastructural membrane alterations caused by im i
pramine and prom ethazine. There is some evidence th a t the drugs bind to tw o different receptor 
sites sim ultaneously on the plasm id replication site . The first and strongest binding has to  be 
ionic through the side chain am ino group, displacing the bivalent cations. In turn, the tw o  
arom atic rings o f the fixed  (ionically bound) drug m olecules bind w eakly through pi-electrons, 
hydrophobically or by a charge transfer com plex. This weaker binding together w ith the ionic  
one are essential for biologic action and lead to the inhibition of plasm id replication. A  sche
m atic m odel o f the effect o f tricyclic psychotropic drugs on the bacterial m embrane is proposed.

The q u a te rn a ry  am ines of ch lo rp rom azine  and  im ipram ine  were effective 
as p lasm id  curing  agen ts [1] d esp ite  th e  fa c t th a t  th e  q u a te rn a ry  am ines are 
n o t able to  p e n e tra te  in to  cells [2]. T h ese  re su lts  suggest t h a t  th e  m em brane  
effect o f th e  drugs m ay  p lay  an  im p o r ta n t  role in  curing. In  synap tosom es, 
th e  secondary  am ine of im ip ram ine  in h ib its  n o rad ren a lin e  u p ta k e , while th e  
te r t ia ry  am ine binds s tro n g ly  to  th e  se ro to n in  carrier [3]. B o th  these drugs 
cause p lasm id  e lim in a tio n  [1]. In  m ouse neu rob lastom a cells, b o th  te r t ia ry  
a n d  secondary  am ines o f im ip ram ine  b lock  the  h istam ine  FR [4] and  H 2 
recep to rs  [5]. O therw ise, im ipram ine  a n d  desiprainine in h ib it th e  neu ro n a l 
u p ta k e  in to  th e  cerebral co rtex  of no rep in ep h rin e , se ro ton in  an d  dopam ine. 
T he red u c tio n  of the  a ro m atic  rings, p a r tic u la r ly  of desip ram ine , abolished, 
how ever, th e  se lec tiv ity  o f th e  drug  for th e  in h ib itio n  of no rep in ep h rin e  u p ta k e . 
O n th e  o th e r han d , sa tu ra tio n  of the  a ro m a tic  rings did no t a lte r  th e  in h ib ition  
of dopam ine and  5 -b y d ro x y try p tam in e  u p ta k e  [6]. I t  has been show n th a t  
pheno th iaz ines are an tag o n is ts  of the  c e n tra l dopam ine an d  no rep inephrine  
sensitive ad en y la te  cyclases [7, 8] w hich m a y  rep resen t th e  p r im a ry  th e ra p e u tic  
site  o f ac tion  of neuro lep tics. O n th e  o th e r  h an d , an  an tag o n ism  of tricyclic  
drugs to  th e  h is tam in e-in d u ced  accu m u la tio n  of cyclic A M P in  tissue slices
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has also been show n [9, 10]. I t  was re m a rk a b le  th a t  th e  d ifferent classes o f  
d rugs like a n tid e p re ssa n ts , neuro lep tics an d  an tih is tam in es  exert a p la sm id  
cu ring  action  on th e  sam e b ac te ria  even  th o u g h  th e ir  a f f in ity  to  various re c e p 
to rs  is d ifferent (e.g. dopam ine, n o rep in ep h rin e , h is tam in e  and  adenosine) in  
th e  cen tra l nervous sy s tem  [10, 11]. W e believe th a t  one or possibly m o re  of 
th e se  recep to r sites ex is t in  th e  b a c te r ia l m em brane w hich  m ay in flu en ce  
p lasm id  rep lica tio n .

The aim  of th e  p re se n t paper is to  co rre la te  th e  p la sm id  e lim ination  w ith  
som e of the  know n recep to rs . To th is  p u rp o se  we have in v es tig a ted  th e  co m p e
t i t io n  betw een  d rugs a n d  biogenic am ines or o th e r su b s tra te s  co rrespond ing  
to  th e  dopam ine, n o rep in ep h rin e , h is tam in e , adenosine an d  calcium  re c e p to r  
sites.

M aterials and m ethod s

Chemicals. Im ipram ine (M elipram ine® ), prom ethazine (P ip olp hen® ), were obtained  
from EGYT Pharm aceuticals, Budapest. H istam ine dihydrochloride, adenosine (R eanal, 
B udapest), 1-noradrenaline-1 tartrate (Merck—Schuchardt), dopam ine (Sigma) were used. 
Chlorprom azine-phenacylam m onium  bromide w as synthesized b y  us [1].

Bacterial strains. Escherichia coli K12 LE 140 tsx, str, Л lac, su, ).~r. mal, (F-prim e  
lac+ [12]), E. coli K12 G. I. 65/R 144 drd+ was obtained from Dr. B. W il k in s , U niversity  o f  
Leicester which was col I + , K anar. E. coli K12 W 1 A zi/R  144 d id  (a transconjugant), E. coli 
JE  2571 thr, leu, f i a ,  pH/R m  98, (Rm 98 =  A pr, Sm r, Spr, Ter), E. coli K12 JB 495 pro, his, 
trp, lac, Nalidix  M /RP4 (R P 4 =  K anar, Carbenir, Ter) were kindly provided by Dr. A. K o n d o - 
r o s i, Institute o f G enetics, Biological Research Center, Hungarian A cadem y of Sciences, Sze
ged.

Culture media. MTY broth and MTY agar were prepared according to Alfö l d i el al. 
[13]. E osin-m ethylene blue agar (EMB) was used for detection o f lac colonies [14].

Elimination o f  F ’lac and R-plasmids.  A n overnight preculture of E. coli strains was 
diluted 104 fold and distributed in 0.05 ml am ounts (about 5 X Ю3 bacteria) into tubes w ith  
5.0 ml MTY broth. Cultures were supplem ented w ith  different concentrations of curing agents. 
The samples were then  incubated w ithout shaking at 37 °C for 24 h in  case of F ’lac curing and 
for 48 h in the case o f R-plasm id elimination. From  tubes showing growth, different d ilutions 
were prepared and 0.1 m l o f samples plated on EM B agar in case o f Lac-plasmid elim ination  
or on MTY plates in case o f R-plasmid carrying strains. After incubation overnight, the iso la t
ed colonies were replicated into MTY plates containing kanam ycin (50 /ig/m l) except for E. coli 
JE  2571 which latter was replicated on tetracycline (50 /ig/inl) containing MTY plates. After  
incubation at 37 °C for 24 h, the number of colonies was compared w ith  the number of colonies 
growing on the m aster plate. The R ~ colonies were checked for auxotrophy of E. coli JE  2571 
and JB  495 and for resistance to streptom ycin in  case o f E. coli LE 140. The R ~ colonies d e
rived from E. coli K12 W1 Azi/drd+ were identified  on the basis o f azide resistance.

Electron microscopy. E. coli K12 LE 140 was cultivated in  MTY broth (O D 2(io =  0.6) 
and 2.0 ml aliquots were distributed into centrifuge tubes. The bacteria were incubated in  the  
presence of 1.0 X 10 ~ 3 м  prom ethazine and 1.0 X 10-3  м prom ethazine plus 1.0 X 10-2 м M gCl2 
or 1.0 X l 0 -3  M im ipram ine and imipramine plus 1.0 X lO -2 M MgCl2. Control bacteria were 
incubated similarly w ithou t the drugs, at 37 °C for 60 min. The sam ples were then cooled, 
prefixed, prepared for electron microscopy as described earlier [15], and the sections were 
studied under a JE O L  100 В electron microscope.

R esu lts

The various p lasm ids belonging to  d ifferen t in c o m p a tib ility  groups w ere 
e lim inated  in  th e  p resence of th e  q u a te rn a ry  am ine o f ch lorprom azine w ith  
d ifferen t frequencies (T able I). One th e  o th e r han d , one p lasm id , R 144 d rd  +
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from  tw o E . coli s tra in s , could be cured a t  v a ry in g  freq u en cy  (Table I). T he re 
sults suggest th a t  th e re  are m em brane recep to rs  in  th e  sensitive cells. I n  th e  
case of s tra in s  re s is ta n t to  p lasm id  e lim in a tio n  th e re  are, how ever, no d ru g  
b ind ing  recep to rs  or i f  th e re  are, th e y  h av e  no connection  w ith  th e  p lasm id  
rep lica tio n  sites. T he pheno th iaz ines a n d  re la te d  com pounds have a t  le a s t 
four d iffe ren t w ell-know n recep to rs in  c e n tra l p o s tsy n a p tic  nerve m em branes. 
In  som e ex p erim en ts  th e  com p etitio n  b e tw een  p lasm id  curing  com pounds 
(p rom ethazine  an d  im ip ram ine) an d  th e  su b s tra te s  o f th e  recep to rs (dopam ine, 
n o rep inephrine , h is tam in e , adenosine an d  calcium  ions) w ere te s ted  on  an  E . 
coli s tra in  ca rry in g  FT ac p lasm id . The p lasm id  curing  effect of th e  drugs w as 
in v estig a ted  on b a c te ria  w hich were p re tre a te d  w ith  dopam ine, no rep in ep h rin e , 
h is tam ine , adenosine an d  CaCl2, (from  1 X  1 0 -4 to  1.0 X 10~3 м fin a l c o n c e n tra 
tions). T ab le  I I  show s th a t  th e  various recep to r su b s tra te s  exerted  n e ith e r  a 
synerg istic  n o r an  an tag o n is tic  effect on th e  p lasm id  cu ring  ac tion  of p ro m e th a 
zine and  im ip ram in e . T he efficiency of cu rin g  decreased som ew hat in th e  p res
ence of calcium  ions. In  con tro l ex p erim en ts, none o f th e  recep to r su b s tra te s  
show ed p lasm id  e lim ina tion  in  th e  app lied  co n cen tra tio n s. T he resu lts  in d ica te  
th a t  b in d in g  of su b s tra te s  and  curing b y  th ese  com pounds m u st be d iffe ren t in  
E . coli.

Table I

Plasmid curing activity o f  chlorpromazine-phenacylammonium B r on E. coli strains carrying 

plasmids of different compatibility groups

Plasmid compat
ibility groups Bacterial strains

Pla6mid 
elimina
tion, %

Effective concentration, 
M

F-like E. coli K l2 L e l4 0 /F ’lac 20 — 29 2 .0 — 3.1 X 1 0 -5

I-like E. coli K12 G.I. 65/R144 drd+ 0 - 0.2 3.1 —4.1 X 10~5
Mike E. coli K12 W I A z i /R I M  drd+ 1—2.5 1.0 —2.Ox 10“5

N E. coli JE2571 thr, leu, f  la, <pi//Rm98 1 - 4 9 1.0 —2.Ox 10-3

P-1 E. coli K12 JB 495, pro, his, trp, lac, Nalidix  

A(RP4) 1 - 5 .0 2.0 —3.1 x  10~5

In  a series o f ex p erim en ts  th e  u ltra s tru c tu ra l  a lte ra tio n s  of th e  b a c te ria  
exposed to  p ro m eth az in e  an d  im ipram ine  w ere s tu d ied  (F ig . 1). F ig. l /а  show s 
th e  u ltra s tru c tu re  of n o rm a l u n tre a te d  cells. T he d isco n tinu ities of th e  b ac te ria l 
m em brane caused  b y  p ro m eth az in e  can be seen in  F ig . 1/b an d  th e  sam e effect 
of im ip ram ine  is show n in  F ig . 1/c and  1/d. T he u ltra s tru c tu ra l  changes of th e
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Fig. 1. U ltrastructural changes on bacterial m embrane caused by im ipram ine and prom etha
zine. a)  U ltrastructure of control cells (30 0 0 0 x 2 ) .  b) Effect of 1 . 0 х 1 0 - 3 м prom ethazine  
(30 000 X 2). c) E ffect o f  1.0 X 10~3 м im ipram ine (80 000). d)  Effect o f 1.0 x  10~ 3 м im ipram ine 

(200 000 X 2) on the ultrastructure of E. coli membrane

b a c te ria l m em b ran e  appeared  as d isco n tin u ities  in  th e  m em brane b ilayers 
o r m em brane so lub iliza tion . Some o f th e  p ro m e th az in e -trea ted  cells ex h ib ited  
ex tensive  ly tic  a lte ra tio n s  while th is  effect w as less p ronounced  in  the  presence 
o f im ipram ine.

In cu b a tio n  of th e  b ac te ria  in  th e  presence of th e  drugs an d  m agnesium  
ions for 60 m in  d id  no t produce an y  d e tec tab le  change in  th e  u ltra s tru c tu re  
o f th e  bac te ria l m em b ran e  and  cell as com pared  to  th e  contro l.
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Table II

Plasmid curing effect o f  promethazine and imipramine in the presence of  

various compounds with different receptor affinity

Compounds Concentration,
M

Viable cells 
after 24 h

Lac
colonies,

%

No. of 
colonies 
tested

Promethazine 2 x  10“ 4 5.6 X lO 7 25.0 1208
+  Cl Cl 2 5 X  10_J 7.4 X lO 7 18.0 1700
-f- H istam ine 1 X 10“ 3 8.0 X lO 7 23.0 1660
- j -  Norepinephrine 6 x  10“ 4 4.2 x  10; 17.0 1800
-f- Adenosine l x l O - 3 3.7 X lO 7 26.5 1740
-j- Dopamine 5 x  10-4 5.8 X  107 12.0 3000

Imipramine 5 x  10~4 5.0 X 107 29.0 1400

+  CaCU 5 x  10~4 8.9 X lO 7 23.0 1020
-f- Histam ine l x l O - 3 4.6 X  107 20.0 890

-f- Norepinephrine 6 x 1 0 -* 2.7 X  107 18.0 2300

+  Adenosine l x l O - 3 6.0 X 107 32.0 960
-j- Dopamine 5 x l 0 ~ 4 2.4 X lO7 30.0 2700

Control 3.5 x 1 0 s 0.0 1100
Dopamine 5 X 10-4 1.5 x 1 0 s 0.0 2000
Histam ine l x l O " 3 5.0 x 1 0 s 0.0 1583
Norepinephrine 6 x l 0 “ 4 4.6 x 1 0 s 0.0 1012

Adenosine 5 X 10~3 2.0 x 1 0 s 0.0 1500

CaCl2 5 X 10-4 2.0 x 1 0 s 0.0 927

D iscu ssion

Studies on th e  rep lica tion  o f p lasm id  D N A  in b a c te ria  have  show n th a t  
th e re  are m an y  p lasm id  specific ev en ts , e.g. a p p ro p ria te  p ro m o ters  in  th e  p las
m id DNA, con tro l o f au tonom ous plasm id rep lica tion  [16] an d  p ro te in  syn thesis 
for several g enera tions [17]. T here  are also m any  steps in  tra n sfe r  process fo r 
th e  m ating  signal to  the  ph en o ty p ic  expression in th e  rec ip ien ts , nam ely  fo r
m ation  of open  c ircu lar plasm id in te rm ed ia te , donor conjugal-D N A  syn thesis , 
tra n sfe r  of th e  n icked  s tran d , rec ip ien t conjugal-D N A  sy n thesis , rec ircu lariz
a tio n  in th e  d o n o r cells, rec ircu la riza tio n  in  th e  rec ip ien t cells [18] and  e s ta b 
lishm ent of p lasm id  molecules in  rec ip ien ts  w hich requ ires m ore th a n  five ge
nera tions [19]. E xclud ing  the  SD S-like selection  m echan ism  [20]. p lasm id rep 
lica tion  can th eo re tica lly  be affec ted  in  th ree  d ifferen t w ays: (i) The DN A -com - 
plexing com pounds like acrid ines an d  o th e r tricyclic  d rugs, e.g ., pheno th iaz i-

Acta Microbiologica Acadimiae Scientiarum Hungaricae 29, 1982



2 2 MOLNÁR et al.

nés, show  exterior an d  in te r io r  (in te rca la tio n ) b ind ing  to  th e  D N A  [21, 22] 
a n d  som e of them  m ay  a c t as te m p la te  b lockers [23] on th e  D N A . (ii) The 
second  possib ility  in  an  in h ib itio n  of one or m ore enzym es. D N A - o r plasm id- 
-p rim ase  an d  D N A -po lym erase  [24] are essen tia l for th e  sy n th es is  o f p lasm id  
D N A . These enzym es, how ever, req u ire  ribonucleo tides as su b s tra te s  am ong 
o th e r  im p o rta n t fac to rs . I t  is know n th a t  chlorprom azine a n d  its  sem iquinone- 
-free rad ica l inh ib ited  th e  a c tiv ity  of b o th  Mg + +- and  N a +, K +-A TPases [25, 
26]. (iii) Tn the th ird  fo rm  of p lasm id  e lim ination , th e  b ac te ria l m em brane is 
in v o lv ed . I f  there  are  specia l recep to rs  on w hich th e  p lasm id  m ultip lies, an 
a lte ra tio n  of the  physio log ical or s tru c tu ra l con fo rm ation  o f th e  m em brane 
m a y  lead  to  a cessation  o r in h ib itio n  of p lasm id  rep lica tion . I t  has been  show n 
th a t  th e  p h en o th iaz ines a n d  im ipram ine  in te ra c t w ith  c e r ta in  phosph o ry la ted  
co m p o n en ts  of the m e m b ra n e  [27] and  a lte r  th e  m orphology  o f a w ide v a rie ty  
o f  biological m em branes, e.g. b y  p roducing  d iscon tinu ities in  th e  nuclear m em 
b ra n e  of barley  [28. 29].

B oth  p rom ethaz ine  and  im ip ram ine  induce m any  w ell-defined a lte ra tio n s 
in  th e  E . coli cells w h e reb y  th e  cell m em brane  is d irec tly  affec ted  b y  th e  drugs. 
T h e  charac teris tic  m em b ran e  a lte ra tio n s suggest th a t  th e  d rugs increase pe rm ea
b il i ty  as a consequence o f  th e  d isordered  m em brane s tru c tu re , w hich canno t 
m a in ta in  th e  a p p ro p ria te  e lectrochem ical p ro to n  g rad ien t, m a y  p lay  an  essen
t ia l  role in  the  m e m b ra n e ’s ac tive  tra n sp o r t . A t an y  ra te , ex tensive  ly tic  
a lte ra tio n s  have been  observed  in  Bacillus anthracis [30] an d  M ycobacterium  
tuberculosis [31] in  th e  p resence  of ch lorprom azine and  p ro m eth az in e . S im ilar 
m icrom orphological a lte ra tio n s  w ere found  and  m em brane re sp ira to ry  a c tiv itv  
w as in h ib ited  in  Bacillus cereus and  B acillus subtilis in  th e  presence o f  ch lo rp ro 
m azine , te traca in e , or p ro ca in e  [32]. A fte r  ch lorprom azine tre a tm e n t, meso- 
som e-like stru c tu res  a p p e a re d  and  th e  s ta in in g  p a tte rn  changed  from  asy m m et
ric  to  sym m etric  in  B . cereus [32]. T he pheno th iaz ines an d  re la ted  com pounds 
h a v e  stereospecific in te ra c tio n s  w ith  a p p ro p ria te  recep to rs , depend ing  upon  
th e  m olecule’s co n fig u ra tio n  [33].

F u r th e r , our re su lts  show  th a t  th e re  is no sim ple co m p e titio n  betw een  
re c e p to r su b stra te s  an d  recep to rs , a t  least in  E . coli. D o pam ine , h istam ine, 
norep inephrine , adenosine  an d  calcium  all failed to  p rev en t th e  p lasm id  elim i
n a tio n  b y  p rom ethazine  an d  im ip ram ine . O n th e  basis o f th e se  re su lts  we sup 
pose th a t  none of th e  recep to rs  know n to  be p resen t in  th e  p o stsy n ap tic  nerve 
m em b ran e  can occur in  th e  m em b ran e  of E . coli or, m ore ex ac tly , th e  in h ib itio n  
o f  p lasm id  rep lica tion  h as  no re la tio n  to  th e  know n p o s tsy n a p tic  recep to r con
fo rm atio n s or recep to r-lik e  s tru c tu re s . I t  is possible th a t  th e re  are  special m em 
b ra n e  conform ations or c o m p artm en ts  in  th e  b ac te ria l m em b ran e  to  w hich the  
d ru g s m ay  bind.

Beside th e  recep to rs , th e  con fo rm ation  or th e  e lec tro n  s ta b ility  of th e  
d ru g  m olecules m ay  also be im p o rta n t. T he pheno th iaz ine  b y  itse lf  m ay  have
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an  a n tio x id a n t p ro p e rty  w hich is re la ted  to  th e  fo rm atio n  o f sem iquinone ty p e  
rad ica ls  [34].

C h lorprom azine has been show n to  be capab le  of depressing th e  excited  
s ta te  o f c e r ta in  m olecules such as rib o flav in , b y  bring ing  back  an  u n p a ired  
e lec tron  from  a peripheral o rb it to w ard  a m ore cen tra l one [35]. I t  is possible 
th a t  one m olecule of the p a r tic u la r  p sy ch o p h arm aco n  has to  b ind  to  tw o d iffer
en t recep to r sites sim ultaneously .

T he f ir s t  an d  strongest b ind ing  can  be as a ca tion  th ro u g h  th e  am ino 
group of th e  cha in , displacing th e  b iv a le n t ca tions from  th e  m em b ran e . This 
b ind ing  is a reversib le  process, w hich depends on th e  num ber of b iv a len t ca tions 
and  th e  n u m b er o f  drug m olecules [36].

T he ion ically  bound m olecule can b ind  to  th e  “ second recep to r s ite ”  
h y d ro p h o b ica lly  th ro u g h  the  tw o a ro m atic  rin g s, or form  a charge tra n sfe r  
com plex w i th  th e  “ second recep to r s ite ”  b u t  d is tre tch es  th e  layers o f th e  b a c te 
ria l m em b ran e . T b is in te rac tio n  is w eaker th a n  th e  f irs t one, b u t m uch m ore 
stereospecific . Since su b s titu tio n  in  th e  ring  system  p reven ts th e  p lasm id  
e lim in a tio n  by  ch lorprom azine d e riv a tiv es  [36, 37]. su b s titu tio n  on  th e  side 
chain  am ino g roup  does no t a lte r  th e  p lasm id  curing a c tiv ity  o f  th e  d rugs

Fig. 2. A  proposed m odel o f the effects o f tricyclic psychotropic drugs on the bacterial m em 
brane (focussing on the phospholipid bilayer and plasm id replication site)
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[1. 38J. I t  seems th a t  th e  doub le-bound  m olecule can only  in h ib it p lasm id  
rep lica tio n .

O n th e  basis o f th e se  resu lts  we propose th e  follow ing m echan ism  to  
ex p la in  th e  plasm id e lim in a tio n  by  th e  tricyc lic  drugs. The b inding o f tricyc lic  
d rugs p referen tia lly  d isplaces th e  b iv a le n t ca tions, resu lting  in  u n ch arg ed  
m em b ran e  lipids an d  a c ry sta llin e—liqu id  phase  tra n s itio n  w ith  increased f lu id 
i ty  in  th e  m em brane co m p artm en ts  (F ig . 2). O n th is  a lte red  m em brane s tru c 
tu re  th e  plasm id D N A  can n o t bind to  th e  rep lica tio n  site and /o r some p lasm id  
specific  enzym e such  as D N A -gyrase o r D N A -polym erase can  be in h ib ited . 
T he hypothesis is m ad e  p lausib le by  th e  fa c t th a t  p lasm id  elim ination  occurs 
a t sub in h ib ito ry  d ru g  co n cen tra tio n s in  w hich case th e  m em brane is nearly  
s a tu ra te d  w ith  th e  d ru g  m olecules.

I t  seems th a t  th e  d ru g  te s ted  can  affect th e  b iv a len t cation  b ind ing  of p h o s
p h o lip id s and lip id  f lu id ity , since b iv a len t ca tions p rev en t th e  a n tib ac te ria l, 
p lasm id  curing [36, 37] and  d irect m em brane  effects. I t  is therefore concluded  
th a t  tricyclic p sy ch o tro p ic  drugs an d  b iv a le n t ca tions m ay be com peting  for 
m em b ran e  recep to r p lasm id-sites on b ac te ria . I t  has been show n th a t  by  tw o 
chlorprom azine m olecules one C a ++ is d isplaced from  th e  h u m an  e ry th ro c y te  
m em b ran e  ghosts [39].
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CYTOTOXIC MATERIAL RELEASED FROM 
STAPHYLOCOCCUS EPIDERMIDIS

I. EFFEC TS ON [3H ]T H Y M ID IN E  INCORPORATION OF H UM AN  
LYMPHOCYTES*

M. So l y m o ss y , Zs. N agy  and F . A nt o n i  

First Institute o f  Biochemistry, Semmelweis University M edical School, Budapest 

(R eceived December 1, 1980)

Incorporation o f [3H ]thym idine ([3H ]TdR) into tonsil lym phocytes was inhibited by  
native Staphylococcus epiderm idis while Staphylococcus aureus Cowan I caused stim ulation. 
The inhibitory effect o f  S. epiderm idis was abolished b y  form alin treatm ent but not by heat 
killing. A toxic agent was released from  S. epiderm idis on gentle water extraction w ithout 
lysing the bacteria. The extract contained protein and other UV-absorbing material, but did 
not exhibit haem olytic, lysozym e, catalase or protease activ ity . The heat-resistant, formalin- 
sensitive inhibitor present in the aqueous extract o f S. epiderm idis inh ib ited  [3H ]TdR incor
poration of lym phocytes in a dose-dependent manner and decreased the v iab ility  of lym pho
cytes.

S taphy lococci are know n to  produce a series of agen ts a ffec ting  the  m e ta b 
olism  of m am m alian  cells. T hese include substances o f th e  cell wall (teichoic 
acids [1] and  p ep tid o g ly can s [2]), or a tta c h e d  to  th e  su rface (p ro tein  A [3], 
po lysaccharide  A  [4]) as well as num erous ex trace llu la r enzym es and  to x ins, 
esterases, haem olysins, etc. [5, 6]. T heir biological effects are  cytolysis (haem ol- 
y s in  [7, 8], ep iderm oly tic  to x in  [8]) and  m etabolic  in h ib itio n  [9] b u t also s tim 
u la tio n  of lym p h o cy tes  (p ro te in  A [10], en te ro to x in s  [11] a n d  o th e r m itogens 
[12], etc.). Such diverse b io logical effects ren d er th e  pa thogenesis  o f s ta p h y 
lococcal in fections ex trem ely  com plex . The re la tio n sh ip  b e tw een  pa th o g en ic ity  
an d  th e  agen ts o f  coccal o rig in  is well estab lished  [13, 14] an d  a sub jec t of 
in tensive  research .

P rev iously  we have d e m o n s tra te d  th a t  h u m a n  ly m p h o cy tes  hind several 
s tra in s  of b a c te ria  [15]. T he cy to to x ic  effect o f one of these  s tra in s , S. epider
m id is, is rep o rted  here. C y to to x ity  was m onito red  by  m easu ring  [3H ]T dR  
inco rpo ra tion  of h u m a n  tonsil lym phocy tes. T he tox ic  ag en t w as released by  
S . epiderm idis.

M aterials and m ethods

Bacterial products. S. epiderm idis was isolated from hum an tonsils. S. aureus was a g ift 
o f  D r . R. V a r ró  (H um an Institute for Serobacteriological Production and Research, Gödöllő). 
Cocci were grown on nutrient broth at 37 °C for 16 h. Viable cell count was determined by  
plating on brain heart infusion (B H I) agar.

* This work was partly supported by grant 4 -0 9 -0 4 0 1 -0 6 -1  from the Hungarian M inis
try  of Health.
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The released bacterial products were prepared as follows. The cocci were harvested by 
centrifugation  then washed 3 tim es w ith 0.066 M phosphate buffered saline (PB S) pH 7.2. After 
suspending the cocci in P B S th ey  were incubated at 4 °C for 24 h, then centrifuged. The super
natan t was filtered through a Sartorius membrane (0.45 /im) and a G-5 glass-filter under sterile 
cond itions, yielding the crude supernatant (SN).

Lymphocytes were prepared from freshly rem oved tonsils as described earlier [15]. Cells 
(106/m l) were suspended in 4 m l Eagle’s MEM supplem ented w ith  20% human AB serum, 
L-glutam ine, and antibiotics. Incubation was performed at 37 °C in the presence 5% CO., gas. 
The additions were whole bacteria, SN or phytohaem agglutinin (P H A , 10 /zg/ml, Difco). Cul
tures were pulse labelled w ith  [3H ]TdR (3 juCi/ml; specific activ ity , 22 Ci/т м )  for 4 h before 
harvest. After incubation, lym phocytes were collected by differential centrifugation. Incorpo
ration  of [3H]TdR was determ ined in the fraction obtained by cold TCA precipitation and 
hydrolysis in PCA at 90 °C. R ad ioactiv ity  was measured by liquid scintillation in a Beckman 
L S-350 spectrometer.

Control experiments showed that the bacteria did not incorporate [3H ]TdR under these 
experim ental conditions.

Haemolytic assay. Suspensions of washed erythrocytes (sheep, rabbit, hum an) were 
m ixed  w ith  SN (1 : 1 to 1 : 4, vo l/vo l) and incubated at 37 °C for one hour, then at 4 °C for 
18 h.

Enzym e assays. L y s o z y m e  a c t i v i t y  w a s  i n v e s t i g a t e d  u s in g  Micrococcus lysodeiclicus 
as  s u b s t r a t e  in aga r  gel [1 6 ]. C a ta la s e  a n d  p r o t e a s e  a c t i v i t y  w a s  m e a s u r e d  b y  s t a n d a r d  t e c h 
n i q u e s  [17]. E s te ra se  a c t i v i t y  w a s  d e m o n s t r a t e d  [18] b y  e le c t ro p h o re s i s  in  7.5% p o ly a c r y l a m id e  
gel  a n d  s ta in in g .  T he  SN w a s  a n a l y z e d  for p r o t e in  b y  th e  m e th o d  o f  L o w r y  et al. [ 19].

R esu lts and d iscussion

Tonsil lym phocytes (1 X 106/m l) w ere cu ltu red  for six  days in  th e  presence 
o f  P H A , native  S. ep iderm id is  o r S. aureus Cowan I (3 X 107/m l). Pu lse labelling  
show ed  intensive D N A  sy n th es is  a t th e  beginning (F ig. 1, d ay  0), w hich de
clined  la te r. R apid ly  decreasing  spon taneous DNA syn th esis  in  cu ltu res  o f tonsil 
ly m p h o cy te s  is well k n o w n  [20]. S tim u la tio n  by  P H A  an d  b y  Cowan I (carry ing  
p ro te in  A) was ev iden t on th e  3rd d ay . T h erea fte r th e  s tim u la to ry  effect of 
C ow an I increased fu r th e r , in ag reem en t w ith  the re su lts  of o thers [21] who 
describ ed  m axim um  s tim u la tio n  on th e  7 th  d ay , a lth o u g h  F orsgren  et al. [22] 
Sa k a n e  and Gr e e n  [23] found  th e  p eak  of in co rp o ra tio n  in  lym phocy tes 
a ro u n d  th e  3rd day.

Fig. 1. [3H]TdR incorporation of lym phocytes cultured in the presence'of S. epiderm idis (solid 
colum ns), S. aureus Cowan I (dotted  column); P H A  (open columns); control (shaded colum ns)
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In h ib itio n  of [3H ]T d R  in co rp o ra tio n  b y  S. epiderm idis  ap p eared  on  th e  
3rd d ay  as com pared to  th e  contro l cu ltu re  (F ig. 1). T his w as accom panied  b y  a 
decrease in  th e  n u m b er of v iable lym phocy tes (d e m o n s tra te d  b y  try p a n -b lu e  
exclusion) from  72%  (contro l) to  46%  in  th e  presence o f S. epiderm idis. Com 
p le te  inh ib ition  of [3H ]T d R  inco rp o ra tio n  by  S. epiderm idis  was seen on the  
4 th  day .

In  the  following ex p erim en t, d ifferen t co n cen tra tio n s of b ac te ria  (106— 
—ЗЛО7—108 colony-form ing u n its  p er ml) were in cu b a ted  fo r 24 h w ith  ly m p h o 
cy tes , w hich prev iously  h ad  been  cu ltu red  fo r 72 h in  th e  absence (F ig . 2A) 
or presence (Fig. 2R) o f P H A . S. epiderm idis in h ib ited  [3H ]T d R  in co rp o ra tio n  
o f u n s tim u la ted  ly m phocy tes a t  co n cen tra tions o f 3 x l 0 7 and  108 c.f.u ./m l. 
A t th e  sam e c.f.u. co n cen tra tio n s  Cowan I  increased  th e  in co rp o ra tio n  of
[3H ]T d R .

[3H ]T dR  in co rp o ra tio n  in to  lym phocy tes p re tre a te d  w ith  P H A  was 
in h ib ite d  b y  Cowan I  a t  each  c o n cen tra tio n  (Fig. 2R ), in  ag reem ent w ith  th e  
o b se rv a tio n  of W illiams  an d  K r o n w a l l  [24] p ro te in  A in h ib ited  th e  m itogenic 
effect of lectins. The in h ib ito ry  effect of S. epiderm idis  appeared  only  w hen 
h igh  concen tra tions of th ese  b a c te ria  w ere applied . S tim u la tio n  of lym phocy tes 
(D N A  or an tibody  syn thesis) b y  staphylococci has been  d em o n stra ted  w ith  
w hole bacteria  [22, 25] b u t also  w ith  iso lated  p ro te in  A [23], en te ro to x in s  [26] 
or staphylococcal phage ly sa te  [27].

G enerally, whole b a c te ria  are applied a fte r h e a t in ac tiv a tio n  (80 °C, 
5—10 min) and /o r fo rm alin  (0.1—0.5% ) tre a tm e n t a f te r  w hich  th e y  m ay  or m ay  
n o t re ta in  th e ir  s tim u la to ry  effect b u t  no tox ic  p ro p e rtie s  ap p ear (Fig. 3). 
S ince sh o rt h e a t- tre a tm e n t did n o t decrease th e  v ia b ility  of S. epiderm id is , 
th e  b ac te ria  were killed a t 100 °C for 4 h. H ea t in a c tiv a tio n  did no t abolish  
th e  s tim u la to ry  a c tiv ity  of Cow an I, p robab ly  due to  th e  d é n a tu ra tio n  of p ro 
te in  A. H ow ever, w hen  sh o rt h e a t in a c tiv a tio n  of S . epiderm idis  was follow ed

Fig. 2. E ffect of S. epiderm idis (open colum ns) and S. aureus Cowan I (dotted colum ns) on 
[3H ]T dR  incorporation in lym phocytes which had been cultured for 72 h in the absence (A) 
or presence (B) o f PH A . Thereafter they were incubated w ith  different concentrations of 

bacteria a: 106 c.f.u./m l; b: 3x10"  c.f.u./m l: с: 108 c.f.u./m l; control (shaded columns)
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F ig . 3. [3H ]TdR incorporation of lym phocytes in  the presence o f S. epiderm idis  viable (solid 
colum ns) and heat-killed (dotted  colum ns) or S. aureus Cowan I viable (open colum ns) and 

heat-killed (striped colum ns); control (shaded colum ns)

F ig . 4. Release of protein and other UV absorbing m aterial by S. epiderm idis  into the PBS
m edium  at 4 °C. Insert shows the viable cell count during incub ation .'(o-----O^UV^’absorbance;

( д -----д )  protein

b y  tre a tm e n t w ith  0 .5 %  fo rm alin  a t  0 °C fo r 24 h , th e  b ac te ria  lo s t th e ir  to x ic ity  
(d a ta  n o t shown). A ccord ing  to  th e  above exp erim en ts , S. epiderm idis  con tains 
a h e a t-s ta b le , fo rm alin -sensitive  to x ic  m a te ria l.

T he in h ib ito ry  effect of w hole, n a tiv e  cocci described  ab o v e  could be 
e lic ited  b y  the  aqueous e x tra c t  o f th e  b a c te ria  as well. R elease o f to x ic  m ateria l 
fro m  S . epiderm idis w as d e m o n s tra te d  as follow s. S. epiderm idis  w as suspended 
in  P B S  and  in c u b a te d  a t  4 °C in  o rd er to  avo id  au to lysis  o f th e  walls [28]. 
A fte r  24 h the  s u p e rn a ta n t  (SN) o f th e  b a c te ria  w as p rep a red  as described in  
M ethods. The v iab le  cell co u n t of cocci d id  n o t change during  48 h  o f in cu b a tio n  
a t  4 °C (Fig. 4, in sert) th u s  a lysis o f b a c te ria  could  be excluded . T herefore  th e  
in c rease  of p ro te in  a n d  o th e r  UV (260 nm ) abso rb ing  m ate ria l (to  be ch a ra c te r
ized  in  ano ther p ap er) in  th e  m ed ium  w as n o t due to  cell d ea th .

As shown in  F ig . 5, [3H ]T d R  in co rp o ra tio n  w as in h ib ite d  b y  SN o f S. 
epiderm idis  while SN  o f Cowan I  caused  s tim u la tio n . S im ilar resu lts  were
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Fig. 5. [3H ]T dR  incorporation of lym phocytes in  the presence o f supernatants o f S. epiderm idis  
(16.8 fig protein/m l, solid columns), and S. aureus Cowan I (5.3 fig/m l, open columns); control

(shaded columns)

Time (min)

Fig. 6. K inetics o f [3H ]T dR  incorporation o f lym phocytes in  the presence of various concentra
tions o f supernatant o f S. epiderm idis : о -------- О 30 fig protein/m l; л ---------ж 90 /ig/ml; A ----------л

190 /tg/ml; • - -------•  control

o b ta in ed  w ith  SN  p rep ared  b y  longer (48 or 72 h) in cu b a tio n  of b ac te ria  a t 
4 °C. T he s tim u la to ry  effect of SN o f Cowan T was m ost p ro b ab ly  due to  p ro te in  
A released in to  P B S  a t 4 °C.

In  order to  exam ine th e  dose-response re la tio n sh ip  o f th e  tox ic  m a te ria l 
re leased  from  S . epiderm idis, SN w as lyoph ilized  a n d  used  in  3 ho u r e x p e ri
m en ts  w ith  ly m p h o cy tes  (Fig. 6). Since h u m a n  serum  d id  n o t p ro tec t th e  ly m 
p h o cy tes  ag a in st th e  in h ib ito ry  effect o f SN, i t  w as seen a fte r a lag period  of 
a b o u t 80 m in ; com plete  inh ib ition  w as caused b y  a dose of 90 fig SN p ro te in /m l. 
T he slow d ev e lopm en t of th e  in h ib itio n  renders a d irec t dam age to  D N A  sy n th e 
sis im probab le .

W e in v es tig a ted  the  re la tio n sh ip  of th e  SN in h ib ito r  to  know n staphy loc- 
cal agen ts. The SN  of S. epiderm idis  d id  n o t ex h ib it an y  haem oly tic  a c tiv ity . 
L ysozym e, ca ta lase  and  esterase are  know n to  be secre ted  b y  cocci in to  th e  
m ed ium . U nder o u r ex p erim en ta l conditions n e ith e r  lysozym e nor ca ta lase  
ac tiv ities  ap p eared  in  SN. A w eak  esterase a c tiv ity  was found  in SN w hich 
d isappeared  a fte r  h e a t tre a tm e n t, un like th e  in h ib ito ry  effect of SN.
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I t  was concluded th a t  a new, w a te r  so luble, h ea t stab le , fo rm alin  sensitive, 
c y to to x ic  m ateria l w as p rep a red  fro m S . epiderm idis  w hich in h ib its  th e  [3H ]T d R  
in c o rp o ra tio n  of to nsil lym phocy tes. P u rif ic a tio n  and fu r th e r  p ro p ertie s  of the 
to x ic  m a te ria l will he described  sep ara te ly .

Acknowledgement. Thanks are due to Mrs. T e a  K a jt o r  for excellent technical assistance 
and Miss E va  K r o m p e c h e r  (Postgraduate M edical School. Budapest) for identification  o f the 
S. epiderm idis  strain.
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HIGHER RESISTANCE OF GERMFREE 
MICE TO DIANHYDRODULCITOL,

A LYMPHOTROPIC CYTOSTATIC AGENT

P iroska  A n d e r l i k , I l on a  S z e r i , Zs u z s a n n a  B á n o s , Má r i a  W e sse ly

a n d  B .  R a DN A I

Institute o f M icrobiology, Semmelweis University M edical School, B udapest and István
H ospita l, Budapest

(R eceived December 19, 1980)

The same dose of dianhydrodulcitol (DA D) produced a lower m ortality  rate among germ- 
free mice than among SPF or conventional C3H mice. On the other hand, it  caused graver 
lym phoid atrophy in germfree m ice. Their higher resistance, as evidenced by the m ortality  
rate, can be explained on the basis o f a histological study  of the ileum . It showed milder 
alterations of the intestinal wall in germfree than in  SP F  mice. The lym photropic cytostatic  
agent had a less direct toxic effect in germfree mice, due to the lacking dam aging effect o f  
endotoxin  from the normal intestinal flora.

Several au tho rs have rep o rted  on a h igher resistance o f germ free mice to  
c e r ta in  a n titu m o u r agen ts like cyclophospham ide, n itrogen  m u s ta rd  or gam m a 
ra y s  [1 -3 ]. G erm free mice have an  underdeveloped  linyphoid  sy stem  on account 
o f  th e  scarc ity  of an tigen ic  s tim u li from  th e  endogenous an d  exogenous en v i
ro n m en t.

The presen t s tu d y  was u n d e rta k e n  to  exam ine th e  response of germ free 
m ice to  d ianhydrodu lc ito l. a ly m p h o tro p ic  c y to s ta tic  agent.

M aterials and m ethods

Experimental anim als. The experim ents were carried out on 5—6-week-old germfree 
(G F), specific pathogen free (SPF) and conventional (CV) C3H mice of both  sexes weighing 
20-25  g, purchased from the Zootechnical Institute for Laboratory Anim als (LATI, Gödöllő. 
H ungary). The germfree state was m aintained w ith YELAZ P—0 1  (Czechoslovakia) plastic  
isolators. Microbiological control of the GF state was done as described in  literature [4]. The 
GF m ice were fed w ith gamma ray sterilized pellets and autoclaved water ad libitum .

Treatment with dianhydrodulcitol (N S C -132313). D ianhydrodulcitol (D A D ) is the epox
ide o f D B D , a lym photropic cytostatic  agent o f the alkylating group [5]. The substance (Chinoin 
Chemical and Pharm aceutical Works L td., Budapest) was dissolved in d istilled  water and used 
w ithin  30 min. The control mice received sterilized physiological saline adm inistered in the 
sam e w ay and quantity as the DA D  treatm ent.

Histological examination. The sm all intestine was prepared as described by S h i r a i  et al., 
then fixed  and stained w ith haem atoxylin—eosin [6].

Exam ination of the lym phoid system. The relative spleen and thym us weights and the  
spleen and thym us indices o f mice died or sacrificed during the experim ent were determined as 
follows;

y» 1 • 1 , • 1 - i  lym phoid organ weight (mg)R elative lym phoid organ weight =  — — —— -— -— —— v——
J ^ о б  body weight (g)
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m ean relative lym phoid  organ weight in  the D A D  treated group 
ym p mit organ in x  m ean relative lym phoid organ w eight in  the control group.

Statistical evaluation  w as done by S tudent’s two sample t te st. The accepted level of 
significance was p =  0.05.

R esu lts

T hree series of ex p erim en ts  were done. In  E x p e rim e n t I , G F, S P F , and  
CY m ice were tre a te d  w ith  a 15 m g/kg  D A D  dose. In  E x p e r im e n t I I ,  G F  and  
S P F  m ice were tre a te d  w ith  D A D  in doses of 12, 15 or 18 m g/kg, and  in  E x p e ri
m e n t I I I ,  GF and  S P F  m ice received  D A D  in a dose o f  15 m g/kg. T he m ouse 
g ro u p s, th e ir  num ber an d  tre a tm e n t are  d em o n stra ted  in  T ab le  I.

Table I

Mouse groups and their treatments

Group No. of mice Treatment
(intraperitoneal)

G F-D A D 12 15 m g/kg DAD

SP F -D A D 12 15 m g/kg DAD

CV-DAD 12 15 m g/kg DAD

GF 12 phys.NaCl

SPF 12 phys.NaCl

СУ 12 phys.NaCl

16 12 m g/kg DAD

G F-D A D 16 15 m g/kg DAD

16 18 m g/kg DAD

16 12 m g/kg DAD

SP F -D A D 16 15 m g/kg DAD

16 18 m g/kg DAD

GF 12 phys.NaCl

SPF 12 phys.NaCl

G F-D A D 20 15 m g/kg DAD

SP F -D A D 20 15 m g/kg DAD

In  E x p erim en ts  I  an d  I I ,  th e  d e a th  ra te s  caused b y  D A D  were reg istered , 
an d  th e  relative lym p h o id  organ  w eights and  indices o f th e  died or sacrificed 
m ice were de te rm ined . In  E x p e rim e n t I I I ,  th e  ileum  o f m ice died or sacrificed  
a t  d ifferent tim es d u rin g  th e  ex p erim en t was exam ined  histo logically .
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Fig. 1. Rate and tim e curve of m ortality following DAD treatm ent in Experim ent I

T he G F s ta te  w as checked m icrobiologically  till  th e  end of th e  ex p e ri
m en ts  on the  21st d ay  a fte r  tre a tm e n t.

In  E x p erim en t I ,  15 m g/kg D A D  caused no d e a th  in  th e  GF m ice, w hile 
th e  m o rta lity  ra te  was 50%  in S P F  m ice and  80%  in  CY m ice, as reg istered  on 
th e  5 th -6 th  day  follow ing tre a tm e n t (F ig . 1).

T here was no d ea th  in  th e  m ouse groups th a t  h ad  n o t received D A D .
T he d a ta  of th e  lym phoid  organs o f mice dying or sacrificed  on th e  6 th  to  

21st days are seen in  T able I I .

Table II

The lymphoid organs of mice died or sacrificed in Experiment I

Date Group No. of mice
Mean

relative
spleen
weight

Spleen
index

Mean
relative
thymus
weight

Thymus
index

5th and 6th G F-D A D 0 — — _ _

day(died) SP F -D A D 5 1.7 0.5 0.1 0.1

CV DAD 9 1.5 0.4 0.1 0.07

6th day GF 6 2.9 1.0 1.1 1.0
«(sacrificed) SPF 6 3.3 1.0 1.0 1.0

CV 6 3.6 1.0 1.3 1.0

21st day G F-D A D 12 4.4 1.4 1.1 1.0
(sacrificed) SP F -D A D 7 4.4 1.3 0.8 0.6

CV-DAD 3 5.2 1.3 1.0 0.7

GF 6 3.1 1.0 1.1 1.0
SPF 6 3.2 1.0 1.2 1.0
CV 6 3.8 1.0 1.4 1.0

T able I I  shows th a t  g rave lym phoid  a tro p h y  w as observed  in  mice dy in g  
fro m  D A D  on th e  5—6 th  d ay  as com pared  to  th e  G F, S P F , an d  CV mice sac ri
ficed  on th e  6 th  day . T he m ice su rv iv ing  D A D  tre a tm e n t d isp layed  ly m p h o id
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GF-DAD group

Fig. 2. Rate and tim e curve of m ortality follow ing DA D  treatm ent in Experim ent II

reg en era tio n  b y  th e  2 1 st day . The reg en era tio n  was alm ost e q u a l in  th e  G F — 
-D A D , S P F -D A D  a n d  C V -D A D  groups, as show n b y  th e  re la tiv e  spleen 
a n d  th y m u s w eights. T h e  spleen index  p o in ted  to  h y p erreg en era tio n .

F igure 2 show s th e  tim e  curve of m o rta litv  follow ing D A D  tre a tm e n t 
w ith  doses of 12, 15 a n d  18 m g/kg in  E x p e rim e n t II .

In  GF mice a 12 m g/kg  dose of D A D  caused  no d ea th ; th e  m o rta lity  ra te  
w as 10%  afte r a 15 m g/kg , and  30%  a fte r  a 18 m g/kg dose. I n  S P F  mice th e  
sam e doses caused d e a th  in  10, 50 an d  70% , respectively . T h u s , am ong S P F  
m ice th e  L D 50 was 15 m g/kg, while th e  sam e dose resu lted  in  a d ea th  ra te  of 
10%  am ong G F m ice.

The tim e cu rve  o f m o rta lity  revealed  th a t  the  m ice in  th e  S P F -D A D  
group  died on th e  5 th  to  6 th  day, w hile th o se  in  th e  G F —D A D  group died 
som ew hat la ter, on th e  5 th  to  10th day.

No death  o ccu rred  am ong u n tre a te d  G F  and  S P F  m ice d u rin g  th e  te s t  
period .

D a ta  for th e  ly m p h o id  organs o f m ice dying from  D A D  tre a tm e n t or 
sacrificed  a fte rw ard s are  d em o n stra ted  in  T ab le  I I I .

There were no sign ifican t d ifferences betw een  the  d a ta  fo r th e  lym phoid  
o rg an s of the  G F —D A D  an d  S P F -D A D  groups w ith  resp ec t to  th e  DAD dose. 
H en ce , the  d a ta  fo r th e  lym phoid  organs w ere pooled fo r each  group.

Spleen an d  th y m u s  w eight in  th e  G F group was e ssen tia lly  the  sam e 
w h e th e r th e  m ice h a d  been  killed on th e  6 th  or on th e  2 1st day . S im ilarly ,
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Table III

The lymphoid organs o f mice died or sacrificed in Experiment I I

Date Group No. of
mice

Mean relative 
spleen weight

Spleen
index

Mean relative 
thymus weight

Thymus
index

5th to 10th day G F-D A D 8 l . l ± 0.1a 0.2 0.2 ± 0.1 0.1

(died) SP F -D A D 28 2.1±0.4" 0.4 0 .5 ± 0 .3 0.2

6th day GF 6 3 .8 ± 1 .1 1.0 1 .2 ± 0 .3 4 1.0

(sacrificed) SPF 6 4 .5 ± 0 .9 1.0 2.1± 0.8i' 1.0

G F-D A D 52 5 .1 ± 2 .2 1.3 1 .2 ± 0 .5 1.0

21st day SP F -D A D 32 5 .3 ± 0 .9 1.1 1 .6 ± 0 .5 0.7

(sacrificed) GF 6 3 .8 ± 1 .1 1.0 1 .2 ± 0 .3 C 1.0

SPF 6 4 .5 ± 0 .9 1.0 2.1± 0.8C 1.0

a p <  0.001
b 0.01 <  P <  0.05 

c 0.01 <  P <  0.05

th e re  w as no difference betw een  th e  6 a n d  21 d ay  values for th e  S P F  m ice. 
The re la tiv e  spleen w eight of th e  G F  a n d  S P F  mice show ed no s ig n ifican t 
differences on th e  6 th  or 21st d ay s, w hile re la tiv e  th y m u s  w eight in  th e  G F 
group w as s ig n ifican tly  low er th a n  in  th e  S P F  group a t  a n y  period.

G rave spleen and  th y m u s  a tro p h y  w as observed in  b o th  G F a n d  S P F  
m ice th a t  h a d  died from  DAD tre a tm e n t ,  b u t  th e  sp leen  a tro p h y  of G F  m ice 
was s ig n ifican tly  g rav er th a n  of S P F  m ice. T h is is in d ica ted  b y  th e  s ig n ifican tly  
low er m ean  re la tiv e  spleen w eight o f d ied  G F  mice (G F—D A D ) as co m p ared  
to  th e  d ied  S P F  m ice (S P F -D A D ), w hile th e re  was no s ign ifican t d ifference 
in  re la tiv e  sp leen  w eight be tw een  th e  G F  and  S P F  m ice sacrificed  on  th e  
6 th  day .

A com plete  reg en era tio n  o f th e  ly m p h o id  organs w as observed  in  m ice 
su rv iv ing  D A D  tre a tm e n t and  sacrificed  a t  th e  end  o f th e  experim en t. T h e ir 
re la tiv e  sp leen  and  th y m u s w eights d id  n o t diverge in  a n y  sign ifican t degree 
from  th e  correspond ing  values fo r th e  sim u ltan eo u sly  sacrificed  G F an d  S P F  
m ice.

E x p e rim e n t I I I  was u n d e rta k e n  to  exam ine th e  effect of DAD on th e  
g as tro in te s tin a l t r a c t  [5] in  G F  an d  S P F  m ice. T w en ty  G F  an d  20 S P F  m ice 
were in jec ted  w ith  a 15 m g/kg dose o f  D A D . A h isto log ical ex am in a tio n  w as 
u n d e rta k e n  on  th e  ileum  of m ice dy ing  from  DAD tre a tm e n t or sacrificed  on 
th e  d ay  o f  t re a tm e n t (zero day) or on th e  3 rd , 12 th  or 21st days following t r e a t-
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m en t. The h isto log ical specim ens were ex am in ed  as to  th e  in te g r ity  of th e  in te s 
tin a l m ucosa expressed  in  percen tage o f to ta l  in te s tin e  len g th , an d  to  changes 
in d ica tin g  th e  effect o f en d o tox in , like in f la m m a to ry  in filtra tio n s  or oedem a. 
T he ex ten t is m ark ed  b y  crosses in  Table IV , w hich sum m arizes th e  resu lts.

Table IV

Intestinal changes in the mice o f  groups GF—D A D  and S P F —D A D  following D A D  treatment

Intestinal change

Day after treatment

No. of 
mice mucosal 

necrosis, %
muscle 

necrosis, % inflammation oedema

GF- SPF- GF- SPF- GF- SPF- GF- SPF- GF- SPF-
DAD DAD DAD DAD DAD DAD DAD DAD DAD DAD

0 day (sacrificed) 4 4 5 10 — — — — —

3rd day (sacrificed) 4 4 10 10 — -  + + +  +  + -  + + +

4th to 6th day (died) 2 6 60 90 30 90 ± ±

12th day (sacrificed) 4 4 10 30 - ± -L. -  —

21st day (sacrificed) 6 2 10 10 — ± + —  —

No tox ic  signs a t tr ib u ta b le  to  D A D  w ere  observed  in  th e  G F or S P F  m ice 
sacrificed  im m ed ia te ly  a f te r  tre a tm e n t (zero day). T here w ere sign ifican t d iffer
ences in  th e  changes b e tw een  th e  tw o g roups of mice sacrificed  or died la te r . 
N ecrosis of th e  m ucosa  a n d  in flam m ato ry  in filtra tio n  w ere m uch g rav er in  
S P F  th a n  in  G F m ice sacrificed  on th e  3 rd  day . No oedem a was observed  in  
G F m ice. The d o m in a n t change in  mice dy in g  from  tre a tm e n t was a necrosis 
o f th e  m ucosa an d  m uscle , b u t  while th ese  am o u n ted  to  90 an d  90% , resp ec 
tiv e ly , in  th e  S P F -D A D  group , in  dead m ice of th e  G F -D A D  group th e  n ec ro 
ses am o u n ted  to  60 an d  30%  of the  in te s tin a l leng th . P a tho log ic  changes in  th e  
m ucosa were h a rd ly  d e te c ta b le  in  G F—D A D  m ice sacrificed  on th e  12th  day , 
w hile in  mice of th e  S P F —D A D  group m ucosal necrosis was seen in  30% .

D iscu ssion

T he resu lts o f E x p e rim e n ts  I  an d  I I  show  th a t  th e  sam e dose of D A D  
caused  low er d e a th  ra te s  an d  la te r  d ea th  in  G F  mice th a n  in  S P F  or CV m ice. 
G rave spleen an d  th y m u s  a tro p h y  developed  in  b o th  S P F  an d  G F mice dy ing
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from  D A D  tre a tm e n t, b u t  spleen a tro p h y  w as s ig n ifican tly  g raver in  th e  G F  
th a n  in  th e  S P F  m ice (E xperim en t I I ) .

O n th e  o th e r h a n d , th e  changes o f  th e  in te s tin a l t r a c t  were m ilder in  G F  
th a n  in  S P F  mice (E x p e rim en t I I I ) . B y  th e  end  of th e  experim en ts a com plete  
reg en e ra tio n  of th e  ly m p h o id  organs (E x p e rim e n ts  I  a n d  I I )  an d  of th e  in te s t i 
n a l m ucosa (E x p e rim en t I I I )  could be o b served  in  m ice su rv iv ing  D A D  t r e a t 
m en t.

Since the  d ea th  ra te  was lower am o n g  G F th a n  am ong S P F  m ice, th e  
G F m ice, in  sp ite  o f th e ir  underdeveloped  ly m pho id  sy s tem , proved  to  be m ore 
re s is ta n t to  th e  c y to s ta tic  agent th a n  w ere  th e  S P F  o r CY m ice. The increased  
resistance  of GF m ice to  D A D  is ex p la in ed  b y  th e ir  G F  s ta te . In  th is  s ta te  th e  
d irec t to x ic  effect o f D A D  proved less g rave  since i t  h a d  n o t been am plified  
b y  th e  acu te  dam aging  effect o f the  e n d o to x in  from  th e  no rm al in te s tin a l flo ra . 
T he charac teris tic  signs of endotoxin  effects like oedem atous in fla m m a to ry  
changes an d  necrosis o f  th e  in testin a l m ucosa , were essen tia lly  m ilder in  G F  
th a n  in  S P F  mice. T h e  m ild  endo tox in  effect observable  in  G F mice m ig h t be 
ex p la ined  b y  th e  fa c t t h a t  the  GF co n d itio n  does n o t im p ly  an  an tigen-free 
s ta te , an d  i t  is th e  en d o to x in  in  food t h a t  m igh t be responsib le  for th e  observed  
changes.

O ur previous experim en ts show ed an  increased  sen s itiv ity  to  D A D  of 
co n v en tiona l mice t h a t  h a d  been th y m ec to m ized  n e o n a ta lly  [7] or suffering  a 
GVH reac tio n  [8], or tre a te d  w ith p e rtu ss is  vaccine [9], or in fected  w ith  LCM 
v iru s  [10]. S im ilarly , an  increased se n s itiv ity  could be observed  in  co n ven tiona l 
new b o rn  and  suckling  m ice w ith  u n derdeve loped  ly m p h o id  system  [11] or in  
aged m ice w ith  th y m u s  involu tion  [12].

As com pared to  th e  norm al D A D  sen sitiv ity  o f CV m ice w ith  developed  
an d  in ta c t  im m une sy stem , th e  sen s itiv ity  of CY m ice w ith  insuffic ien t im m u n e  
fu n c tio n  changed in  a d irec tion  opposite  to  th a t  of G F  m ice w ith  th e ir  eq ua lly  
in su ffic ien t im m une fu n c tio n . The se n s itiv ity  of th e  la t te r  d im inished, w hile 
th a t  of th e  form er increased  (Tahié V).

In  previous ex p erim en ts  we a t t r ib u te d  the  in creased  sen sitiv ity  to  D A D  
of conven tional m ice to  a functional d am ag e  of th e  ly m p h o id  system . T he p re s 
en t re su lts  for G F m ice, how ever, in d ica te  th a t ,  a p a r t  fro m  th e  ac tua l fu n c tio n 
al s ta te  of th e  ly m p h o id  system , the p resence  or absence of a norm al in te s tin a l 
flo ra  is o f decisive im p o rtan ce  in  respect o f  th e  sen s itiv ity  to  D A D .

O ur results are in  accordance w ith  those  th a t  em phasize th e  role of th e  
n o rm al in te s tin a l f lo ra  in  th e  d eve lopm en t of g a s tro in te s tin a l sym ptom s o f th e  
irra d ia tio n  syndrom e elic ited  by  gam m a ray s [3].

A tte n tio n  is called  to  the  in fluence  of a no rm al m icrobial flo ra  on d rug  
sen s itiv ity  during ly m p h o tro p ic  c y to s ta tic  tre a tm e n t;  th e y  stress th e  im p o r
tan ce  of a germ free en v iro n m en t and th e  exped iency  o f a so-called life is land , 
an  ev e n tu a l reverse iso la tio n  [13].
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Table V

Connection between gnotobiological condition, immunological state, and sensitivity  to D A D  in mice

State Function
Mice DAD sensitivity

of the immune system

Germfree (adult) under- insufficient diminished
developed

Conventional (adult) developed, normal normal
intact

Conventional

newborn, suckling undeveloped

neonatally  thym ectom ized (adult) 

suffering from GVH reaction (adult) 

LCM virus carrier (adult) 

treated  with pertussis vaccine (adult)

impaired insufficient increased

old involuted
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A PROVISIONAL CHROMOSOME 
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B ased on the literature and the authors’ studies, the genetic markers o f Shigella and 
the chrom osom e regions connected with path ogen icity  are listed. A provisional m ap o f Shigella 
chrom osom e and another provisional map ind icating the chromosomal regions related to Shi
gella v irulence have been constructed. B oth m aps could be useful for further genetic investiga
tions o f Shigella.

T he availab le  genetic  d a ta  o b ta in ed  on  th e  m em bers of th e  genus Shigella  
p e rm it to  co n stru c t a p rovisional ch rom osom e m ap of these  b a c te ria  w hich 
includes m ore th a n  40 m arkers. M ost o f th e se  stud ies refer to  Shigella flexn eri, 
p a r t ly  to  Shigella dysenteriae 1 and  som e stud ies are concerned w ith  Shigella 
sonnei.

M a p p in g  o f  Sh igella chromosomal genes

L u r i a  an d  B urr ow s  [1] were th e  f irs t  to  accom plish reco m b in a tio n  
b e tw een  S. flexn er i rec ip ien ts and  H fr s tra in s  of Escherichia coli K 12. T hey  
show ed th e  possib ility  of ob ta in ing  re la tiv e ly  stab le  hybrids an d  a sim ilar lo
ca liza tio n  o f a num ber o f th e  in v estig a ted  m ark ers  w ith  the  loca liza tion  of th e ir  
alleles on E . coli K12 chrom osom e.

L a te r , sim ilar in tergeneric  crosses u sin g  H fr E . coli K12 w ith  diffcj en t 
o r ie n ta tio n , no t only dem onstra ted  a s im ila r localization  of th e  in v estig a ted  
S. f le x n e r i  chrom osom e m arkers (lac, ara, rha, xy l, mal, fu c , na d )  an d  th e ir  
loca liza tion  on E . coli b u t also revealed  th e  c ircu la r s tru c tu re  of th e  S . flexn er i 
chrom osom e [2]. U nder n a tu ra l co n d itions S . flexn er i s tra in s  w hich  utilize 
arab inose , rham nose , xylose and  m altose a re  fo u n d  freq u en tly  [3] in  c o n tra s t 
w ith  th e  s tra in s  used in  th e  m entioned  ex p e rim en ts . T hen  it  w as show n th a t  
th e  s tra in s  o f  S. dysenteriae 1 w hich are p h e n o ty p ic a l M ai- , M tl~  a f te r  phage 
tre a tm e n t o r in  th e ir  R s ta te , begin to  u tiliz e  m altose and  m ann ito l [4]. These 
d a ta  in d ica te  th a t  am ong th e  Shigella s tra in s  w hich do n o t fe rm e n t ce rta in  
c a rb o h y d ra tes  some ca rry  corresponding  genes an d  th a t  d ifferen t s tra in s  differ 
from  each  o th e r  in  th e  s tru c tu re  of th e  genes. This was ex p erim en ta lly  show n 
fo r th e  lac operon  of S . dysenteriae 1 [5]. A fte r  hav ing  o b ta in ed  S . fle x n e r i
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donor s tra in s  it  w as possib le to  ca rry  o u t co m p ara tiv e  stud ies regard ing  th e  
loca liza tion  of severa l m ark ers  (leu, ile, lys, h is)  b y  k inetics of th e ir  tra n s fe r  
in  th e  con jugations E . coli X  E . coli, E . coli X  S . fle x n e r i  and  in trasp ec ies  
S . f le x n e r i  X  S. fle x n e r i.  T he s im ila rity  of S . fle x n e r i  an d  E . coli K12 ch ro m o 
som e w as d e m o n s tra te d  in  sp ite  of differences be tw een  th e  ra te s  of tra n s fe r  
m ark ers  [6, 7].

A  sim ilar o rd e r o f  loci ( met A ,  thr, trp )  on  th e  E . coli and  Shigella  c h ro 
m osom es was show n in  in traspecies crosses. H igh  in teg ra tio n  of m ark ers  in  
E . coli K 12 H fr X  S . fle x n e r i  crosses w as observed  in  c o n tra s t w ith  th e  in te g ra 
tio n  o f  m arkers in  crosses o f E . coli K 12 H fr w ith  Salm onella  or o th e r re p re se n 
ta tiv e s  o f Enterobacteriaceae [8]. T he decrease in  th e  ra te  of tran sfe r in  th e  E .  
coli X  Shigella  in te rg en e ric  crosses is know n to  be re la ted  to  th e  in co m p le te  
hom ology  of th e ir  D N A  s tru c tu re  and  host-cell specific  m odifica tion  an d  r e 
s tr ic tio n  [9].

R ecen t d a ta , how ever, in d ica te  an  essen tia l re la tio n sh ip  o f th e  s tru c tu re  
of th e ir  genom es. I t  w as even proposed  to  include Escherichia  and  Shigella  in to  
one genus [10].

A certa in  n u m b e r  of exam ples d em o n stra te s  th a t  in tergeneric  crosses 
w ith  E . coli K12 m a y  be  used fo r th e  p re lim in ary  d e te rm in a tio n  of gene lo ca li
za tio n  on th e  Shigella  chrom osom e. T he loca liza tion  o f rfb  gene in  S. fle x n e r i  
2a w hich  is re sponsib le  fo r an tig en  3,4 syn thesis  (p rim ary  S-specific ch a in s: 
rham nosy l-rham nosy l-IV -acety lg lucosam ine) n e a r  th e  his operon w as f i r s t  
show n in  in te rg en eric  crosses w ith  E . coli K 12 b y  th e  loss o f th e  m ark e r [11], 
b y  its  tra n sfe r  to  E . coli K12 [12] an d  la te r  o n  in traspec ies PI tra n sd u c tio n  
(co tran sd u c tio n  h is—rfb  3,4—28.5% ) [11].

L ocaliza tion  o f th e  “ T p ”  locus responsib le fo r some type- (serovar) sp e 
cific an tigens in  th e  lac-pro  reg ion  on th e  S . f le x n e r i  chrom osom e was d em o n 
s tra te d  in  in te rg en eric  crosses w ith  E . coli K 12 H fr b y  the  loss of th e  c o rre 
spond ing  an tigen ic  fac to rs  in  w ild rec ip ien t s tra in s  [1, 13, 14]. T h e rea fte r  th e  
tra n s fe r  of an tig en  I I  from  S. fle x n e r i  to  E . coli K12 w ith  p r o + m a rk e r w as 
carried  ou t [12].

A t the  sam e tim e  it  was p ro v ed  by  im m unochem ical analysis t h a t  S . 
f le x n e r i lac+ h y b rid s  lack ing  th e  corresponding  serovar-specific  an tigens lose 
a-glucose in  th e ir  L P S  s tru c tu re  an d  are tra n sfo rm e d  in to  “ Y ” -like v a r ia n ts
( - :  3,4) [12].

In  some ex p e rim en ts  w ith  several co n v ertin g  phages [11, 16—18] co n v e r
sion was carried  o u t w ith  th e  revealing  serovar-specific  an tigens I, И , IV , У  
an d  group-specific  fac to rs  7,8 and  6. C om parative  s tud ies of th e  se n s itiv ity  of 
w ild s tra in s an d  la c + hy b rid s  w hich were lack ing  serovar-specific  an tig en s to  
th e  co rresponding  co n v ertin g  j)hages revealed  th a t  th e  lac-pro  reg ion  o f th e  
S . fle x n e r i  chrom osom e is th e  so-called Tp locus th e  region of th e  a t ta c h m e n t 
sites o f converting  p rophages [11].
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The a tta c h m e n t site  o f prophage 7,8 is in  th e  sam e region [18]. B asing  
upon genetic  findings i t  w as suggested t h a t  phage 7,8 is ch aracterized  b y  a 
d ifferent k in d  of linkage (tan d em  ?) w ith  th e  chrom osom e, in  c o n tra s t w ith  th e  
prophages I ,  I I ,  IV , V [LL], In  conversion, p ro p h ag es I, I I ,  IV  an d  V b eh av e  as 
alleles. T he possib ility  of su b sequen t ly so g en iza tio n  b y  phage I I  and  7,8 w ith  
th e  fo rm a tio n  of hilysogenic serovar 2b ( I I ;  7,8) as well as conversion o f  a 
v a r ia n t X  ( —  : 7,8) in to  V :7,8 w as d e m o n s tra te d  [17].

The localization  of som e prophages in  th e  “ T p ”  locus was confirm ed  b y  
co n ju g a tio n  w ith  th e  con v erted  “ Y ”  v a r ia n ts  [19]. T he possib ility  to  rep ro d u ce  
conversion on  E . coli K12 h y b rid s  w ith  p rev io u sly  acqu ired  an tigen  3,4 has 
been show n [16, 20].

F in a lly , th e  m app ing  o f kcp A  (k e ra to c o n ju n c tiv a l p rovocation) locus 
was perfo rm ed  in  the  follow ing w ay. A t f i r s t  i t  was d em o n stra ted  th a t  100%  
of th e  h y b rid s  w ith  su b s titu te d  lac—gal reg io n  in  in te rgeneric  co n juga tion  o f 
E . coli K 12 H fr and  v iru le n t, k e ra to c o n ju n c tiv a l positive ( K K +) s tra in  of 
S. fle xn er i  h a d  lost th e ir  v iru lence. T h e rea fte r  in  in traspecies tra n sd u c tio n  w ith  
th e  help of phage P I  co tran sd u c tio n  kcpA  gene (68% ) w ith  p u r E  m ark er ( s i tu 
a ted  betw een  lac and  gal)  w as show n [21].

The localization  of m ore th a n  15 m ark e rs  o f Shigella w as de te rm ined  b y  
tra n sd u c tio n  (Table I).

The d a ta  ob ta ined  u p  to  now  p e rm it to  draw  a provisional m ap  o f 
th e  Shigella  chrom osom e w hich  will be u sefu l in  fu r th e r  genetic  analyses o f 
Shigella. F ig u re  1 shows th e  provisional m ap  o f th e  Shigella  chrom osom e 
w hich includes m ore th a n  40 m arkers. D ue to  th e  fac t th a t  th e  hom ology  
of S. fle x n e r i  an d  E . coli K 12 chrom osom e w as d em o n stra ted  in  a n u m b er o f 
papers [1, 2, 6, 8, 10], we h av e  placed th e  in v e s tig a te d  genes on the  Shigella  
m ap  accord ing  to  the  o rder o f th e ir allelic genes on th e  100 m in m ap o f E . 
coli K12 [22]. W e estab lished  th a t  from  40 m in  th e  Shigella  genes in v es tig 
a ted  to  d a te  only  th e  localiza tion  of glp К  gene failed  to  coincide w ith  th e  
localization  o f th e  allelic gene on the  E . coli m ap  [22, 23]. F o r some o th e r  
genes, how ever, we only know  th e  o rder o f  th e ir  a rran g em en t b u t no t th e ir  
ex ac t localization .

In  T ab le  I  th e  lis t of th e  inv estig a ted  Shigella  m arkers is p resen ted  acco rd 
ing to  th e  nom encla tu re  o f  B achm ann  et al. [22]. Colum n 3 show s th e  closely 
s itu a te d  genes (determ ined  in  conjugation) o r th e  linked  genes (w ith  in d ica tio n  
of linkage p e r  cen t in  tra n sd u c tio n  or co n ju g a tio n ).

C olum n 4 shows allelic genes on th e  E . coli K12 m ap (in  m inutes) w hich  
will allow a b e tte r  o rien ta tio n  in  th e  d e te rm in a tio n  of th e  localization  o f th e  
in v es tig a ted  Shigella  genes. So i t  is know n t h a t  th e  arg genes of E . coli K12 are  
localized a t d iffe ren t chrom osom al sites (a t 6, 62, 68, 73, 88 m in) [22]. The fa c t 
th a t  th e  in v es tig a ted  arg gene of Shigella w as fo u n d  to  be close to  th e  tlir—leu  
locus, allows to  suggest th a t  th is  gene m a y  be an  allele of th e  argC , argE  or
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Tabic I £

List o f  genetic markers o f  Shigella

Gene symbol Mnemonic Relatively closely localized 
or linked genes

Map
position*

Comments; alternative gene 
symbols References

l 2 3 4 5 6

ara Arabinose lac, leu, p il l U tilization of arabinose 1 ,2 ,9

arg Arginine thr-leu 88 Synthesis o f arginine 7

uroE Aromatic rpsL , rpsE
(80% cotransduction)

71 Biosynthesis o f aromatic aininoacids 
Transduction E. coli X S. dysenteriae

43

all I 
I I
IV
V

Attachm ent lac—pro
(90-91%
in conjugation)

Integration sites o f S. flexneri corresponding prophages. Latter 
carry out m odification (glycosylation) o f the main structure 
of LPS (antigen 3,4); confers serovar (type) specificity (factors 
I, II, IV, V); Tp locus

1, 2, 12,
7 ,1 1 ,1 3  
14,15, 20

alt 7,« Attachm ent lac-pro Integration site o f S.flexn eri prophage 7,8. G lycosylation of the 
main structure of LPS (group-specific factor 7,8).

11, 18

att 6 Attachm ent lac-pro
(32% intraspecies 
conjugation)

Possible integration site o f S.flexn eri prophage 6. A cetylation of 
the main structure of LPS. (Group-specific factor 6).

1 1 ,1 6 ,4 4

crp rpsL  (28-33%  intra- 
species cotransduc
tion)

73 Cyclic AMP receptor protein 45

cysB Cysteine trpA B C D E O P 28 Synthesis o f cysteine: transduction S. dysenteriae 1 X E. coli 
К  12

46, 47

fu c Fucose nadB 60 U tilization of fucose 2 ,48

gal Galactose nadA 17 U tilization of galactose 48

g lpK Glycerolphosphate ?
(60—65 m in in intra

species conjugation 
of S .flexn eri)

87 Glycerol kinase; corresponds to g lp K  gene of E. coli К 12, hut is 
not cotransducted w ith rha

23

his Histidine 44 Synthesis o f histidine 7 ,1 1 ,1 2

hsd Host specificity tlir, p il 98 H ost restriction activ ity; ItsS 9
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ile Isoleucine leu 0

ilv Isoleucine-valine between rha and xyl 83

lac Lactose pro 8

leu Leucine ara, ile 2

Ion Long form proC  (59-94%  
со transduction)

10

mal Maltose between xyl and rpsL 74

metA Methionine 89

mil Mannitol xyl, rfa 80

nadA Nicotinamide adenine 
dinucleotide

gal 16

nadB Ditto fu c 55

neaB Neamine rpsL  (95.4%  intra
species cotransduc
tion)

73

p a Pili hsd, thr, ara 98

pro A В Proline ihr—leu, arg 6

proC Proline Ion (59-94%  cotrans
duction in S. dysente
riae)

9

p ts l l Phosphot ransferase 
system

purC  (45% cotrans
ductions)

52

p ts l Ditto Ditto 52

* Map position of allelic gene on E. coli map (min)

Synthesis o f isoleucine 7

33

5Utilization of lactose; The following characteristics o f lac operon 
of Lac” S. dysenteriae 1 strains was shown in transduction:

i+ o+ z+ y  
i 1o+ z - y

Synthesis o f leucine 7, 9
Filam entous growth, radiation sensitivity, capsular polysaccha- 49 

ride synthesis. (Transduction S. dysenteriae 1 X E. coli К 12)

Utilization of maltose 2, 50

Synthesis of methionine; map position was similar to that of 51 
met A  gene of E. coli K12 (intraspecies conjugation)

Utilization of mannitol 52, 53
S. flexneri phenotype as a rule is N ad- ; point m utations in both 2, 48 

genes

D itto 2 ,48

Resistance to neamine 25

Presence or absence of pili (fimbriae) 2, 9

Synthesis o f proline; the order of genetic markers in S. flexneri is 7, 49 
similar to that of E. coli К 12: pro-thr-leu -arg ; in S. dysenteriae, 1 
pro A В  is situated separately from proC  as in E. coli K12

Synthesis o f proline; order of genetic markers in S. flexneri was 49, 54 
lac-proC

Phosphotransferase system  (transduction S. flexneri X E. coli) 55 

Phosphotransferase system : enzyme I 55

&
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. Relatively closely localized Map
Gene symbol Mnemonic or linked genes position*

1 2 3 \

purC Purine p tsH I  (45% cotrans
duction)

53

pu rE Purine Between lac and gal 
(in S. flexneri)

12

rja Rough mil (соtransduction: 
in S. flexneri, 20%; 
in S. sonnei, 16.3%)

80

rfb a3,4 Rough his (28.5%  intraspe
cies cotransduction)

45

rfb a VI Rough his (45.3%  interspeci
es conjugation)

45

rha Rhamnose tna 86

rpsE Ribosomal protein, 
small

rpsQ (98.1%  intra
species cotransduc
tion).

72

rpsL Ribosomal protein, 
small

neaB  (95,4%  intra
species cotransduc
tion)

72

rpsQ Ribosomal protein, 
small

rpsE  (98.1% intra
species cotransduc
tion).

72

ser В Serine trpR 100

Ihr Threonine serB. trpH, hsd 0

Ina between rha and xyl 82

trp A B
C D E O P

Tryptophan cysB 27

trpR Tryptophan ser В , thr 100
xyl Xylose rfa (70% linkage in 79

conjugation)

Comments; alternative gene 
symbols References 4̂CD

Synthesis o f  purine; transduction S. flexneri X E. coli 55

Synthesis o f purine (conjugation and intraspecies transduction) 21 

Lipopolysaccharide core biosynthesis 52, 53, 56

Synthesis of main S-specific chains o f LPS (S. flexneri group 11 ,1 2 ,2 0  
specific factor 3,4)

Synthesis o f S. flexneri 6 serovar specific antigen VI 11, 57

Utilization of rhamnose 2, 50, 57

30S ribosomal subunit protein S5; resistance to spectinom ycin; 25 ,43, 
spe see Fig. 3

30S ribosomal subunit protein S12; sir A  25 ,43 ,
see F ig .3

30S ribosom al subunit protein S 17: resistance to neamine; 25 ,58, 
neaA. see Fig. 3

Synthesis o f serine 46, 47

Synthesis o f threonine 7, 9, 46,
47,51

Tryptophanase; (indole production); ind 2, 50, 57

Synthesis o f tryptophan; the order of structural genes in S. 
dysenteriae was identical to that of E. coli (transduction S. 
dysenteriae X E. coli K12) 4 6 ,4 7 ,5 1

Regulatory gene for the Irp operon in S. dysenteriae 46, 47

U tilization of xylose 2 ,5 0 ,5 3
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argH  genes of E . coli K12 (88 m in). T h is suggestion can  be con tro lled  by  inves
tig a tio n  of co rrespond ing  enzym es.

Colum n 5 p re sen ts  ch a rac te ris tic s  of th e  p h eno typ ic  expression  of m ark 
ers, w ith  ex p lan a tio n s  and a lte rn a tiv e  gene sym bols used in  th e  w orks of 
d ifferen t au tho rs.

Regions o f  the Shigella chromosome related to pathogenicity

Since Shigella  are  pathogen ic  b ac te ria  (aetiological fac to rs  o f dysen tery ) 
n o t on ly  th e  loca liza tion  of d iffe ren t genes b u t also th e ir  p a th o g en e tic  im p o r
ta n c e  were in v es tig a ted  in  a n u m b er o f  stud ies. T h a t is w h y  we p re se n t in  Fig. 2 
a n o th e r  p re lim in ary  m ap  of Shigella  chrom osom e w hich in d ica tes  th e  regions 
re la te d  to  the  p a th o g en ic ity  of th e  b ac te ria .

In v es tig a tio n  o f  th e  genetic co n tro l of b ac te ria l p a th o g en ic ity  is a d iffi
cu lt ta sk  because p a th o g en ic ity  is m u ltifac to ria l; its  expression  depends on
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■V

Fig. 2. Regions o f  th e  Shigella chromosome connected w ith pathogenicity

th e  a c tiv ity  of d iffe ren t an d  in d ep en d en t p roperties. F ac to rs  associated  w ith  
p a th o g en ic ity  canno t b e  selected  b y  conven tional m eth o d s used in  bacteria l 
genetics.

T here are tw o m a in  approaches in  th e  genetic in v es tig a tio n  of p a thoge
n ic ity , viz.

(1) Investig a tio n  o f  th e  genetic con tro l and  reg u la tio n  o f know n p a th o 
genic fac to rs (capsules, su rface  an tigens, tox ins, e tc .);

(2) m apping on  th e  chrom osom e o f m u ta tio n s  or regions whose su b s titu 
tio n  in  cross w ith n o n -p a th o g en ic  b ac te ria  lead  to  a loss o f v iru lence  [24].

B o th  approaches w ere used w ith  reg ard  to  Shigella. F o r in stance  in  S. 
f le x n e r i  th e  genetic c o n tro l of a know n  L PS O -an tigen  (the  m ain  stru c tu re - 
an tig e n  3,4 and se ro v a r specific fac to rs  I, I I ,  IV , Y) w as s tu d ied  and  kcpA  
gene w as revealed b y  in te rg en eric  crosses w ith  E . coli. I n  each case th e  signifi
cance o f the  correspond ing  genotype v a ria tio n  for Shigella  p a th o g en ic ity  on 
d iffe ren t models of th e  in fec tious process was e lucidated . T he effect of d ifferent 
m u ta tio n s  (g lpK . rpsL , rspQ  and  o thers) on th e  p a th o g en ic ity  w as also ex am 
in ed  (F ig . 3) [23,25]. R eg ard in g  such investiga tions i t  is im p o r ta n t to  determ ine 
n o t o n ly  th e  influence o f  th e  va ria tio n s in  th e  genom e u p o n  th e  b ac te ria l pa tho -
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66,8-67,8 

68,6 - 70,6

spe A nea A str A nea В

Fig. 3. Linkage m ap o f S. flexn eri str-spc  region [25]. Sym bols: sp c A -rp sE ; neaA -rpsQ ;
strA —rpsL

genicity  b u t  also to  reveal w hich stages of th e  in fec tious process w ere in fluenced  
b y  these v a ria tio n s .

In  view  of th e  com plex ch a ra c te r  of th e  in fec tious process, we div ided  
th e  pa thogen ic  fac to rs  in to  3 m a in  groups acco rd ing  to  th e ir  functional im 
portance:

(1) F ac to rs  w hich c o n tr ib u te  to  th e  e n try  o f b ac te ria  in to  th e  host and  
e n te r ta in  in te rac tio n s  w ith  m ucosal m em branes o f defin ite  ecological niches.

(2) F a c to rs  w ith  re s is tan ce  to  h u m o ra l an d  cellu lar fac to rs  of th e  
m acroorganism  defence and  de te rm ine  th e  ra te  o f m u ltip lica tio n  in  vivo.

(3) T oxins an d  tox ic  p ro d u c ts  [26, 27].
A genetic con tro l of neuro- (entero-) to x in s  o f Shigella has n o t y e t been 

in v estig a ted .
Shigellae are know n to  be facu lta tiv e  in tra c e llu la r  pa rasite s . T hey  are 

able to  p e n e tra te  in to , and  m u ltip ly  in , ep ith e lia l cells of th e  colonic m ucosa 
[28, 29.]. T his c a p ac ity  co rre la tes w ith  th e  a b ility  to  cause k e ra to co n ju n c tiv itis  
(K K ) in  th e  gu inea-p ig . N ega tive  stra in s as d e te rm in ed  by  th e  K K  te s t are 
unable to  cause d y sen te ry  in hum ans.

In te ra c tio n  w ith  m ucosal m em branes involves 3 m ain  steps: adsorp tion , 
p en e tra tio n  and  in tra e p ith e lia l m u ltip lica tion . I n  th e  experim en ts w ith  :!H- 
labelled S. f le x n e r i  v iru len t ( K K +) and  R -m u ta n ts  of d ifferen t LPS chemo- 
ty p es, i t  was show n th a t  th e  m a in  s tru c tu re  of S . f le x n e r i  LPS (an tigen  3,4) is 
involved  in  th e  in itia l stage  of a tta c h m e n t of b a c te ria  o t th e  m em brane of 
ep ithe lia l cells [30]. This s tru c tu re  p ro b ab ly  is in v o lv ed  in  th e  recogn ition  of th e  
specific recep to r on th e  m em b ran e : th e  rep lacem en t of an tigen  3,4 b y  an tigen  
0 8  E . coli (w ith  m annose in s te a d  o f rham nose in  th e  LPS im m u n o d e te rm in an t 
group) in  reco m b in a tio n  leads to  th e  loss of v iru lence  [31]. In  add ition , th e  
glucolipid w hich s tim u la te s  p e n e tra tio n  iso la ted  from  th e  su p e rn a ta n t of th e  
v iru len t s tra in  of S. fle x n e r i  is only  active w ith  th e  hom ologous s tra in  of 
S . flexn eri, b u t  n o t w ith  S. sonnei o r hea ted  S. fle x n e r i  [32].

The L P S  O -an tigen  alone does n o t, how ever, allow  th e  Shigella  to  pene
t r a te  in to  th e  ep ith e lia l cells.

Two reg ions on  th e  Shigella  chrom osom e, k cp A  and  g lp K , are sign ifican t 
fo r p e n e tra tio n  [21, 23]. T he p ro d u c ts  of these genes are unknow n, b u t  a biologi
cally  active fa c to r  w as d e m o n s tra te d  in  f iltra te s  o f  v iru le n t s tra in s  of S. fle xn er i,
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in  c o n tra s t  w ith  those o f  sm ooth  m u ta n ts  and  hy b rid s  lacking th e  p e n e tra tio n  
a b ility . A h ypo thetic  p e n e tra tio n  fa c to r  has there fo re  been assum ed  to  be 
in v o lv ed  in  the  process o f adhesion o f Shigella  onto  th e  ep ithe lium , also because 
th e  m ax im u m  rad io ac tiv e  label was o b serv ed  w ith  sm oo th  K K  + Shigella  s tra ins. 
N o n v iru len t m u ta n ts  o f th e  sm oo th  ty p e  (K K ~ ) are ch a rac terized  b y  a low 
ra d io a c tiv e  label. The p rob lem  is u n d e r discussion [30].

T he LPS O -an tigen , too, m ight p la y  a role in  in trace llu la r su rv iv a l and 
m u ltip lica tio n  of th e  b ac te ria , because it was show n th a t  rha—x y l  hyb rid s of 
Shigella  were able to  p e n e tra te  in to  ep ithe lia l cells, b u t th e ir  in trace llu la r 
m u ltip lica tio n  was b locked  [2]. The d is tu rb an ce  of L P S -syn thesis in  rha—xyl 
h y b rid s  was d em o n stra ted  w ith  th e  help  o f S- and  R -specific phages [33].

As to  the fac to rs conferring  res is tan ce  to  hum oral and  cellu lar m echanism s 
of th e  host defence, th e  role of L PS  O -an tigen  is well know n: R -m u ta n ts  of 
Shigella  are av iru len t a n d  easily p h ag o cy ted  [34]. In  S. flexn er i th e  m a in  s tru c 
tu re  o f LPS (an tigen  3,4) plays an  im p o r ta n t role in  th is  process. Secondary  
side chains (serovar-specific  factors) confer add itio n a l resistance to  hum oral 
an d  cellu lar factors o f  th e  defence o f  th e  m acroorganism  [35, 36]. T hese obser
v a tio n s  correspond to  th e  concept o f m a in  and  secondary  (ad d itio n a l) factors 
of b a c te ria l p a th o g en ic ity  [37].

Cases of d y sen te ry  induced  b y  “ Y ”  v a rian ts  o f S . fle xn er i  lack ing  serovar- 
specific  antigens have  also been rep o rted .

In  S. flexneri fa c to rs  in h ib itin g  engu lfm ent b y  phagocy tes are  absent. 
V iru le n t and av iru len t s tra in s  are p h ag o cy ted  w ith  th e  sam e freq u en cy , but 
in som e v iru len t S. fle x n e r i  s tra in s  a fac to r killing m acrophage (cy to tox in ) 
w as d e tec ted  [38. 39]. N evertheless th e  m acrophages w hich su rv ive  72 h follow
ing th e  infection d igest no t only C y t~ , b u t also C y t+ Shigella. I n  co n tra s t 
w ith  Salm onella , Shigella  are unab le  to  m u ltip ly  in m acrophages, an d  therefo re  
c a n n o t induce a generalized  infection . T he gene (genes) responsible fo r cy to to x in  
sy n th es is  is m apped n e a r  th e  his m a rk e r (28.8%  of in traspecies co tran sd u c 
tio n ) [40].

I t  has been show n th a t  in d u c tio n  of resistance against som e an tib io tics 
w hich  influence the  tra n s la tio n  process leads to  th e  loss of b ac te ria l v iru lence, 
Such s tra in s  are no t ab le  to  induce k e ra to co n ju n c tiv itis . The biological m echa
n ism s of the  loss o f th is  p ro p e rty  in  k c p A ~  hyb rid s an d  s trep to m y c in -re s is tan t 
s tra in s  are different. In  th e  la t te r  case a blockage of in trace llu la r m u ltip lica tio n  
ta k e s  place, bu t th e  c a p a c ity  to  p e n e tra te  in to  cells in  m ain ta in ed  [41, 42].

A t present it  is d ifficu lt to  say  i f  m u ta tio n s  in  ribosom al genes influence 
th e  syn thesis  of e ssen tia l viru lence fac to rs  or have m ore “ unspecific”  signifi
cance.

W e hope th a t  th is  short review  o f th e  im p o r ta n t d a ta  on th e  problem  of 
Shigella  p a th ogen ic ity  w ill fac ilita te  u n d e rs tan d in g  o f  th e  in fo rm atio n  p resen ted  
in  T ab le  II.
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Table II

List o f the Shigella chromosome regions connected w ith pathogenicity

Region of the 
chromosome 

or gene sym
bol'

1

Method of revealing Characteristics

3

References

4

OH I, II .
IV , V

Conjugation w ith E. coli 
K l2; conversion of var. 
Y

In absence of serovar-specific antigens I, II, 
IV, V resistance to humoral (immune 
sera), cell (macrophages) factors and sur
viving in K K  sack is lowered

35, 36, 59

crp Intraspecies transduction Loss o f the ability to induce keratocon
junctivitis in Crp strains by blocking pen
etration (HeLa cells)

45

cyt Intraspecies transduction Cytotoxin: hypothetic factor killing macro
phages, taking part in cytopathic action on 
epithelial cells

37. 38, 
39 .40

fuc—nadB Conjugation w ith E. coli 
K12 Hfr

Virulence is lowered (m odel o f starved 
guinea-pigs: 30-38%  death in comparison 
w ith 76% in wild-type control strain). 
Mechanism is unknown

2

g lp K g lp K  m utation; trans
duction

5/9 g lp K  m utants of S .flexn eri lose the abil
ity  to penetrate HeLa cells; 5/10 revertants 
and 7/18 g lp K + transductants restore vir
ulence

23, 30

kcpA Conjugation w ith  E. coli 
K12, intraspecies trans
duction (k cp A —purE . 
—68%); transfer F’ plas
mids of different length

kcpA  hybrids lose the ability  to induce ke
ratoconjunctivitis: blocking penetration 
(HeLa cells); gene is recessive

21, 30,
42, 54

mal A Conjugation w ith  E. coli 
K12 HfrC, selection for 
Mal+

Restoration of the ability to induce kerato
conjunctivitis in 1 of 3 spontaneous aviru
lent Shigella mutants. Reason for restora
tion of virulence not determ ined. It is pos
sible that the mutant carried m utation for 
one of close rps genes

60

neaB Intraspecies transduction Loss o f the ability to induce keratoconjunc
tiv itis in N ea ®  strains

25

ilv Intraspecies transduction  
of ilv marker from R 
mutants to virulent Shi
gella strain

Defect in synthesis of LPS w ith help of R- 
specific phages is shown. The ability to in
duce keratoconjunctivitis is preserved: 
rate o f m ultiplication in  vivo (lung model) 
is lowered; (rfe locus?)

33

p il Conjugational transfer 
from E. coli K12

Lowering virulence of p il+ hybrids (model 
of starved guinea-pigs: 29% death rate in 
comparison w ith 76% in control: wild 
strain). Mechanism is not clear: it is prob
ably connected with the disturbance of 
specific attachm ent

2 ,3 0
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Region of the 
chromosome 

or gene sym
bol

1

Method of revealing 

2

Characteristics

3

References

4

rfb R m utants. Conjugational 
substitution of rfb a3,4 
for a 0 8  of E. coli

R m utants are easily phagocyted; role of 
antigen 3,4 in epithelial adhesion (HeLa 
cells) is shown; infectious process (model 
o f starved guinea-pigs) is blocked

31,30, 34

rha—xyl Conjugation w ith E. coli 
K12

In rha—xyl hybrids: penetration ability  is 
preserved; rate of m ultiplication in  epithe
lium is lowered (infection of m onkeys). It is 
probably connected with the disturbance 
of LPS core synthesis (rfa locus)

2 ,3 3 ,6 1

rpsL Intraspecies transduction Loss of the ability  to induce keratoconjunc
tiv itis  in rpsL  (S tr® ) transductants.

25,41

rpsQ Intraspecies transduction Loss o f the ability  to induce keratoconjunc
tiv itis  in rpsQ  (N ea® ) transductants

25

Figure 2 shows th e  regions re la te d  to  th e  pathogenic  p ro p ertie s  of Shigella  
an d  T ab le  I I  characterizes th e ir  fu n c tio n a l significance for th e  accom plishm ent 
o f  d iffe ren t stages o f th e  in fectious process.
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Note added in proof

In Fig. 2 mtl and rfa  should be included at position 80 (see pp. 45 and 46, respectively).
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SOME CHARACTERISTICS 
OF NYSTATIN-RESISTANT STEROL MUTANTS 

OF CANDIDA ALBICANS

M. P e st i , S. P a k u  and E . K . N ovak

D epartm ent o f  M icrobiology, A ttila  József U niversity, Szeged and N ational Institute o f
Hygiene, Budapest

(Received January 19, 1981)

Various stable, auxotrophic and nystatin -resistant sterol m utants o f Candida albicans 
were iso lated  after nitrosoguanidine treatm ent. Sterol m utants were divided into groups on  
the basis o f the ultraviolet spectra and thin-layer chromatographic patterns of their nonsaponi- 
fiable sterol extracts. T hey were further characterized by their conductom etrically m easured  
nystatin-induced ion release. These sterol m utants displayed a decreased growth yield and an 
increased cell volum e. On m edia containing 0.01%  of the carbon sources, m ost o f them  could  
assim ilate glycerol, a-m ethyl-D-glucoside, DL-lactic acid, L-sorbose, L-arabinose and ribitol 
only to a significantly reduced exten t, or not at all. It is presumed th a t these properties result 
from the altered sterol com position of the plasm a membrane.

Since th e  d iscovery  of the  po lyene m acrolide a n tifu n g a l an tib io tics p ro 
duced b y  various Streptom yces spp ., th e se  com pounds, especially  n y s ta t in  a n d  
am pho teric in  B, have  w idely  been  used  to  t r e a t  sy stem ic  m ycoses. P o ly en e  
an tib io tic s  in te ra c t w ith  th e  s te ro l-co n ta in in g  m em branes o f  sensitive o rg an ism s, 
causing p e rm eab ility  a lte ra tio n s  lead ing  to  th e  loss o f essen tia l cy to p lasm ic  
c o n s titu e n ts  and  cu lm in a tin g  in  cell d e a th  [1].

T h e re  are tw o basic  approaches to  th e  s tu d y  o f th is  in te rac tio n  a n d  th e  
m echan ism s o f ac tio n  o f  th ese  agents. F ir s t ,  in v es tig a tio n  o f th e  effect of v a rio u s  
polyene an tib io tics  d iffe ren t in  chem ical s tru c tu re  on ergostero l-p roducing , 
sensitive s tra in s  of fung i. R esu lts  concern ing  th is  su b jec t h av e  been rev iew ed  
in som e excellen t a rtic les [1 -3 ]. Second, ex am in a tio n  of th e  effects of a g iven  
polyene an tib io tic  on d iffe ren t stero l m u ta n ts  con ta in in g  vario u s in te rm ed ia te s  
of e rgoste ro l b io syn thesis  in  th e ir  p la sm a  m em brane [4]. This la tte r  sy s tem  
allows to  s tu d y  beside th e  polyene a n tib io tic —sterol in te ra c tio n , also th e  sig
n ificance an d  fu n c tio n  o f ergosterol an d  its  precursors in  th e  p lasm a m em b ran e  
an d  cell m etabo lism  [5].

In  th e  p resen t w ork , the  effect o f n y s ta t in  on v a rio u s ty p es of n y s ta t in -  
re s is ta n t stero l m u ta n ts  o f Candida albicans have  been in v estig a ted .

M aterials an d  m ethods

Strains. The prototrophic, ergosterol-producing, nystatin -sensitive, wild-type strain of 
Candida albicans (85/1975), designated erg+ , originating from the Departm ent of M ycology, 
N ational In stitu te  o f H ygiene, Budapest. It was isolated from clinical material and used for 
the preparation of auxotrophic and nystatin-resistant mutants.
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Culture media and conditions. Complete m edium  (YPG): 0.3% yeast extract, 0.5%  pep
ton e  (Difco), 1% glucose. M inimal medium (MM): 1% glucose, 0.5%  (N H 4)2S 0 4, 0.01%  
M g S 0 4 • 7H .,0, 0.1%  K H oP O , and vitam ins at pH  6 , supplem ented when required w ith 15 
(Xg/rnl adenine and 50 ^g/m l o f  each of the required am ino acids. Sahouraud liquid medium: 4%  
glucose. 1% peptone supplem ented w ith vitam ins, am ino acids or adenine as described above. 
For solidification of m edia, 2%  Bacto-agar (D ifco) w as used. Three-day-old stationary-phase 
cultures of cells grown in liqu id  YPG or MM in the manner m entioned below  were used for 
m utagen  treatm ent and sterol analysis. In all other experim ents, overnight, exponential- 
phase cultures grown at 30 °C in YPG  or Sahouraud liquid medium on a rotary shaker (Gallen
kam p) at 200 rpm were used . The cells were washed four tim es in distilled water im m ediately  
before use.

Mycological studies. B oth  the wild-type strain  and the m utants were identified by  
classical zymological techniques. These involved investigations on corn m eal agar and colony  
m orphology, including colour formation on P agano—Levin—Trejo’s TTC medium [6]. The 
w ell-known responses on these two media were considered the basic confirm ation of the iden
t i ty  o f the studied C. albicans strains. The results o f further identification tests were regarded 
as variables which could be affected by m utagenesis. Carbohydrate assim ilation tests were 
carried out on glucose-free solid MM containing 0.01%  of each carbon source listed by v a n  
U d e n  and B u c k l e y  [7 ]. The media contained 5 /ug/ml adenine and 15 fig/m l of each of the 
required amino acids. A bout 105 cells from overnight cultures were placed on a 1 cm2 area of 
each medium and incubated at 30 °C. Results were evaluated every second day. Ferm entation  
experim ents on the recom m ended sugars were perform ed in W assermann tubes using glucose- 
free liquid MM containing 0.5%  of the required sugar and bromcresol purple indicator, and 
supplem ented as for assim ilation . After inoculation o f 5 or 10 parallel tubes, they  were covered 
w ith  2 ml Vaspar seal and incubated for one m onth  at 30 °C. A test was classified as positive  
w hen a gas bubble was detected  under the Vaspar seal.

Isolation of m utants. M utagen treatm ents were carried out for 30—35 min at 37 °C with  
1 m g/m l iV-methyl-iV’-nitro-iV-nitrosoguanidine (N TG ), buffered w ith 0.1 м Tris—HCl pH 8.2 
[8 ] in a suspension contain ing 4 x 1 0 '  cell/ml o f stationary phase. Two ergosterol-producing  
auxotrophs, an adenine-requiring (33 ade~) and a threonine- and m ethionine-requiring (35 

met~) strain, were used for the isolation of nystatin -resistant m utants o f different origins 
[4]. These auxotrophs were designated 33 erg+ and 35 erg+ , respectively. N ystatin-resistant 
m utan ts were m aintained on  Y PG  slants containing 50 U /m l nystatin.

Determination o f  m in im u m  inhibitory concentration (M IC ).  MICs were determined by  
a two-fold serial d ilution  te s t  on YPG solid m edia: 104 cells/cm2 were p lated  on the medium  
containing the drug at appropriate concentration. MICs were recorded after 48 h incubation  
a t 30 °C. The MIC was defined  as the lowest concentration  of antibiotic that inhibited growth  
com pletely.

Sterol analysis. T hree-day-old cultures o f cells were extracted as described by B r e iv ik  
and O w a d e s  [9], and the absorption spectra of the nonsaponifiable sterol extracts were record
ed on a Specord U V -V IS  spectrophotom eter betw een 310 and 210 nm . T w enty mg dry sample 
were used for q u antitative  analysis of ergosterol. For thin-layer chrom atography (TLC), 
sam ples of sterol extracts were applied in a volum e o f 25 [Л to activated  plates of silica gel G 
and developed w ith benzene : ethyl acetate (5 : 1, v /v )  [10]. After drying of the plates, spots 
were detected under u ltrav io let light or visualized w ith  phosphoric acid : water ( 1 : 1, v /v )  
spray and heating of the p lates under an infra lam p.

Determination o f d ry  weight and cell volume. For determ ination of the dry weight yields 
o f  m utants grown in liquid MM, 10 ml culture was filtered  through a Millipore membrane (pore 
size 0.45 iám), washed three tim es with 10 ml ice-cold  distilled water, and dried for 4 h at 
105 °C. The cell volum es o f stationary-phase cells grown in YPG liquid m edium  were calculated  
b y  the following equation, after measurement of the short and long axes o f  50 individual cells:

where b and a are the average lengths of the short and long axes, respectively, in ^m.
Ponceau red staining. To 0.9 ml 20% (w et w eight/volum e) cell suspension, 0.1 ml nysta 

tin  solution (1200 U /m l in  30%  v/v  dim ethylform am ide) was added. After 30 min incubation  
a t  26 °C, 0.2 ml sample w as withdrawn and added to 4 m l ice-cold water. The mixture was then  
centrifuged and resuspended in 1 ml ice-cold d istilled  water. After 10 m in incubation at 4 °C, 
the suspension was again centrifuged and the pe lle t resuspended in 0.4 ml staining solution  
[11]. The proportion o f red-stained cells was counted under a light-m icroscope after 5 min 
incubation at 26 °C.
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Conductometry. The m embrane-dam aging effect o f nystatin  was characterized by m eas
uring the nystatin -induced ion leakage of the cells [12]. Into six special home-made cu vettes for 
Philips electrodes. 4.5 ml 10% (wet w/v) cell suspensions were added and stirred m agnetically. 
Conductom etric electrodes (Philips, PW 9512/01) were immersed in each suspension. The six  
electrodes were connected to the channel-sw itch of a six-channel point-recorder of com pensator  
type (M otorkom pensator, type MK 3301—8.00, Y E B  M essgerätewerk Erich W inert, M agdeburg). 
The outlet o f the sw itch  was connected not to the built-in recorder, but to the in let o f  the  
conductom eter (type OK-102. Radelkis, B udapest), and the recorder outlet of the conductom - 
eter was in turn connected to the recording part o f the compensator. Thus, the changes in  
conductiv ity  m easured by the six electrodes were registered autom atically.

Spontaneous ion leakage in distilled water was followed for 30 min and thereafter 0.5 
ml nysta tin  and control solutions were added to  the parallel suspensions. The recordings were 
continued for at least a further 30 min. A t the end of the experim ents, the suspensions were 
boiled for 15 min, so that their ion content liberated by boiling could be determ ined. The 
relative ion liberation was calculated as described earlier [13]. For further evaluation , the dose- 
response curves dem onstrating the in itial rates o f relative ion leakage were constructed. The 
initial rates were com puted as the tangent to  a hyberbola, fitted  by the least squares m ethod to  
the m easured values.

Chemicals. N y sta tin  (5777 U /m l) was obtained from Chinoin, Budapest. E rgosterol, 
lanosterol, squalene and cholesterol were purchased from Sigma Chemical Co. Ltd., Saint 
Louis, U .S.A . Stigm asterol and ^-sitosterol were purchased from Nutritional Biochem icals Co., 
Cleveland, U .S.A . G lycerol and a-m ethyl-D-glucoside were products of B D H  Chemicals L td., 
England, while DL-lactic acid, L-sorbose, NTG and L-arabinose were from Fluka AG, Sw itzer
land. All other chem icals were of the highest purity available commercially.

R esu lts

1. D escription o f  m utants. F ro m  th e  erg + , w ild -type  s tra in  of C. a lb icans , 
39 d iffe ren t au x o tro p h ic  m u ta n ts  w ere o b ta in ed  by  N TG  tre a tm e n t, w ith  a 
frequency  up to  0 .26%  if th e  p ro p o rtio n  o f su rv iv a l was 9% . Two o f th e m  (27 
h is ~ , 39 m et~) w ere used to  p roduce  double a u x o tro p h ic  m u ta n ts . In  th ese  
cases th e  freq u en cy  of m u ta tio n  increased  sig n ifican tly  if  the  p ro p o rtio n  of 
su rv iv a l w as low er th a n  9% , b u t m ore th a n  90%  of th em  h ad  th e  sam e second 
au x o tro p ic  m ark e r (Table I). O f th e  33 d ifferen t au x o tro p h s exam ined , 11 
proved  to  be s tab le  and  no back  m u ta tio n  occurred . In  some m u ta n ts , ho 
w ever, th e  freq u en cy  of re v e r ta n ts  w as betw een  1.74 X 10~3 and  3.2 X 1 0 “ 4. 
A u x o tro p h y  w as u sed  as a m ark er for som atic  h y b rid iza tio n  experim en ts v ia  
p ro to p la s t fusion [14].

Since n y s ta t in  has been found  to  be th e  b est ag en t fo r th e  iso la tion  o f 
d ifferen t ty p es o f s te ro l v a r ia n ts  [4, 15], i t  w as app lied  for th e  selection  o f 20 
n y s ta tin -re s is ta n t, one-step  m u ta n ts  of d ifferen t o rig in  from  tw o of th e  s tab le

Table I
Frequency o f  auxotrophic mutants o f  C. albicans obtained by NTG  treatment

Strains Survival
%

No. of 
mutants

No. of types of (new) 
auxotrophy

Frequency 
of mutants, %

erg+ 9.0 39 39 different 0.26

27 his" 4.2 33 31 ade- , 2 ura- 1.60
39 m et- 0.9 5 5 his~ 6.25
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au x o tro p h ic  s tra in s , desig n a ted  33 erg+, ade~  an d  35 erg + , thr~ m et~ , ob ta in ed  
fro m  th e  abo v e-m en tio n ed  33 d ifferent a u x o tro p h s . The erg-2, erg-16, erg-34 
a n d  erg-31 sterol m u ta n ts  o rig inated  from  th e  aden ine-requ iring  33 erg+ s tra in . 
A ll th e  others w ere d escen d an ts  of th e  35 erg + s tra in . The MICs of th ese  m u ta n ts  
a re  show n in T able I I .  N y s ta tin -re s is ta n t m u ta n ts  were recu ltu red  50 tim es on 
n y s ta tin -fre e  Y PG , a n d  only  3 of them  lo st th e ir  resistance to  n y s ta tin .

2. Sterol ana lysis. T he  UV ab so rp tio n  sp ec tra  of the  nonsapon ifiab le  stero l 
e x tra c ts  of n y s ta tin -se n s itiv e  and re s is ta n t m u ta n ts  (Fig. 1) m ade i t  possible 
to  d iv ide all th e  23 m u ta n ts  in to  groups ( I—V I). The w ild -type  s tra in  an d  its  
a u x o tro p h ic  m u ta n ts  ( ty p e  I) h ad  a b so rp tio n  peaks a t 271, 281 an d  293 nm  
an d  a shoulder a t  261 n m , corresponding  to  th e  peaks of th e  ergosterol s ta n d 
a rd . T he ty p e  V s te ro l m u ta n t p roduced  17 .5%  less ergosterol th a n  d id  th e  
p a re n ta l  s tra in , b u t  a p la te a u  appeared  b e tw een  240 and  223 nm  in  its  spec trum , 
suggesting  the  a c c u m u la tio n  of a new  ste ro l in te rm ed ia te . T ype I I  m u ta n ts  
seem ed to  be leak y  as regards ergosterol p ro d u c tio n , w ith  an  ergostero l y ield  
a b o u t 5%  th a t  o f th e  p a re n ta l s tra in . T he sp ec tra  revealed  a sign ifican t in 
crease a t  the  peak  o f sq ua lene  (216 nm ) [15]. T he ab so rp tio n  sp ec tru m  of th e  ty p e  
IV  m u ta n t co n ta in ed  th re e  peaks be tw een  269 an d  262 nm , w ith  an  increased  
one a t  214 nm . S p e c tra  of ty p e  I I I  an d  V I m u ta n ts  ex h ib ited  no absorbance  
b e tw een  310 and  250 n m , suggesting th e  lack  of an y  zl5’7-diene sterols in  these  
m u ta n ts . H ow ever, a s ign ifican t difference w as found  betw een  th em  concern ing  
th e  h e ig h t of th e  p e a k  a t  213 nm . M ost o f  th e  m u ta n ts  belonged to  these  la s t 
tw o  groups (Table I I ) .  A ll of th e  m u ta n ts  w ere fu r th e r  s tu d ied  b y  TLC analysis.

F ig. 1. UY absorption spectra of nonsaponifiable sterols extracted from nystatin -sensitive  
and resistant strains o f C. albicans. I—VI represent the typical spectral groups
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Table II

M inim um  inhibitory concentration (M IC ) o f nystatin-sensitive 

and resistant strains o f C. albicans, classified into different 

groups on the basis o f ultraviolet spectra (U V ) and thin-layer 

chromatographic (T L C ) patterns

S tra in s
N y s ta tin

MIC
(U /m l)

U V  sp ectru m T L C  p a tte rn

erg^ 25 I A

33 erg+ 25 I A

erg-2 400 IV F

erg-16 400 VI В

erg-34 100 II С

erg-37 200 VI С

35 erg+ 25 I А

erg-1 100 II D
erg-12 100 V D

erg-20 400 VI В
erg-26 200 III В
erg-27 200 VI В

erg-28 400 III Е
erg-29 400 VI Е
erg-34 400 VI Е
erg-39 400 VI Е

erg-40 400 III Е
erg-41 400 III Е
erg-43 400 III Е
erg-45 400 VI Е
erg-48 400 VI В

erg-50 400 VI В

erg-51 400 II D

TLC analysis  of th e  nonsapon ifiab le  stero l e x tra c ts  su p p o rted  th e  UV 
spectra l re su lts , an d  p e rm itte d  fu r th e r  c lassifica tion  o f th e  UV ty p e  I I I  an d  V I 
m u ta n ts  (T ables I I  and  I I I ) .  O n th e  basis o f th ese  d a ta , re p re se n ta tiv e  m u ta n ts  
w ere selected  from  th e  d iffe ren t groups an d  used  in  th e  follow ing ex perim en ts 
(Table IV).

Sterol analysis has a lre a d y  been carried  o u t by  gas-liqu id  ch ro m ato g rap h y ; 
th is  supp o rts  th e  resu lts  o f  UV and  TLC analyses, show ing th e  differences in  
th e  re p re se n ta tiv e  m u ta n ts . R esu lts  re la tin g  to  f a t ty  ac id  an d  phospho lip id  
com position  rev ea led  sig n ifican t changes in  th e  stero l m u ta n ts  as com pared  to
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Table III

R p  values o f  major sterol classes o f  C. albicans nystatin-sensitive and nystatin-resistant strains 

and sterol standards on thin-layer chromatography

S ta n d a rd s R  p  S tra in s
TLC
p a tte rn R f

Ergosterol 0.25 erg+ A 0.26 0.59 0.63 0.74

Cholesterol 0.56 erg-16, 20 В 0.51 0.57

Sitosterol 0.59 erg-27 C 0.51 0.57 0.68

Stigm asterol 0.61 erg-12 D 0.25 0.55 0.74

Lanosterol 0.70 erg-40, 41 E 0.52 0.58 0.71 0.77

erg-2 F 0.45 0.52 0.57 0.68 0.74

Table IV

Sterol contents, growth yields and cell volumes o f  nystatin-sensitive and resistant

C. albicans strains

Strains
E rg o s te ro l co n te n t3, (q u an 
t i t a t iv e  U V  d a ta )  (/tg/m g 

d ry  w t.)*

G ro w th  y ie ld 3 (d ry  
m g/10  ml)*

Wt.
Cell v o lum e^  (//m 3)

erg+ 35.21 25.5 —

33 erg+ 34.60 25.0 5 9 .5 4 ±  6.13

erg-2 — 13.3 9 9 .6 3 ±  4.66

erg-16 — 24.9 145.32±10.98

erg-37 — 25.2 111 .9 4 ±  9.67

35 erg - 34.52 19.5 5 5 .2 5 ^  8.89

erg-12 35.27 18.2 6 1 .2 5 ±  5.12

erg-20 — 10.8 8 7 .6 2 ±  9.23

erg-40 — 11.2 9 7 .9 2 zb l0 .il

erg-41 — 12.8 9 8 .8 0 ±  9.29

a Cultures grown in liquid MM for 4 h at 30 °C 

b Cultures grown in liquid YPG for 20 h at 30°C 

c Mean ; standard error 

* The accuracy of determ ination was < 2 .5 %

th e ir  e rgostero l-p roducing  pa ren ts , as a consequence o f th e  a lte red  stero l 
com position  (unpu b lish ed  da ta ).

3. Characteristics o f  sterol m utants. W ith  th e  ex cep tio n  of th e  erg-12 m u 
ta n t ,  all the  re p re se n ta tiv e s  lost th e ir  a b ility  for ergostero l p roduc tion . This 
phenom enon  is asso c ia ted  w ith  a sig n ifican tly  decreased g row th  yield an d  an
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increased  cell vo lum e of th e  ergostero l m u tan ts  as com pared  to  th e  o rig inal 
ergostero l-p roducing  s tra in s  (T ahié IY). A uxo troph ic  m u ta n ts  an d  th e ir  n y s ta 
tin -re s is ta n t descendan ts form ed w hite, g listening, sm oo th -su rfaced  colonies 
on  P ag an o -L ev in —'T rejo ’s TTC ag ar, and ch lam ydospores on corn  m eal agar. 
T he w ild-type s tra in  an d  th e  au x o tro p h ic  m u tan ts  p ro d u ced  h o th  acid and  gas 
( C 0 2) from  glucose, galactose, m alto se  and trehalose  a fte r  6 d ay s’ in cu b a tio n , 
an d  a fte r 14 an d  21 days th e  n y s ta tin -re s is ta n t m u ta n ts  d isp layed  th e  sam e 
resu lts  as regards th e ir  reduced  fe rm en ta tio n  ab ility . O f th e  43 carbon  sources 
exam ined , th e  follow ing w ere assim ila ted  by  th e  erg + , 33 erg +, 35 erg+ s tra in s  
a like : glucose, galactose, L-sorbose, sucrose, m altose, treh a lo se , soluble s ta rch , 
D-xylose, glycerol, D -m annitol, a-m ethyl-D -glucoside, DL-lactic acid, succinic 
ac id , c itric  acid, L -arabinose, D -fructose, m elezitose, rib ito l, D-glucitol an d  
D -m annose. The re s is tan t s tra in s , how ever, could assim ila te  ce rta in  carbon  
sources only to  a decreased e x te n t o r no t a t all (Talde V).

The m em brane-dam ag ing  effect of n y s ta tin  a t d ifferen t co n cen tra tio n s 
on n y sta tin -sen sitiv e  and  re s is tan t m u tan ts  of C. albicans were s tu d ied  by  con
d u c to m e try  (Fig. 2). In cu b a tio n  fo r 30 m in w ith  100 U /m l n y s ta tin  led to  a 
39 .4%  ne t re la tiv e  ion leakage in  th e  case of the  33 erg+ cells, w hile 190 U/ml 
caused  only a 25 .3%  re la tiv e  ion leakage from th e  erg-2 cells. I t  is in te restin g  
th a t  th e  spon tan eo u s ion  leakage o f th e  erg-2 s tra in  w as tw o and  a h a lf  tim es 
h ig h e r th a n  th a t  of th e  w ild -type  p a ren t. I t  is seen, how ever, in  th e  dose-re
sponse  curves of d ifferen t s tra in s  (F ig . 3) th a t the au x o tro p h ic  m u ta tio n  did no t

Fig. 2. N ystatin  (N y)-induced ion release in  33 erg h and erg-2 strains o f C. albicans. In d e x  
figures indicate the N y concentration in U /m l. T  =  time of nystatin  addition; Isp =  spontane
ous ion leakage; I10() =  ion leakage induced by 100 U/ml nystatin; Ib =  “to ta l”  ion content

liberated by boiling
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Table V

A ssim ila tion  patterns o f nystatin-sensititive and resistant strains o f C. albicans. Results after

S tra in s
G lucose G lycerol a-M ethyl-D -glucoside

A В A  В A  E

erg
33 erg+ 

erg-2 

erg-16 

erg-37

35 erg+ 

erg-12 

erg-20 

erg-40 

erg-41

+ + + +  + + + + + + + +  + + + + +
+ + + + +  + + + + +
---h + + +
+  + + + + +
— + + +
+ + + + + + + + + + +
+ +  + + +
+ — + +
— - +
— — +

— no growth

+  , + + ,  + “b~K H—1—1—b weak, medium, good, excellent growth  
i  questionable growth

in flu en ce  the ba rrie r fu n c tio n  o f th e  p lasm a m em b ran e  o f th e  35 erg + s tra in  in 
co m p ariso n  w ith  the  erg+ one. T he 33 erg+ m u ta n t w as, how ever, s ligh tly  more 
sen s itiv e  to  n y s ta tin , as in d ic a te d  b y  th e  sh ift to  th e  left o f its  cu rve . The mod-

F ig. 3. Dose-response curves o f ion  leakage in nystatin -sensitive and resistant strains of
C. albicans
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3 days (A )  and 14 days ( B )  incubation on M M  containing 0.01%  carbon sources

D L -lac tic  acid L-sorbose

A B A  В

+
±
+

+  +
+
+
±

+ + + +  
+ + +  +
+
+ +

+  +
+ + + +
+

+ +

R ib ito l L-A rabinose

A В A

+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + +
+ + + - f + +
+ + + + +
+ + + + + + + + + +  + + + +
+ + + + + + + + + +
— — — +

_ — _ ±

e ra te ly , 4-fold increased  resistance o f th e  erg-12 s tra in  an d  th e  16-fold increased 
resis tan ce  o f  th e  erg-2 s tra in  are well ch a rac te rized  b y  th e ir  curves sh ifting  to 
th e  r ig h t in  consequence of th e ir  s ig n ifican tly  decreased  ion  leakage. W hen n y 
sta tin -sen sitiv e  an d  re s is ta n t m u ta n ts  w ere sta in ed  w ith  P o n ceau  red  following 
120 U /m l n y s ta t in  tre a tm e n t, no ap p rec iab le  difference in  sta in in g  (less th e n  
5% ) w as o b served  betw een  th em .

D iscu ssio n

F o r th e  iso la tion  o f stab le  a u x o tro p h ic  and  n y s ta tin -re s is ta n t m u ta n ts , 
N TG  p ro v ed  to  be v e ry  effective. F u r th e r , as an  a lk y la tin g  agen t, i t  rendered  
possible to  t r e a t  s ta tio n a ry -p h ase  cu ltu res  consisting of sep a ra ted  single cells 
an d  to  rev ea l each of th e  m u ta n ts  ap p earin g  in  th e  su rv iv ing  popu la tion . 
T he 4 -16-fo ld  increased  resistance of m u ta n ts  was associated  w ith  th e  absence, 
or decreased y ie ld , of ergostero l, in  ag reem en t w ith  earlie r find ings [for re 
view s, see 1 -3 , 5]. C onductom etric  d a ta  su p p o rt th e  resu lts  o f MIC d e te rm in a 
tio n s on  s lan ts . T he sh ift to  th e  r ig h t o f th e  dose-response curve o f th e  erg-2 
m u ta n t  in d ica tes  an  increased  resistance  to  n y s ta tin  as a consequence of its  
ergosterolless n a tu re , w hile th e  d ifferen t slopes of th e  curves suggest d ifferent 
m echanism s o f ac tio n  o f n y s ta tin  on sensitive  an d  res is tan t cells.

E rg o ste ro l is of g rea t im p o rtan ce  as regards th e  p lasm a m em brane fu n c 
tions [2, 5, 16]. b u t  its  absence d id  n o t cause an y  dem onstrab le  a lte ra tio n  of 
th e  p lasm a m em b ran e  u ltra s tru c tu re  of th e  erg-2 m u ta n t, as revealed  b y  freeze-
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e tc h  electron  m icroscopy  [17]. S ign ifican t changes were d e tec ted  in  th e  
phospho lip id  frac tions an d  f a t ty  acid p a tte rn s  of these  re s is ta n t m u ta n ts  
( N o vak  et al. [32]). T hese com plex changes in  m em brane com position  in  re 
sponse to  the  a lte red  s te ro l com position  te n d  to  induce a reco n stru c tio n  of th e  
orig inal m em brane r ig id ity  and  fu n c tion . The tw o and  a h a lf  tim es higher sp o n 
tan e o u s  ion leakage o f re s is tan t m u ta n ts , how ever, m ay  in d ica te  incom plete  
re s to ra tio n  of th e  o rig inal m em brane  b arrie r. This phenom enon  m ay offer an  
ex p lan a tio n  for th e  decreased  v iab ility  during  sto rage of th e  n y s ta tin -re s is ta n t 
m u ta n ts  w ith altered  p e rm eab ility  [18]. P re lim in ary  119] and  th e  presen t resu lts  
show ed no p e n e tra tio n  o f P onceau  red  in to  e ith er th e  n y s ta tin - tre a te d  sensitive 
or re s is tan t cells, i t  is suggested  th a t  th e  m em brane-m odify ing  and  the  e fflux  
b a rr ie r  destroy ing  effects o f stero l b locking  and  n y s ta tin  tre a tm e n t to g e th e r 
cou ld  no t resu lt in  th e  u p ta k e  of P onceau  red  m olecules.

The increased cell volum e of th e  stero l m u ta n ts  [20] m ay to  a sm all e x te n t 
also co n tribu te  to  th e  increased  resistance , as diploids hav ing  an increased  
su rface—volum e ra tio  p roved  to  be p a rtia lly  re s is ta n t [2 1 ].T hese facts to g e th e r 
w ith  the  decreased g row th  yield po in ted  to  ce rta in  physiological changes as a 
consequence of th e  a lte red  lip id  com position .

On th e  basis of th e  resu lts  we concluded th a t  s ign ifican t changes m ust be 
fo u n d  in the  u p tak e , an d  hence in th e  assim ilation  of carbon  sources, the u p ta k e  
processes being m em b ran e-d ep en d en t. In  fac t, differences in  assim ilation  be
tw een  th e  n y s ta tin -sen sitiv e  an d  re s is tan t m u ta n ts  have been found (Table Y).

A lthough th e re  are few d a ta  on th e  tra n sp o r t  o f these  carbon  sources in  
C. albicans [22], som e com m ents m ay  be m ade. G lycerol is tra n sp o rte d  by  sim 
ple  diffusion [23]. I t  h as  been suggested  th a t  L-sorbose, L -arabinose and  glucose 
a re  ta k e n  up b y  a c o n s titu tiv e  ac tive  system  [24—27]. a-M ethyl-D -glucoside is 
tra n sp o r te d  ac tive ly , h u t only  a fte r  an  induc tio n  period of 40 m in. T here are 
no d a ta  on th e  tra n s p o r t  of r ib ito l in  C. albicans. In  Saccharomyces cerevisiae 
i t  is tra n sp o rte d  b y  a passive, sim ple diffusion process [28], while in  Rhodotorula  
gracilis  [29], Torulopsis Candida [30] and  C. guillerm ondii [31] an  active carrie r 
process has been rep o rted . R esu lts  concerning th e  tra n s p o r t  of lactic  acid in 
y e a s t have n o t been  pub lished .

The non-g row th  or v e ry  slow grow th  of th e  re s is ta n t m u ta n ts  on these  
su b s tra te s  does n o t necessarily  in d ica te  a com plete in a b ility  to  tra n sp o rt o r to  
assim ilate  these  ca rb o n  sources. I t  m ay  m erely  be due to  sligh t changes in  th e  
p ro p erties  of th e  p lasm a m em b ran e  o f th e  n y s ta tin -re s is ta n t stero l m u ta n ts , 
lead ing  to  a q u a n tita tiv e  decrease in  th e  p e rm ea tio n  efficiency of one or o th e r  
so lu te , possibly to  below  th e  m ain ten an ce  level. I t  m u st be em phasized th a t  
th e  co n cen tra tio n  o f th e  carbon  sources w as as low  as 0 .01%  (w/v). T hus, th e  
a lte ra tio n s  in  th e  p lasm a m em brane  com position  of th e  stero l m u tan ts  seem s 
to  be sufficient to  reduce  th e  n e t in flu x  o f som e su b s tra te s  in to  th e  cells, c au s
ing  th e reb y  th e ir  su b s tra te  fasting . Some resu lts  re la tin g  to  the  u p ta k e  of
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differen t carbon  sources in  lip osom es w ith  d ifferent m em brane com p osition  
h a v e b een  rev iew ed  b y  D em el  and  D e K r u y f f  [16].

The gen eral v a lid ity  o f  th e  g ly cero l-n eg a tiv ity  o f  n y sta tin -res is ta n t stero l 
m u ta n ts  sh ou ld  be checked  on a broad b asis. I f  it  is true in  general for stero l 
m u ta n ts, it  cou ld  be used for th e ir  rapid  iso la tion  and id en tifica tion .

Acknowledgement. We thank Miss G. A l t o r d a i  and Mr. I. A p o s t a g i for invaluable  
technical assistance.
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KURZMITTEILUNG

VERWENDUNG VON KANINCHENHODENZELLEN 
FÜR DIE PLAQUETECHNIK 

MIT HERPESVIRUS HOMINIS  
TYP 1 UND TYP 2

K .-D . T hiel, P . W utzler und H . Schweizer

Institut fü r  M edizinische Mikrobiologie der M edizinischen Akadem ie Erfurt, Erfurt, D D R  

(Eingegangen 30. Dezember, 1980)

K.-D. Th iel , P. W utzler and H. S chw eizer: Rabbit Testicle Cell Plaque Technique 
for Herpesvirus hominis Type 1 and Type 2. A reliable and sim ple te st has been developed  
for the exam ination o f H erpesvirus hom inis type 1 and type 2, by the use o f monolayer cul
tures o f rabbit testicle  cells overlayered w ith  m ethyl cellulose.

M onolayerkulturen von Kauinchenhodenzellen eignen sich sehr gut für die Plaquetech
nik m it dem H erpesvirus hominis Typ 1 und Typ 2. Die Vorteile dieser Zellen für die P laque
technik bei der Verwendung eines Overlays von M ethylzellulose werden kurz beschrieben.

Bei der Suche n ach  einem  o p tim a len  Zell-V irus-System  fü r einen  schnellen 
u n d  sicher rep ro d u z ie rb aren  P la q u e te s t  p rü ften  w ir sow ohl verschiedene p er
m an en te  Zellinien als auch  P rim ärze llk u ltu ren  (T ab . I) u n te r  M ethylzellulose
o v erlay  gegenüber H erpesvirus h om in is  T yp  1 u n d  T yp  2. B ei der in -v itro  
A u stestu n g  a n tiv ira le r  S ubstanzen  [1, 2] k o n n ten  w esentliche V orteile gegen
ü b er anderen  Z ellin ien  nachgew iesen w erden. Die S pendertiere  fü r  die O rgan
gew innung w aren  le ich t zu beschaffen  und  k o n n te n  nach  H o d enen tnahm e 
fü r  anschließende U n tersu ch u n g en  w eite rv erw en d et w erden  [3]. E in  zunehm en
des A lter der K an in ch en  beein flu ß te  n ich t die S icherheit des A nzuchterfo lgesö

d e r H odenzellen, d enn  von  3, 6, 9 u n d  12 M onate a lte n  V ersuchstie ren  konn ten  
pro  G ram m  try p s in ie r te n  O rgangew ebes 50 bis 75 M illionen p ro liferierender 
Zellen  gew onnen w erden , w obei w egen der sicheren u n d  rasch en  V erm ehrung  
d e r Zellen E in sa a td ic h te n  von 2 X  Ю5 Zellen pro m l N ährlö sung  genügten. 
A uch  zeig ten  die Zellen über m indestens 15 bis 20 S u b k u ltu ren  bei einer w ö
ch en tlichen  V erm eh ru n g sra te  von  1 :2  bis 1 :4  ein g leichbleibend gutes, e in h e it
lich  fib rob lastisches Zellbild. V o rte ilh a ft w ar die vergleichsw eise zu anderen  
Zellinien schnellere u n d  zahlreichere P laq u eb ild u n g  bei gleichen V irusinokuli 
(T ab . I). G egenüber Schw ankungen  in  den K u ltu rb ed in g u n g en  wie pH -W ert, 
In k u b a tio n s te m p e ra tu r , w echselnden Serum chargen  oder K u ltiv ie ru n g su n te r
lagen  w aren K an inchenhodenzellen  w esentlich u n em p fin d lich er als andere 
in  T ab . I au fgeführte  Zellinien.
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Tabelle I

Dauer der Plaqueausbildung und Plaqueanzahl in  verschiedenen Zellinien, beimpft mit je  2000  

T C ID J m l Herpesvirus hominis Typ 1 ( Stam m  K U P K A ) und Herpesvirus hominis T yp 2
( Stam m  U S)

V E R O -
Zellen

H E p -2 -
Z ellen

H iih n er-
em b ry o -

fib ro -
b las te n

H u m an e
em b ry o n ale

L u n g en 
fib ro b la s ten

K ä lb e r
h o d e n 
zellen

K a n in c h en 
n ierenzellen

K an in  che n- 
hodenzellen

Herpesvirus 

hominis Typ 1

Plaque

bildung 48 72 72 72 72 48

(Stamm

K U PK A )

(std .p .i.)

Plaque

anzahl 81 73 122 110 167 184

Herpesvirus 

hom inis Typ 2

Plaque-

bildung 60 72 48 72 60 72 48

(Stam m  US) (Std .p .i.)

Plaque

anzahl 76 59 130 98 137 185 203

A ufgrund d er von  uns d u rc h g e fü h rte n  U n te rsu ch u n g en  sind w ir deT 
M einung, daß  K an in ch en h o d en ze llen  fü r  die P laq u eb ild u n g  m it IIerpesvirus 
hom in is  Typ 1 u n d  T y p  2 w esen tliche V orteile gegenüber an d eren  Zellinien 
besitzen  und  w ir aus diesem  G runde  eine A nw endung  dieses Zellsystem s fü r 
sehr em pfehlensw ert h a lten .
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SHEEP-POX VACCINE PREPARED 
FROM FORMALDEHYDE INACTIVATED VIRUS 
ADSORBED TO ALUMINIUM HYDROXIDE GEL

F. SÓLYOM, L. P e r e n l e i  and J .  R oith

Phylaxia Veterinary Biologicals and Feedstuffs Co., B udapest, Hungary 
and Biocombine, Songino, Mongolia

(R eceived August 5, 1980)

The aim of the study was to produce an efficacious form aldehyde inactivated , adsorbed 
vaccine from  the Mongolian sheep-pox MH virus strain. A lum inium  hydroxide gel prepared 
from AICI3 • 6 H ,0  proved to be the m ost efficacious adsorbent am ong the gels prepared 
from  different substances. A bove 1.8% A l l c o n t e n t  the unadsorbed virus quantity  was 
less than  1% of the original one. U sing gel prepared from ICA1(S04) 2 and A1C13 • 6 H ,0 ,  
respectively , the quantity o f adsorbed virus was the same during the adsorption period from  
10 m in to 24 h. Intradermal inoculation of sheep proved more advantageous for virus produc
tion than subcutaneous inoculation. Three vaccines containing different quantities o f antigen  
were prepared from virus propagated in sheep. The vaccine containing 19 800 ID ä0 inactivated  
virus did not protect the sheep even against a virus challenge of 25 I D 50, while that o f 67 000 
ID 50 content protected 50%  of the animals infected with 125 to 287 ID 50, and that o f 395 000 
ID S0 content protected 100%  of the animals against challenge w ith  more than 100 000 I D 50. 
More than  3 million sheep were inoculated in  Mongolia w ith vaccines of 350 000 11 ) -0 virus 
content in  the last years. In  the areas where vaccination has been introduced no sheep-pox  
epizootic has occurred.

A ccording to  B alo zet  [1], B ots [2], Ma n n in g e r  [3], W y n o h r a d n ik  
an d  Cr ist e t  [4], P a n d e y  et al. [5] an d  Ce l ik e r  an d  A r ik  [6] sheep can  be 
im m unized  w ith  liv ing  v iru s  ad so rbed  to  alum in ium  h y d ro x id e  gel w ith o u t 
p ro v o k in g  serious p o stv acc in a l reac tio n s . The v acc in a tio n  is, how ever, n o t 
co m p le te ly  harm less, because i t  in d u ced  epizootic in  som e cases.

Ma n n in g e r  in  1942 elab orated  a sh eep -p ox  v a cc in e  in a c tiv a ted  w ith  
form alin  and adsorbed  to  a lu m in iu m  h ydroxide gel. In  1948 [3] he could  
report th a t  th e v irus co m p lete ly  in a c tiv a ted  w ith  form alin  p ossessed  an  
e x c e llen t im m u n izin g  a c t iv ity  and th is  w as fu lly  corroborated  b y  D e l p y  
et al. [7].

T he in a c tiv a te d  sheep-pox  vaccine  adsorbed  to  a lum in iu m  h y d ro x id e  
w as a c tu a lly  p u t on th e  m a rk e t in  H u n g a ry , b u t as th e  c o u n try  has been  free 
from  sheep-pox  for tw o decades, p ro d u c tio n  of th e  vacc ine  has ceased. In  M on
golia, how ever, sheep-pox  epizootics s till occur an d  v acc in a tio n  th e re  is s till 
o f im p o rtan ce . As for th is  purpose  th e  w ish was to  a p p ly  in a c tiv a te d  vaccine 
ad so rb ed  to  a lum in ium  h y d ro x id e  gel, we have s tu d ie d  th e  p o ssib ility  o f 
p ro d u c tio n  of an  efficacious vaccine from  th e  local sheep -pox  v iru s  s tra in . 
T hus, we have s tu d ied  th e  v irus adso rb ing  pow er o f  d iffe ren t a lum in ium  
h y d ro x id e  gels, th e  in o cu la tio n  m e th o d  affording th e  m ax im u m  virus y ield ,
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th e  p ro tec tiv e  dose a g a in s t th e  hom ologous artific ia l challenge, as well as the  
im m u n iz in g  pow er o f  th e  vaccine  ag a in st th e  challenge ca rried  ou t w ith  
H u n g a ria n  sheep-pox v iru s .

M aterials and m ethods

A lum inium  hydroxide gel. Studies have been carried out w ith A l(O H )3 gels prepared 
from  A120 3, K A1(S04)2 and A1C13 • 6 H 20 ,  according to N a il  et al. [8]. The concentration of 
the gels has been determ ined by titration  of the A120 3 content.

Virus strains. The M ongolian MH and the Hungarian sheep-pox virus strains were 
used. The strains were propagated on sheep skin, harvesting was done on the 7th day follow
ing inoculation. The skin fragm ents displaying specific alterations were cut into small pieces, 
and w ith  9 parts of PB S solution were hom ogenized and centrifuged at 2000 g for 15 min. 
The supernatant to which 20%  m ilk had been added, was freeze-dried and stored in ampoules 
at —20 °C. The virus content was determ ined by intradermal titration in  sheep. The suspen
sion was then used for inactivated  vaccine production, as antigen in the com plem ent fixation  
tests and as challenge virus in potency testing. The calculated virus doses applied in the 
course of potency testing were controlled in each case by repeated titration. The titre of both  
virus strains varied within 105'0 to 105,5.

Laboratory animals. M ongolian Merino, Hungarian Merino and M ongolian native sheep 
were used. The presence of antibody against sheep-pox was controlled in their sera with  
ind irect complement fix a tio n  test [9]. Animals free from antibody were only used in the 
exam inations. Before intraderm al titration, the side c f  the animals was epilated with barium  
sulphide.

Complement fix a tio n  tests. M ost com plem ent fixation  tests were carried cu t by a micro
m ethod, only in determ inations requiring great accuracy was a macro m ethod used. In the 
m icrom ethod, T akátsy’s procedure was used, the results were recorded by 1 to 4 crosses 
depending on the degree of haem olysis. The 1 : 5 ,  1 : 10, 1 : 20 and 1 : 40 dilutions of the 
antigen were studied w ith standard hyperim m une serum dilutions of 1 : 2 to 1 : 64 w ith 5% 
com plem ent and 2000-fold diluted haem olysin. To com plete fixation  4 un its were assigned 
and proportionally less w ith  weakening of the reaction. The sum of the units gave the antigen 
content o f the substances expressed in com plem ent-fixing units. In the m acrom ethod, W as
serm ann tubes were used and the results were read spectrophotom etrically. In the course of 
both procedures the sheep red cell suspension was applied in such a dilution that the extinc
tion am ounted to 0.2 in the case o f 100% haem olysis at 540 nm  wavelength.

Freeze-dried com plem ent and haem olysin (Phylaxia, Budapest) was used. The freeze- 
dried hyperimmune serum against sheep-pox was produced in sheep after hyperiminuniza- 
tion  for 2 months. Regular control of the com plem ent fix ing system  allowed the comparison 
of results of tests carried out in different periods.

Safety and potency testing. To control safety of the vaccine, 4 vaccinated susceptible 
and 2 untreated control sheep were kept together. In the course of the 21 day observation 
period no sheep-pox and rise in tem perature above 1 °C did not occur. In potency testing, 
the sheep previously used in safety testing were applied. The potency of the vaccine was 
controlled by two m ethods. Each sheep was inoculated w ith 25 to 1000 I D -0 virus following 
the vaccination. The controls contracted the disease, the vaccinated sheep were protected in 
50% . In the other m ethod the virus was titrated on the dorsal skin of the vaccinated and 
control animals, and the virus quantity  neutralized by each animal was evaluated by the 
index method.

R esu lts and d iscussion

V irus adsorption. A dsorb ing  ab ility  o f th e  a lum in ium  h y d rox ide  gels 
p re p a re d  from th e  th re e  k inds o f  su b stan ce  was s tu d ied  to g e th e r  w ith  th e  
in flu en ce  of th e  gel c o n c e n tra tio n  on v irus adso rp tio n . M H M ongolian sheep-

Acta Micr obiologica Acadetniae Scientiarurn Ilungaricae 29,1982



S H E E P -PO X  VACCINE 71

pox  suspension was m ixed in equal volum es w ith  d iffe ren t co n cen tra tio n s  o f  
th e  th ree  k in d s o f  a lum inium  h y d ro x id e  gel, and  shaken for one hour. T he 
m ix tu re  was s to red  a t  4 °C for 7 days th en  i t  w as cen trifuged  a t  2000 g  for 
15 m in  an d  th e re a f te r  th e  v iru s  c o n te n t o f th e  su p e rn a ta n t w as e s tim a te d  b y  
co m p lem en t-fix a tio n  te s t. R esu lts  a re  show n in  F ig . 1.

Percentage of unbinded virus 
in complement fixation units

Fig. 1. Sheep-pox virus adsorbing capacity of three alum inium  hydroxide gels prepared from  
different substances. Al(O H )3 starting m a ter ia ls :--------- A1C13; • • • • A120 3: ------------K A 1(S04) 2

The v iru s  w as best adsorbed  b y  th e  gel p rep a red  from  A1C1;! • 6 H .,0 . 
T his gel fixed  25 to  30%  m ore v iru s  th a n  th e  o th ers  and  above 1.8%  А1.,03 
less th a n  1%  v iru s  was found in  th e  su p e rn a ta n t b y  m eans o f co m p lem en t 
fix a tio n  (F ig. 2).

Ig fOIDw/mi

5 

и 

3 

2 

1 -

o L _ ---------------- ,----------------- -- --------------- T_ _ _ _ _ _ _
1 2 2.7 •/.

Al203 content

Fig. 2. Skin test in  sheep for determ ination of sheep-pox virus adsorbing capacity o f alu
minium hydroxide gel prepared from  A1C13; --------- in fective titre of unadsorbed virus ”
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In tra d e rm a l t i t r a t io n  proved  to  be m ore sen sitive  th a n  th e  com plem en t 
f ix a tio n  te s t. A t a 1 .2%  A1.,03 c o n te n t, i t  d e tec ted  an  am o u n t o f  6309 ID 50, 
5 .58%  o f th e  original 105-oc ID 30/m l v iru s  c o n te n t in th e  su p e rn a ta n t, w hile above 
1 .8%  A130 3 th e  n o n -ad so rb ed  v iru s c o n te n t was less th a n  1%  of th e  orig inal.

V iru s growth. F o r vaccine p ro d u c tio n , th e  M H  virus s tra in  w as p ro p 
a g a te d  accord ing  to  tw o  m ethods. In  th e  course of th e  f irs t  (M ongolian) 
m e th o d , th e  v irus w as in o cu la ted  su b cu tan eo u s ly  and 6 to  8 days la te r , th e  
v iru s  c o n te n t of th e  h a rv e s te d  ep ith e liu m  and  su b cu tan eo u s tissu e  was ex 
am in ed . A 1 : 10 (w /v) suspension  w as th e n  p rep a red  from  b o th  tissues and 
d ilu tio n s  o f 1 : 20, 1 : 40 and 1 : 80 w ere exam ined  for an tig en  c o n te n t b v  
com plem en t fix a tio n  te s t ,  using d iffe ren t d ilu tions o f s ta n d a rd  serum . The 
degree o f  haem olysis w as dete rm in ed  sp e c tro p h o to m e tric a lly  a t  540 nm .

R esu lts  are show n in  Fig. 3.
T he ep ithe lia l a n tig e n  gave a s im ila r com plem en t f ix a tio n  a t  1 : 80 

d ilu tio n  as th e  su b ep ith e lia l one in  1 : 20 d ilu tio n . T hus, th e  ep ith e liu m  
c o n ta in e d  four-tim es m ore  com plem en t-b in d in g  an tig en  th a n  th e  su b cu tan eo u s 
tissu e . In tra d e rm a l t i t r a t io n  in sheep  revealed  104'5 lD S0/m l v iru s in  the  
ep ith e liu m  while m ere ly  103-5 ID 50/m l in  th e  su b cu tan eo u s tissue.

A ccording to  th e  o th e r  m eth o d , th e  v iru s w as in o cu la ted  in tra d e rm a lly . 
T his e lic ited  a considerab le  skin th ic k e n in g  w ith  profound  su b cu tan eo u s

Extinction /5A0 nm/

2 A 8 16 32 6A
S e r u m  dilut ion

Fig. 3. Antigen content o f epithelium  and subcutaneous tissue of sheep inoculated w ith the
MH M ongolian sheep-pox virus strain. E pithelium  antigen □ --------- Q 1 : 20, Д ----------Д  1 : 40,
О--------- о  1 : 80; subcutaneous tissue antigen д ------ □  1 : 20, Д  —  Д  1 : 40, о ------О 1 : 80
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oedem a. The v iru s  co n ten t of th e  suspension  p rep ared  from  the  ep ith e liu m  
and  su b cu tan eo u s tissu e  proved  to  be s im ila r b o th  in  th e  com plem ent f ix a tio n  
reac tio n  and  b y  in tra d e rm a l t i tra tio n . T hese ex am in a tio n s  u n d o u b ted ly  v e rified  
th a t  in tra d e rm a l in o cu la tio n  is m ore a d v an tag eo u s  fo r th e  purpose o f v iru s  
p ro p a g a tio n , because in  such a w ay b o th  the  ep ith e liu m  and  su b cu tan eo u s  
tissu e  can  be used  fo r vaccine p ro d u c tio n .

S a fe ty  and potency testing o f  the inactivated vaccine. T hree vaccines o f 
d iffe ren t M H v irus an tig e n  co n ten t w ere p rep a red . T he f irs t  vaccine c o n ta in e d  
a lum in ium  h y d ro x id e  gel correspond ing  to  1.35%  A120 3 and  0.05%  fo rm a lin  
as p re se rv a tiv e . T he vaccine  was in a c tiv a te d  w ith  fo rm alin  a t 4 °C for 14 d ay s , 
and  co n ta in ed  per dose (5 ml) 19 800 I D 50 in a c tiv a te d  v irus. The vacc ine  
p roved  to  be safe in  th e  course o f te s tin g . P o te n c y  te s tin g  was carried  o u t in  
such a w ay  th a t  4 sheep  v acc in a ted  by  th e  su b cu tan eo u s  ro u te  were ch a llenged  
3 weeks la te r  to g e th e r w ith  2 u n tre a te d  co n tro ls , b y  in tra d e rm a l in o cu la tio n  on 
th e  la te ra l  surface o f  th e  th ig h  o f  0.5 m l 25 and  50 I D S0 v irus suspension . 
Specific lesions o f sheep -pox  developed in  b o th  th e  v acc in a ted  an d  th e  co n tro l 
an im als a t  th e  site  o f  th e  in jec tion  in  4 to  6 days. T h u s, th e  vaccine d id  n o t 
afford  a p p ro p ria te  p ro te c tio n  even a g a in s t 25 in fec tiv e  u n its . T he second  
vaccine w as p roduced  sim ilarly  w ith  th e  d ifference th a t  i t  con ta ined  67 000 
ID S0 in a c tiv a te d  v iru s p e r 5.0 ml.

F o u r anim als w ere v acc in a ted  b y  th e  su b cu tan eo u s  ro u te  in  an im als  
p rev iously  sub jec ted  to  sa fe ty  tes tin g . In  th e  course o f  th e  17 days o b se rv a 
tio n  period , a s ligh t su b feb rility  (m ax im u m  0.8 °C) w as observed  on th e  3 rd  
and  4 th  days w hich d isap p eared  b y  th e  5 th  d ay . On th e  21st day  th e  4 v a c 
c in a te d  an im als and  2 u n tre a te d  contro ls w ere challenged  an d  0.2 ml so lu tio n  
of th e  M ongolian M H  s tra in  was in o cu la ted  in  five  sites. T he titre s  o b ta in e d  
a fte r  10 day s in the  v acc in a ted  anim als w ere su b tra c te d  from  those o b ta in e d  
in  th e  co n tro ls ; th e  re su lts  are  sum m arized  in  T ab le  I . I t  is seen th a t  2 an im als  
possessed a ce rta in  p ro tec tio n  w hile th e  tw o  o th e r w ere u n p ro tec ted . T he

Table I

Potency testing of vaccine produced from  M H  Mongolian 
sheep-pox virus strain in M ongolian Merino sheep 

(67  000 ID '-о inactivated virus/dose)

Designation 
of sheep

Vaccine
Challenge

strain
Protection index

dose,
ml

route of 
inoculation

prevented infective unit

l. 5.0 S.C. MH 297
2. 5.0 S.C. MH 39
3. 5.0 S.C. MH 125
4. 5.0 S.C. MH 39
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th i r d  vacc ine  co n ta in ed  395 000 ID 50 in a c tiv a te d  v irus p er dose. F o u r M on
g o lian  M erino and  fo u r M ongolian n a tiv e  sheep  were v a c c in a ted  and  k e p t 
to g e th e r  w ith  2 u n tre a te d  con tro ls  each. T h e  v acc in a ted  an im als h ad  no sy m p 
to m s  ex cep t a m ax im um  0.7 °C rise o f  te m p e ra tu re  on th e  4 th  or 5 th  d ay . 
T h e  co n tro l sheep h ad  n o  sy m ptom s w h a te v e r. The v a cc in a ted  and  co n tro l 
sh eep  w ere te s ted  on th e  21st d ay  using  th e  M H  M ongolian v iru s  s tra in . In  th e  
co u rse  o f  th e  f irs t m e th o d , th e  v acc in a ted  an d  con tro l sheep w ere in o cu la ted  
in tra d e rm a lly  w ith  3750 I D 50 v iru s. N one o f  th e  v acc in a ted  an im als show ed a 
p o s it iv e  reac tio n  while in  th e  con tro l ones specific nodules ap p eared  on th e  
sk in . In  th e  course o f  th e  te s t  carried  o u t b y  th e  o th e r m e th o d , th e  sam e 
v a c c in e  offered p ro te c tio n  ag a in st m ore th a n  100 000 ID 50 o f v iru s  (Table I I ) .  
T h e  sam e  vaccine w as in o cu la ted  in to  4 H u n g a ria n  M erino sheep  k e p t to g e th e r  
w ith  2 u n tre a te d  co n tro l ones. S light su b feb rility  (m ax im um  0.8 °C) w as 
o b se rv e d  in th e  v a cc in a ted  an im als on th e  3rd  to  5 th  day . A p a r t  from  th is  no  
sy m p to m  was observed  in  an y  sheep in  th e  course of 21 d ay s. T hen  th e  sheep  
w ere  challenged w ith  th e  H u n g a rian  sheep -pox  s tra in  t i t r a te d  b y  in tra d e rm a l 
in o c u la tio n  in v a c c in a ted  an d  con tro l sheep . R esu lts are show n in T ab le  I I I .  
T h e  v acc ine  p roved  to  be ex trem ely  efficacious, th e  v irus t i t r e  in  th e  co n tro l 
a n im a ls  was 105-5 I D 50/m l w hile in  th e  v a c c in a ted  ones th e  c o n cen tra ted  v iru s  
su sp en sio n  did n o t evoke a positive  re a c tio n . T hus, th e  vaccinées w ere p ro 
te c te d  against m ore th a n  310 000 I D 50.

T he resu lts  p ro v ed  th a t  efficacious vaccine in a c tiv a te d  w ith  fo rm alin  
a n d  adsorbed  to  a lum in ium  h y d rox ide  gel m ay  he p roduced  from  th e  M on-

Table II

Potency testing o f vaccine produced 
from  M H  Mongolian sheep-pox virus strain 

(395 000 ID -q inactivated virus/dose)

Sheep V accine
Challenge P ro te c tio n  index

designation species dose,
ini

ro u te  of 
inocu lation

stra in p rev en ted  infective u n it

l Mongolian 5.0 S.C . MH > 3  750
2 Mongolian 5.0 s.c. MH > 3  750

3 Merino 5.0 S.C. MH > 3  750
4 Merino 5.0 s.c. MH > 3  750

5 Mongolian 5.0 s.c. MH > 1 0 0  000

6 Mongolian 5.0 s.c. MH > 1 0 0  000

7 Merino 5.0 s.c. MH > 1 0 0  000

8 Merino 5.0 s.c. MH > 1 0 0  000

Sheep No 1 to 4 were inoculated into a single point., in sheep No. 5 to 8 virus titration
was carried out
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Table III
Potency testing of vaccine produced from  M H  Mongolian 

sheep-pox virus strain in Hungarian M erino sheep 
(395 000 I D 50 inactivated virus/dose)

D esignation  
o f sheep

dose,
ml

Vaccine

ro u te  of 
in o cu la tio n

Challenge
stra in

P ro te c tio n  index  
p rev e n te d  in fec tiv e  u n it

l 5.0 S.C. Hungarian 310 000
2 5.0 S.C. Hungarian 310 000

3 5.0 S.C. Hungarian 310 000

4 5.0 S.C. Hungarian 310 000

golian  sheep-pox v iru s  s tra in . T he req u irem en ts  a re  an  ad so rb en t o f  good 
q u a lity , and th e  a m o u n t of in a c tiv a te d  v irus shou ld  be eq u iv a len t to  350 000 
to  400 000 1D 50 per dose.

T he vaccine w as r o t  only  efficacious b u t safe, to o . A p a rt from  a sligh t 
su b feb rility , th e  v acc in a ted  an im als h ad  no sy m p to m s an d  w ere p ro te c te d  
ag a in s t th e  M ongolian M H s tra in  an d  also ag a in st th e  H u n g a rian  sheep-pox  
s tra in , ind ica tin g  th a t  th e  tw o s tra in s  are e ith er id e n tic a l or in  close re la tio n 
ship in  respect o f an tig en ic ity .

T he experim en ts carried  o u t in  M ongolia an d  in  H u n g a ry  also show ed 
th a t  th e  th ree  sheep breeds u n d e r te s t (M ongolian, M ongolian M erino and  
H u n g a rian  M erino sheep) did n o t d iffer in re sp ec t o f  im m u n iza tio n  a g a in s t 
sheep-pox.

The re liab ility  of th e  ex p e rim en ta l d a ta  has been  verified  in  M ongolia [9] 
w here a fte r  m ore th a n  3 m illion sheep  h ad  been v a c c in a ted , no sheep -pox  
epizootic has occurred .

Acknoivledgements.The authors are indebted to Mrs E. Cs e l Én y i  and Mrs I. H a r c o s  for 
skilful assistance.

R E F E R E N C E S

1. B a l o z e t , L.: C. R. Acad. Sei. (Paris) 207, 349 (1938).
2. B o t s , J. J.: Vet. Bull. 18, 457 (1942).
3. M a n n in g e r , R.: Bull. Off. int. Epiz. 29, 237 (1948).
4. W y n o c h r a d n y k , V., Cr is t e t , I.: Vet. Bull. 27, 73 (1956).
5. P a n d e y , A. K ., Ma l ik , B. S., B a n s a l , M. P.: Indian, vet. J. 46, 1017 (1961).
6 . Ce l ik e r , A., A r ik , F.: Brit. vet. J. 118, 159 (1962).
7. D e l p y , L. P., R a f y i, A., M irch am sy , H.: Bull. Acad. v e t. franc. 24, 56 (1951).
8 . N a il , S. L., W h it e , J. L., H e m , S.: J. pharm . Sei. 65, 1188 (1976).
9. S o dn o m d o sh , S.: Personal com m unication (1979).

F . SÓLYOM, J .  R oith

P h y la x ia  V e te r ia a ry  Biologicals an d  F e e d s tu ffs  Co.
H -Í4 8 6  B u d a p e s t 10, P .O .B . 23, H u n g a ry

L. P e r e n l e i  
B iocom bine 
Song ino , M ongolia

Acta Microbiologica Academiae Scienliarum Hungdricae 29, 1982





Acta microbiol. Acad. Sei. hung. 29, 77—82, 1982

STIMULATORY EFFECT OF HERBICIDE 2,4-D 
ON THE HETEROTROPHIC MICROBIAL COMMUNITY 

IN THE WATER OF THREE FISH PONDS

B. B. J a n a  and U. K. De

Department o f Zoology, U niversity o f  K a lyan i, K a lya n i, Indie  

(R eceived Ju ly  1, 1980)

Herbicide 2,4-D at a dosage of 500 mg l - 1  stim ulated the proliferation of the hetero- 
trophic bacterial com m unity present in  the w ater of three fish ponds over a period of one 
year. 2,4-D due to its toxic action m ight kill the planktonic algal population occurring in  the  
pond water, which on degradation generated m ore nutrients conductive to bacterial pro
liferation. The microbial density in different hours were closely correlated ( p <  0.01 <  0.05) 
w ith  the variations of each of N H 4—N , N 0 2—N  and specific condu ctiv ity  o f water, while the 
relationship betw en the former and P 0 4- P  was reciprocal (P <  0.001).

A p p lica tio n  o f 2 ,4 -d ich lo rophenoxy  acetic  acid (2,4-D ) in  fish  cu ltu rin g  
ponds has becom e a com m on p rac tice  for c o n tro llin g  a q u a tic  weeds and algal 
b loom s. The efficacy  of the  chem ical h ad  be en te s ted  severa l tim es for k illing  
e ith e r  th e  subm erged  p lan ts  an d  em erg en t w eeds [1, 2], o r w a te r  h y ac in th  [3]. 
A pp lied  a t  a ra te  of 260 m g l -1 , 2,4-D  w as found  to  be n o n -to x ic  to  carp  [4] 
b u t  o th e r s tu d ies , e.g. [5] in d ica te  th a t  th e  agent has de fin ite  deleterious 
effects on fish  popu la tions. N onetheless, th e  effects of th e  com pound on th e  
h e te ro tro p h ic  m icrobial co m m u n ity  in  a q u a tic  ecosystem  h av e  seldom  been 
m easured . T he h e te ro tro p h ic  m icroorgan ism s p lay  an im p o r ta n t  role in th e  
n u tr ie n t  cycle o f a fish  pond  an d  are th e re fo re  closely associa ted  w ith  th e  
g row th  o f fish  p o p u la tio n . An a t te m p t has been  m ade to  d e te rm in e  the  action  
o f  2 ,4-D  a t  a recom m ended dose used  in  th e  field , on h e te ro tro p h ic  m icro 
o rgan ism s occu rring  in th e  w a te rs  of th re e  fish  ponds.

M aterials and  m ethods

Three fish  ponds belonging to each of the polyculture, traditional and monoculture 
system  of fish  farming, located at K alyani fish  farm , were selected for the study. The fish  
ponds were shallow  w ith depth of water varying betw een 0.8 and 3.0 m . The polyculture fish  
pond was stocked w ith three species o f Indian major carps (Catla catla, Labeo rohila and 
Cirrhinus m rigala)  and the three exotic carps ( H ypophlhalmichthys m olitrix, Ctenopharyngo- 
don idella and C yprinus carpio) in  the ratio of 2 : 6 : 3 : 4 : 2 : 3, respectively, w ith  a total 
stocking density o f 6000 ha-  '. Cirrhinus mrigala was introduced in the m onoculture fish  pond  
m aintaining the sam e stocking rate. The traditional fish  pond had been stocked largely with 
the three species o f  Indian major carps. These fish ponds w ith the exception  of the traditional 
one were fertilized regularly w ith inorganic and organic fertilizers. Surface water samples 
from  each pond were collected in sterile glass bottles (250 ml capacity) in  quadruplicate. 
On these, herbicide 2,4-D (commercial product) was added into two, at a dosage of 500 mg 1“ 1, 
w hile the rem aining two served as tontrcls. The stu dy  was carried out tw ice m onthly from
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Decem ber, 1978, until N ovem ber, 1979. The bottles were kept at the water temperature of 
the pond for 24 h when the changes in heterotrophic bacterial numbers w ith respect to in itial 
count were estim ated b y  spread plate technique in triplicate using nutrient agar (D ifco, 
B acto) medium. Since the water temperature of these tropical ponds (22 -32  °C) was higher 
throughout the year, incubation of plates for the growth of bacteria was thus made at a 
tem perature of 37 ±  0.5 °C for 72 h. The number of developed colonies per plate were counted  
and the means of triplicate plates were obtained. The m onthly m ean values o f bacterial 
populations are presented in R esults. The population-size so obtained for each pond throughout 
the year was statistically  com pared between the treated and non-treated samples by using  
the paired t test.

R esults

As can be seen in  T ab le  I, th e  average  v alue  in th e  t r e a te d  w a te r sam ples 
(4.93 X 105 cells m l-1 ) exceeded n ea rly  one an d  half-tim es th e  con tro l (3.66 X Ю5 
cells m l-1 ) in th e  tr a d itio n a l pond  (ij =  4.89; P  <  0.001). E ven  th o u g h  th e  
n u m erica l su p e rio rity  in  th e  tre a te d  sam ples w as re la tiv e ly  less in  th e  pon d s 
w ith  m ono and p o ly c u ltu re , th e  d ifferences w ere sign ifican t (td >  2.06; P  <  
<  0.001 <  0.05). S im ilarly , w hen th e  b a c te r ia l d ensity  occurring  in th e  th re e  
pon d s was considered  to g e th e r for com parison  betw een  tre a te d  and  co n tro l 
series, th e  re su lt (i142 =  1.808) w as also h igh ly  s ig n ifican t (P  -< 0.001). T he 
tra d itio n a l and  m o n o cu ltu re  pond show ed th e  g rea tes t increase  of b ac te ria  in  
sp rin g  (239.53% ) an d  a u tu m n  (669.23% ), respective ly , w hile th e  p o ly cu ltu re  
p o n d  h ad  tw o m ax im a  occurring  in  sp ring  (171.43% ) an d  a u tu m n  (429.03% ).

Table I

Heterotrophic bacterial population in different ponds (  X 105 ml 1 )

M onths

P o ly  cu lt ure T rad itiona l M onoculture

w ith
h erb icide

contro l w ith
h erb icide

contro l w ith
h erb ic ide

contro l

December, 1978 12.6 15.9 6.9 4.25 9.75 5.25

January, 1979 7.7 6.25 5.9 5.05 4.55 3.85
February 3.8 2.2 3.6 2.60 4.7 3.5
March 9.0 4.4 14.3 11.05 11.8 8.8
April 6.15 4.55 5.1 3.15 6.55 5.8

May 4.91 3.25 4.85 5.3 7.35 5.3
June 15.05 13.2 8.1 5.7 11.05 9.6

July 14.4 16.3 5.7 3.45 8.4 4.3
August 4.8 4.1 1.45 1.05 3.38 2.5

September 1.54 1.3 1.13 0.55 1.88 0.9

October 2.54 0.9 1.45 1.25 1.66 0.4
November 1.03 0.69 0.60 0.48 1.02 0.64

Mean 6.96 6.087 4.92 3.66 5.96 4.24
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The m icrobial d en sity  occurring  in  th e  w a te r sam ples tre a te d  w ith  and  
w ith o u t herb ic ide  has been m easured  a f te r  d iffe ren t tim e  in te rv a ls  o f th e  
sh o rt te rm  ex p erim en t (4, 8, 16, 24, 36, 72, 168 an d  240 h). The re su lts  are 
p resen ted  in  Fig. 1. T he b ac te ria l n u m b ers  o b ta in ed  in  th e  ex p erim en ta l and  
con tro l sets w ere co m p ared  s ta tis tic a lly  b y  using  th e  p a ire d  t te s t. T he resu lts

show ed th a t  th e  b a c te r ia l d en sity  in th e  tre a te d  b o ttle s  w as d is tin c tly  h igher 
th a n  in  th e  con tro l in  all th e  periods o f th e  sh o rt te rm  ex p erim en t (id 7> 4.32; 
P  <  0.001 <  0.05). A lthough  th e  h ig h es t co u n t o ccu rred  a t  8 h (F ig . 1), th e  
size of th e  p o p u la tio n  w as n o t m ark ed ly  a lte red  (f<j 3.38; P  >  0.05) be tw een  
an y  tw o  successive in te rv a ls  for 24 h . T he m ean  co u n t o b ta in ed  a t  24 h  d if
fered  g rea tly  from  th e  m eans found d u rin g  th e  re s t o f  th e  period (tj )>  6.43; 
P  <  0.001). Changes in th e  physicochem ical fac to rs  o f  w a te r  during  d iffe ren t 
hours in  th e  tre a te d  b o ttle s  w ere i o t a p p a re n t (Table I I ) .

D iscu ssion

I t  is ev id en t th a t  herb icide 2,4-D  a t  th e  te s t  dose h ad  a de fin ite  s tim 
u la to ry  effect o f th e  h e te ro tro p h ic  b a c te r ia l co m m u n ity  in the  w a te r bodies, 
c o n tra ry  to  th e  d e tr im e n ta l im p ac t o ften  re p o rte d  on m o st aq u a tic  w eeds and  
algae [1—3, 6]. 2,4-D  due to  its  tox ic  ac tio n  m ig h t k ill th e  p lan k to n ic  algal 
p o p u la tio n  occu rring  in  th e  w a te r, w h ich  on d e g ra d a tio n , g enera ted  m ore  N ;- 
con d u c tiv e  to  b a c te r ia l p ro life ra tion . T he changes of b a c te r ia l n u m b ers  o ccu r
rin g  in  d iffe ren t h ou rs in  th e  b o ttle s  t re a te d  w ith  herb ic ides (Fig. 1) w ere th u s 
positiv e ly  co rre la ted  w ith  N H 4- N  an d  N 0 2—N o f sam ple  w a te r (P  <  0.01 <
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Table II

Physicochemical factors (mean  ±  SD ) in water samples in short term analysis

0 h
24 h 48 h 72 h 168 h 240 h

treated control treated control treated control treated control treated control

pH 7.9 8.1 8.07 7.6 7.1 7.5 7.1 7.6 7.5 7.7 7.7
± 1 ±0.1 ±0.08 ±0.1 ± 1 .0 ± 0 ± 1 ± 1 .5 ± 1 ±0.1 ±0.1

C 0 3 2 15 25.5 10.7 11 7 9 7 10.7 10 12 10.7
(mg 1 ') ± 1 ±1.65 ±1.6 ± 1 .5 ± 1 .2 ± 1 ±1.2 ±0.83 ± 1 ± 1 .6 ± 0 .8

HCO3 141 135 132 131.5 114 135.5 116.5 124.7 124 130.2 125.5
(mg I “ 1) ± 0 .8 ± 3 .6 ± 8 .6 ±1.65 ± 2 .4 ±0.86 ± 4 .7 ±2.76 ±2.8 ±0.94 ± 1 .6

N 0„-N 0.252 0.190 0.192 0.205 0.175 0.121 0.167 0.047 0.030 0.129 0.051
(mg I '* ) ±0.008 ±0.07 ±0.014 ±0.005 ±0.004 ±0.001 ±0.003 ±0.005 ±0.012 ±0.001 ±0.002

NO3-N 0.051 0.036 0.048 0.034 0.042 0.035 0.040 0.040 0.035 0.035 0.041
(mg 1 ') ±0.001 ±0.007 ±0.001 ±0.001 ±0.002 ±0.001 ± 0 ±0.001 ±0.001 ±0.001 ±0.0008

N H ,-N 0.320 0.230 0.275 0.197 0.176 0.190 0.153 0.210 0.170 0.058 0.140
(mg 1 ±0.014 ±0.012 ±0.016 ±0.005 ±0.015 ±0.001 ±0.013 ±0.009 ±0.010 ±0.0007 ±0.001

PO ,-P 0.00151 0.0016 0.00173 0.0015 0.00151 0.0028 0.00162 0.0050 0.00154 0.0053 0.00350
(mg 1“ ') ±0.005 ±0.002 ±0.002 ±0.001 ±0.002 ±0.001 ±0.004 ±0.003 ±0.007 ±0.002 ±0.006

Specific con- 0.238 0.377 0.245 0.346 0.241 0.206 0.171 0.251 0.180 0.241 0.190
ductivity  
(mhos X 10-3 
cm -  *)

±0.002 ±0.004 ±0.001 ±0.009 ±0.002 ±0.004 ±0.001 ±0.001 ± 0 ±0.002 ±0.003

JA
N

A
 and D

E
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<  0.05). As i t  can  be seen in  F ig . 2, th e  changes o f p o p u la tio n  size o f b ac te ria  
and  th a t  o f  specific  c o n d u c tiv ity  o f w a te r w ere h ig h ly  co rre la ted  (P  <  0.01). 
I t  is possible t h a t  2,4-D caused  th e  d ea th  o f p la n k to n ic  organism s occurring  
in  the  b o ttle s , w hich on d eg rad a tio n  increased  th e  a v a ilab ility  o f  n u tr ie n ts

Fig. 2. Relationships between heterotrophic bacteria and specific conductiv ity , and P O P
level o f water

conductive  to  m icrob ia l g row th . F u r th e r , th e  inverse re la tio n sh ip  betw een  th e  
h e te ro tro p h ic  b a c te r ia l p o p u la tio n  and  th e  P 0 4- P  level o f  w a te r was p e rh ap s 
due to  a m ass decay  of p lan k to n  in  th e  early  stage  an d  o f b ac te ria l p o p u la tio n  
in th e  la te  h ou rs o f  herb icide tre a tm e n t. I t  is know n th a t  m any  genera o f 
h e te ro tro p h s u sed  pestic ides as su b s tra te s , e ith e r co -m etabo liz ing  th e  m olecules 
or using th em  as n u tr ie n ts  [7]; low  levels of herb ic ides o ften  induced  ch lo ro 
p h y ll syn thesis [8] and  o th e r to x ic  com pounds w ere s tim u la to ry  to  m icrob ial 
co m m unity  [9]. I t  has been o bserved  th a t  m ost m icro b ia l popu la tions w ere 
e ith e r  n o t red u ced  in  num bers or w ere n o t to o  g re a tly  a lte re d  by  low co n 
c e n tra tio n s  o f m a n y  h erb ic ides, pestic id es  an d  in sec tic id e s  [10].

Acknowledgement. This research was supported by grant No. ll(8 )/7 6 -A S R (I) (to B B J)  
from the Indian Council o f Agricultural Research, New Delhi. We are grateful to the D epart
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this work.
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INHIBITION OF NITRIFICATION 
IN SOIL UNDER J U N I  PERUS PROCERA WOODS 

IN ASIR REGION, SAUDI ARABIA

M. R . E l - N a g g a r

Department o f  Science and Mathematics, College o f  Education, Abha, Saudi Arabia  

(R eceived January 29, 1981)

Two plots representing an area dominated by Juniperus procera  and another area 
lacking this species at two localities near to Abha, in  the south-w est Saudi Arabia, were studied. 
Soil samples from the 0-15 cm and 35—50 cm level were analysed for am m onium  and nitrate  
nitrogen every other m onth for one year. The counts of Nitrosomonas and Nitrobacter were 
determ ined in the 0-15  cm level. The counts o f Nitrosomonas  and Nitrobacter were lower in 
soil samples collected from J. procera dominated areas than from those lacking this plant. 
The am ount of nitrate nitrogen was low est in plots w ith  J. procera and highest in plots lacking  
J. procera. The am ount of am m onium  nitrogen, on the contrary, was highest in plots w ith  
J. procera and low est in those lacking it. This trend was consistent throughout all sam pling  
periods in both sam pling levels at both investigated localities. The depletion in Nitrobacter 
counts and in the am ount of nitrate nitrogen in  plots w ith  J. procera indicates an inhibitory  
effect exerted by this plant on nitrifiers.

N itrific a tio n  is one o f  th e  m ost im p o r ta n t processes occurring  in  ce rta in  
b ac te ria . In  th e  p resen t w ork  th e  te rm  n itr if ic a tio n  is u sed  for th e  biological 
process form ing  n itr i te  an d  n itr a te  from  am m onium  sa lts .

Several carefu l in v estig a tio n s in  grass lan d  [1—7] h a v e  in d ica ted  th a t  
th e  level of am m onium  n itro g en  was severa l tim es g re a te r  th a n  th e  level of 
n i tra te  n itrogen . In  these  investig a tio n s i t  was p o in ted  o u t th a t  a g rassy  
v eg e ta tio n  seem s to  e x e rt a d irec t in h ib itin g  ac tio n  since a fte r  clearing , th e  
n itrify in g  a c tiv ity  increases g rea tly . The sam e o b se rv a tio n  of am m onium  
n itro g en  accu m u la tio n  in forest-covered  soils was n o ticed  by  some a u th o rs  
[5, 7 -9 ]. The d ep le tion  o f n i t r a te  n itrogen  w as a t tr ib u te d  to  an inh ib itio n  of th e  
n itrifica tio n  process.

The above find ings h a v e  m ade us to  s tu d y  th e  phenom enon  in an area  
n o t in v es tig a ted  before reg a rd in g  th e  n itr if ic a tio n  process. The area is n e a r  to  
A bha (Asir region) in  so u th w est Saudi A rab ia ; J u n ip e ru s  procera  d o m in a tes  
th is area. A n o th er area lack in g  th is  p lan t served  as co n tro l. The p resen t p ap e r 
rep o rts  on th e  role of J . procera  in in h ib itin g  th e  process o f n itrific a tio n  in th e  
in v es tig a ted  area.

M aterials and m ethods

The investigated area. Two localities viz. AsSudah (2700 m  a.s.l.) and Al-Jurrah (2300 in 
a.s.l.) west north and south east o f Abha, respectively, were investigated . Al-Jurrah locality  
was covered w ith Juniperus procera associated w ith  Euryops arabica, Euphorbia cyparissioides,
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Asparagus  sp., Otostegia fruticosa , Gymnocarpus siniaca  and Solanum  sp., AsSudah locality  
was covered with J. procera , E. arabica, Euph. cyparissioides , Asparagus  sp., Otostegia f ru ti 
cosa and Dodonae viscosa. P lants were kindly identified by Professor Dr. A. M. Mig a h id  to 
whom  the author expresses his appreciation and indebtedness. The associated species were of 
low  frequency and distributed throughout the J. procera clim ax. The control site near to 
each of the above localities was com pletely free from J. procera but the above m entioned  
associated species were all represented w ith approxim ately the sam e frequency.

Sampling.  Sampling was carried out aseptically over an area of 1 0 0 x  100 m with  
apparently homogeneous soil characteristics m ainly loam y in the A and В horizons of AsSudah  
and Al-Jurrah localities and harbouring J. procera. The control area was sampled sim ilarly. 
Starting in August, 1978, ten evenly distributed soil samples were collected in polyethylene  
bags from  the 0-15 cm and ten from the 35-50 cm level in each site every other m onth for 
one year.

Soil analyses. M echanical analysis, pH , total soluble salts and calcium  carbonate were 
processed for each soil sam ple according to the techniques devised by B lack  [10].

Counting of Nitrosomonas and Nitrobacter. Soil samples were analysed for Nitrosomo- 
nas and Nitrobacter by the m ost probable num ber (M .P.N .) m ethod of A l e x a n d e r  and 
Cla r k  [11].

Media.  The medium used for counting Nitrosomonas  contained (N H 4) 2S 0 4, 2; K 2H P 0 4, 
1; MgSO , • 7 H .,0 , 0.5; NaCl, 0.5 g/1, and traces o f F e2(SO ,)3 pH 8.5.

The medium used for counting Nitrobacter contained NaNO.,, 1; N a 2C 0 3, 1; K 2H P 0 4,
0.5; NaCl, 0.5; M gS04 • 7 H 20 ,  0.3 g/1 and traces o f  F e S 0 4 • 7 H>0.

R esu lts

T he ch arac teris tic s  o f th e  soils are given in T ab le  I. Soils o f A sS udah  
an d  A l-Ju rra h  had  a s a n d y  clay  loam  an d  clay  loam  te x tu re , re spec tive ly . 
T he p H  was p rac tica lly  th e  sam e in th e  in v es tig a ted  soil sam ples. T he a m o u n t

Table I
Characteristics o f  soils 0-15 and 35-50 cm levels at AsSudah  

and Al Jurrah with and without J. procera cover (control)

S and Silt Clay Organic C a C 0 3 T o ta l
carbon soluble salts

L oca lity

Of/о

AsSudah
w ith
J . procera 

0-15  cm 54.17 17.62
35—50 cm 58.64 13.87

w ithout
J .  procera (control) 

0-15  cm 56.64 15.74
35-50  cm 59.34 13.58

Al-Jurrah
w ith
J .  procera 

0-15  cm 43.16 24.55
35-50  cm 48.13 25.32

w ithout
J .  procera (control) 

0-15 42.34 28.23
35-50  cm 46.17 25.39

28.21
27.49

0.584
0.537

3.84
2.16

0.421
0.467

7.35
7.35

27.62
27.08

0.562
0.521

3.94
2.53

0.472
0.489

7.40
7.35

32.29
26.55

0.520
0.468

4.14
3.08

0.349
0.421

7.40
7.35

29.43
25.44

0.482
0.446

3.67
2.32

0.432
0.456

7.35
7.35
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o f  o rganic  carb o n  did  n o t v a ry  co n sid e rab ly  an d  ranged  b e tw een  0.446 an d  
0 .585% . The to ta l  soluble sa lts ranged  betw een  0.349 and  0 .489%  w hereas th e  
a m o u n t of calcium  carb o n a te  v a ried  considerab ly .

T he am o u n ts  o f am m onium  an d  n i t r a te  n itrogen  are  g iven  in T ab le  I I .  
T he am o u n t o f am m onium  n itro g en  w as g re a te r  in  p lo ts w ith  J .  procera in  
e ith e r  A sS udah  or A l-Ju rrah  a t  b o th  th e  0—15 cm  and  35-50 cm  levels w hereas 
in  p lo ts  w ith o u t J .  procera, s ig n ifican tly  low er values w ere recorded . On th e  
o th e r  h an d , the  am oun ts of n i tr a te  n itro g en  behaved  in th e  opposite  w ay  
versu s  am m onium  n itrogen  w here low er va lu es  were reco rded  in  p lo ts w ith  
J . procera  th a n  those  recorded in p lo ts w ith o u t J .  procera.

W ith  reg a rd  to  seasonal v a ria tio n s  in  th e  values o f am m onium  an d  
n i t r a te  n itro g en , th e  h ighest values w ere reco rded  in  A pril an d  th e  low est 
ones in D ecem ber.

The coun ts o f  n itrifie rs  are rep resen ted  in Fig. 1. The n u m b e r o f N itro- 
somonas per g d ry  soil was h igher in  p lo ts w ith  J .  procera th a n  in  tho se  lack ing  
th is  p la n t in b o th  A sSudah and  A l-Ju rra h . T he num ber o f  Nitrobacter was 
co n sid e rab ly  h igher in  p lo ts lack ing  J .  procera  th a n  in p lo ts  do m in a ted  by

Table II

Amounts o f  ammonium and nitrate nitrogen ( in  oven dry soil) in 0—15 cm 
and 35-50 cm levels of selected sites at AsSudah and Al-Jurrah 

with and without ./. procera cover (control)

W ith  J . procera
W ith o u t J . procera 

cover (control)

D a te 0 -1 5 cm 35—50 cm 0 -1 5 cm 35--50 cm

N H + N 0 7 N H ^ N N 0 7 N H + N 07 N H + N 0 7

AsSudah

Aug. 8.86 1.24 7.63 1.21 3.12 6.32 4.36 7.42

Oct. 7.68 1.38 6.31 1.46 3.44 6.04 3.85 7.02
Dec. 7.24 1.03 6.14 1.16 2.93 5.62 3.21 6.14

Feb. 8.27 1.46 8.22 1.42 3.32 5.88 4.47 6.62
Apr. 9.41 1.62 8.66 1.56 3.56 6.48 4.68 7.46
June 7.04 1.42 7.23 1.30 3.21 5.61 4.21 6.26

Al-Jurrah

Aug. 9.24 1.32 7.86 1.18 3.16 6.32 3.68 6.66
Oct. 8.27 1.45 8.12 1.24 3.72 5.41 4.26 6.10

Dec. 7.48 1.32 6.84 1.16 3.04 5.11 3.34 5.82
Fel). 8.92 1.44 7.26 1.24 3.26 5.23 3.67 5.76
Apr. 10.16 1.52 9.12 1.36 3.84 6.28 4.63 7.41

June 8.36 1.26 7.64 1.12 3.21 6.16 3.82 6.61
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Fig. 1. Num ber of nitrifiers in  0-15  cm level o f selected sites at Al-Jurrah and AsSudah with
and w ithou t J. procera cover; -  with J .  procera, --------- w ithout J. procera, О Nitro-

somonas, •  Nitrobacter

th is  p la n t. The h ig h est coun ts o f b o th  N itrosom onas  and Nitrobacter were 
reco rd ed  in A pril w hereas th e  low est va lues were reco rd ed  in D ecem ber an d  
ran g e d  betw een 800 a n d  33 800/g d ry  soil.

D iscussion

W ith  the  ex cep tio n  o f the  in v estig a tio n  of E l- H u s s e i n y  et al. [12] in 
th e  R iy a d h  region w hich  is some 800 km  far from  th e  A sir region th e  p resen t 
in v es tig a tio n  was th e  f irs t  to  be ca rried  ou t in th is  region th a t  d iffers from  
R iy a d h  region in v e g e ta tio n , c lim atic  an d  edaphic  ch a rac te ris tic s  [13, 14] and 
ow n observations.

R esu lts show ed an  inverse co rre la tio n  betw een  th e  am oun t of am m onium  
an d  th e  am o u n t o f n i t r a te  n itrogen  in  all sam ples from  soils covered  w ith  
J .  procera  and tho se  lack in g  it. This find ing  has been  ascribed to  an  in h ib itio n  
o f n itr if ic a tio n  b y  J .  procera , since th e  am o u n t o f  am m onium  n itro g en  was 
h ig h e r in p lo ts w ith  J .  procera th a n  in those lack ing  th is p lan t, w hereas the 
a m o u n t o f n i tra te  n itro g e n  show ed an  opposite  b eh av io u r. On ta k in g  in  con
s id e ra tio n  the  a m o u n ts  o f n itrifie rs , re su lts  in d ica te  th a t  th e  co u n ts  were 
h ig h er in the soil sam ples tak en  from  plots lack ing  J . procera th a n  in those 
d o m in a te d  by th is  p la n t. The obvious in ference is th a t  th e  n itr if ie rs  are 
in h ib ite d  in som e w ay  in  th e  p lo ts d o m in a ted  b y  J .  procera so th a t  th e  am m o
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n iu m  n itro g en  is n o t oxidized to  n i t r a te  as re a d ily  as in  p lo ts lack in g  J .  procera. 
T he assoc ia ted  species in  p lo ts  w ith  J .  procera  a n d  those  lack ing  i t  (con tro l) a t  
h o th  A l-Ju rra h  an d  A sSudah  show ed a p p ro x im a te ly  th e  sam e freq u en cy , so 
J .  procera  appears to  have  a p o te n tia l role in  in h ib itin g  n itr if ic a tio n . The lack  
of th o ro u g h ly  p e n e tra tin g  fib rous ro o ts  due to  th e  absence o f grass or h e rb a 
ceous g round  cover in  p lo ts  w ith  J .  procera  m ig h t in d ica te  th a t  th e  low level 
of n i t r a te  n itro g en  w as n o t due to  an  increased  u p ta k e  o f n itra te s . T he role of 
th e  m icro flo ra  could n o t be excluded  and  as long as th e re  is m icrob ia l a c tiv ity  
n itro g en  assim ila tion  will ta k e  p lace. The m icrog lo ra  o f J .  procera  rh izosphere  
and  th a t  o f th e  soil a p a r t  show ed no  obvious q u a lita tiv e  d ifferences [15]. T he 
role o f th e  m icro flo ra , how ever, has n o t been exp lo red  and needs fu r th e r  
in v es tig a tio n . I t  is also obvious from  th e  soil c h a rac te ris tic s  th a t  th e  in h ib itio n  
o f n itr if ic a tio n  in  areas w ith  J .  procera  was n o t  due  to  th e  p H , o rganic  carbon , 
C aC 03 co n ten t or te x tu ra l  differences. The o bserved  in h ib itio n  of n itr if ic a tio n  
is in accordance  w ith  th e  previous find ings [5, 7 -9 , 16, 17].

The in h ib itio n  o f n itr if ic a tio n  was a t t r ib u te d  to  th e  in fluence  o f th e  
p la n ts  ex e rted  on th e  m in era liza tio n  o f n itro g en  in  th e  soil [2, 7]. T he p lan t- 
p roduced  to x in s  w ere expected  to  in h ib it n itr if ic a tio n  [18-20]. P la n t ta n n in s  
also w ere found  to  in h ib it n itr if ic a tio n  w hen ad d ed  to  soil [21].

In h ib itio n  o f n itr if ic a tio n  is n ecessary  to  m inim ize n itra te  p o llu tion  
m an ifest b y  its  role in  eu tro p h ica tio n  [22], in fa n t an d  anim al m ethaem oglo- 
b inem ia and  th e  fo rm atio n  of n itro sam in es. In  n a tu ra l  vegeta tion  succession 
proceeds in th e  d irec tio n  o f in h ib itio n  o f n itr if ic a tio n  [7].
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ANTHRAX-SPECIFIC “AP 50-LIKE” PHAGES ISOLATED 
FROM BACILLUS CEREUS STRAINS

E lisabeth Nagy and |G . Ivánovics

Institute of  Clinical Microbiology, University Medical School, Szeged 

(R eceived February 23, 1981)

Phages exerting a specific action on Bacillus anthracis were isolated from m itom ycin  
C-induced concentrated lysates o f 5 Bacillus cereus strains producing m egacin A (phospho
lipase A). In electron micrographs the phages closely resem bled the anthrax-specific, lipid- 
containing phage A P 50 isolated earlier from soil sam ple. The phages were similar to A P 50 
also in their antigenic and chem ical structure, host range and sensitiv ity  to organic solvents, 
detergents and caesium  chloride. The DN A  character of A P 50 nucleic acid was shown by  
agarose gel electrophoresis. A P  50 and related phages seem  to represent a separate group of  
phages acting on Bacillus  strains.

Gaál an d  Ivánovics [1] have show n a b ac te rio c in  in  th e  ly sa tes  o f  
Bacillus cereus s tra in  W  in d u ced  w ith  m itom ycin  C. U nder sim ilar cond itions 
Ivánovics et al. [2] o b ta in ed  th e  sam e b acterioc in  from  five  w ild -ty p e  B . cereus 
s tra in s  iso la ted  from  soil sam ples. The b ac te rio c in  w as id en tified  as m egacin A 
11, 2] co rrespond ing  to  phospho lipase  A [3]. T he ly sa tes  o f tw o w ild -type  
B . cereus s tra in s  y ie lded  a specific phage id en tica l in  an tigen ic  s tru c tu re  w ith  
phage wx  of B . cereus s tra in  W , w hich h ad  been show n co n v ertin g  to  p h o sp h o 
lipase A p ro d u c tio n  [2, 4]. P hages iso la ted  from  th e  rem ain in g  th re e  B . cereus 
s tra in s  w ere assum ed  to  be defec tive  in  co n v ertin g  c ap ac ity , b u t  th e y  carried  
a gene segm ent giv ing in fo rm a tio n  for phospho lipase  A p ro d u c tio n . B . cereus 
s tra in  W  is poly lysogenic , i.e. in  ad d itio n  to  co n v ertin g  phage w x  i t  carries an 
an th rax -sp ec ific  ß  phage [5]. F iv e  of th e  phospho lipase  A p roduc ing  w ild- 
ty p e  B . cereus s tra in s  iso la ted  from  soil sam ples w ere also polylysogenic: an  
an th rax -sp ec ific  phage w as show n in th e ir  co n c e n tra ted  ly sa te  induced  w ith  
m itom ycin  C; th is  phage w as in  several respects  sim ilar to  th e  lip id -co n ta in in g  
phage A P 50 iso la ted  earlie r from  soil [6, 7]. T he p re sen t s tu d y  deals wdth 
th e  m orphological an d  bio logical p roperties o f A P 50 and  re la te d  phages.

M aterials and m ethods

Bacterial strains. B. cereus strains 04, 11, 23, 26 and 27 were isolated earlier from soil 
sam ples. Upon m itom ycin C induction (0.5 /(g/ml) their lysates contained 400-3200 U  m ega
cin A per ml [2]. Apathogenic, acapsulogenic Sterne strains CN 18-74 and CN 35-18 were 
used as indicators [8]. H ost range exam inations were carried out w ith 34 B. anthracis strains 
and w ith 52 strains representing other species of the genus Bacillus  [7].
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Phages. For comparison, phage AP 50 isolated  from soil sam ple and its clear m utant 
AP 50 C were employed [6]. Phages isolated from  B. cereus were designated as the correspond
ing strains, using the prefix A P 50 in view  of their close relationship to that phage (e.g. AP  
50-04, A P  50-11).

Culture medium and buffer. Liquid Y P [9] and solid YP m edium  containing 1.5% agar 
were used. Phages were d iluted w ith a m ixture o f 4 parts physiological saline and 1 part 
Y P  m edium . For phage concentration the buffer described by R a bu ssa y  et al. [10] was used.

Isolation and concentration o f  phages. To exponentially  growing broth cultures o f B. 
cereus strains, 04, 11, 23, 26 and 27 1 pg  m itom ycin  C was added per ml. The cultures lysed  
after residual growth were centrifuged at 5000 g, then concentrated w ith polyethyleneglycol 
(PE G , m ol w t 6000) as described by Y amamoto  et al. |11]. The concentrated lysate was drop- 
inoculated onto a layer of indicator strain Sterne CN 18-74. The target-like plaques produced 
were scraped off and propagated in a broth culture of CN 18-74. The propagated phage had a 
titre o f 107—109/ml. Mass production of AP 50-like phages, their concentration and purifica
tion  were performed as described for reference phage AP 50 [7]. Phage density was determined  
by CsCl gradient centrifugation.

Host range determination. The phage m aterial was membrane filtered (pore size 0.45 pm )  
and spotted  at 10-fold serial dilutions onto soft agar layer inoculated w ith the indicator strain.

One step growth of phages was determ ined in Y P m edium  at 37 °C as described by 
Adams [12]. The m.o.i. was 0.1.

Antigenic structure. The serum of rabbits im m unized intravenously with phage AP 50 
was used as antibody. The К  value was determ ined as described by Adams [12]. The serum  
was used at 1 : 100 dilution.

Sensit ivi ty to organic solvents and detergents. The phage m aterials purified by cyclic 
ultracentrifugation were left to stand w ith 25% (v /v) ether, 5% (v /v) chloroform, 0.1%  sodium  
laurvlsulphate, 0.5% Triton X , 0.1% Brij 58 and 50% (w/v) CsCl. The number of survivors 
was determ ined by phage titration  after 30 m in, in the case of CsCl after 180 min exposure.

Nucleic acid determination. The phage m aterials purified by cyclic ultracentrifugation  
were treated with proteinase К  (Merck: 0.1 m g/m l) at 37 °C for 60 min then incubated with 
sodium  laurylsulphate at 37 °C for 5 min. Proteins were removed by phenol treatm ent and 
the phage material was dialysed against a buffer (10 mM Tris, 10 гпм NaCl and 1 т м  EDTA, 
pH 8). Nucleic acid sam ples were treated at 37 °C with RN -ase (W orthington; 0.05 mg/ml), 
D N  -ase (W orthington: 0.05 m g/m l) for 3 m in, w ith NaCl (0.1 m) for 3 h , w ith restriction  
endonucleases (Asu I and B am  H I; 50 U /m l) for 1 h. Untreated and treated nucleic acid 
sam ples were analysed by agarose gel (Sigm a; 1%) electrophoresis at 4 mA per tube using a 
buffer containing Ó.05 M Tris, 0.02 м N aÖ H , 2 т м  EDTA and 0.02 м  NaCl, pH  8.

Electron microscopic examination. The phage materials were purified by sucrose gradient 
centrifugation, treated w ith  50% CsCl for 180 min and m ounted on LK B grids covered with 
Form var film . After adsorption and washing, the preparations were stained w ith 2% uranyl 
acetate  (w /v). For electron m icroscopy, a JE O L  100B apparatus operating at 80 kV w’as used.

R esu lts

Isolation and plaque morphology o f  A P  50-like phages. T he ly sa tes  of 
c e r ta in  B . cereus s tra in s  p roducing  phospho lipase  A a fte r  m itom ycin  C in d u c
tio n  con ta ined  sm all am o u n ts  of a phage ac ting  on B . anthracis s tra in  S terne 
18-74 [2]. The p laq u e  m orphology  o f an th rax -sp ec ific  phages o b ta in ed  in th is 
m a n n e r from  B . cereus s tra in s  04, 11, 23, 26 and  27 closely resem bled  the  
p laq u es of phage A P  50. On s tra in s  S te rn e  CN 18-74 an d  CN 35-18 th e  la tte r  
p ro d u ced  very  tu rb id  p laques 1-2 m m  in d iam ete r (F ig. la ) . A m u ta n t  of th is 
p h ag e , A P 50c p ro d u ced  ta rg e t- lik e  p laques 3-5  m m  in d iam e te r w ith  a pin 
h ead  size clear cen tre  in  th e  m idd le  o f  th e  tu rb id  a rea  (F ig. lb ) . E ach  A P 50- 
like phage of th e  f iv e  B . cereus s tra in s  exh ib ited  th is  ta rg e t-lik e  m orphology. 
P h ag e  A P 50-04 p ro d u ced  on p ro p a g a tio n  b o th  tu rb id  and  ta rg e t- lik e  p laques 
(F ig . lc).
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Fig. 1. Plaques of phage AP 50 (a), A P  50 c (b) and A P 50-04 (c). Original size

,q 2 ______ I______ I______ I______ I______ 1______ I______ I_____
30 40 50 60 70 80 90 100 min

Fig. 2. One step growth curve of phage AP 50 (o ----------o) and phage AP 50-11 ( • ---------- • )
on the Sterne strain CN 18-74

H ost range. Tw elve o u t of 34 B . anthracis s tra in  w ere sensitive to  th e  
five A P 50-like phages. N one of 52 s tra in s  belonging to  6 d ifferen t species of 
th e  genus B acillus  was sensitive  to  phage A P 50 and to  a n y  of th e  A P 50-like 
phages.

One step growth. F ig u re  2 shows one s tep  g row th  cu rves for phages A P  50 
and  A P 50-11. For A P 50-11 the  la te n t  period  was so m ew h at sho rte r th a n  for 
th e  reference  phage (50 vs. 55 m in). T he average b u rs t  size for A P 50-11 w as 
240 p .f.u ./ce ll. O ther A P  50-like phages y ielded closely  sim ilar re su lts . T he 
ad so rp tio n  ra te  c o n s ta n t fo r A P 50-like phages aga in st s tra in  S terne CN 18-74 
ranged  be tw een  1.1 X 10 “ ° m l/m in and  2 X 1 0 -9 m l/m in.

A ntig en ic  structure o f  A P  50-like phages. N eu tra liza tio n  o f A P 50-like 
phages by  im m une serum  for reference phage AP 50 is show n in T able I. The 
К  values w ere sim ilar for each of th e  five  A P  50-like phages.
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Table I

К  values for A P  50-like phages

Phages К  values*

A P 50 98

A P 50-04 70

A P  50-11 69

A P 50-23 86

A P  50-26 76
A P 50-27 81

* Determined with AP 50 immune serum diluted 1 : 100, average of four titrations

Resistance o f A  P  50-like  phages. V arious chem ical su b stan ces exerted  a 
fa ir ly  s im ila r effect on all A P  50-like phages (T able I I ) . S ta tic  exposure  to  5%  
ch lo ro fo rm  and  25%  e th e r  reduced  th e  su rv iv o rs  to  0.2 and  < 0 .0 1 % , resp ec 
tiv e ly . T he t i tre  was even low er if  th e  ph ag e  suspensions w ere sh ak en  d u ring  
ex p o su re . Sodium  la u ry lsu lp h a te  exerted  a s im ila r degree o f red u c tio n  in t i t r e ,  
h u t  T r ito n  X  and Brij 58 w ere p rac tica lly  in effec tiv e  even a f te r  24 h exposure. 
CsCl w as less effective th a n  th e  th ree  o th e r substances.

N ucleic acid determ ination. The nucleic  ac id  frac tion  w as iso la ted  b y  
cyclic  u ltra c e n tr ifu g a tio n  from  phage A P  50 m a te ria l co n ta in in g  1012 in fec tive  
p a r tic le s  per ml. The nuc le ic  acid frac tion  and  its  a liquo ts t r e a te d  w ith  D N ase, 
R N a se , N aO H  and re s tr ic tio n  endonucleases A su I  and  B am  H  I  w ere exam ined  
b y  agarose  gel e lec trophoresis . F igure  3 show s th a t  the  nucleic  acid h an d  is 
a b s e n t for th e  D N ase tre a te d , b u t  is p re se n t fo r th e  u n tre a te d  and  R N ase  
t r e a te d  sam ples. This f in d in g  m eans th a t  p h ag e  A P  50 co n ta in s  D N A . B am  H  I  
t r e a tm e n t  resu lted  in  b a n d s  id en tica l w ith  th o se  for the  u n tre a te d  and R N ase  
t r e a te d  sam ples.

Table II

Sensitivity o f  A P  50-like phages to chemical substances

Treatment
Con- 

centra- 
tion, %

Per cent cf survivors

AP50 AP50-04 AP50-11 AP50-23 AP50-26 AP50-27

Chloroform, 30 min 5.0 < 0 .01 < 0 .0 1 < 0 .01 0.05 < 0 .01 0.1
E th y l ether, 30 min 25.0 0.1 < 0 .0 1 0.1 0.2 < 0 .0 1 0.1

Sodium  laurylsulphate, 30 min 0.1 0.1 < 0.01 0.05 0.1 0.1 0.05
Triton X , 30 min 0.5 100.0 98.0 100.0 100.0 88.0 92.0
Brij 58, 30 min 0.1 100.0 100.0 85.0 100.0 87.0 100.0
CsCl, 180 min 50.0 1.5 7.0 2.0 1.2 1.0 1.5
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Fig. 3. Agarose gel electrophoresis of (a) untreated , (b) DN ase 0.05 m g/m l, (c) R N ase 0.05 
m g/m l, (d) Bam H I 50 U/m l restriction endonuclease treated AP50 nucleic acid 

Fig. 4. Agarose gel electrophoresis of (a) untreated , (b) NaOIT 0.1 M, (c) DN ase 0.05 m g/m l, 
(d) Asu 1 50 U/m l restriction endonuclease treated A P 50 nucleic acid

F ig u re  4 shows th a t  th e  nucleic  acid  is a lk a li-s tab le , w hich is a n o th e r 
p ro o f o f  its  D N A  ch a ra c te r , Asu I ,  a less specific re s tr ic tio n  endonuclease, 
sp lit th e  phage DNA in to  th ree  frac tio n s  differing in m olecu lar w eight (colum n 
4 in  F ig . 4).

P re fo rm ed  CsCl g rad ien t c en tr ifu g a tio n  showed th a t  th e  d en sity  o f  AP 
50-like phages ranged  betw een  1.295 an d  1.317 g/ml.

Electron microscopic exam ination o f  A P  50-like phages. The ly sa te s  o f 
B . cereus s tra in s  iso la ted  from  soil sam ples and  selected  b y  m egacin  A (phospho
lipase  A) p ro d u c tio n , w ere exam ined  to  show  th e  p resence  o f phages c o n v e rt
ing  to  th e  fo rm atio n  o f th is  enzym e. In  earlie r experim en ts [2] th e  co rresp o n d 
ing phages w ere d em o n stra ted  in  B . cereus stra ins 23 an d  26. T hese s tra in s  
w ere, how ever, poly lysogenic , as th e y  released  sm all n u m b ers  o f h exagonal, 
ta illess , nucleic  acid d e fic ien t double m em brane covered pa rtic le s , in  a d d itio n  
to  w x  p hages (B rad ley ’s group  B). P h ag es sim ilar in  m orpho logy  w ere observed  
in  B . cereus s tra in s  04, 11 and  17 w hich  produced  phospho lipase  A in  low er
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Fig. 5. Electron m icroscopic pictures of sucrose density gradient centrifuged AP 50 (a), 
AP 50-04 (b), A P  50-11 (c) and AP 50-23 (d). The bar is equivalent to 100 nm
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Fig. 6. Electron microscopic pictures o f CsCl treated phages AP50-04 (a), AP50-11 (b), 
AP 50-23 (c), AP 50 (d). The bar is equivalent to 100 nm
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t i t re s . T his s tru c tu re  w as closely  sim ilar to  th a t  o f phage A P  50 exam ined  in  
d e ta il ea rlie r [6, 7].

F ig u re  5 shows A P  50-like phage p a rtic le s  p ro p ag a ted  on s tra in  S te rn e  
CN 18-74, co n cen tra ted  a n d  p u rified  b y  sucrose d en sity  g ra d ie n t c e n tr ifu g a 
tio n . T he p artic le  p o p u la tio n  o b ta in ed  in  th is  m an n er w as hom ogeneous. T he 
p h a  ges w ere h exagonal, 80 n m  in d iam ete r, h ad  no ta il and  w ere coated  b y  a 
m ore or less visible double  e x te rn a l m em b ran e . Phages A P 50-11 and  A P  50-27 
w ere m orpho log ically  id en tica l. The five  A P  50-like phages w ere closely s im ila r 
to  re fe ren ce  phage A P  50 in being fa irly  sensitive  to  CsCl. T heir e lec tro n  
m icroscopic  p ic tu re  changed  considerab ly  a f te r  exposure to  50%  CsCl o f  th e  
p u rif ie d  phage m ate ria l: p a ra lle l w ith  th e  decrease in t i t re  (Table I I ) ,  a la rg e  
n u m b e r  of nucleic acid d e fic ien t phages w ith  ta il-like appendages ap p ea red  
(F ig . 6 ). The double la y e r  co a t c h a ra c te ris tic  o f  A P 50-like phages w as esp e 
cia lly  w ell-defined in nucle ic  acid defic ien t p a rtic le s , th e  th ickness o f th e  tw o 
la y e rs  being ap p ro x im a te ly  iden tica l (8 nm ). The effect o f CsCl w as s im ila r 
to  th a t  described by Sakaki an d  Oshima [13] for phage 0 N S 1 1  and  b y  Olsen 
et al. [14] for phage P R D r  T he degrad ing  effect o f CsCl on P R D j can be p re v e n 
te d  b y  th e  add itio n  o f  0 .5 %  try p to n e  (D ifco) [14]. In  th e  case o f A P 50-like 
Ph ages try p to n e  w as in effec tive .

A n a tte m p t was m ad e  a t  eliciting  th e  p ro d u c tio n  o f ta il-like  s tru c tu re s  
b y  exposu re  to  effects o th e r  th a n  th a t  o f h y p e rto n ic  CsCl. P u rified  reference  
ph age A P 50 and  A P 50-like phages w ere v igorously  sh ak en  for 10 m in  w ith  
2 m m  glass beads. The re su ltin g  tw o -ex p o n en t fall in  t i t re  w as n o t accom pan ied  
b y  th e  developm ent o f ta il- lik e  appendages. A n osm otic shock  w ith  4 м  N aCl 
cau sed  a th ree -ex p o n en t t i t r e  decrease w ith  th e  ap p earan ce  o f nucleic acid  
d e fic ien t partic les hav in g  no ta il-like  s tru c tu re s .

D iscussion

T he m ajo rity  o f B . cereus s tra in s  iso la ted  from  n a tu ra l  sources can  be 
in d u ced  to  lysis by  UV ir ra d ia tio n  [15] an d  b y  m itom ycin  C tre a tm e n t. In  lack  
o f a p p ro p ria te  in d ic a to r  s tra in s , in fec tive  phages can in fre q u e n tly  be d e te c te d  
in  th e  ly sa tes [16, 17]. In  th e  c o n c e n tra ted  ly sa tes o f th e  induced  s tra in s , 
h o w ever, electron m icroscopy  u sua lly  rev ea ls  in ta c t  phage partic les  [16].

Som e B . cereus s tra in s  are doub le  lysogenic, t h a t  is, th e y  c a rry  tw o  
p h ag es d ifferent in m orpho log ica l, b io logical and  chem ical p ro p ertie s . McCloy" 
[5, 18] and Meynell [19] show ed th a t  B . cereus s tra in  W  ca rried  an  a n 
th rax -sp ec if ic  phage n o t  ac tin g  on o th e r  B acillu s  species (w ß ). Ivanovics et 
al. [3] described th a t  В . cereus s tra in  W  h ad , in  a d d itio n  to  th e  a n th ra x -  
specific  phage, a n o th e r p h ag e  (wx), w h ich  w as responsib le  for p h o sp ho lipase  
A p ro d u c tio n .
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В . cereus s tra in s  5 P 3 an d  5 P 13 of M. P o llock ’s collection  w ere also  double 
lysogenic [16]. One o f th e ir  phages ac ting  on B . anthracis s tra in  D av is, was 
ch a rac te rized  b y  hexagonal h ead ed , n o n -co n trac tile  ta ile d  partic les  sim ilar in 
p laq u e  m orphology  and  e lec tro n  m icroscopic p ic tu re  in  b o th  s tra in s . T he o th e r 
ph  age was m orphologically  id e n tic a l (e longated  h ead  and  n o n -co n trac tile  ta il) 
b u t  differed in size in  th e  tw o  s tra in s . N one o f th e  tw o  k inds o f phage could be 
p ro p ag a ted  in  lack  of a su itab le  in d ica to r  s tra in  [16].

A ccordingly , th e  double lysogeny  of B . cereus s tra in s  exam ined  in  th e  
p re sen t s tu d y  is n o t  su rp rising . Phages w x23 an d  w x26 o f B . cereus s tra in s  23 
and  26 w ere ch arac terized  earlie r [2]. These p a rtic le s , a lth o u g h  electron  
m icroscopically  in ta c t,  could he p ro p ag a ted  on ly  on th e  hom ologous cin ~ 
s tra in . The an th rax -sp ec ific  phages of these  cu ltu res  and  th o se  of th e  o th e r 
th re e  B . cereus s tra in s  w ere id en tica l in  h ost range  w ith  th e  phage o f  th e  
orig inal A P 50 iso la te  [7, 20]. One step  g row th  curves, a d so rp tio n  ra te  con
s ta n ts  and  К  values were also closely sim ilar to  earlie r find ings for phage 
A P  50 [7]. In  sen s itiv ity  to  chem icals and  elec tron  m icroscopic m orpho logy , 
A P  50-like phages w ere p ra c tic a lly  iden tica l w ith  one a n o th e r  and  w ith  phage 
A P  50. I t  m ay  be assum ed th a t  in  th e  soil th is  group of phages is ca rried  b y  
B . cereus as a p rophage.

P a r t  o f lip id  con ta in ing  phages ch arac terized  b y  cubic sy m m etry  double 
capside (P R 3, P R 4, P R 5 and  P R D 4) ac t on s tra in s  c a rry in g  a p lasm id  o f th e  
G ram -negative  P 4, N  and  W  in co m p ab ility  g roup  [14, 21, 22]. O nly th re e  
phages ac ting  on B acillus  s tra in s  sim ilar to  th e  above group o f phages have 
been  described: B am  35 [23] lyses p a r t  of B . megaterium, B . cereus an d  B . 
thueringiensis  s tra in s , 0N S 11  [13] is specific for B . acidocaldaris and  A P  50 
for B . anthracis s tra in s  th a t  c a rry  certa in  inducib le  and  e lectron  m icroscop
ica lly  defective phage s tru c tu re s  [20]. These phages are cha rac terized  b y  a 
ta il-lik e  s tru c tu re  appearing  as a re su lt of nucleic acid e jection  [7, 24].

N ucleic ac id  stud ies on phage A P 50 have  been rev ised  in th e  p resen t 
s tu d y . In  p rev ious ex am in a tio n s DNA d e te rm in a tio n  by  th e  m eth o d  of 
B urton [25] an d  R N A  d e te rm in a tio n  accord ing  to  Schneider [26] show ed 
th a t  th e  phage m a te ria l h ad  no  D N A , b u t  co n ta in ed  65 ц g R N A  p er m l [7]. 
B urton’s dipheny lam ine  m ethod  is re la tiv e ly  in sensitive  and  requ ires a g rea t 
a m o u n t o f sam ple. Schneider’s m eth o d  has th e  d isad v an tag e  th a t  th e  am o u n t 
o f  R N A  can be ca lcu la ted  only  a f te r  a d is trac tio n  of th e  D N A  am o u n t d e te r
m ined  b y  o ther m ethods. In  th e  p re se n t s tu d y  th e  D N A  ch a ra c te r  o f A P 50 
nucleic  acid has been d em o n stra ted  by  agarose gel electrophoresis.

The classification  o f phages B am  35 and  0 N S 11  in to  th e  Tectiviridae  
g roup  has been accep ted  by  th e  In te rn a tio n a l C om m ittee on th e  T axo n o m y  
of V iruses. F rom  th e  p resen t d a ta  i t  m ay be concluded  th a t ,  on th e  basis o f 
m orpho logy , physicochem ical ch a rac te ris tic s  and  D N A  c o n te n t, A P  50 and  
A P 50-like phages also belong to  th e  Tectiviridae.
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EFFECT OF ENDOTOXIN PREPARATIONS 
ON THE COURSE OF LYMPHOCYTIC 

CHORIOMENINGITIS VIRUS INFECTION 
IN SUCKLING MICE

Zsuzsanna Bános, Ilona Szeri, P iroska A nderlik , Mária Wessely
and L. B e r t ó k

Institute of Microbiology, Semmelweis University  Medical School, and  44Frédéric Joliot-Curie” 
National Research Institute fo r  Radiobiology and Radiohygiene, Budapest

(R eceived  April 1, 1981)

Death occurred earlier and its rate was higher in suckling mice treated w ith parent or 
radio-detoxified endotoxin  and subsequently inoculated intracerebrally w ith lym phocytic  
choriom eningitis (LCM) virus than in their virus infected but untreated control litterm ates. 
Thus, in suckling m ice both the parent and the radio-detoxified endotoxin  pretreatm ent 
contributed to the outcom e of LCM virus infection in the form of lethal m eningitis indicat
ing its increasing effect on the cellular im m unological reaction to the virus infection.

L ipopo lysaccharide (LPS) endo tox ins o rig in a tin g  from  G ram -negative  
b a c te ria  are know n to  in fluence  im m une responsiveness. T here  have been 
re p o rts  on b o th  th e  increase an d  th e  decrease o f th e  im m une  response to  
heterologous an tig en s [1].

I t  is also know n  th a t  th e  fa ta l  ou tcom e o f ly m p h o cy tic  choriom eningitis 
follow ing in tra c e reb ra l LCM v iru s  infection is th e  consequence o f a cell- 
m ed ia ted  im m une reaction  to  cells on th e  lep to m en in x  d isp lay ing  v ira l 
(changed) an tigens due to  v iru s rep ro d u c tio n , and  th a t  cy to to x ic  T ly m p h o 
cy tes  p lay  a ro le in  deve lopm en t o f  th e  disease [2—4]. T h u s, th e  course of th e  
v iru s  infection  in  m ice is h igh ly  d ep en d en t on th e  ce llu lar im m une re sp o n 
siveness of th e  an im als , and hence  on th e ir  age.

LCM develops in  a d u lt m ice  w ith  in ta c t  ly m p h o id  system  and  th e  
an im als die on th e  6th  to  8th  d a y  following v iru s  in fec tion . In  mice w ith  
in su ffic ien t T ly m p h o cy te  fu n c tio n , like in new born  m ice w ith  an  undeveloped  
lym phoid  system  or ad u lt m ice w ith  an im paired  ly m p h o id  system , do n o t 
develop m ening itis  following th e  in fec tion  b u t su rv ive  an d  becom e v irus c a r
rie rs  [5, 6]. In  th e  case o f suck lin g  m ice the  m o rta lity  ra te  and  the  tim e  o f 
d e a th  depend on th e ir  age a t th e  tim e  of inocu la tion . T he ra te  o f mice su rv iv in g  
th e  infection  in  a v iru s ca rrie r s ta te  decreases w ith  age, an d  old m ice die 
sooner th a n  y o u n g  ones [7-9].

S ubstances w ith  a d ju v a n t a c tiv ity  c o n tr ib u te  to , w hile im m u n o su p 
pressive substances inh ib it, th e  developm ent of m en ing itis  following in t r a 
cerebral LCM v iru s  in fection  in  suck ling  mice [10-12].

In  th e  p re se n t ex perim en t th e  effect o f n a tiv e  or rad io d e to x ified  endo
to x in  was s tu d ied  on th e  course  o f LCM v irus in fec tion  in suckling m ice.
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M aterials and m ethods

Endotoxin ( L P S )  preparation.  The LPS was isolated by the hot phenol-w ater method 
o f W e s t p h a l  et al. [13] from  a fermentor culture of Escherichia coli 0 8 9 . The preparation 
w as purified by repeated ultracentrifugation at 100 000 Xg.

Production of radio-detoxified L P S  preparation.  The LPS was “ dissolved” in distilled 
w ater and irradiated (15 Mrad =  150 kGy) at a concentration of 10 m g/m l in a 60Co source 
for radio-detoxification [14, 15].

Experimental animals.  Outbred (LATI, Gödöllő, Hungary) m ice of both sexes were used.
L C M  virus infection. The applied W .E. strain was m aintained in serial mouse brain 

passages. Virus titration w as performed by intracerebral inoculation of young adult mice. 
D uring the experiment the developm ent of the neurological sym ptom s characteristic of LCM 
(trem or, convulsions) and death  were controlled twice daily.

E xperim ents and results

To s tu d y  the  e ffec t o f  endo tox in  p re p a ra tio n  on th e  course o f  LCM virus 
in fec tio n , two para lle l ex p erim en ts  w ere u n d e rtak en  on 12-13 d ay -o ld  mice 
belo n g in g  to  17 litte rs . In  each l i t te r , th e  n u m b er of an im als w as red u ced  to  10. 
F iv e  to  6 anim als o f  each  l i t te r  w ere t re a te d  w ith  p a re n t L PS  (E x p erim en t I) 
o r rad io -d e to x ified  L P S  (E x p e rim en t I I ) .  The anim als received  a single in tra 
p e r ito n e a l in jection  o f th e  p a re n t L PS or rad io -de tox ified  LPS p re p a ra tio n  in 
a dose o f  1 mg/kg bo d y  w eigh t. In  each l i t te r  the  re s t o f th e  an im als received 
P B S  in  th e  same w ay. O n th e  follow ing d ay  the  m ice w ere in fec ted  in tra- 
c e re b ra lly , using 100 L D S0 of th e  LCM v irus, 6 l i t te rs  in E x p e r im e n t I and 
5 l i t te r s  in  E xperim en t I I .

S im ultaneously  w ith  the  LCM in fec tion  6 o th e r lit te rs  w ere inocu la ted  
in tra c e re b ra lly  w ith  v iru s-free  m ouse b ra in  suspension. O f th ese  m ice, those

Table I

Mouse groups and their treatment

Experi
ment Groups

Number 
of mice

In tra
peritoneal
treatm ent

Intracerebral
inoculation

LPS-LCM 30 LPS LCM virus
Í LCM 30 * LCM virus

LPS 15 LPS **

C 15 * * *

rd LPS LCM 28 rdLPS LCM virus

II LCM 22 * LCM virus

rdLPS 15 rdLPS *

C 15 * * *

* =  PB S
** =  Virus free mouse brain suspension
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receiv ing  LPS form ed th e  g roup  L P S , those receiv ing  rad io -d e to x ified  LPS 
th e  group rad io -d e to x ified  LPS (rdL P S ) and th o se  tre a te d  w ith  p h o sp h a te - 
bu ffered  saline (PB S) th e  C group.

LPS p re tre a te d , in fected  m ice belonged to  th e  L P S —LCM group , the  
rad io -d e to x ified  L PS  p re tre a ted  in fec ted  ones to  th e  rd L P S -L C M  group .

The ex p erim en t was te rm in a te d  on th e  21st d a y  a fte r  virus in fec tion . 
T he neurological sym ptom s ch a rac te ris tic  of LCM an d  d ea th s  w ere reg is te red  
in  th e  v irus in fec ted  groups. The groups and  t re a tm e n ts  are p resen ted  in 
T ab le  I.

R a te  and  tim e  curve of d e a th  in th e  v irus in fec ted  groups d u rin g  the  
ex perim en ts are p resen ted  in  Fig. 1.

In  E x p erim en t I  66%  of th e  an im als in fected  w ith  v iru s  b u t  n o t  tre a te d  
w ith  L PS died betw een  th e  8th  an d  12 th  day , in E x p e rim e n t I I  54%  o f on ly  
v iru s  infected  m ice died betw een  th e  9 th  and  14th d ay . N in e ty  per cen t o f th e  
v irus in fected  and  p a re n t LPS tr e a te d  m ice (L PS-L C M  group) died, th u s  th e  
m o r ta l i ty  ra te  w as h igher here th a n  am ong the  u n tre a te d  litte rm a te s . D e a th

Exper iment  I

Fig. 1. R ate and tim e of death after LCM virus infection. LPS wich arrow =  radio-detoxified
LPS
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o c c u rre d  from  the  7 th  d a y  a f te r  v iru s in fec tion , i.e ., earlier th a n  in  th e  u n 
tr e a te d  LCM group.

E ig h ty -fiv e  p er c e n t o f  th e  v iru s in fec ted  and  rad io -d e to x ified  L PS 
tr e a te d  m ice (group rd L P S -L C M ) died b e tw een  th e  8th  an d  1 4 th  day  a fte r 
v iru s  in fection . T hus, th e  m o rta lity  ra te  w as also h igher an d  d e a th s  occurred 
one d a y  earlier th a n  am o n g  th e  u n tre a te d  co n tro l litte rm a te s .

N e ith e r disease n o r  d e a th  occurred  in  th e  un in fec ted , i.e . in  th e  p a re n t 
or rad io -de tox ified  L P S  tre a te d  or con tro l groups.

D iscussion

T he resu lts show ed  th a t  d ea th  occurred  earlier and  its  r a te  was h igher 
in  m ice  tre a te d  w ith  p a re n t  or rad io -d e to x ified  L PS and su b seq u en tly  infected  
w ith  LCM virus th a n  in  th e ir  v iru s in fec ted  b u t  u n tre a te d  co n tro l litte rm a te s . 
T h u s , in  suckling m ice b o th  th e  p a re n t an d  rad io -d e to x ified  L PS  tre a tm e n t 
c o n tr ib u te  to  th e  o u tco m e  o f LCM in fection  in  th e  form  o f le th a l m eningitis, 
i.e . th e y  enhance th e  ce llu la r im m une reac tio n  to  v iru s in fec tion .

The resu lts o b ta in e d  are  in good ag reem en t w ith  d a ta  in  th e  lite ra tu re  
on  L P S  tre a tm e n t: s tim u la tio n  o f cellu lar im m une responses, its  co n trib u tio n  
to  th e  developm ent o f  de layed  ty p e  h y p e rsen s itiv ity  or G Y H  reaction , and 
g row ing  M IF p ro d u c tio n  or p ro life ra tiv e  response in  m ixed  ly m phocy te  cu l
tu re s  116-23].

I t  is rem ark ab le  th a t  rad io -d e to x ified  LPS should p ro d u ce  an effect 
s im ila r  to  th a t  o f p a re n t  L PS , i.e. g am m a-irrad ia tio n  d id  n o t  influence th e  
e n d o to x in ’s s tim u la tin g  effect on th e  ce llu lar im m une re a c tio n . This is in  good 
ag reem en t w ith  o u r p rev ious resu lts  show ing th a t  a d ju v a n t a c tiv ity  o f LPS 
on  th e  hum oral im m u n e  response is n o t in fluenced  b y  rad io -d e to x ifica tio n  
[24, 25].
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PROTECTIVE ROLE OF О ANTIGEN 
IN SALMONELLA TYPH I-M U RIU M  INFECTION

I ldikó  J aszovszky

National Institute o f  Hygiene , Budapest  

(R eceived March 31, 1981)

Mice were actively  im m unized w ith preparations produced from  different Salmonella 
strains. They were challenged w ith  2 L D 50 of a virulent S. typhi-murium  strain and exam ined  
for viable cell counts in  the liver 4, 7 and 11 days postinfection. W hole cell vaccines, ribosom al 
extracts and endotoxin  preparations of the О antigen-deficient variant of S. typhi-murium  
strain LT2-MI failed to protect the m ice or did so in a m uch lower degree than preparations 
of the corresponding О antigen-bearing variant. Preparations from  other salmonellae exerted  
a protective action only if  the strain had an O-antigen identical w ith  that of S. typhi-murium.  
The results pointed to a considerable protective role o f the О antigen.

The classical b ac te ria l cell vaccines are far from  being ideal for th e  
p rev en ta tio n  o f en te ric  in fections as regards b o th  effic iency  and  re a c tiv ity  [1]. 
Some live vaccines p rep ared  from  a tte n u a te d  cells [2, 3] have  proved  to  be 
m uch  m ore e ffic ien t th a n  a re  th e  k illed vaccines. F u rth e rm o re , efforts h av e  
been m ade to  p rep a re  vaccines w hich con ta in  solely th e  pu rified  p ro tec tiv e  
an tigen . The assum ed  p ro tec tiv e  effect o f  th e  О an tig en  raised  the  idea o f 
p roducing  lipopo lysaccharide  (L PS) vaccine from  th e  cell w all of Salm onella  
typ h i [4]. The p ro te c tiv e  ac tion  of th e  L P S  vaccine w as, how ever, u n sa tis 
fac to ry  [5].

The u n fav o u rab le  experience w ith  vaccines o f cell w all origin suggested  
th a t  an tigens p re se n t in  th e  b a c te r ia l ribosom e m ay  acco u n t for th e  p ro tec tiv e  
a c tiv ity  [6, 7]. V e n n e m a n  a n d  B ig l e y  [8] w ere th e  f ir s t  to  iso late from
S . typh i-m urium  a ribosom al p re p a ra tio n  w hich was free o f  cell Avail p ro d u c ts . 
T hey  found th e  p re p a ra tio n  as p ro tec tiv e  as are live a t te n u a te d  vaccines. 
Since the  ribosom al an tigen  (RA ) is a heterogeneous su b stan ce , efforts h av e  
been m ade to  id e n tify  its  p ro te c tiv e  com ponen t. The p ro te c tiv e  effect w as 
a t tr ib u te d  to  th e  R N A  [9], an  R N A -p ro te in  com plex [10], a p ro tein  com 
p o n e n t [11], and  to  a high m o lecu lar w eigh t g lycopro te in  [12]. In  th e  la s t  
y ea rs , co n tam ina tion  o f RA p re p a ra tio n s  b y  0  an tig en  has a t tr a c te d  a tte n tio n . 
E i s e n s t e in  [13], w ho d em o n stra ted  0  an tig en  in  b o th  th e  R N A  and th e  
p ro te in  frac tion  o f  S . typ h i-m u riu m  cells, has suggested  th a t  th e  0  an tigen  
w as responsib le fo r a t  least a p a r t  o f th e  p ro tec tiv e  a c tiv ity  o f R A  p re p a ra 
tio n s. L in  and B e r r y  [14] failed to  d em o n stra te  p ro tec tio n  b y  an  RA an tig en  
th a t  had  been p rep a red  from  an О an tig en -d efic ien t (0 ~ )  v a r ia n t  of S. typh i-
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m u riu m . A sim ilar p re p a ra tio n  ob ta ined  from  th e  0 + v a r ia n t o f th e  sam e 
s tra in  w as found to  be p ro te c tiv e .

In  th e  ligh t o f th e  ab o v e  find ings, th e  view s on th e  p ro te c tiv e  a c tiv ity  
o f  th e  О an tigen  need fu r th e r  rev ision . P re su m ab ly , th e  con troversies m ay  be 
a t t r ib u te d  to  q u a n tita tiv e  d ifferences betw een  th e  p rep a ra tio n s  used in  th e  
d iffe re n t experim ents and  to  m ethod ica l d ifferences in m easu rin g  p ro tec tiv e  
a c tiv ity .

T h e  p resen t w ork w as aim ed  a t exam in in g  the  m o u se-p ro tec tiv e  cap ac ity  
o f  w hole-cell bacteria l v accines, RA p rep a ra tio n s  and en d o to x in s  prepared  
from  0 + and  0 “ s tra in s  o f  S . typ h i-m u riu m  as well as o f w hole-cell vaccines 
t h a t  h ad  been p repared  from  stra in s  b ea rin g  or n o t b ea rin g  th e  О an tigen  
com m on  w ith  S. typ h i-m u riu m . Im m unized  and  non-im m unized  m ice were 
ch a llen g ed  by  artific ia l in fec tio n  w ith  v iru le n t S. typh i-m urium .

M aterials and  m ethods

Animals.  CFLP albino m ice of both sexes. 16-18 g in body weight, were used throughout. 
The m ice were given mouse feed and water ad libitum.

Vaccines. All preparations, except the Vibrio cholerae vaccine, were prepared by us, 
w ith  the following strains. S. typhi-murium  No. 10040 (1,4,5,12 : i : —); Salmonella java  
N o. 10014 (4,5,12 : b : —); Salmonella cholerae-suis No. 15011 (6,7 : — : 1,5); S. typhi-mu
rium  LT2-MI.

The strains except the Rc m utant LT2-MI, which had been kindly  supplied by Dr.
L. J. B e r r y , were obtained from  the strain collection of this Institu te. Being defective in  
the uridine-diphosphate-D-galactose-4-epim erase enzym e, the LT2-MI strain does not syn 
thesize galactose, hence it  develops an 0  antigen-deficient culture in galactose-free medium. 
E x cep t for the LT2-MI strain, w hich was grown in the fluid m edium  recom m ended by L in  
and B e r r y  [14], all strains were cultivated in a m edium  containing 37 g/1 Difco B H I agar. 
To support the growth of the variant producing the 0  antigen, 2 g o f D-galactose per litre 
o f m edium  were added. The m edium  used for cultivation  of the О antigen-negative variant 
contained  no galactose.

The 15 h cultures were washed in a phosphate buffer of pH  7.2 and suspensions of 
35 X 109/m l density were prepared in the same buffer.

Heat-killed vaccines were prepared from S. typhi-murium  strain No. 10040 and from  
the 0 + and 0 “ variants o f the LT2-MI strain. The bacterial suspensions were inactivated  for 
30 m in in boiling water.

Phenol-killed vaccines were prepared from S. typhi-murium  strain No. 10040 and from  
the 0  + and O-  variants o f the LT2-MI strain as well as from S. ja va  and S. cholerae-suis. 
The bacterial suspensions were kept at 56 °C for 1 h, then, with 0.5%  phenol added, at room  
tem perature for 72 h.

The killed vaccines were stored in the lyophilized state at + 4  °C.
Ribosomal antigens [8, 15] were prepared from  washed suspensions of the virulent S. 

typhi-murium  strain No. 10040 and from the 0 + and variants o f the LT2-MI strain. 
From  the centrifuged sedim ent of the bacterial suspension, a suspension of 100-150 X 109/m l 
den sity  was prepared in phosphate buffer pH 7.2 containing З х Ю - 4 м Mg + +, and the 
suspension was sonicated for 10 min at 150 W. The sonicated extract was centrifuged at 
+ 4  °C at 30 000 g for 10 m in and the clear supernatant was centrifuged at 45 000 g for another 
10 m in. The second supernatant was incubated w ith 3 /tg/ml D N ase at room temperature  
for 30 m in, then centrifuged at 100 000 g for 2 li. From the sedim ent, in phosphate buffer 
containing 10-4 M Mg + +, a suspension of 50 /xg/ml was prepared, to which an equal volum e of 
1%  SD S (sodium lauryl su lphate) was added. The mixture was kept at room temperature for 
30 m in and, subsequently, a t + 4  °C overnight. On the next day, the membrane debris were 
rem oved by centrifuging at 30 000 g for 15 min. The RA thus obtained was re-centrifuged at 
100 000 g. The yield calculated for the initial bacterial mass was 1% . The RA was suspended
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in phosphate buffer pH 7.2 to a concentration of 1 m g/m l, the suspension was sterilized by 
filtration through a G-5 glass filter, and the filtrate was stored at —20 °C.

Boivin extract [16] was prepared from the virulent strain No. 10040 and from the 0  + 
variant of the strain LT2-MI. One g of acetone dried bacterial mass was suspended in 20 ml 
distilled water and the suspension was allowed to stand at + 4  °C with an equal volum e of 
0.5 N trichloracetic acid overnight. Then, the suspension was centrifuged and the process was 
repeated w ith the sedim ent. The supernatants were pooled, dialysed against tap water for 
48 h and lyophilized.

Goebel extract was prepared from the 0 ~  variant of the LT2-MI strain as recom m ended  
by Mil l e r  and Go e b e l  [17] for isolation of endotoxin from  R -type bacteria. One g of the 
centrifuged culture was suspended in 10 ml distilled water and the suspension was incubated  
in a water bath at 65 °C for 1 h, then centrifuged. The sedim ent was resuspended and centri
fuged again. The supernatants from the two centrifugations were united and lyophilised.

The V. cholerae vaccine was a com mercial preparation of the Institute for Serobacterial 
Production and Research Human, Budapest. The vaccine contained 4 X 109/m l heat-inactivated  
cells of both the Ogawa and Inaba serotypes o f V. cholerae.

Immune assay.  Groups of mice were im m unized subcutaneously w ith different doses of 
the vaccine under testing. The im m unized anim als, and the non-im inunized ones kept together 
with them , were challenged 14 days after the im m unization w ith 2-5 L D -0 (i.e. about 50 
viable cells) o f the virulent strain No. 10040. In the 8 to 10-day period after the challenge, 
on three occasions three mice each were killed with ether in each group. The livers were 
ground with quartz sand and the pooled livers from each group were suspended in 7.5 ml of 
saline. Serial dilutions were made and 0.02 ml of each of the five  dilutions were placed on 
each of two blood agar plates. The plates were incubated at 37 °C and at 24 h the colonies 
were counted to calculate the mean viable cell count/m ouse liver. This count was higher than  
105 for the control livers in at least one of the assays in each experim ent. A preparation was 
considered protective if  the mean viable cell count for the livers of the im m unized mice 
remained below 105 throughout the observation period.

Demonstration of 0  antigen contamination. Two m ethods were used for this purpose.
(a) Determ ination of the specific antibody response of mice to the preparation under 

testing. Tw enty mice of 16-18 g body weight were injected intraperitoneally at weekly intervals 
w ith rising doses (10, 20 and 50 p g dry m aterial) of the preparation m ixed to an equal volum e  
of incom plete Freund’s adjuvant. The mice were exsanguinated one week after the last injec
tion. A proportional m ixture of sera obtained from each group of mice was titrated  for S. 
typhi-murium  О agglutinin level by agglutination and by passive haem agglutination reaction  
in which sheep erythrocytes sensitized w ith an LPS preparation of S. typhi-murium  origin 
were used. The LPS preparation was kindly supplied by Dr. Má ria  A dám (N ational Institute  
of H ygiene, Budapest).

(b) Dem onstration by passive haem agglutination of the О antigen contents of the 
preparation under testing. The reaction was performed as described by R auss and K e t y i [18], 
using the passive haem agglutinating reagent described under (a) and 2 haem agglutinating  
units of Salmonella О serum 1,4,5,12.

R esults

M ouse-protective activity o f  inactivated cell vaccines prepared fro m  the 0  + 
and 0 ~  variants o f  the L T 2 -M I  strain  (Figs 1, 2 an d  3). The m o u se-p ro tec tiv e  
ac tiv itie s  of phenol-k illed  vaccines are  show n in F ig . 1. The v iab le  co u n ts  of 
th e  challenge s tra in  in the  livers o f th e  m ice im m unized  w ith  th e  0 + vaccine 
w as co n sis ten tly  u n d e r 105 and  low er th a n  th e  co rrespond ing  v iab le  cell co u n ts  
for th e  m ice given th e  0 ~  vaccine. T he v iab le  co u n ts  w ere s ligh tly  low er for 
th e  la t te r  group th a n  for the non -im m unized  con tro l group.

S im ilar resu lts  w ere o b ta ined  w ith  th e  hea t-k illed  vaccines (F ig. 2).
In  F ig . 3, th e  v iab le  coun ts for th e  livers of m ice th a t  h ad  been  im 

m unized  w ith  d iffe ren t doses of phenol-k illed  vaccines are p resen ted . The
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Fig. 1. M ultiplication of viru lent S. typhi-murium  in non-im m unized mice and in mice im 
m unized w ith phenol-killed 0 +  and 0 -  vaccine. Bacterial counts in the liver, days after 

infection. Im m unizing dose, 105 cells/m ouse

Fig. 2. Multiplication o f viru lent S. typhi-murium  in non-im m unized mice and in mice im 
m unized with heat-killed 0 +  and 0 -  vaccine. Bacterial counts in the liver, days after infec

tion. Im m unizing dose, 105 cells/m ouse

low est im m unizing  dose was 103 for th e  0 + v acc ine  and  108 cells for th e  0 “ 
vaccine .

M ouse-protective activity  o f  the R A  preparations obtained fro m  the 0 + and  
0  variants o f  the L T 2 - M I  strain  (Figs 4 an d  5). Mice w ere im m unized  w ith  
R A  p rep ara tio n s  o b ta in e d  from  th e  0 + an d  th e  s tra in , using  an  ind iv idual 
dose correspond ing  to  10 fig d ry  m a tte r  (F ig . 4). The resu lts  w ere sim ilar to  
th o se  show n in Figs 1 an d  2. The m ean  v iab le  co u n t for th e  livers w as s trik in g ly  
low er in the 0 +-im m unized  group th a n  in th e  0 ~ -im m u n ized  one. The 0 ~  
R A  p rep a ra tio n  show ed no appreciab le  p ro te c tiv e  effect, th o u g h  m ultip lica-
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Fig. 3. M ultiplication of virulent S. typhi-murium  in  non-irnmunized mice and in mice im 
m unized w ith phenol-killed 0 + and 0 ~  vaccine. Bacterial counts in the liver, days after 
infection. 1 =  Control; 2 =  0 +  vaccine; 3 =  0 ~  vaccine. Im m unizing dose, cells/m ouse
Д — Д 108; о —  - O  107; C — -  □  106; • — — •  105; ■ -----------■  104; a ---------- a

I03; X ----------X 102

Fig. 4. M ultiplication of virulent S. typhi-murium  in  non-im m unized mice and in mice im 
m unized w ith ribosomal preparations of 0 + and < * origin. B acterial counts in the liver, 

days after infection. Im m unizing dose, 10 /ig/m ouse

tio n  of th e  challenge cells w as sligh tly  in h ib ited  a t le a s t u p  to  th e  7 th  day  
p o stin fec tion . The ex p erim en t illu s tra ted  in Fig. 5 shows th e  p ro tec tiv e  effect 
of d ifferen t doses of 0 + and  O -  RA p rep a ra tio n s . The m in im um  p ro tec tiv e  
dose of th e  fo rm er co rresponded  to  5 pg, w hereas th e  O -  R A  was ineffective 
even in  a 250 pg  dose.

0  antigen content o f  the preparations. T able I show s th e  agg lu tin a tio n  
t i tre s  and  th e  passive h aem ag g lu tin a tio n  t i tre s  o f m ice th a t  h ad  been im 
m unized  w ith  0 + or 0 ~  p rep a ra tio n s . The p re p a ra tio n s  o b ta in ed  from  th e  0  + 
v a r ia n t o f th e  LT2-M I s tra in  induced  a w ell-defined О a n tib o d y  response

Acta Microbiologica Academiae Scientiarum Hungaricae 29,1982



no JASZOVSZKY

F ig . 5. M ultiplication of virulent S. typhi-murium  in  non-immunized m ice and in m ice im 
m unized w ith ribosomal preparations of 0 +  and ( ) origin. Bacterial counts in the liver, 
days after infection. 1 =  Control; 2 =  0 +  RA; 3 =  0 "  RA. Im m unizing dose, /tg/m ouse

Д — -  Д 250; о -------- о 50; □ --------- □ 5; • --------- • 0.5

w hile  those o b ta in ed  from  th e  0 ~  v a r ia n t  d id  n o t. U sing th e  passive haem - 
ag g lu tin a tio n -in h ib itio n  m eth o d , we fa iled  to  d em o n stra te  О an tigen  in th e  
p re p a ra tio n s , w ith  th e  excep tion  o f th e  О +-v a rian t k illed vaccine.

M ouse-protective effect against v iru len t S . typ h i-m urium  o f  inactivated vac
cines prepared from  enteric bacteria bearing various 0  antigens (F ig. 6). Mouse 
g ro u p s were im m unized  w ith  in a c tiv a te d  vaccines p rep a red  from  S. ja v a , S . 
cholerae suis  and V. cholerae. The im m uniz ing  dose co n ta in ed  105 or 108 cells. 
T h e  108 dose of th e  S . java  vaccine proved  to  be effective: th e  v iab le  cell

Table I

0-antigen content o f  killed whole-cell vaccines and o f  ribosomal preparations

P rep ara tio n S tra in

A gglu tina
tio n  titre s  
o f pooled 

sera

P assiv e  H A * 
t i t re s  o f  

im m unized  
m ice

Passive 
H I  +
titre s

Phenol-killed vaccines LT2-MI 0  + 1/128 1/128 1/512

LT2-MI 0 0 0 0

Heat-killed vaccines LT2-MI 0  + 1/512 1/256 n.t.

LT2-MI 0 - 1/4 0 0

Ribosomal antigens LT2-MI 0  + 1/16 1/8 0

LT2-M1 0 - 0 0 0

* Haeinagglutination  
+ H aem agglutination-inhibition  
n.t. =  Not tested
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Fig. 6. M ultiplication of virulent S. typhi-murium  in non-im m unized mice and in m ice im 
munized w ith  various vaccines. Bacterial counts in the liver, days after infection. 1 =  Control; 
2 =  S. lyphi-murium;  3 =  S. ja va ;  4 =  S. cholerae-suis ; 5 V. cholerae. Im m unizing dose, 

cells/mouse •  •  108; Д ----------Д  105

cou n t fo r livers d id  n o t  exceed ID4 in  th e  8-day  period  a fte r challenge. T he 
p ro te c tio n  b y  th e  10° cell/dose of th e  sam e vaccine w as equivocal. In  th e  sam e 
ex p erim en t, th e  S. cholerae su is  and  th e  V. cholerae vaccines show ed n o  p ro 
tec tiv e  effect. I t  shou ld  he no ted  th a t  th e  О an tig en  of S . ja va  is id en tica l 
w ith , w hereas th e  О an tigens of th e  o th e r tw o  s tra in s  are  d ifferen t from , th e  
О an tig en  of S. typh i-m urium .

M ouse-protective effect o f endotoxin preparations  (F ig. 7). The endo to x in s  
used in  th ese  experim en ts were p rep ared  from  th e  v iru len t s tra in  S . typhi- 
m urium  N o. 10040 and  from  th e  0 + an d  0 ~  v a r ia n ts  o f th e  LT2-M I s tra in . 
The im m uniz ing  dose un iform ly  corresponded  to  5 /ig d ry  m a tte r . T he liver

Fig. 7. M ultiplication of virulent S. typhi-murium  in non-im m unized mice and in m ice im 
munized w ith  endotoxins from  various S. typhi-murium  strains. Bacterial counts in the liver, 

days after infection. Im m unizing dose, 5 /rg/mouse
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v iab le  cell count o f  th e  challenge s tra in  rem ain ed  below  105 du ring  th e  w hole 
o b se rv a tio n  period in  th e  mice th a t  h a d  been  im m unized  w ith  th e  B oivin 
e x tra c t  p repared  from  th e  0 + s tra in s , w hereas th e  m ice th a t  h ad  been p re 
tr e a te d  w ith  the  en d o to x in  p repared  from  th e  0 ~  s tra in  showed no  ap p rec iab le  
p ro te c tio n , com pared  to  th e  non-im m unized  co n tro l mice.

D iscussion

T he m o use-p ro tec tive  effect of p re p a ra tio n s  of S. typ h i-m u riu m  o rig in  is 
u su a lly  exam ined b y  challenging  im m unized  an d  u n tre a te d  an im als  w ith  a 
v iru le n t s tra in  an d  co m p arin g  th e  su rv iv a l ra te s  a fte r  a 30-day o b se rv a tio n  
p e rio d  [8, 10, 11]. Som e au th o rs , how ever, exam ine th e  in h ib itio n  o f th e  
m u ltip lica tio n  of th e  challenge b ac te riu m  in th e  organs of p re tre a te d  and  non- 
im m u n ized  an im als, u su a lly  5 days a f te r  challenge [13, 19, 20]. R o bso n  and  
V a s  [21], using 106 v iab le  S. typ h i-m u riu m  cells for challenge, m ade q u a n ti
ta t iv e  re-iso lation  ex perim en ts a fte r  v a rious in te rv a ls .

W e, unlike th e  c ited  au th o rs , used  v e ry  low  challenge doses (2 -5  L D -0). 
T h u s , non -im m unized  an im als began  to  die 8—10 days a fte r challenge. D urin g  
th is  period , re -iso la tion  can be a tte m p te d  severa l tim es and  th e  resu lts  m ay  
p ro v id e  in fo rm atio n  on th e  im m u n o g en ic ity  o f th e  p rep a ra tio n  u n d e r s tu d y . 
O f course, the  d a ta  th u s  o b ta in ed  are  valid  only  for th e  10-day period  a fte r 
challenge unlike th e  su rv iv a l d a ta , w hich are  re la ted  to  th e  30-day  period .

O ur o b se rv a tio n  suggest th a t  th e  О an tigen  plays a decisive ro le in 
p ro te c tin g  mice a g a in s t S. typ h i-m u riu m . T he  whole-cell vaccines, th e  RA 
e x tra c ts  and  th e  en d o to x in  p rep a ra tio n s  o r ig in a tin g  from  an 0 ~  s tra in  o f th e  
b a c te riu m  failed to  p ro te c t or did so in  a m uch lower degree th a n  did the  
co rrespond ing  0 + p rep a ra tio n s . F u rth e rm o re , o f th e  Salm onella  s tra in s  o th e r 
th a n  S . typ h i-m u riu m , only those  b ea rin g  an  0  an tigen  id en tica l wdth th e  
S . typ h i-m u riu m  0  an tig en  p roved  to  he p ro tec tiv e .

T aking  in to  acco u n t th a t  v e ry  h igh doses o f O -  p rep a ra tio n s  w ere found  
to  be p ro tec tiv e , i t  c an n o t be excluded  th a t  som e bac te ria l com ponen ts o th e r 
th a n  th e  0  an tig en  m a y  also p ro te c t an im als.
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OF MICROMONOSPORA H EVIZIENSIS  SP. NOV.
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M orphological, cultural and physiological description of a proposed new species, 
isolated from the bottom  mud of the therm al lake H évíz (W est Hungary) and designated as 
Micromonospora heviziensis sp. nov., is given. M . heviziensis (type strain: No. 11-176) is a char
acteristic and com m on member of the bacterial com m unity in the curative m ud of this 
fam ous watering place.

S tu d y in g  th e  species com position  o f th e  b ac te ria l pop u la tio n  o f  th e  
cu ra tiv e  b o tto m  m ud  of the  th e rm a l lake H évíz in  W est H u n g ary , we have  
sep ara ted  from  am ong our iso la ted  and  selected  rep re sen ta tiv e  M icrom ono
spora s tra in s  fiv e  com pletely  id en tica l ones. The d iagnostic  p roperties o f  these  
clearly  show th a t  th e y  belong to  a new  species, c h a rac te ris tic a lly  occu rring  in  
th e  cu ra tiv e  m ud  o f th is w ell-know n w atering  p lace. D escrip tion  o f th e  ty p e  
s tra in  and  th e  taxonom ic  position  of th e  new  species, designated  as M icro- 
monospora heviziensis  sp. nov., w ill be given.

M aterials and m ethods

Isolation. The type strain 11-176 and other representatives of M . heviziensis were 
isolated from bottom  mud samples obtained from lake H évíz  about 20 cm under the m ud  
surface where the water depth was about 3 in [1]. D ilution plates prepared w ith nutrient agar, 
starch nutrient agar and thiam ine-sodium  propionate agar [2] m edia were used for isolation. 
The plates were incubated at 28 °C.

Cultivation. The isolated strains were routinely cultured at 30 °C on the follow ing  
medium: yeast extract, 1%; soluble starch, 2%; agar, 1.5% [3]. Cultures were transferred  
every two weeks.

M orphological-cultural properties. These were observed using the following m edia: 
yeast extract-m alt extract agar (ISP Med. 2), oatm eal agar (ISP  Med. 3), inorganic sa lts-  
starch agar (ISP  Med. 4), peptone-yeast extract-iron agar (IS P  Med. 6), tyrosine agar (ISP  
Med. 7) [4], all from Difco; Czapek agar and Em erson agar [5].

Micromorphology. Microscopic m orphology of the m ycelium  was studied in yeast 
extract-starch liquid medium , after 10 and 21 days incubation. Samples were exam ined either 
without preparation under phase contrast illum ination or fixed  on slides and stained w ith  
carbolfuchsin. Electron microscopic observations were done at X 8000.

Carbon source utilization. Growth w ith  different carbon sources was determined using  
the basal medium proposed by L u ed em a n n  [3]: yeast extract, 0 .5 % ; CaC03, 0 .1 % ; agar 1 .5% . 
An aqueous solution of the carbon source, sterilized by filtration , was added to the basal 
medium to a final concentration of 1%, except for dextrin, inulin, salicin, dulcitol and i-inositol 
which were heat sterilized, and glycerol that was tested at 2% concentration.

U tilization o f sodium  salts o f organic acids was tested in  the following basal m edium  [6]: 
NaCl, 0.1% ; M gSO, • 7 H ,0 ,  0.02% ; ( N H ,) ,H P 0 4, 0.1% ; K 2H P 0 4, 0.05% ; agar, 1.5% . 
As an indicator, 20 ml of a 0.04%  solution of phenol red were added to one litre o f the m edium .
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Salts o f organic acids were added to a final concentration of 0.2% . The colour change in the 
m edium  and the intensity o f growth were observed after 21-28 days incubation.

Cellulose decomposition was observed in tubes containing 5 ml of Luedem ann’s liquid 
basal m edium , with a filter paper strip. After 1 m onth incubation at 30 °C, destruction of the 
paper was detected.

Groivth on potato plugs. The method described by L u e d e m a n n  [3 ], with and without 
CaCOg on the potato plugs, w as used.

M ilk  digestion. The zone of hydrolysis was m easured after 21 days incubation on the 
follow ing medium: yeast ex tract, 0.5%; glucose, 1.0% ; CaC03, 0.2% ; skim m ilk, 1.0%; 
agar, 2.0%  [3].

Gelatin decomposition. N utrient agar w ith 0.4%  of gelatin was used and hydrolysis was 
tested  w ith  HgCl2 one week after inoculation.

H ydrolysis o f nucleic acids. The method proposed by J e f f r ie s  et al. [7] was em ployed.
T ribu tyrin  utilization  was detected in the follow ing medium: glucose, 1%; yeast extract, 

1%; glycerol tributyrate, 1%; agar, 1.5%, pH 7.0.
A esculin hydrolysis. Aesculin medium (aesculin , 0.1% ; ferric citrate, 0.05% ; peptone, 

1%; NaCl, 0.5% ) was exam ined for blackening four weeks after inoculation [8].
H ippurate hydrolysis. Cultures were inoculated in  hippurate broth [9]: tryptone, 1.0%; 

beef ex tract, 0.3%; yeast ex tract, 0.1% ; glucose, 0.1% ; N a 2H P 0 4, 0.5% ; sodium  hippurate, 
1.0% . A fter 6 weeks incubation , 1 ml of each culture was m ixed w ith 1.5 ml o f 50% (v/v) 
sulphuric acid. The appearance of finely divided crystals in the acid m ixture after 4 h at 
room  tem perature indicated the presence of benzoic acid.

Decomposition o f allantoin  [10]. A llantoin was added to R ustigan and Stuart’s broth 
(K H 2P 0 4, 0.91% ; N a 2H P 0 4, 0.95% ; yeast extract, 0.01% ; phenol red, 0.001% ) to a final 
concentration of 3.4% (w /v). The medium w as then tubed, autoclaved, inoculated and 
incubated for 4 weeks. A sh ift to alkaline indicated the decom position of allantoin.

Tellurite reduction. A  m eth o d  proposed b y  K u r u p  and  Schm itt  [10] and  m odified by 
us w as em ployed.

N itrate reduction w as tested in Difco nitrate broth and in g lucose-nitrate broth [3] 
(yeast extract, 0.5% ; glucose, 1.0%; K N 0 3, 0.5% ; CaC03, 0.1% ) after 14 days incubation.

Utilization of am ino acids as carbon and nitrogen sources. The following basal medium  
was used: yeast extract, 0.1% ; CaC03, 0.1% ; agar, 1.5% . All amino acids were added to a 
final concentration of 280 mg/1 of nitrogen [11].

U tilization of amino acids and some inorganic N-compounds as sources o f nitrogen. The 
basal m edium  em ployed was: glucose, 1.0% ; y ea st extract, 0.1% ; CaC03, 0.1% ; agar, 1.5%. 
In all cases the initial pH  value of the m edium  was checked to be 7.0. N-com pounds were 
added to a final concentration of 280 mg/1 of nitrogen [11].

Temperature range o f  groivth. Strains were cultivated on yeast extract-starch  agar 
m edium  at 28, 30, 37 and 40 °C for 10 days.

Salt tolerance. NaCl was added to yeast extract—starch agar to final concentrations of 
1.5% , 3% , 4.5% and 5% . Incubation lasted for two weeks [3].

Groivth at different p H  values. Liquid yeast extract-starch  medium after heat steriliza
tion was adjusted to pH  4.5, 5.0, 6.0, 7.0 and 8.0. Observations for growth were done two 
w eeks after inoculation.

Antagonistic activity. Nutrient agar plates were inoculated with the Micromonospora 
strains to be tested for antib iotic  activity in the form  of a streak and after one week of incuba
tion at 30 °C the sensitive bacteria (Bacillus cereus CCM 2010 and Escherichia coli DSM 30038) 
were inoculated perpendicularly to the line of actinom ycète growth. For detecting antifungal 
a c tiv ity , the one-week-old plate cultures o f the antagonists were superinfected w ith a spore 
suspension of Aspergillus f la v u s  F 108 and incubated again.

Sensitivity to antibiotics. Nutrient agar plates were seeded w ith 2 weeks old M icro
monospora cultures, then sensitivity disks (H um an, Budapest) were placed on the freshly 
inoculated plates. After 2 weeks incubation the radius of inhibition zones was measured.

R esults and d iscu ssion

Description o f  the holotype stra in  o f  M icromonospora heviziensis sp. nov.

N am e. M icrom onospora heviziensis (H évíz  is a th e rm al lake an d  a h ea lth - 
re so r t in  W est H u n g a ry ; H év =  h o t;  viz =  w a te r; heviziensis — belonging to
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H évíz, H u n g a ry ; th e  source o f th e  m ud , from  w hich  th e  organism  w as iso 
la ted).

Type strain . No. 11-176 (deposited  in  th e  C u ltu re  Collection o f  the  
D e p a rtm e n t o f  M icrobiology of E ö tvös L. U n iv e rsity  an d  in th e  ATCC).

Growth on different diagnostic m edia. Y east e x tra c t-m a lt  e x tra c t agar 
(IS P  M ed. 2): good grow th , colonies u su a lly  stro n g ly  fo lded (w ith a lichenoid  
appearance), o range to  orange-red . W eak  p ro d u c tio n  o f  a yellow soluble p ig 
m ent. No brow n superfic ia l lay er or a n y  o th e r coloured lay e r of spores m ay  be 
observed.

O atm eal agar (IS P  Med. 3): po o r grow th , o range  coloured colonies. 
No visible sp o ru la tio n .

In o rg an ic  sa lts -s ta rch  ag ar (IS P  M ed. 4): poor g row th , o range to  yellow- 
orange colonies. A bsence of sp o ru la tion .

P e p to n e -y e a s t e x tra c t- iro n  ag ar ( IS P  Med. 6): poor grow th , no sp o ru la 
tion . No p ro d u c tio n  of m elanoid  p ig m en t.

T yrosine  ag ar (IS P  M ed. 7): poor g ro w th , no sp o ru la tio n , no p ro d u c tio n  
of m elanoid  p ig m en t.

Czapek ag ar: poor to  fa ir g row th , o range or pale  orange colonies, no 
spo ru la tion .

E m erson  ag ar: good grow th , licheno id , o range to  red  coloured colonies.
M icromorpliology. Spores ran d o m ly  p roduced  on th e  b ranch ing  h y p h a l 

filam en ts. T h ey  are ellipsoidal to  spherica l, 0 .8 -1 .0  pm  in d iam ete r and  sm oo th  
w alled. Spores occur singly , sessile or a t  th e  end  o f sh o rt b ranches. Som etim es 
ch lam ydospores or globose bodies m ay  be  found  a t  th e  end  o f th e  filam en ts . 
A p red o m in an tly  m onopodial system  o f b ran ch in g  is ch a rac te ris tic  o f th e  
sp o ru la tin g  h y p h ae .

Physiological-biochem ical properties. Cellulose hy d ro ly sis : fa s t g row th  on 
filte r paper an d  ra p id  decom position  o f cellulose. C arbon source u tiliz a tio n : 
good g row th  an d  positive u tiliz a tio n  o f D-glucose, L -arabinose, D-xylose, 
L -rham nose, D -fructose, D -galactose, m annose , cellobiose, /1-lactose, m alto se , 
oc-melibiose, sucrose, treha lose , L-m elezitose, raffinose , d ex tr in , D -m annito l 
an d  i-inositol. G row th  w ith  sorbose, in u lin , salicin , ad o n ito l, dulcito l, glycerol 
and  D -sorbitol w as n o t b e tte r  th a n  on th e  n e g a tiv e  con tro l m edium . U tiliza tio n  
of sodium  sa lts  o f  o rganic acids: good g ro w th  on a c e ta te  an d  p y ru v a te . No 
g row th  or on ly  in  traces  on c itra te , o x a la te  an d  b en zo a te . G row th  on p o ta to  
plugs: good g row th  on p o ta to  slices w ith  an d  w ith o u t ca lcium  carb o n a te . Milk 
d igestion : p o sitive . The zone o f  hyd ro lysis  is variab le . G e la tin  decom position : 
good grow th on n u tr ie n t  ag ar plus gela tin . A fte r 15 days in cu b a tio n  th e  rad iu s  
o f th e  zone o f  hyd ro lysis  m easures a b o u t 7 m m . No h y d ro lysis  o f nucleic 
acids. T rib u ty rin  u tiliz a tio n : positive . A esculin  h y d ro lysis: strong . H ydro lysis 
o f h ip p u ra te : n eg a tiv e . D ecom position  o f  a llan to in : n eg a tiv e . T ellu rite  re d u c 
tio n : positive . N itra te  red u c tio n : n eg a tiv e . U tiliza tio n  o f  am ino  acids as ca rb o n
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an d  n itro g e n  sources: D L -phenylalanine is u tiliz ed  well. G row th  w ith  L-arginine 
is d o u b tfu l. No u tiliza tio n  o f  DL-alanine, L -glutam ic acid, L -asparag ine, L-histi- 
dine a n d  L-cystine. N itrogen  source u tiliz a tio n : good g row th  w ith  DL-alanine 
an d  L -asparag ine. D o u b tfu l o r w eak  g ro w th  w ith  L-lysine, L -arginine an d  
L -cystine. No u tiliza tio n  o f D L -phenylalanine, L -try p to p h an , L -glutam ic acid , 
L -h istid ine , am m onium  su lp h a te , sodium  n i t r a te  and p o tassium  n itra te . Good 
g ro w th  a t  30 °C, no  g ro w th  a t  37 °C. S a lt to le ran ce : good g ro w th  a t  1.5%  
N aC l. N o g row th  a t  3%  N aCl. N o g row th  a t  p H  4.5, good g ro w th  a t  p H  5.0, 
6.0, 7.0 an d  8.0. A n tagon istic  a c tiv ity : no an tib io tic  a c tiv ity  ag a in s t Bacillus  
cereus CCM 2010, Escherichia coli DSM 30038 and  A spergillus f la v u s  F  108. 
S e n s itiv ity  to  an tib io tic s : re s is ta n t to  pen icillin  (3 IU ), oxacillin  (10 pg)  and  
O x y te tracyc line  (30 pg).  M odera te ly  sensitive  to  o leandom ycin  (30 pg),  t e t r a 
cycline  (30 pg),  neom ycin  (100 pg),  p o lym yx in -B  (15 pg),  C hlorte tracycline  
(30 pg),  co listin  (20 pg),  lincom ycin  (10 pg),  p r is tin am y c in  (10 pg),  p a ro m o 
m ycin  (50 pg) and  g en tam ic in  (20 pg).  S ensitive  to  ineth icillin  (20 pg),  ch lo r
am p h en ico l (30 pg),  s tre p to m y c in  (30 pg),  e ry th ro m y c in  (10 pg),  v ancom ycin  
(50 pg),  kan am y cin  (30 pg),  am picillin  (20 pg)  and  cephalosporin  (10 pg).

System atic position  o f  the new species M icrom onospora heviziensis

S tra in  No. 11-176 is a ty p ic a l m em b er o f th e  genus M icrom onospora. 
T o  c la rify  its  sy stem atic  p o sitio n  am ong th e  recognized species o f  th is  genus, we 
h a v e  com pared  i t  d irec tly  w ith  a u th e n tic  o r ty p e  s tra in s  o f 19 M icrom onospora  
species o b ta in ed  from  th e  ATCC. O nly s tra in  R IA  472 of M . fu sc a  w as received  
from  P ro f. Navashin (R esearch  In s t i tu te  o f A ntib io tics, M oscow).

T he resu lts  c learly  show ed th a t  s tra in  N o. 11-176 rep re sen ts  a c h a ra c te r 
is tic  new  species M ithin th e  genus M icrom onospora, d iffering in  m an y  p ro p ertie s  
fro m  all o f  th e  a u th e n tic  re p re se n ta tiv e s  o f  th e  know n species. S tra in  I I - 176 
is th e  on ly  single o rgan ism  w hich is capab le  o f  u tiliz ing  L-m elezitose, a ca rbon  
so u rce , w hich  proved  to  he  u n su itab le  for g row th  of all th e  o th e r M icrom ono
spora  species. Besides i t  differs

(1) from  M . chalcea stra in  ATCC 12452, because th is  is  L-rham nose, 
D -m an n ito l and i- in o sito l n eg a tiv e , and  sa lic in  p ositive;

(2) from  M . pu rp u rea  stra in  ATCC 15835, becau se th is  is  L-rham nose, 
D -fru ctose , D -galactose, /З-lactose , a -m elib io se , ra ffin ose , D -m an nito l and  
i- in o s ito l n egative;

(3) from  M . echinospora  su b sp . ferrug inea  strain  ATCC 15836 and M . echi- 
nospora  ssp . echinospora  stra in  ATCC 15837, because th ese  are D -fructose, 
D -ga lactose , /1-lactose, a -m elib io se , ra ffin ose , D -m annitol and i-in o sito l 
n eg a tiv e ;

(4) from  M . inositola  stra in  ATCC 21773, b ecause th is  is L-rham nose and  
D -m an n ito l n eg a tiv e , and  in u lin  and a d o n ito l p ositive;
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(5) from  AI. oliv oaster о spóra  s tra in  ATCC 21819, because th is  is L-ara- 
binose, L-rham nose, /3-lactose, oc-melibiose, ra ffin o se , D -m annito l an d  i-inosito l 
n eg a tiv e , and  sáliéin  positive ;

(6) from  A t. sagam iensis stra in  ATCC 21826, b ecau se th is  is L -rham nose, 
/З-lactose , a -m elib io se , raffinose, D -m annitol and i-in osito l n eg a tiv e ;

(7) from  A t. purpureochromogenes stra in  ATCC 27007, b ecau se th is  is 
L-arabinose, L-rham nose, treh a lose , D -m an nito l and i-in o sito l n eg a tiv e , and  
in u lin  and g lycerol p ositive;

(8) from  A t. coerulea stra in  ATCC 27008, b ecau se th is  is L-arabinose, 
L-rham nose and i-in osito l n eg a tiv e , and in u lin  p o sitiv e;

(9) from  A t. aurantiaca  stra in  ATCC 27029, b ecau se th is  is L-rham nose, 
treh a lose , D -m annitol and i-in osito l n eg a tiv e ;

(10) from  A t. lilacina  s tra in  ATCC 27030, because th is  is ad o n ito l and  
glycerol positive ;

(11) from  A t. rubra s tra in  ATCC 27031, because  th is  is sucrose n e g a tiv e , 
an d  inu lin , sáliéin , adon ito l and  glycerol po sitiv e ;

(12) from  A t. carbonacea stra in  ATCC 27114, b ecau se th is  is L -rham nose, 
raffin ose, D -m annitol and i-in osito l n eg a tiv e;

(13) from  At. narashino  stra in  ATCC 27331, b ecau se th is  is L -rham nose, 
D -m an nito l and i-in osito l n eg a tiv e , and sá liéin  p o sitiv e;

(14) from  A t. brunnea  strain  ATCC 27334, b ecau se th is is L -arabinose, 
L-rham nose, treh a lose , D -m an nito l and i- in o s ito l n eg a tiv e , and in u lin  and  
g lycero l p ositive;

(15) from  AI. parva  stra in  ATCC 27358, b eca u se  th is is L -rham nose, ra f
fin o se , D -m annitol and i-in osito l n ega tive;

(16) from  A t. halophytica  su bsp . halophytica  stra in  ATCC 27596, b ecau se  
th is  is L-rham nose, raffinose, D -m annitol and i- in o sito l n eg a tiv e , and sa licin  
p o sit iv e ;

(17) from  At. megalomicea su bsp . nigra  stra in  ATCC 27598, b ecau se th is  
is L-rham nose, D -galactose, oc-melibiose, ra ffin o se , D -m annitol and i-in o sito l 
n eg a tiv e ;

(18) from  At. inyoensis  s tra in  ATCC 27600, because th is  is L -arabinose, 
L -rham nose, cellobiose, /З-lactose, oc-melibiose, ra ffin o se , D -m annito l an d  i-ino
sito l n eg a tiv e ;

(19) from  A t . f u s c a  strain  R IA  472, b ecau se th is  is L-rham nose, m ann ose  
and i-in o sito l n eg a tiv e , and salicin  p o sitiv e .

J o h nsto n  [12] grouped th e  sp ecies o f  th e  gen u s Aticrom onospóra  on th e  
b asis o f  their m acrom orph ologica l—cu ltural prop erties in to  four large groups.

(1) On th e  su rface  o f th e  orange coloured colonies develops a d is tin c t, 
b row n  to  b lack  spores con ta in ing  layer.

(2) A sep a ra te  superfic ia l spore lay e r is lack in g . C onsequently  th e  colour 
o f colonies is id en tica l w ith  th a t  o f  th e  v eg e ta tiv e  m ycelia : orange.
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Table I

Carbon source utilization by the type strain Micro mono spóra heviziensis (11-176) and by closely related Micromonospora species

M . inositola 
(ATCC 21773)

M . parva
(ATCC 27358)

M . aurantiaca
(ATCC 27029)

M. heviziensis 
(II-176)
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(3) The colour o f  th e  colonies is lilaceous or re d  e ith e r  w ith  or w ith o u t a 
d is tin c t superficial b lack ish  or b row nish  spore layer.

(4) The colonies covered w ith  a superfic ia l b lack ish  or b row nish  spore 
la y e r  a re  green or b lue  coloured.

S tra in  11-176 belongs to  G roup N o. 2 of J o h n st o n , in w hich  M . inosi
tola [13], M . parva  [14, 15] and  M . aurantiaca  [14] are  th e  re p re se n ta tiv e  
species.

T ab les I , I I  and  I I I  give a com parison  betw een  s tra in  11-176 an d  th e  
ty p e  s tra in s  of th e  la t te r  species. As can  be seen, s tra in  11-176 differs from

Table П

Nitrogen source utilization by the type strain Micromono spóra heviziensis (11-176) 
and by closely related Micromono spóra species

As N-source As C- and N-sources

M . inositola
(ATCC 21773)

M . parva  
(ATCC 27358)

M . aurantiaca
(ATCC 27029)

M . heviziensis 
(11-176)

из

± 0 -----± + ± ± ± -

0 +  +  -  +  ■

0)

-  ±  0 ---------- 0 0

- + ---------- -----  0

+ -----------±  +  ±  -  ±  -  —  -  +  —  ± 0

+  positive  
±  weak or negative 
— negative 
0 to ta l inhibition

M . inositola  ATCC 21773, M . parva  ATCC 27358 and M . aurantiaca  ATCC 
27029 n o t o n ly  in carbon u tiliza tio n  b u t a lso  in  th e a b ility  to  grow w ith  d if
feren t N  sources (DL-alanine, D L -phenylalanine, L-asparagine, L-lysine and  
L -h istid ine). Further d ifferences are foun d  in  th e  an tib io tic  se n s itiv ity  sp ectra .

On th e  basis o f th e  above d a ta , s tra in  11-176 is considered  a re p re se n ta 
tiv e  o f  a new  species o f th e  genus M icrom onospora. We d esig n a te  and  in tro d u ce  
i t  as th e  h o lo ty p e  s tra in  o f  M . heviziensis sp . nov ., w hich is a com m on in h a b i t 
a n t o f th e  b o tto m  m ud o f a low  te m p e ra tu re  (ab o u t 27 °C th ro u g h o u t w in te r) 
th e rm a l lak e . On th e  ecology o f th e  new  species and  on  th e  ac tin o m y cè te  
c o m m u n ity  o f  th e  b o tto m  m u d  o f lake H év íz  we shall re p o r t  elsew here.
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Table III

Antibiotic sensitivity o f  the type strain o f Micromonospora heviziensis (11-176) 
and o f  closely related Micromonospora species

M . inosilola  
(ATCC 21773)

37 17 29 39 17 39 23 11 ND 41 47 39 37 27 13 27 37 41 29 11

M . parva  
(ATCC 27358)

— — — 15 — 18 12 8 2 3 17 17 14 15 11 3 -  11 5 12 5

M . aurantiaca 
(ATCC 27029)

4 - 11 2 7 12 7 1 5 16 13 15 5 14 — — _ 3 8 2

M . heviziensis 10 18 8 14 2 2 1 14 3 15 15 19 2 3 13 5 7 3
(11-176)

Zones of inhibition in mm  
N D  =  not determined  

— =  no inhibition
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IMMUNOLOGICAL APPROACH 
TO THE PATHOGENETICAL ROLE 

OF ESCHERICHIA COLI ADHESIVE FACTOR “ 119” 
IN A SUCKLING MOUSE URINARY TRACT MODEL*

I. KÉTYI

Institute o f  M icrobiology, University M edical School, Pécs 

(Received July 7, 1981)

In the course of urinary tract infections, suckling m ice w ith m aternal anti-pilus (“ 119” ) 
im m unity showed a m assive protection against a 119+ strain of Escherichia coli. Anim als 
could be protected against urinary tract infection by giving pilus antibody or pilus vaccine  
shortly after the infection. R esults showed the im portance of adhesive pili in initiating the 
urinary tract infection by E. coli.

A  m annose re s is ta n t pilus w ith  th e  c a p a c ity  to  ag g lu tin a te  h u m a n  
e ry th ro cy te s  p ro v isiona lly  designated  “ 119”  [1] w as carried  b y  ab o u t 40%  o f 
Escherichia coli s tra in s  iso la ted  from  h u m an  u r in a ry  tra c t in fections in o u r 
m a te ria l. The ty p e  s tra in  N o. 119 was an a ly sed  b y  0 rsk ov  an d  0 rskov  [2 ], 
w ho concluded th a t  th e  s tra in  carries tw o m annose  re s is ta n t h aem ag g lu tin in s: 
one is id en tica l w ith  F 8 , th e  o th e r w ith  th e  p ro v is io n a lly  d esigna ted  pseu d o 
ty p e  1. T he s tra in  N o. 119 show s a m annose  re s is ta n t adhesion  to  h u m an  
u ro ep ith e lia l cells [3]. F o r s tu d y in g  adhesion  fac to r(s) an d  o th e r v iru lence  
e lem ents, an  an im al m odel was e lab o ra ted  [4]. T he tra n s lu c e n t u r in a ry  b lad d e r 
o f 3-day-old  mice is in o cu la ted  w ith  102-1 0 5 germ s. W ith  v iru le n t E . coli 
s tra in s , b lad d er and  k id n ey  in fec tion  is f re q u e n t an d  w hen th e  u r in a ry  t r a c t  
in fection  lasts  for 3 w eeks, m orphological changes o f th e  k id n ey s and  m ain ly  
th e ir  co n trac tio n  can  be seen.

T esting  119+ an d  119~ pairs o f s tra in s  [4] th e  p ilia ted  s tra in  show ed a 
h igher ra te  o f  in fec tion  in  b lad d er and  k id n ey , w ith  a h igher n u m b er (3 -4  
log 10 exponen t) o f b a c te ria , th a n  in  th e  119~ ones.

A fu r th e r  ap p ro ach  to  th e  role o f adhesive  p ili in  th e  in fec tion  process 
m ay  be im m unological. T he resu lts  of such  experim en ts  a re  sum m arized  in  
th is  paper.

M aterials and  m ethods

Strains. P ili were prepared from an E. coli strain 0 4  : K12 : H5 : 119. The id en tity  
of 119-complexes was proved by antigen adsorption. The 0 ,H ,K  unrelated infecting agent 
was the type strain N o. 119 (0 1 8 a ,c  : K5 : H — : 119) o f E. coli.

* Supported b y  the Scientific Research Council, H ungarian M inistry of H ealth (3-10- 
0305-03-1/K).
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Serum. Anti-119 serum  was prepared in  adult mice im m unized subcutaneously by the 
first dose and intraperitoneally by purified 119-pili 5 tim es in 4 day intervals. One week after 
the la st dose, the animals were bled, their serum  was collected, Seitz-filtered, and preserved  
b y  0.01%  merthiolate.

The serum titre was determ ined by haem agglutination inhibition. Serum dilutions were 
m ixed w ith 119+ bacteria and thereafter w ith  hum an red blood cells. The titre o f the mouse 
serum  was 1 : 512.

P ilus preparation  was done according to S t ir m  and O r s k o v  [5] and E v a n s  et al. [6]. After 
cu ltivating the strain in  R ou x  bottles at 37 °C for 24 h bacteria were harvested in PBS  
pH  7.2 containing N aN 3 (0.01% ). After blendor hom ogenization at 0 °C for 30 m in, the 
bacteria were removed b y  centrifugation (5000 g/m in at 4 °C for 1 h). The supernatant was 
allow ed to stand at 4 °C for 72 h. Repeated centrifugation was done at 20 000 g/m in for 30 min 
at 4 °C and the supernatant w as acidified w ith concentrated acetic acid to pH 3.5 and incubated  
overnight at 4 °C. The precip itate was collected, redissolved in  P B S and the whole procedure 
was repeated three tim es. A fter the last precipitation the pellet was washed three tim es in
0.05 M acetate buffer pH  4.0 , redissolved in 0.05 м Tris-H C l buffer pH  7.6, and stored at 4 °C.

M aternal im m unity. Pregnant mice were im m unized s.c. w ith  purified pili. Fem ales 
were given 0.5-0.5 ml o f purified pili in 5 doses at 3 day intervals. The first 2—3 doses were 
inoculated  before, the others after delivery.

P assivejim m unization . A fter bladder infection , suckling m ice were given s.c. 0.05, 0.1, 
0.1, 0.1 and 0.2 ml anti-pilus m ouse serum at tw o day intervals.

Active imm unization. Sim ilarly to passive im m unization, suckling mice were given  
purified undiluted pili using 0.05, 0.1, 0.3, 0.2 and 0.2 ml.

Bladder infection and bacteriological evaluation. As described earlier [4], 0.025 m l of 
about 103 germs was inocu lated  w ith a special fine  cannula (N o. 22) through the abdom inal 
wall into  the bladder of 3-day-old  mice. Inoculation  was checked by staining the inoculum  
w ith  0.05%  Pontam ine Sky B lue (6X B  SE A R L E , England).

Sections were prepared under sterile conditions. Infection of the rem oved bladder and 
the k idney was studied qu alita tively  and q u antitatively  using vortex-type treatm ent. The 
gross changes of kidneys were registered and all the animals were tested  for bacteriaem ia. 
O ccasionally, bacteriaemic anim als were excluded from  the experim ents.

Significance at 5% lim it was estim ated b y  the yf  test.

R esults

Protective effect o f  m aternal im m u n ity . Fem ales w ere m assively  im m unized  
an d  th e ir  litte r  was in fe c te d  in  th e  b lad d e r. L itte rs  o f th e  sam e age o f  non- 
im m u n ized  fem ales se rv ed  as con tro ls . T he p ro tec tiv e  effect o f m a te rn a l 
im m u n ity  was ev a lu a ted  a t  14 and  23 days a fte r  u r in a ry  in fection . In  p rev ious 
ex p erim en ts  [4] a slow  spon taneous reco v ery  from  th e  u r in a ry  in fec tion  
occu rred , w ith  p ro tra c te d  chronic p y e lo n ep h ritis . R esu lts  are sum m arized  in  
T ab le  I.

I t  is seen in  T ab le  I  th a t  a s ig n ifican t p ro tec tiv e  effect w as p ro v id ed  by  
m a te rn a l im m u n ity . T h e  incidence o f  b la d d e r an d  k id n ey  in fec tion  w as lower 
an d  less germ s (by 2—3 log  10 exponen t) could  be d e tec ted  in  th e  “ im m u n e” 
l i t te r s . T he p ro tec tion  w as m ore p ro n o u n ced  in  th e  la te  period  o f in fec tion : 
o n ly  one  o u t of 8 m ice show ed in fec tion  o f  th e  low er p a r t  o f th e  u r in a ry  t r a c t ;  
th e  germ  count was o n ly  103/m l. C ontrol l i t te r s  show ed a h igh  ra te  o f  b lad d er 
an d  k id n e y  infection , w ith  germ  coun ts be tw een  105 an d  106/m l. In  four cases, 
c o n tra c te d  kidneys w ere found  (Table I).

E ffect o f passive a n ti-p ilu s  (119 ) im m un iza tion . T hree  days old suckling  
m ice w ere inocu lated  w ith  E . coli No. 119. A fter in fec tion , litte rs  w ere pas-
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Table I

Effect o f  maternal anti-pilus (119) im m unity on urinary tract infection in the suckling mouse model*

Infection rate (mean log germ count)

Organs 14 days after infection 23 days after infection y 2 test between
investigated

“immune”
litters

control
litters

“immune”
litters

control
litters

immune and control

Urinary bladder 2/13 (5.1) 10/14 (7.2) 1/8 (3.1) 12/18 (5.7) 11.452 
P <  0.001

Kidneys 2/13 (4.2) 8/14 (7.2) 0/8 ( .  ) 8/18 (5.8) 7.510
0.01 >  P >  0.001

Contracted kidneys 0/8 4/18

* Fem ales were immunized before and after delivery with purified 119-pili prepared from 
an 0 ,  K, H unrelated strain of E. coli 119 + . Challenge through the urinary bladder was carried 
out by about 103 germs of E. coli No. 119 in 3 days old mice

sively  im m unized  w ith  m ouse an ti-199  serum  d ilu ted  1 : 5, 1 : 25, and 1 : 125, 
w ith  to ta l  serum  q u an titie s  o f 0.12, 0.024 and  0.0048 m l, respective ly . Age 
m atch ed  non-im m unized  litte rs  served  as contro ls. T he im m une li t te rs  w ere 
d iv ided  in to  tw o  groups. (1) P assive im m u n iza tio n  w as done early , 3 -4  days 
a fte r  th e  in fec tion . (2) A nti-p ilus serum  was given 7 -14  d ays a fte r b la d d e r 
inocu la tion . R esu lts  arc p resen ted  in T ab le  I I .

Table II

Effect o f  passive immunization by anti-pilus (119) mouse serum 
on urinary tract infection in  the suckling mouse model*

Interval between 
infection and 
immunization

Serum dose, 
ml (total)

Incidence of infection 
(mean log germ count)

Bladder Kidneys

3 -4  days 0.12 2/16 (4.1) 0/16 ( . )

0.024 2/12 (5.2) 0/12 ( . )

0.0048 4/10 (8.1) 0/10 ( . )

Control - 16/20 (8.1) 10/20 (7.6)

7-14  days 0.12 6/14 (7.2) 6/14 (3.1)

0.024 8/10 (7.5) 8/10 (6.1)

0.0048 8/12 (7.7) 7/12 (5.2)

Control - 8/12 (7.8) 6/12 (4.1)

* The mouse anti-serum prepared from purified 119-pili of an O, K, H  unrelated strain  
was given 5 tim es in dilutions 1 : 5, 1 : 25, and 1 : 125 s.c. into infected suckling mice. Bladder 
infection was performed on the 3rd day of life w ith E. coli No. 119 (about 103 germs). Sections 
were made 21—24 days after infection
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I t  is seen th a t  an tise ru m  offerred  p ro te c tio n  only  w hen  i t  was given 
3 -4  days a fte r in fec tio n . W hen  i t  was a d m in is te red  la te r , d u rin g  th e  course of 
th e  in fec tion , i t  gave n o  p ro tec tio n  (Table I I ) .

Effect o f p u r ifie d  И У -p ilus vaccine. F o r ac tive  im m u n iza tio n , mice w ere 
d iv id ed  in to  3 groups. (1) V accination  w as done 2 -4  days, (2) 4 -12  days, an d
(3) 12-19 days, a f te r  b la d d e r infection . N on-im m unized  suck ling  mice of th e  
sam e age served as co n tro ls  (Table I I I ) .

Table III

Vaccination of suckling mice previously infected through their urinary bladder by purified  119-pili*

Incidence of infection (mean log germ count)

Organs investigated Groupsi immunized on days after infection**
Control groups

2-4 4-12 12-19

Urinary bladder 4/18 (3.8) 5/9 (7.4) 8/10 (7.1) 17/27 (6.1)

K idney 3/18 (4.8) 3/9 (6.1) 8/10 (4.8) 17/27 (5.7)

Contracted kidneys 0/18 0/9 2/10 4/27

xr analysis between
vaccinated and control 
litters of mice

7.202 
P <  0.01

9.375 
P <  0.01

0.155 
P >  0.5

2.400 
P >  0.1

0.966
P >  0.3 bladder 

0.966
>  0.3 kidney

* Bladder infection was performed on the 3rd day of life, sections were made 14—19 
days after infection and 4 -8  days after the last dose of vaccine

** Purified 119-pilus vaccine given in different intervals after infection in 5 doses and 
2 day intervals, s.c.

V accination  gave  re su lts  sim ilar to  th o se  o b ta ined  a fte r  passive im m uniza
tio n . E arly  an ti-p ilu s  v accination  low ered th e  ra te  o f b lad d e r and  k id n ey  
in fec tion  and to  som e e x te n t the  m ean germ  count o f th ese  in fected  o rgans. 
V accination  ca rried  o u t la te r , in th e  course of in fec tion , was ineffective 
(T able I I I ) .

D iscussion

P reven tion  o f  u r in a ry  infections b y  a n y  k ind  o f adhesive  fac to r or o th e r  
an tigens and  vaccines is o f  questionab le  va lue . Still, vaccines conta in ing  th e  
adhesive fac to r K 99 for th e  p ro tec tio n  o f  calves, lam bs [7, 8], or sim ilar 
vaccines e ith er w ith  K 99, or 987 adhesins [9] for suckling  pigs, provide an  
effective level o f  m a te rn a l im m unity . T he in h ib ito ry  effect o f K 88 an tig en  
g iven orally  caused  an  early  p ro tec tio n  in  th e  suckling  m ice m odel [10]. 
To assess th e  effec tiveness o f such p re v e n tio n  in  th e  case o f  hum an  u r in a ry  
t r a c t  infections, e.g. in  p reg n an t w om en a t  risk , m ore shou ld  be know n a b o u t
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adhesins ta k in g  p a r t  in th is  k ind  o f infection  and  th e ir  ex ac t role in th e  p a th o 
genic process.

The p re se n t resu lts  h av e  proved  th e  im p o rtan ce  o f  adhesin  119. I t  p lay s  
a role n o t o n ly  in  low er u r in a ry  tr a c t  an d  b lad d er in fec tio n , b u t also in  th e  
developm ent o f  pyelon ep h ritis . P assive or ac tiv e  im m u n iza tio n  perfo rm ed  in  
th e  course o f in fec tion  is ineffective. This fa c t suggests  — as expec ted  — 
th a t  adhesins are  im p o r ta n t v iru lence  fac to rs solely in  in itia tin g  the  p a th o lo g 
ical process, b u t  su b seq u en tly  th e  in fection  develops fu rth e r .

The in v es tig a ted  pili, p rov isionally  designated  119 are a m ix tu re  o f  tw o 
m ar ro se  re s is ta n t pili ag g lu tin a tin g  only h u m an  red  b lood  cells am ong h u m a n , 
b o \ii  e, guinea pig, and  ch icken  cells. S ep ara tio n  o f  th e se  pili has n o t been  
achieved, and  so it  is no t know n w heth er one or b o th  o f  th em  are responsib le  
for u ro ep ithe lia l adhesion.

Acknowledgements. We are indibted to Drs I da and F r it s  0 rskov  (W HO In ter
national Escherichia Centre, Statens Serum institut, Copenhagen) for determ ination of the  
presence of K5 antigen in strain No. 119 and for antigenic analysis o f pilus 119.
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PILUS ANTIGEN 987P PRODUCED BY STRAINS 
OF ESCHERICHIA COLI SEROTYPES 

0141 : K - ,  H- AND 08 : K85 : H *

B. N a g y , I d a  0 rskov  and F. R átz

Central Veterinary Laboratory, B udapest, H ungary , and Collaborative Centre for Reference and  
Research on Escherichia ( W H O ) ,  Statens Serum institut, Copenhagen S , Denmark

(R eceived  Septem ber 4, 1981)

Escherichia coli strains isolated  from  the alim entary tract of 68 weaned and 44 unw eaned  
pigs w ith  diarrhoea in various parts o f H ungary, were tested for the presence of pilus antigens 
K 88, K99 and 987P. K88 was detected  in 30% of the strains from newborn pigs and in 12%  
o f the strains isolated from weaned pigs. One strain carried K99. B ased on agglutination test  
and imrnunoelectron microscopic studies w ith specific absorbed antisera, five  non-haem olytic  
E. coli strains isolated from newborn pigs were found to produce so-called 987P pili. Three 
of these strains were designated serologically as 0 8  : K85 : H — ,9 8 7 P + and two as 01 4 1  : 
К — : H — ,987P + . The Y1 cell assay, the infant m ouse assay, and the ligated intestinal loop  
assay in less than 3-week-old pigs indicated that none of the strains produced heat-labile  
enterotoxin but all produced a heat-stab le enterotoxin detectable in  in fant mice and in pig 
loops (STa). All the strains induced diarrhoea in newborn, colostrum  deprived pigs and 
colonized the lower small in testine by adhesion to the villous epithelium . The results have  
confirm ed earlier findings about adhesive virulence attributes caused by 987P pili.

P ili (fim briae) o f ce rta in  en te ro tox igen ic  Escherichia coli (ETEC) s tra in s , 
defined  for th is  paper as n o n -flage lla r filam en tous appendages of the b ac te ria l 
su rface  <7 10 nm  in d iam eter, a re  considered to  he v irulence fac to rs  [ 1 5 ]  because 
th e y  enab le  th e  b ac te ria  to  p ro life ra te  in  th e  sm all in te s tin e  of m an (C FA 1, 
CFA2), pig (K 88, 987P) an d  ca lf  (K99).

T he p ilus an tigen  987P lias been described  as a co lon iza tion  fac to r  o f  
E T E C  s tra in s  iso la ted  from  cases of d ia rrh o ea  in  new born  pigs in th e  m id- 
w estern  U n ited  S ta tes . T hese s tra in s  w ere nonh aem o ly tic  and  belonged to  
serogroups 0 9  and  0 2 0 , th a t  a re  no t reg a rd ed  as ty p ic a l for porcine E T E C . 
R ecen tly , Moon et al. [0] re p o rte d  th a t  several porcine E T E C  stra ins b e lo n g 
ing to  serogroups 0141 , O101 an d  01 4 9  p roduced  th e  987P  an tig en . 0 9  s tra in s  
ca rry in g  th is  an tigen  were re p o r te d  by  Sm ith  and  H ug g in s  [7] from  E n g la n d  
and  b y  G u in e e  and  J a n s e n  [8] from  H olland . I t  there fo re  seem ed w orthw ile  
to  in v es tig a te  th e  p revalence  o f th e  987P an tig en  in a n o th e r  in tensive  p ig  
re a rin g  c o u n try  like H u n g a ry , w here so fa r only th e  K 88 an tig en  has been  
found  on porc ine  E TEC  s tra in s  [9].

* An essential part of the studies was performed in the Veterinary Institute, Szom bat
hely, Hungary.
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M aterials and m ethods

Escherichia coli strains. In 1977, one hundred and twelve E. coli strains were isolated  
from the sm all intestine of 112 pigs w ith diarrhoea, 68 of which were weanlings and 44 were 
newborn ( <  10 days old). In the sam e year they were sent in for further investigation from  
6 different diagnostic laboratories representing all regions of H ungary. Subsequently all 
strains were tested for the presence of K88, K99 and 987P antigens b y  slide agglutination  
using absorbed antisera [10] and for haem olysin production on sheep blood agar. Strains 
carrying the 987P antigen were further tested for production of heat-stable [ST] enterotoxin  
using the infant mouse test, for heat-labile [LT] enterotoxin using the Y1 adrenal cell assay  
and for both  toxins in ligated gut loop tests in pigs ( <  3 weeks old) as described elsewhere 
[11—13]. E. coli 263 [08  : K 87,K 88ab] was used as LT + control and E. coli 1261 [0138 : K 81] 
as ST + control.

Intragastic inoculation o f  p igs. Strains found to be 987P + were tested  for colonizing  
ability  b y  inoculating each strain orally into 6 newborn, caesarean derived colostrum deprived  
(CDCD) pigs as reported earlier [11, 14]. E. coli strains 987 (0 9  : K 103 : NM, 987P + ST + ) 
and 124 (0 8  : K50 : NM) were used as positive and negative control, respectively. Pigs were 
anaesthetized and killed 16 h after exposure. A 10 cm  segm ent of the ileum  was im m ediately  
rem oved for bacterial counts. Sam ples for frozen and paraffin em bedded sections as well as 
for u ltrathin  sections were taken  and processed as described previously [11, 14]. Frozen  
sections of the ileal segm ent o f each pig were stained w ith fluorescein labelled m onospecific  
anti 987P  serum [10]. W eight loss during 16 h after exposure was also recorded.

Electron microscopy was performed on ultrathin  sections from ileal segm ents o f 8 pigs 
using a Philips 201c transm ission electron m icroscope. Two pigs were inoculated w ith the 
negative control (E . coli 124) and two w ith the positive control strain (E . coli 987). Another 
four pigs were inoculated w ith  tw o 987P + iso lates (Bp-S-68 and Sz-S-22). The pili were 
visualized by transmission electron microscopy using negative staining as described pre
viously  [15].

Im m uno electron m icroscopy was performed on two 987P + isolates as follows. Colonies 
grown on sheep blood agar [10] and agglutinable in anti 987P serum were suspended in 1 ml 
of phosphate buffered saline (P B S ) and 0.05 ml o f a 1 : 300 dilution of anti 987P serum was 
added. The m ixture was incubated at 37 °C for 1 h and kept at 4 °C overnight. The sam e pro
cedure was carried out w ith another 1 ml of the suspension, but w ith  a 1 : 300 dilution of 
normal rabbit serum (N R S) instead  of antiserum . Bacteria of both suspensions were sedi
m ented at 100 g for 10 min, washed twice in distilled water and resuspended in 0.5 ml distilled  
water. Electron microscopy was performed as described earlier [10].

Serotyping. The О antigens were exam ined by routine procedures [16]. К  antigen  
determ ination was carried out by agar electrophoresis [17] and by counter-current immuno- 
electrophoresis [18].

Results

A ntigen  K 88 was d e tec ted  in 13 o f th e  44 E . coli s tra in s  from  new born  
pigs (30% ) and  in 8 s tra in s  from  68 o lder pigs (12% ). One s tra in  carried  K99. 
F iv e  non-haem oly tic  s tra in s  iso lated  from  new born  pigs ca rried  987P (11% ). 
R esu lts  o f sero typ ing  an d  en te ro to x in  te s ts  on these five s tra in s  are p resen ted  
in  T ab le  I. A gg lu tina tion  in  a n ti 987P serum  occurred  w hen  th e  s tra in s  were 
grow n on Blood A gar B ase (Difco) c o n ta in in g  sheep red  blood cells as de
scribed  [10].

B y electron m icroscopy, pili were seen on th e  b a c te ria  o f all th e  987P 
ag g lu tin ab le  colonies. T he pili were m orphologically  s im ila r to  those o f  the  
987 s tra in  [10], being a p p ro x im a te ly  7 n m  in d iam eter. T hese ag g lu tin a tin g  
colonies w ere sm all and  tra n s lu c e n t. L arg er, less tra n s lu c e n t colonies w ere no t 
ag g lu tin ab le  in an ti 987P  serum  and no  p ili were seen by  elec tron  m icroscopy.
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Table I

Serotype and enterotoxin production o f9 8 7 P + E TE C  strains and o f a control L T  producing E . coli strain

E. coli strains Serotype
Enterotoxin production

pig-loop,
netto/total

mouse,
gut/body Y-l ceU character

istic toxin

Bp-S-68 0 8  : K85 : H - ,  987P + 0.669 0.113 — ST

Sz-S-20 0 8  : K85 : H -  , 987P + 0.623 0.121 — ST

Sz-S-22 0 8  : K85 : H - ,  987P + 0.662 0.130 — ST

Bp-S-56 0141 : K - ,  987P + 0.588 0.121 — ST

Sz-S-24 0141 : K - ,  H - ,  987P + 0.540 0.112 — ST

263 0 8  : K87; K88 ab 0.604 0.060 + LT

Im m uno-elec tron  m icroscopy revealed  an  elec tron  dense lay e r on  th e  pili 
o f  th e  b ac te ria  to  w hich th e  a n ti  987P  serum  had  been added  w hereas no such 
la y e r  was d e tec ted  on th e  pili o f  th e  sam e b ac te ria l p o p u la tio n  t r e a te d  w ith

Fig. la .  Pili o f the E. coli strain B p-S-68 (0141  : К — : H — : 987P +) reacted w ith  normal 
rabbit serum diluted 1 : 300. Approx. X 100 000
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N R S , ind ica ting  a specific  reac tio n  o f th e  987P an tib o d ies  w ith  th e  pili of th e  
H u n g a ria n  987P + b a c te r ia  (Fig. l a  an d  lb ).

All th e  9 8 7 P + s tra in s  colonized th e  sm all in te s tin e  o f  th e  CDCD pigs and  
in d u ced  m ild to  severe d ia rrh o ea , v e ry  sim ilarly  to  s tra in  987, wdiile n e ither 
co lon iza tion  nor d ia rrh o e a  was observed  in pigs in o cu la ted  w ith  th e  negative 
c o n tro l s tra in . In  flu o resce in  a n tib o d y  s ta in ed  frozen  sections o f  th e  ileal 
seg m en ts  from pigs in o cu la ted  w ith  th e  9 8 7 P + s tra in s  th e  b a c te ria  were seen 
in  close association w ith  th e  m icrovilli. These sec tions w ere there fo re  given 
h ig h  o r m oderate a sso c ia tio n  indices (Table I I ) . E lec tro n  m icroscopy of u ltra - 
th in  sections from  th e  ileum  o f th e  pigs in o cu la ted  w ith  E . coli s tra in s 987, 
B p -S -68 and  Sz-S-22 in d ic a te d  th a t  th e  b ac te ria  fo rm ed  a lay e r on th e  m ucosal 
su rface  and th a t  th e y  w ere sep a ra ted  from  th e  m icrovilli an d  from  each o ther 
b y  an  electron tra n s lu c e n t  reg ion . In  th is  reg ion , num erous filam entous 
ap p en d ag es were o ccasionally  seen to  connect th e  b a c te ria  w ith  th e  m icro
v illi (F ig . 2).

F ig . lb .  Pili of the E. coli strain Bp-S-68, reacted w ith anti 987P serum prepared in rabbits, 
diluted 1 : 300. A fine electron dense layer (arrow) can be detected  on the surface of the pili, 

in contrast to Fig. la . Same m agnification as w ith Fig. la
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Table II

Results o f  intragastric inoculation o f  newborn pigs with 987P + E T E C  and 
with control strains

E . coll 
strains

No. of pigs. 
Diarrhoeal/ 
inoculated

Wt loss (per cent 
of initial 
body wt.)

Log,n of total viable 
E. coli of 10-cm ileal 

segments
Association

index

Sz-S-20 5/6 12.4 9.85 3.3
Sz-S-22 6/6 19.3 9.24 5.0
Sz-S-24 2/6 7.2 9.20 4.5

Bp-S-56 b ib 15.1 9.67 3.0
Bp-S-68 4/6 19.7 9.57 3.7

987 5/5 16.3 9.94 3.8
124 0/6 3.3 6.50 1.1

Fig. 2. A cell of the E. coli strain Bp-S-56 (0 8  : K85 : 987P + ) in the ileum  of an orally infected  
CDCD pig 16 h post exposure, showing numerous filam entous appendages th a t connect the  

bacteria with the m icrovilli. Approx. X 43 000
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D iscussion

B y m eans o f e lec tro n  m icroscopy, b ac te ria  o f non -haem oly tic  E T E C  
s tra in s  iso la ted  from  n ew born  pigs in  H u n g a ry  an d  ag g lu tin ab le  in  an ti 987P  
serum  w ere show n to  lie p ilia ted . Im m u n o  e lectron  m icroscopy d em o n stra ted  
th a t  th e  a n ti 987P seru m  reac ted  specifically  w ith  th e  p ili o f  th e  9 8 7 P + b a c 
te r ia , and  th a t  these  p ili were m orphologically  sim ilar to  those o f s tra in  
987 [10]. The H u n g a ria n  9 8 7 P + s tra in s  w ere sim ilar to  th e  p ro to ty p e  s tra in  
987 (0 9  : K103, 987P  + ST + ) as regards ty p e  o f  e n te ro to x in  produced  and  th e  
absence of haem oly tic  a c tiv ity . I t  is in te re s tin g  to  n o te  th a t ,  so far, all 987P  + 
s tra in s  have p roduced  an  ST tox in  w hich is ac tive  no t on ly  in pigs b u t also in  
b a b y  m ice and th e re fo re  can  be desig n a ted  as STa [19] p roducers. Two o f th e  
9 8 7 P + H ungarian  iso la te s  (Table I) d id  n o t possess acid ic po lysaccharide К  
an tig en . T hey  w ere, how ever, p o te n t STa p roducers possessing the  adhesive 
pili 987P  and  were th u s  able to  colonize th e  low er sm all in te s tin e  o f th e  CDCD 
pigs and  to produce d ia rrh o ea  in som e o f th e  pigs te s ted . O ne o f these K -m inus 
s tra in s  induced  d ia rrh o ea  in  only  2 o u t o f 6 pigs. T here  w as, how ever, a la rge  
am o u n t o f clear yellow  flu id  ch a rac te ris tic  o f E TEC  d ia rrh o ea  in th e  sm all 
in te s tin e  of th e  4 pigs th a t  did n o t develop d ia rrh o ea . T herefo re  our im pression  
was th a t  the  s tra in  p roduced  an o th e r tox ic  su b stan ce  an d /o r a low a m o u n t 
o f STa. This h y p o th e tic a l tox ic  su b stan ce  possib ly  in h ib ite d  peris ta ltic  m o v e
m en ts  o f th e  sm all in te s tin e  an d  th u s  in h ib ited  rem o v al o f  th e  accu m u la ted  
in te s tin a l flu id  and  th e  developm ent o f  d ia rrhoea . T his h y po thesis  is su p p o rted  
b y  sim ilar o b se rva tions o f Metz and  Ohgke [20].

Im m u n o flu o rescen t stud ies using  absorbed  a n ti  987P  con jugate  n o t on ly  
revealed  adhesive ab ilitie s  o f these  9 8 7 P + s tra in s  b u t  also d em o n stra ted  — b y  
specific fluorescence on th e  surface o f th e  b ac te ria  — th e  presence o f  987P  
an tig en  in  th e  sm all in te s tin e  of th e  CDCD pigs in  vivo. This observation  was 
fu r th e r  supp o rted  b y  elec tron  m icroscopic stud ies th a t  rev ea led  fine s tru c tu re s  
be tw een  b ac te ria  an d  th e  m icrovilli resem bling  tho se  described  b y  Moon et 
al. [21] for E . coli 987 and  assum ed to  be pili o r an  aggregated  form  
o f pili.

E arlie r s tud ies [10] on 987P rep o rted  th e  presence o f  th is  pilus an tig en  
on 0 9  and  0 2 0  s tra in s  iso la ted  from  new born  pigs. T he p resen t stud ies h av e  
d em o n stra ted  th e  987P  an tigen  on 0 8  and  0141  s tra in s  w hich w ere also 
iso la ted  from  new born  pigs w ith  d ia rrh o ea . Porcine E . coli stra ins o f sero- 
groups 0 8  and 01 4 1  u sua lly  produce  haem olysin , LT  en te ro tox in  an d  th e  
K 88 an tigen  [22, 23]. The five s tra in s  stu d ied  here  w ere found to  be H ly ~ , 
L T - , K 88 b u t S T a + an d  987P + . T ak ing  in to  acco u n t th a t  an tigen  0141  is 
chem ically  the  sam e as K85 [24], our 0 8  : K85 : 9 8 7 P + S T a+ stra in s  w ere 
p ro b ab ly  sim ilar to  o u r 0141 s tra in s  an d  to  those  re p o rte d  b y  Moon et al. [6] 
to  be 0141 : 987P + , STa + STb LT .
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O ur resu lts h av e  confirm ed an d  ex tended  earlie r find ings a b o u t th e  p ilus 
an tig en  987P as an  adhesive  v iru lence  fac to r; in  th is  case in  som e 0 8  : K85 
an d  0141  : К — s tra in s . O ur re su lts  also su p p o rt earlie r find ings [14] b y  
d em o n stra tin g  th a t  th e  acidic po lysaccharide  К  an tig en  is no t alw ays essen tia l 
for adhesion  and  co lon ization  of 9 8 7 P + stra ins. T he К -m inus s tra in s , how ever, 
possessed an tigen  0 1 4 1  w hich is an  acidic lipopo lysaccharide  [24]. T he s tud ies 
also  ind ica te  th a t  the  n u m b er of serogroups in c rim in a ted  in porcine n eo n a ta l 
d ia rrh o ea  is still lim ited  and  it seem s th a t  th e  associa tion  of ce rta in  sero types 
and  viru lence a t tr ib u te s  has once m ore been confirm ed  b y  th is s tu d y .

Acknowledgements. E . coli strains 263, 1261, 124, 987 were kindly provided by Dr. 
H. W . M o o n . Our thanks are due to Dr. I. T im a r  for providing the CDCD pigs, Dr. F . D o r n e r  
for the Y1 cells and LT standard, to Dr. E . K u d r o n  for tissue culture work, to the colleagues 
in the veterinary institu tes in Hungary for the field isolates o f  E. coli, and to Mrs M a r ia  
B e r t h a , Mrs A n n a  V a r g a  and Mrs. Z su z sa  S zaró  for valuable technical assistance.

R EFE R E N C E S

1. E v a n s , D. G., Sil v e r , R . P., E vans, J. D ., Ch a se , D. G., G o rba ch , S. L .: Infect. Im m un.
12, 656 (1975).

2. E v a n s , D. G., E v a n s , D. J. Jr.: Infect. Im m un. 21, 638 (1978).
3. M o o n , H. W., N a g y , B ., I sa a c so n , R. E ., O r s k o v , I.: Infect. Im m un. 15, 614 (1977).
4. O rsko v , F., Orsko v , I., Sm ith , H. W ., S o jk a , W. J . :  Acta path , microbiol. scand. Sect. B.

83, 595 (1975).
5. S m it h , H. W ., L in g o o d , M. A.: J. med. Microbiol. 4, 467 (1971).
6. M o o n , H. W ., K o h l e r , E. M., Sc h n e id e r , R . A., W h ip p , S. C.: Infect. Im m un. 27, 222

(1980).
7. Sm it h , H. W ., H u g g in s , M. B.: J . m ed. Microbiol. 11, 471 (1978).
8. G u i n e e , P. A. M., J a n s e n , W. H.: Zbl. B akt. I. Abt. Orig. A. 243, 245 (1979).
9. S e m j é n , G., P e s t i , L.: A cta vet. Acad. Sei. hung. 23, 219 (1973).

10. N a g y . B., M o o n , H. W ., I sa a c so n , R. E.: Infect. Im m un. 16, 344 (1977).
11. B e r t sc h in g e r , H. U ., M oon , H. W ., W h ip p , S. C.: Infect. Im m un. 5, 595 (1972).
12. D e a n , A. G., Ch in g , Y . C., W il l ia m s , R. G., H a r d e n , L. B.: J. infect. Dis. 125, 407 (1972).
13. D o n t a , S. T., M o o n , H. W ., W h ip p , S. C.: Science 183, 334 (1974).
14. N a g y , B., Moon , H. W ., I saacson , R. E.: Infect. Im m un. 13, 1212 (1976).
15. I saacson , R. E ., N a g y , B „ Moon , H. W .: J. infect. Dis. 135, 531 (1977).
16. 0RSKOV, F., 0RSKOV, I.: Acta path, m icrobiol. scand. Sect. B . 83, 595 (1975).
17. 0RSKOV, F.: Acta path, microbiol. scand. Sect. B. 84, 319 (1976).
18. S e m j é n , G., 0 rsko v , I., 0 rsko v , F.: A cta path, microbiol. scand. Sect. B. 85, 103 (1977).
19. B u r g r e ss , M. N ., B y w a t e r , R. J., Co w l e y , C. M., Mu l l a n , N. A., N e w so m e , P. M.:

Infect. Immun. 21, 526 (1978).
20. M e t z , H„ O h g k e , H.: Zbl. Bakt. I. Abt. Orig. A. 235, 53 (1976).
21. M o on , II. W ., N a g y , B ., I saacson , R. E.: J .  infect. Dis. 136 S 124 (1977).
22. O r s k o v , F., O r s k o v , I.: Fortschr. Vet. S 29, 7 (1979).
23. S ö d e r l in d , О.: Zbl. ve t. Med. B. 18, 569 (1971).
24. 0 rsk o v , I., Orsko v , F ., J a n n , B., J a n n , K.: Bact. Rev. 41, 667 (1977).

B é l a  N a g y , F. R átz 
Central Veterinary Laboratory 
H-1581 Budapest, P.O.B. 2, Hungary

I d a  O r sk o v

Collaborative Centre for Reference and Research on Escherichia (WHO), Statens Seruminstitut 
DK-2300 Copenhage S, Denmark

5 * Acta Microbiologica Academiae Scientiarum Hungaricae 29, 1982





Acta microbiol. Acad. Sei. hung. 29, 137 —138, 1982

NOTE

AMIKACIN IN EXPERIMENTAL TUBERCULOSIS 
OF GUINEA PIGS

T. F odor

K orán yi National Institu te fo r  Tuberculosis and Pulmonology, Budapest 

(R eceived A ugust 14, 1981)

D evelopm ent of experim ental tuberculosis o f guinea pigs is inhibited by am ikacin  
adm inistered intram uscularly in daily doses o f 7.5 m g/kg.

A m ikacin  (B iklin® , B ris to l M yers), a new am inoglycoside d e r iv a tiv e  
ac tiv e  m a in ly  ag a in st Pseudom onas aeruginosa  s tra in s an d  Enterobacteriaceae 
was found  to  in h ib it th e  grow h o f M ycobacterium  tuberculosis s tra in s in  Sula 
m edium  [1]. As com pared  to  th e  size o f  inocu lum  (105-1 0 e), th e  n u m b e r of 
re s is ta n t m u ta n ts  proved  to  be low (0-9 ) [2]. On th e  basis o f th e  m ark ed  
in h ib ito ry  ac tio n  in  vitt о, th e  sen s itiv ity  o f  m ycobacteria l s tra in s  re s is ta n t to  
o th e r  a n titu b e rc u lo tic  drugs [1] and  o f  th e  sm all n u m b er o f re s is tan t m u ta n ts  
in  th e  p o p u la tio n , i t  is suggested  th a t  am ikac in  m igh t be  an  effective a n t i 
tu b ercu lo u s ag en t. T hus, an im al ex p erim en ts  seem ed to  be ju s tif ied  in  th is  
resp ec t, especially  in view  o f th e  fa c t th a t  am ikac in  is less to x ic  th a n k a n a m y c in

M aterials and methods. Thirty m ale guinea pigs weighing 350—400 g each were inoculated  
subcutaneously over the sternum w ith  0.01 mg (m oist w eight ) of the H37 RV strain of M yco
bacterium tuberculosis cultured on Löwenstein—Jensen medium for tw o weeks. The anim als 
were divided in three groups of 10 each as shown in Fig. 1. Guinea pigs of Group 1 had no 
treatm ent and served as control. In Group 2 and 3 treatm ent w ith am ikacin was begun on 
the third day after infection. In Groups 2, am ikacin was given in a single daily dose o f 7.5 
m g/kg in 0.5 ml solution into the inguinal region by the intram uscular route. Anim als in  
Group 3, were given the same dose by the same route but twice daily at an interval o f  6 h. 
The antibiotic w as administered for six  days in the first week and for five  days in the fo llow 
ing ones. Thus, the guinea pigs in Groups 2 and 3 had 37 days of treatm ent altogether. F ifty  
days after infection  all animals were killed and a record was made of the exten t of tuberculous 
disease seen at necropsy.

R esults and discussion. F igu re  1 show s th e  e x te n t of tubercu lous lesions 
observed  in  each an im al a t  necropsy . T he rec tan g le  rep resen ts  th e  liv e r an d  
th e  oval rep resen ts  th e  spleen. D ots in d ic a te  m iliary  or n o d u la r lesions, an d  
com plete  b lack en in g  a diffuse in v o lv em en t o f  the  organ. A rrow s rep resen t th e  
site  o f in fec tion  [3]. In  th e  u n tre a te d  co n tro l anim als, ex ten siv e  tu b ercu lo u s 
lesions w ere observed  in th e  lungs, liver, a t  th e  site  of in fec tion  and in  th e  
ax illa ry  ly m p h  nodes. In  th e  a m ik a c in -trea te d  anim als in  G roups 2 an d  3, 
tubercu lous changes proved  to  be m uch sligh ter. The spleen of five co n tro l 
guinea pigs an d  o f five in G roup 2 m ark ed ly  was enlarged. In  G roup 3, th e  
spleen w as en larged  in tw o guinea pigs w hich had  no tu b ercu lo u s lesion.
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Fig. 1. Schematic representation of the extent o f disease observed in  each guinea pig at 
necropsy on the 50th day. (a) Controls; (b) am ikacin 7.5 m g/kg once daily; (c) amikacin

7.5 mg/kg tw ice daily

I t  was concluded  th a t  am ikacin tr e a tm e n t fav o u rab ly  in fluenced  th e  
course o f  exp erim en ta l gu inea  pig tu b ercu lo s is , p rov ing  th u s  th e  efficacy of 
th e  an tib io tic  in  vivo.
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KLEBSIELLA PNEUMONIAE  ENTEROTOXIN

II. PHYSICOCHEM ICAL P R O P E R T IE S OF EN TER O T O X IN  

P . J .  A s n a n i  and A n i l  J h a n j e e  

Department o f  Microbiology, Panjab U niversity, Chandigarh, India  

(Received May 20, 1981)

Physicochem ical properties and system ic effects o f the enterotoxin of K lebsiella  
pneumoniae  has been studied . The enterotoxin had a molecular w eight between 10 000 to  
50 000. It was protein in  nature, and heat and acid stab le, inducing a dilatatory response in  the  
gut. It haem olyzed the erythrocytes of various anim als including m an. It had a capillary  
perm eability a c tiv ity . In  addition , when adm inistered parenterally it  increased the lev e l of 
blood glucose, serum cholesterol, serum alkaline phosphatase and serum acid phosphatase.

N on-invasive  en te ro to x in -p ro d u c in g  s tra in s  of Escherichia coli in  tro p ic s  
have  been re p o rte d  as a com m on cause o f  acu te  d ia rrhoea l disorders [1—4]. 
B acterio log ical ex am in a tio n  of clinical specim ens o f acu te  d ia rrhoea , m a l
nourished  ch ild ren , ch ron ic  d iarrhoea, a n d  tro p ic a l sprue, revealed  Klebsiella  
pneum oniae  [2, 5—9]. A lth o u g h  these  o rgan ism s w ere iso la ted  from  th e  in te s 
tin a l t r a c t  o f sick  persons, no pa thogen ic  sign ificance w as a tta c h e d  to  th e m . 
I t  has on ly  re c e n tly  b een  rep o rted  th a t  th e y  p ro d u ce  en te ro to x in , inducing  n e t 
secretion  o f w a te r  an d  e lec tro ly tes in  ra b b its  [9, 10].

In  a p rev ious s tu d y  we have rep o rted  on  th e  in fluence of ae ra tio n  fa c to rs  
on th e  p ro d u c tio n  of e n te ro to x in  b y  K . pneum oniae  an d  th e  su ita b ility  of 
lab o ra to ry  an im als fo r its  biological assay . I n  th e  p resen t in v estig a tio n , e ffo rts  
were m ade to  s tu d y  th e  physicochem ical p ro p e rtie s  of th e  en te ro to x in  a n d  its  
system ic effects in  ex p erim en ta l anim als.

M aterials and  m ethods

Source of enterotoxin. K . pneumoniae strain (B -5-1) was used to  produce an enterotoxin  
and to purify it  [11].

Source o f anim als. H ealthy rabbits weighing 2 to  2.5 kg were used for inoculation w ith  
enterotoxin using the ileal loop m ethod [12]. The anim als were fasted for 24 h before use, w ith  
free access to  water. The tim e betw een inoculation and sacrifice was 18 h.

Molecular weight o f enterotoxin. The molecular w eight of enterotoxin was determ ined b y  
the gel filtration  technique [13]. Ten mg of toxin  were placed on the Sephadex G-50 colum n  
and the eluates collected were m onitored by a B eckm an spectophotom eter at 280 nm  (D U -2). 
The pooled contents were dialysed against a saturated sucrose solution at 4 °G and each of the  
eluates was tested  for tox icity .

Effect o f  heat on enterotoxin. The effect of heat on the activ ity  of the tox in  was studied in  
a water set at 45 i  1, 56 ^  1, 70 zb 1 and Ю0 i  1 °C for 30 and 60 m in. Each sam ple was 
later tested for to x ic ity . Sterile growth medium treated  sim ilarly was used as control.
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Effect o f hydrogen ion concentration on enterotoxin. The toxin in 2 ml volum e was placed  
in  a sm all test tube, adjusted to  pH  1, 1.5, 2.5, 3, 4 , 4 .5 , 5, 6, 7, 7.5, 8.5, 9, 10, and 11, using  
0.1 N hydochloric acid or sodium  hydroxide and incubated  at 37 °C for 4 h. Then the pH  was 
readjusted to  7.0, and the sam ple was dialysed for 8-12  h and tested for tox icity . Sterile 
grow th m edium  treated sim ilarly was used as a control.

The nature o f enterotoxin. In order to determ ine the nature of enterotoxin, 4 proteolytic  
enzym es nam ely trypsin, protease, lipase and pronase were used. The tox in  was treated w ith  
each o f these enzym es at protein concentration of 1 : 3, 1: 5, 1 : 7 and 1 : 10 and tested for to x ic ity  
on rabb it skin. A ratio of 1 : 10 (enzyme : substrate) was tested for tox ic ity  in  rabbit ileal 
loop. The toxin  was m ixed w ith  10 mg/ml trypsin and pronase [4], incubated at 37 °C for 3 
and 4 h , respectively, whereas protease and lipase were also separately m ixed w ith  tox in  [15] 
and incubated at 37 °C for 80 min.

System ic effects o f  enterotoxin. The effect of to x in  was studied on blood glucose (BG ), 
serum  cholesterol (SC), serum  alkaline phosphatase (SA P), and serum acid phosphatase  
(SA CP), in  adult white albino rabbits. Each rabbit received intravenously 1 ml of toxin  conta in 
ing 550 fig protein. The control rabbit received the sam e amount of sterile growth m edium . 
B lood was collected from  test and control animals a t 0, 4, 12, 18, 24, 36, 48, 72, 120 and 144 h 
and BG  [16], SC [17], SAP [18] and SACP [19] were determined. The results were recorded  
as m g/dl and K. A. U n its/d l blood.

H aemolytic activity  o f enterotoxin. One per cent suspensions of erythrocytes of m ice, 
rabbit, rat, sheep and man were tested for haem olytic activ ity  of purified toxin [11]. E qual 
volum es of the erythrocyte suspension and enterotoxin  were mixed and left to stand at room  
tem perature for 4 -8  h. The control contained equal volum es of erythrocyte suspension and 
grow th medium, incubated sim ilarly.

Effect o f  enterotoxin on capillary perm eability. The enterotoxin was tested  for its a c tiv ity  
on capillary perm eability in rabbit skin [20, 21]. A rapid type of capillar activ ity  appeared in
2 h.

R esults

T he f i l tra tio n  s tu d ies  revealed  tw o peak s (Fig. 1), a h igher and  a low er 
one; th e  form er failed  to  show  any e n te ro to x ic ity  w hereas th e  la te r  p ro v ed  
to x ic , giving a gu t d ila ta to ry  value of 1.28. I t  was found  to  have  a m o lecu la r

F ig. 1. Gel filtration of K . pneum oniae  (B-5-1) enterotoxin  in Sephadex G-50; K. T. =  K lebsiella
tox in

Acta Microbiologica Academiae ScientiaruiO Hungaricae 29,1982
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Tabic I

Effect o f heat on enterotoxin

T e m p era tu re S am ple

G u t d ila ta to ry  v a lu e  (vo lum e: 
len g th )

30 m in 60 m in

45 °C Test 1.34 1.31

Control 0.21 0.205

56 °C Test 1.36 1.275

Control 0.18 0.14

70 °C T est 1.175 1.11
Control 0.205 0.145

100  ° c T est 1.165 0.835

Control 0.21 0.20

Unheated tox in Test 1.385 1.32

Control 0.215 0.20

Mean of two experim ents

Table II

Effect o f  enzymes on enterotoxin activity in rabbit skin

E n zy m e  used Sam ple

D ia m e te r  o f b lu ein g  (m m ) a t  enzym e: 
s u b s tra te  ra tio

Pronase T est

Control

Trypsin T est

Control

Protease Test

Control

Lipase T est

Control^

U ntreated toxin P ositive  control

1 :3 1 : 5 1 : 7 1 : 10

19.5 20.25 19.7 21.15

1.85 1.95 1.7 1.8

19.5 20.15 20.15 21.25

1.375 1.625 1.40 1.7

6.6 7.0 6.45 6.6

1.05 1.25 1.225 1.325

22.75 23.35 22.35 23.4
1.11 1.25 1.225 1.35

22.5 22.75 23.9 24.1

Mean of two experiments
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pH

F ig . 2. Effect o f hyd rogen  ion concentration on K . pneumoniae  (B-5-1) enterotoxin

w eig h t betw een  10 000 to  50 000 a n d  w as h e a t an d  acid  s tab le . A sligh t 
loss in  to x ic ity  w as n o te d  w hen h e a tin g  a t  100 °C w as co n tin u ed  for 60 m in  
(T able  I). A s im ila r  s lig h t loss o f a c tiv ity  was observed  a t  alkaline p H  
(F ig . 2). The to x in  w as found  to  be p ro te in  in  n a tu re  as i t  w as in a c tiv a te d  
b y  protease (F ig . 3) g iv ing  a gu t d i la ta to ry  va lu e  o f 0.85 ag a in s t 1.4. g o f 
u n tre a te d  to x in .

W hile s tu d y in g  th e  effect o f to x in  on  BG , SC, SA P an d  SACP, i t  was 
n o ticed  th a t  th e  lev e l o f  all four increased . T he B G  level increased  to  158 m g/dl 
fro m  th e  12th h  a n d  co n tin u ed  to  increase  t i l l  th e  2 4 th  h  an d  th e n  decreased

F ig . 3. Effect o f enzym es on K . pneum oniae (B -5-1) enterotoxin in the ligated rabbit ileal 
loop; shaded columns: control; open columns: test
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Fig. 4. E ffect of parenteral adm inistration of К . pneum oniae  (В-5-1) enterotoxin on
blood glucose and serum cholesterol in  the rabbit; о ------о glucose control; • ——^ g lu c o se  test;

□ ------□  cholesterol control; Л ------ Л  cholesterol test

F ig. 5. E ffect of parenteral adm inistration of K . pneum oniae  (B -5-1) enterotoxin on serum
alkaline phosphatase and acid phosphatase; О --------О  alkaline phosphatase test; □ ------ □ alkaline

phosphatase control; • -------- •  acid phosphatase test; Л ---------Л  acid phosphatase control
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g ra d u a lly  till 48 h , reach in g  th e  n o rm al level in  72 h  (F ig. 4). T ne m ax im um  
c o n c e n tra tio n  w as 248 m g/dl as co m p ared  to  th e  contro l o f 82 m g/dl. SA P 
also  show ed a rise  from  8 h , reach ed  its  m ax im um  (28.3 K . A. U n its/d l) 
a t  18 h  an d  th e re a f te r  fell s teep ly  to  th e  no rm al after 36 h  (F ig . 5). T he 
e n te ro to x in  haem olysed  th e  e ry th ro c y te s  o f all th e  anim als in c lu d in g  m an , an d  
h a d  a cap illa ry  p e rm eab ility  a c tiv ity  (T able I I )  giving a 22.5—24.1 m m  b lueing  
d ia m e te r  as com pared  to  th e  1 .05-1.95 m m  d iam ete r o f th e  n e g a tiv e  co n tro l.

D iscu ssion

T he physicochem ical p ro p erties  o f  K . pneum oniae  e n te ro to x in  w ere 
s tu d ie d . I t  was o b serv ed  th a t  no fac to r  cou ld  be  pooled in  v o id  vo lum e, using  
gel f i l tra tio n , suggestive  of th e  absence o f a n  en te ro to x in  o f sm alle r m olecular 
w e ig h t like th e  h e a t lab ile  to x in  of E . coli [13, 14, 22]. The m o lecu la r w eigh t of
K . pneum oniae  e n te ro to x in  is be tw een  th o se  o f  E . coli ST a n d  L T  [1 4 ,1 5 , 21, 
23] a n d  is p ro b ab ly  n o t  id en tica l w ith  a n y  o f  th em . The to x in  w as found  to  be 
h e a t  s tab le  confirm ing  th e  sim ilar o b se rv a tio n  o f others [22], as i t  could n o t be 
in a c tiv a te d  a t  100 °C fo r 30 m in an d  i t  w as u n stab le  below p H  5. I t  w as found  
to  b e  p ro te in  in  n a tu re . O nly p ro tease  in a c tiv a te d  it, causing a loss of to x ic ity .

T he system ic effect of th e  e n te ro to x in  caused  an increase in  BG, SC, SA P 
a n d  SA CP. W hile s tu d y in g  cholera to x in  in  m ice, a rap id  loss o f  liv e r g lycogen 
in  vitro  stud ies w as re p o rte d  [24]. A sh a rp  rise  in plasm a glucose level w as 
o b se rv ed  on th e  p a re n te ra l a d m in is tra tio n  o f E . coli and  Vibrio cholerae en te ro - 
to x in s  [25] w hich  is suggestive  of ra p id  glycogenolysis and  th e  levels show ed 
m a rk e d  decrease w ith in  48 h , due a p p a re n tly  to  a loss of g lycogen  [26]. S i
m ila r ly , a sharp  rise  in  BG till  24 h w as observed  th e re a f te r  i t  decreased  
g ra d u a lly . I t  m ay  h av e  been  due to  a slow dep le tio n  of g lycogen . A fter 72 h  it  
re a c h e d  th e  no rm al level, confirm ing  th e  sim ilar observations fo r E . coli an d  
V . cholerae [27, 28] en te ro to x in s . T he SA P level, too , increased  due  p e rh ap s to  
a ho rm one-like  ac tio n  o f  th e  e n te ro to x in  on  th e  cyclic AMP a n d  ad en y l cyclase 
e ffec t, like i t  was re p o r te d  for cholera  e n te ro to x in  [29]. SACP a n d  SC m ay  h av e  
in c re a se d  due to  s tim u la tio n  b y  ad en y l cyclase, as the  p resence  of a lka line  
p h o sp h a ta se  an d  ac id  p h o sp h a tase  w as o b serv ed  in  in te s tin a l ex u d a te s  [10]. 
A n  increased  level o f serum  cho lestero l w as observed  b y  o th ers  a n d  also b y  us 
in  c lin ica l sprue [31].

I t  m ay  be in fe rred  from  th e  ab o v e  t h a t  these  system ic effects could  be 
o f som e clinical im p o rtan ce . I t  seem s th a t  th e  en te ro to x in  m a y  dam age th e  
liv e r , k idney  and  sp leen , b u t to  p ro v e  th is , ex tensive h is to ch em ica l s tu d ies  
w ill be  necessary .

L ike V. cholerae e n te ro to x in  [32, 33] a n d  LT  of E . coli [21], th e  en tero - 
to x in  o f K . pneum oniae  affected  th e  c a p illa ry  p erm eab ility  in  th e  r a b b it  sk in . 
T h ese  observations in d ica te  th a t  th e  e n te ro to x in  o f K . pneum oniae  resem bles
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th o se  o f E . coli and  V . cholerae as for as th is  a c tiv ity  is concerned , suggestive 
o f th e  presence o f a cap illa ry  p e rm eab ility  ac tiv a tin g  fac to r . The fac t th a t  th is  
a c t iv i ty  was lost on tre a tm e n t w ith  p ro tease  in d ica tes  t h a t  e ither th e  en tero - 
to x in  has a sep a ra te  p e rm eab ility  fac to r  or i t  exerts su ch  an  a c tiv ity  in  ad d itio n  
to  its  en te ro to x ic ity , s im ilarly  as V . cholerae en te ro to x in .
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KLEBSIELLA PNEUMONIAE  ENTEROTOXIN

III. EFFEC T OF K L E B S IE L L A  P N E U M O N IA E  E N T E R O T O X IN  ON T H E  
IN T E ST IN A L  TRA NSPO RT A N D  HISTOPATHOLOGICAL CHANGES IN  

R A B B IT  ILEA L LOOP

P . J. Asnani and Anil J hanjee

Departm ent o f  M icrobiology, Punjab University, Chandigarh, India

(R eceived Septem ber 18, 1981)

K lebsiella  pneum oniae  strain B-5-1 was used to study the effect of its  enterotoxin on 
the in testina l transport and histopathological changes in the rabbit ileal loop. E nterotoxin  
increased the net f lu x  of water and of electrolytes. Increased am ounts of phospholipids and 
proteins were also detected  together w ith  structural and functional abnorm alities in  the ileum . 
A ll these suggest th a t K . pneum oniae  enterotoxin  not only induce a net flu x  of flu id  and 
im balance of electrolytes but also dam ages the intestinal structure.

I t  is b ey o n d  d o u b t th a t  th e  in te s tin a l t r a c t  o f u n tre a te d  tro p ica l sprue 
p a tie n ts  is u su lla y  colonized w ith  coliform  b ac te ria  [1—5], w hich  possess e n te ro 

to x ig en ic  p ro p e rtie s  as th e ir  cell-free f i l tra te  induces f lu id  secretion  and  
s tru c tu ra l  ab n o rm alitie s . L ike th e  en te ric  pa thogens, K . pneum oniae  iso la ted  
fro m  cases of tro p ic a l sprue also produces h ea t stab le  e n te ro to x in  (ST), causing 
n e t  secre tion  a n d  e lec tro ly te  im balance  in  th e  in tes tin e  [6]. T he genesis o f th is  
to x in  is u n c e rta in  as on an tib io tic  or chem o th erap y  ra p id  im p ro v em en t of th e  
in te s tin a l s tru c tu re  an d  its  fu n c tio n  occurs [1, 2, 7 -10].

I t  has th e re fo re  been a t te m p te d  to  estab lish  w h e th e r th e  e n te ro to x in  of
К . pneum oniae  h a d  sim ilar effect in  th e  in te s tin e , and  so th e  effect of K . p n e u 
m oniae  e n te ro to x in  on in te s tin a l t ra n s p o r t  and  th e  in te s tin a l s tru c tu re  was 
s tu d ie d  on th e  r a b b i t  ileal loop m odel.

M ateria ls and m ethods

Source o f enterotoxin. A  strain of K lebsiella pneumoniae (B-5-1), was used to produce 
th e  enterotoxin as described earlier [11]. A sterile Trypticase Soy broth of pH  7.2 served as the  
control. The tota l protein content of the enterotoxin  was estim ated [12] and adjusted to  19.6 
m g/m l and it  was stored at —20 °C for future use.

A nim al inoculation. H ealthy rabbits weighing 1.5 to 2.0 kg, fasted  for 24 h w ith  free 
excess to  water were used throughout.

The rabbit ileal loop method has been described elsewhere [13]. Each of the test and 
control loops received 2 ml of enterotoxin  and sterile medium, respectively. The rabbits were 
th en  sacrificed 18 h  after inoculation. The volum e of fluid accum ulated in  the test and control 
loops was collected and their length was recorded. Specimens of test and control loops were 
also collected for h istological study.

Biochemical analysis o f accumulated f lu id .  The accum ulated flu id  was analysed for 
sodium , potassium , chloride, bicarbonate, phospholipids and protein. Sodium  and potassium  
were estim ated [14] using an EEC flam e photom eter whereas bicarbonate and chloride were
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determ ined according to S c h a l es  and S chales [15] and values were recorded as meq/litre of 
fluid. The proteins and phospholip ids were determ ined by the m ethod of L o w ry  et al. [12, 16], 
and the values were recorded as mg/ml of fluid.

Histopathological study. Specim ens obtained from  the in testinal loops, were fixed in 
10% form alin, sections of 7—8 thickness were cut, stained w ith  haem atoxylin -eosin  and 
periodic acid Schiff stain, and  exam ined under low  and high power.

R esults

T he electro ly te, phosph o lip id  an d  p ro te in  co n ten t of th e  accum ula ted  
f lu id  w as considerably  h ig h e r th a n  in  th e  con tro ls (Fig. 1). T he phospholip id  
an d  p ro te in  con ten t w as 2.7 m g and  70.2 m g/m l, re sp ec tiv e ly  as com pared  to  
the  co n tro l values o f 24 /tg  an d  8 m g/m l, respective ly .

Fig.^1. Effect of K. pneum oniae  (B-5-1) enterotoxin  on electrolytes in the accum ulated fluid  
of ligated rabbit ilea l loop. Shaded column: control; open columns: test

The h isto logical s tu d ies  of th e  ileal loop rev ea led  th a t  th e  in te s tin a l 
m ucosa  was dam aged  w hereas no such  changes w ere seen in  th e  contro ls (Fig. 
2). M ild b lun ting  a n d  b ro ad en in g  of v illi (F ig . 3) show ing va riab le  size an d  
sh ap e  were clearly  o b se rv ed . N ecrosis o f th e  u p p e r p o rtio n  o f some villi an d  
venous congestion w ith  in fla m m a to ry  cellu lar in f iltra tio n  w ere also observed, 
follow ed by  d eg en e ra tio n  of th e  tip  of th e  v illi (F ig . 4). F igu res 5 an d  6 show  
slig h t venous co n g estio n  and  in f iltra tio n  w ith  in f la m m a to ry  cells. A tro p h y  
w ith  in flam m ato ry  e x u d a te  was observed  on th e  tip  o f th e  villi (Fig. 7).
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D iscu ssion

The e n te ro to x in  of K . pneum oniae  was s tu d ie d  for its  effect on in te s tin a l 
tra n sp o r t  a n d  h isto logical changes in  th e  in te s tin e , using th e  ra"bbit ileal loop 
m odel. I t  w as observed  th a t  th e  e n te ro to x in  induced  n e t flu id  sec re tio n  w ith  
an  im b alan ce  o f th e  level o f e lec tro ly tes , phospho lip ids and  p ro te in s  and  
p ro d u ced  c e r ta in  s tru c tu ra l and  caused  fu n c tio n a l abnorm alities in  th e  in 
te s tin e .

Fig. 2. Control ileal loop exposed to  sterile Trypticase Soy broth shows normal m ucosa and 
finger shaped villi. H aem atoxylin -eosin , X 300

Fig. 3. Ileal loop exposed for 18 h to 20 mg of K . pneum oniae  (B-5-1) enterotoxin, shows mild 
blunting, broadening, venous congestion and necrosis of the upper portion of villi. H aem atoxy-

lin -eosin , X 300
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T h e en te ro to x in  o f  Escherichia coli an d  Vibrio cholerae evoke n e t flu id  
secre tio n  and  e lec tro ly te  im balance  in  th e  ra b b i t  ileal loop [17, 18]. B hogal 
(M. Sc. Thesis, P a n ja b  U n iv e rs ity , In d ia , 1973), an d  Saxena (M. Sc. Thesis 
P a n ja b  U n iv ersity , C h an d ig a rh , In d ia , 1978) re p o rte d  sim ilar o b serv a tio n s 
w ith  E . coli en te ro to x in . O th ers  [4, 19] re p o rte d  th a t  K . pneum oniae  e n te ro 
to x in  increased in te s tin a l n e t  secretion  as co m p ared  to  th e  contro ls.

F ig. 4. Ileal loop exposed for 18 h to 40 mg K. pneum oniae  enterotoxin, shows severe blunting, 
broadening and alterations in the size of villi. H aem atoxylin-eosin , X 300

Fig. 5. Ileal loop exposed for 18 h to 20 mg of K . pneum oniae  enterotoxin, shows slight conges
tion infiltration  by inflam m atory cells. H aem atoxylin-eosin , X 300

AclaMicrobiologica Academiae Scientiarum Hungaricae 29, 1982



K LEB SIEL LA  EN TE R O T O X IN  II I 151

I t  is u n c e rta in  w h e th e r K . pneum oniae  en te ro to x in  is an tig en ica lly  
sim ilar to  th e  en te ro to x in s  o f E . coli and  V. cholerae i t  resem bles th em  in  b e 
ing stab le  in  c o n tra s t  to  o th e r  en te ro to x in s  [6], evoking  net w a te r secre 
tio n  an d  e lec tro ly te  im balence in  ra b b its  [4, 5, 20]. S im ilarly , th e  e n te ro 
to x in  o f E. coli w ith  its  phospho lipase-like a c tiv ity  causes leakage o f  phos-

Fig. 6. Ileal loop exposed for 18 h to  40 mg of K . pneum oniae enterotoxin, shows severe conges
tion  and increased inflam m atory cell infiltration. H aem atoxylin—eosin, X 300

F ig. 7. Ileal loop exposed for 18 h to  40 mg of K . pneumoniae  enterotoxin. Inflam m atory  
exudate is clearly seen in  the tip of villi. H aem atoxylin-eosin , X300
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pho lip ids from  the  in te s tin a l m em brane a n d  affects ac tive  tra n sp o r t , causes 
accu m u la tio n  of excess f lu id  and  e lec tro ly te  im balance [21]. I t  is th e re 
fore p resu m ed  th a t  a s im ila r  m echanism  m a y  ac t in  th e  case of K . p n eu m o 
niae  en te ro to x in . The co m b in ed  effect o f sev e ra l facto rs, v iz . a phospholipase 
a c t iv i ty  o f en te ro tox in  th ro u g h  adeny l cyclase  an d  h istopa th o lo g ica l changes 
in  th e  bow el m ay ex p la in  th e  increased  in te s tin a l secretion  an d  th e  d is tu rb an ce  
o f e lec tro ly tes . The e x a c t m echan ism  of e n te ro to x in  is n o t u n d ersto o d  and  for 
its  e x p lan a tio n  tw o possib ilities  have been  suggested  [22—25]. F irs t a d irec t 
in v a s io n  of th e  in te s tin a l m ucosa b y  b a c te r ia , p roducing  th e  s tru c tu ra l a b n o r
m alities  associated  w ith  n e t  secretion  an d  e lec tro ly te  im balance  as in  th e  case 
of Salm onella  ty p h i-m u r iu m  [26-28]. Shigella  dysenteriae [29, 30] an d  E . coli 
[31, 32]. Second, som e b a c te r ia  m ay e la b o ra te  to x in  in  th e  in te s tin e , causing 
n e t f lu id  secretion. N o n -p a th o g en ic  s tra in s  o f E . coli an d  V . cholerae do n o t 
cause a n y  s tru c tu ra l ch an g es [17, 33—36] b u t  p roduce a secre to ry  f lu x  of 
ch lo ride  an d  w ater [18, 37] b y  a m echanism  th a t  appears to  be re la te d  to  th e  
s tim u la tio n  of m ucosal a d e n y l cyclase a c tiv ity  [38, 39], w hereas th e  e n te ro 
to x in  o f ce rta in  o th e r b a c te r ia  produces b o th  flu id  accu m u la tio n  an d  s tru c 
tu ra l  abnorm alities [4 0 -4 6 ]. A positive f lu id  response an d  s tru c tu ra l a b n o r
m alities  due to  4 coliform  s tra in s  have also been  recorded  [47, 48]; th e y  are 
p re su m a b ly  due to  th e  to x ic  p roperties o f e n te ro to x in  resem bling  th e  h ea t 
s tab le  en te ro to x in  of n o n in v asiv e  E . coli s tra in s  evoking an  u n u su a lly  ra p id  
flu id  accum ulation  [20]. E . coli en te ro to x in  possesses phospho lipase  a c tiv ity  
affec ting  th e  ac tive  t r a n s p o r t  th ro u g h  th e  in te s tin a l m em b ran e ; th is  re su lts  in  
n e t secre tio n  of flu id  a n d  e lec tro ly te  im b a lan ce  [49]. A sim ilar m echanism  m ay  
be responsib le  for th e  n e t  secre to ry  response  in  th e  case o f K . pneum oniae  
e n te ro to x in .

T he en te ro tox in  u n d e r  s tu d y  p roduced  s tru c tu ra l ab n o rm a litie s  in  th e  
r a b b it  ileal loop; th e ir  se v e rity  depended  u p o n  th e  a m o u n t of en te ro to x in  
in jec ted  as in  ag reem en t w ith  o ther o b serv a tio n s [5]: лее found  m ild  an d  
severe changes a fte r in je c tin g  20 and  40 m g /m l doses, resp ec tiv e ly . T he h is to 
log ical s tu d y  revealed  m ild  degenera tive  changes of th e  v illi, or focal necrosis 
w ith  ven o u s congestion , a n d  a sho rten ing  an d  b lu n tin g  of th e  villi associa ted  
w ith  cellu lar in f iltra tio n  w ith  in fla m m a to ry  ex u d a te .

T he ex ac t m ech an ism  of action  of e n te ro to x in  is s till open to  discussion. 
N ecrosis and  avulsion o f v illi suggested th a t  p rim arily  th e  to x in  m ay be ac tin g  
on th e  vascu la r sy stem , as i t  d isp layed  an  increased cap illa ry  p e rm eab ility  
[50], follow ed by  isch aem ia  lead ing  to  necrosis and  o ther changes in  th e  in te s 
tin a l s tru c tu re  and  its  fu n c tio n s.
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Beta-glucuronidase and cathepsin D activ ity  was m easured in rabbit sera. A significant 
increase in beta-glucuronidase a ctiv ity  was found following the intravenous application of a 
high dose of the parent endotoxin . The enzym e liberating effect o f endotoxins irradiated b y  50, 
100, and 150 kGy was m uch weaker. Enzym e assays also confirm ed that, independent o f the  
irradiation, radiodetoxified endotoxins retain their endotoxin tolerance inducing effect.

In  recen t y ea rs  severa l m ethods have been e la b o ra te d  for th e  p re p a ra tio n  
o f  non-tox ic  endo to x in s  w hich re ta in  th e ir  cap ac ity  to  increase n a tu ra l re s is t
an ce , to  induce e n d o to x in  to le ran ce  and  to  p re v e n t shock . P rom ising  are th e  
ch em ica lly  d e to x ified  p rep a ra tio n s  [1—3] and  th e  en d o to x in  detox ified  b y  
eoCo gam m a ra y  ir ra d ia tio n  as described  b y  Bertók et al. [4]. E arlie r s tu d ies  
h a v e  d em o n stra ted  th a t  th e  la t te r  p re p a ra tio n  h a d  reduced  le th a l, h aem o d y 
n am ic , and  com p lem en t a c tiv a tin g  effects [5]. I t  has m uch  less haem ato log ic  
effect an d  S h w artzm an  re a c tiv ity  th a n  th e  p a re n t en d o to x in  [6].

E n d o to x in  is k n o w n  to  induce  lysosom al enzym e lib e ra tio n  in  vivo  [7, 8 ] 
an d  in  vitro [9] b o th  in  tr e a te d  an im als an d  in  cell cu ltu re s . T he release o f 
ly sosom al hydro lases co rre la tes  w ith  th e  ra te  of th e  en d o to x in  effect. In  th e  
p re se n t experim en ts th e  effects o f  p a re n t end o to x in  an d  rad io d e to x ified  endo
to x in  were te s ted  b y  m easu ring  th e  b e ta -g lucu ron idase  an d  ca th ep sin  D ac
t iv i ty  in  th e  sera o f  t r e a te d  anim als.

M aterials an d  m ethods

Endotoxin was extracted  by the phenol-water m ethod [10] from  a ferm entor culture of 
Escherichia coli and purified b y  repeated ultracentrifugation. The endotoxin  was then suspended  
in d istilled  water (10 m g/m l) and irradiated b y  50, 100, 150, or 200 kG y (60Co Gamma N oratom  
3500) according to  the m odified m ethod of P r e v it e  et al. [11]. The biological effects of the  
parent and of the radiodetoxified endotoxins were measured in  rabbits by determ ining the  
L D 50 values and by haem atologic tests as described earlier [6]. Irradiation resulted in  a signif
icant increase of the L D 50 o f the endotoxin.

The potency of the parent and the radiodetoxified endotoxin  was tested  by changing  
the serum  lysosom al level.

Serum beta-glucuronidase (E . C. 3. 2. 1. 31) was determ ined b y  F ish m a n ’s m ethod [12]. 
The substrate used was phenolphthalein-sodium -beta-d-glucuronate (Sigma).
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For measuring cathepsin D  (E. C. 3. 4. 4. 23), B a r r e t t ’s m ethod [13] was applied. As a 
substrate a 4 %  solution of purified dialysed denatured bovine haem oglobin was used. Enzym e 
activ ity  was measured in  all experim ental anim als before application of the parent endotoxin  
or the radiodetoxified endotoxin , and the values obtained served later as controls. Enzyme 
a ctiv ity  was measured in blood samples taken from  the ear vein in the 60th, 120th, or 180th min 
after treatm ent.

Experim ental anim als. N ew  Zealand rabbits of both sexes were used, each weighing 
2000-2500 g. The anim als were kept under standardized conditions and fed on standard diet 
com pleted w ith green food. The schedule o f treatm ent was as follows.

Group I. Rabbits in  group I/a received intravenously L D 30 of the parent endotoxin. 
R abbits in  groups I/b and I/c  were treated w ith  a single intravenous injection  of 0.1 ml/kg 
endotoxin  irradiated by 100 or 150 kG y, respectively.

Group II . In th is group 4 subgroups of 5 anim als each were treated. The animals in 
group I l/a  received, follow ing W e is s m a n n  and T h o m a s ’ m ethod [7], the parent endotoxin for 
20 days, then, after an in terval of 48 h, L D 30 of the parent endotoxin  intravenously. The 
anim als in  groups I l/b , c and d were treated  w ith  the endotoxin irradiated w ith 50, 100, or 
150 kG y, respectively, for 20 days, then, after an interval of 48 h, L l) ,0 of the parent endotoxin  
was g iven  intravenously.

Group I I I .  R abbits were treated w ith  endotoxin irradiated w ith 50, 100 or 150 kGy, 
then, after 48 h, each anim al received a 100 /rg/kg dose of that detoxified  endotoxin  intra
venously , which had been used for the induction  of tolerance.

Thus, in  the first experim ental group the effects on the lysosom al enzym e activ ity  
of the parent endotoxins were studied. In group II the tolerance-inducing effect o f the parent 
and radiodetoxified endotoxins was com pared, after a provoking dose of parent endotoxin. 
In  group III, we m easured the rate of enzym e liberation elicited by radiodetoxified endotoxin  
in  anim als previously m ade tolerant b y  the sam e radiodetoxified endotoxin.

R esults

E nzym e a c tiv ity  in  th e  ra b b it  sera  w as dete rm in ed  60, 120 an d  180 m in 
a f te r  ad m in is tra tio n  o f  th e  p a re n t o r th e  rad io d e to x ified  en d o to x in . T he values 
o b ta in e d  in  th e  6 0 th  m in  differed  on ly  s ligh tly  from  th e  m in u te  0 contro l 
v a lu e . P eak  a c tiv ity  w as found  a t  120 m in  for b o th  b e ta -g lu cu ro n id ase  and  
c a th e p s in  D. S im ilar or som ew hat decreased  values were fo u n d  a t  180 m in . 
F o r th is  reason  on ly  th e  values fo r th e  120th  m in are in d ic a te d  in  th e  
figu res

The resu lts  for b e ta -g lu cu ro n id ase  are sum m arized  in  F ig . 1. I t  is seen 
th a t  th e  p a ren t e n d o to x in  caused a g re a t increase in  a c tiv ity  (I /a ) , while the  
effect of en d o to x in  ir ra d ia te d  w ith  100 kG y was m uch w eaker (I/b ), and  the 
en d o to x in  ir ra d ia te d  Yvith 150 k G y  p ro d u ced  only  a sligh t increase  (I/c). G roup 
I I  served  for s tu d y in g  th e  effect o f  p a re n t en d o to x in  on beta -g lucu ron idase  
a c t iv i ty  of ra b b its  in  w hich to le ran ce  h ad  been induced  b y  d iffe ren t endo
to x in s . The re su lts  show ed th a t  th e  p a re n t  endo tox in  caused  a sm aller increase 
in  a c tiv ity  in  th e  an im als  w hose to le ran ce  h ad  been induced  b y  p a re n t endo
to x in  (H /а) or ir ra d ia te d  en d o to x in  ( I l /b ,  c, d) th a n  in  an im als  w ith o u t to l
erance  (I/a).

The ex p e rim en ts  in  g roup  I I I  show ed th a t  in  ra b b its  m ade to le ra n t by  
ir ra d ia te d  en d o to x in  p re tre a tm e n t, th e  sam e end o to x in  failed  to  increase the  
b e ta -g lu cu ro n id ase  a c tiv ity .
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Fig. 1. E ffect of endotoxins on serum beta-glucuronidase ac tiv ity . New Zealand rabbits 
w eighing 2000—2500 g each. The indicated values are the means of 5 experim ents. 0 =  serum  
beta-glucuronidase ac tiv ity  before treatm ent; all other values refer to the 120th m in after  
treatm ent. I/a =  single intravenous adm inistration of parent endotoxin  (LD30) p <  0.001; 
I/b =  effect o f endotoxin  irradiated w ith 100 kG y (100 /tg/kg) p <  0.01; I/c =  effect o f endo
tox in  irradiated w ith 150 kG y (100 /ig/kg) p <  0.05; I l/a  =  effect of L D 30 of parent endotoxin  
in  rabbits previously m ade tolerant by parent endotoxin p <  0.05; I l/b  =  effect of L D 30 of 
the parent endotoxin  in rabbits by 50 kGy p <  0.05; II/c =  effect o f L D 30 of parent endo
tox in  in rabbits previously m ade tolerant b y  endotoxin irradiated by 100 kGy p <  0.05; 
I l/d  =  effect of L D 30 of parent endotoxin in  rabbits previously m ade tolerant by endotoxin  
detoxified  b y  150 kGy p <  0.02; I l l /a  =  effect o f endotoxin detoxified  by 50 kGy (100 //g. kg) 
in  rabbits previously made tolerant by the sam e endotoxin p <  0.05; I l l /b  =  effect o f endo
toxin detox ified  by 100 kG y (100 jag/kg) in rabbits previously m ade tolerant by the same 
endotoxin  p <  0.05; III/c  =  effect of endotoxin detoxified by 150 kG y (150 ^ug/kg) in  rabbits 

previously m ade tolerant b y  the same endotoxin p <  0.5

T h e re su lts  of s tu d ies  of ca th ep sin  D  are sum m arized  in  Fig. 2. I t  show s 
th a t  c a th e p s in  D a c tiv ity  w as raised  to  a lesser degree b y  ir ra d ia te d  e n d o to x in  
(I /b , c) th a n  b y  th e  p a re n t  endoxin  (I /a ) , as com pared  to  th e  contro l v a lu es  
(0). T he d a ta  in  F ig . 2 d e m o n s tra te  th a t  in  ra b b its  p rev io u sly  m ade to le ra n t b y  
p a re n t e n d o to x in , n e ith e r  th e  p a ren t en d o to x in  (II/a ) no r th e  detoxified  en d o 
to x in s  ( I I /b ,  c, d) a ffec ted  th e  ca th ep sin  D  ac tiv ity . T he resu lts  o b ta in ed  in  
g roup  I I I  show  th a t  in  ra b b its  p rev io u sly  m ade to le ra n t b y  rá d ió d é toxified  
en d o to x in  th e  sam e en d o to x in  failed to  cause an  increase  in  ca th ep sin  D 
a c tiv ity .
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Fig. 2. Effect of endotox in  on serum cathepsin D activ ity . N ew  Zealand rabbits weighing  
2000-2500 g each. The in d ica ted  values are the m eans of five experim ents. 0 =  serum cathepsin  
D a c tiv ity  before treatm ent; all other values refer to  the 120th m in after treatm ent. I/a =  
single intravenous adm inistration  of parent endotox in  (L D 30) p <  0.001; I/b =  effect o f  
endotoxin  irradiated b y  100 kG y (100 /tg/kg) p <  0.01; I/c =  effect o f endotoxin  irradiated b y  
150 kG y (100 ,ug/kg) p -< 0.05; I l/a  =  effect o f L D 30 of parent endotoxin  in  rabbits previously  
m ade tolerant by the parent endotoxin (not significant); I l/b  =  effect of LD30 of parent 
endotoxin  in rabbits prev iou sly  made tolerant b y  endotoxin irradiated w ith  5Ó kGy (not 
significant); II/c =  effect o f  L D 30 of parent endotoxin  in rabbits previously made tolerant 
b y  endotoxin irradiated w ith  100 kGy (not significant); I l/d  =  effect o f L D 30 of parent endo
to x in  in rabbits previously  m ade tolerant by endotoxin  irradiated w ith  150 kGy (not signif
icant); I l l /a  =  effect o f endotoxin  detoxified b y  50 kGy (100 /ig/kg) in  rabbits previously  
m ade tolerant by the sam e endotoxin (not significant); IH /b  =  effect o f endotoxin  irradiated  
w ith  100 kGy (100 /tg/kg) in  rabbits previously m ade tolerant by the sam e endotoxin (not 
significant); III/c =  effect o f  endotoxin irradiated w ith  150 kGy (100 /ig/kg) in rabbits pre

viously  m ade tolerant by the sam e endotoxin (not significant)

D iscussion

In  an earlier p a p e r  [8 ] it  has b een  show n th a t  e n d o to x in  increased th e  
b e ta -g lu cu ro n id ase  a n d  acid p h o sp h a tase  a c tiv itie s  in r a b b it  sera. A t the  sam e 
tim e  th e  level o f  g a m m a  globulin  was o b se rv ed  to  decrease sig n ifican tly  due to  
th e  increase in  p ro te a se  ac tiv ity . I t  w as also show n th a t  these  phenom ena 
m ig h t be p re v e n te d  b y  hy p o th erm ia , since th e  en d o to x in  h a rd ly  affects ly so 
som al enzym e re lease  in  h y p o therm ic  an im als . The resu lts  p resen ted  co n firm  
th a t  th e  en d o to x in  p roduces a s ig n if ican t lysosom al enzym e m ob iliza tio n  
increasing  th e  a c t iv i ty  o f cathepsin  D w h ich  p lays an  essen tia l role in  e lic iting  
local and  genera lized  S hw artzm an  re a c tio n s  [8 , 14]. R ad io d e to x ified  en d o 
to x in s  c h a ra c te ris tic a lly  lack  or h a rd ly  h a v e  th e  dam aging  effect o f  th e  p a re n t  
en d o to x in  b u t  r e ta in  its  ad ju v a n t, shock  p rev en tin g  an d  non-specific  r e s is t 
ance increasing e ffec ts  [15]. R ad io d e to x ified  end o to x in  affects ly sosom al 
enzym e lib e ra tio n  to  a m uch lesser degree th a n  does th e  p a re n t en d o to x in  an d  
th is  is especially  t r u e  concerning b e ta -g lu cu ro n id ase  re lease . I t  is n o t  fu lly  
u n derstood  w h y  th e  end o to x in  ir ra d ia te d  b y  a h igher dose of g am m a ra y s
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elicits a g rea te r increase  in  ca thepsin  D a c tiv ity  th a n  th e  endo tox in  ir ra d ia te d  
by  a sm aller dose.

T hus, rad io d e to x if ie d  endo tox in  has th e  sam e or n e a r ly  th e  sam e c a p a c 
i ty  to  induce to le ran ce  as has th e  p a re n t en d o to x in , a n d  th is  cap ac ity  is n o t 
affected  by  ir ra d ia tio n . I t  m igh t he concluded th a t  b y  m easu ring  th e  a c tiv ity  
o f  th e  enzym es a t  issue w ill offer in fo rm atio n  concern ing  en d o to x in  to le ran ce .

These re su lts  h av e  again  confirm ed th a t  th e  increase  in  b e ta -g lu cu ro n 
idase ac tiv ity  is a sensitive  m ark er of lysosom al enzym e lib e ra tio n .
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ESCHERICHIA COLI STRAINS ISOLATED FROM 
SURFACE WATERS. DISTRIBUTION BY 

RESISTANCE TO ANTIBIOTICS AND R-PLASMID
TRANSFER

J udit Lantos, Mária H egedűs and Margit Zsigó 

Public Health Station, Szeged 

(Received Septem ber 4, 1981)

Samples were taken from  surface waters in Csongrád county in  the m onths March 
through Decem ber, 1980. Escherichia coli isolates selected at random  were tested for resistance  
to 5 antibiotics and for R-plasm id carriership. Of the strains isolated  from Tisza river at each  
of 8 sam pling sites, 50-60%  were sensitive to all the 5 antibiotics. The percentage of sen sitiv ity  
was much lower if  only the strains isolated during the summer m onths, when the water level 
was high, or those isolated from  affluents and backwaters were taken  into account. The fre
quency of resistance was the highest for tetracycline, followed in  order by am picillin, strep to
m ycin, kanam ycin and chloramphenicol. R-plasm id was carried by 43% of the resistant 
isolates tested , m ainly by m ultirésistant ones.

The ac tu a l s ta te  of surface w a te rs  depends on num erous co n tin u o u sly  
chan g in g  fac to rs , viz. th e  te m p e ra tu re , chem ical an d  biological c o n tam in an ts  
inc lud ing  to x ic  fac to rs , an d  th e  ra te  o f flow . W ate rs  are  reached  b y  con
ta m in a n ts  from  th e  air, from  th e  soil an d  w ith  sew ages. T h u s , ch a ra c te riz a tio n  
o f a surface w a te r on th e  basis of sam pling  a t  a g iven p lace  u sua lly  c a n n o t be 
rep ro d u ced .

I t  follows from  th e  foregoing th a t  th e  ac tu a l bio logical s ta te  of a su rface 
w a te r  can n o t be d e te rm in ed  ex ac tly  because th e  a c tu a l va lues of som e p a ra m 
e te rs  are  alw ays unknow n. N evertheless, b ac te ria l co n tam in a tio n s  o f su rface  
w a te rs  h av e  a t t r a c te d  m uch  in te re s t, an d  th is  is th e  reaso n  w h y  s ta n d a rd s  h av e  
been  e lab o ra ted  for b o th  th e  Com econ coun tries an d  th e  E u ro p ean  C om m on 
M arket.

R ecen tly , R -p lasm ids p rev a len t in  b ac te ria , f i r s t  o f all in  en teric  b a c 
te r ia , h av e  ra p id ly  been sp read ing  all over th e  w orld . T hese biological co n 
ta m in a n ts  reach  th e  en v iro n m en t an d  from  th e re  th e  su rface  w aters, w ith  h o s
p ita l  sew ages [1, 2 ] as well as garbages an d  sewages o f  an im al farm s an d  
s laugh te rhouses [3, 4]. The occurrence of re s is ta n t an d  R -p lasm id  ca rrie r b a c 
te ria  has been  exam ined  b y  m an y  au th o rs  in  riv e r w a te r  [5—8], w a te rs  of 
seaside re so rts  [9] as w ell as in  u n tre a te d  and  sed im en ted  sewages [10, 11]. 
B ac te ria  re s is ta n t to  an tib io tics  and  tho se  carry ing  R -p lasm id  were d e te c te d  
in  4 3 -9 0 %  an d  34—70%  of th e  sam ples, respective ly . I n  H u n g a ry , Milch et al. 
[12, 13] exam ined  in  th is  resp ec t E . coli s tra in s  iso la ted  from  th e  rivers D an u b e
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an d  D rav e  in  th e  y e a rs  1975 an d  1976. F if ty -f iv e  p er cen t o f th e  iso lates proved  
to  be  re s is ta n t to  a n tib io tic  (s) an d  70%  o f th e  re s is ta n t s tra in s  carried  R  
p lasm id .

In  th e  p resen t w o rk , E . coli iso la ted  from  th e  surface w a te rs  of C songrád 
c o u n ty  were ex am in ed  fo r resistance  to  a n tib io tic s  an d  for R -p lasm id  carriersh ip .

M aterials and  m ethods

Sampling. Sam ples were obtained from surface w aters of Csongrád county by the sta ff  
of the Laboratory of the Lower Tisza Region Directorial Board of W ater Affairs from the 
w ater current at sites ind icated  by us in  the m onths March through Decem ber, 1980. In addi
tion , sam ples were collected  in  the summer m onths from  places marked out for bathing. The 
sam ples were transferred to  our laboratory in sterile b ottles and exam ined according to H un
garian Standards [14—16], w ith  reasonable m odifications.

Culture media. 1. L actose broth. 2. Broth for R -plasm id transfer; B acto  peptone (Difco) 
10 g; Lac Lemco m eat ex tra ct (O xoid) 10 g; NaCl 5 g; distilled water 1000 ml; pH  7.4; 121 °C 30 
m in. R esistant strains were isolated  on eosin—m ethylene blue agar m edium  containing one of 
the follow ing antibiotics: tetracycline, streptom ycin, kanam ycin (30 /tg/ml of each), ampicillin 
and chloramphenicol (20 /rg/ml of each). To select transconjugants, nalidixic acid (50 /ig/m l) 
was added to the m edia.

Strains. From each culture, 8-10 colonies chosen at random  were purified by plating on 
eosin—m ethylene blue agar m edium . E. coli K12 Hfr lac~ nalr was used as the recipient strain.

Resistance was determ ined by R esistest disks (H um an, B udapest).
R -plasm id transfer. N alid ix ic acid sensitive E. coli strains resistant to  one or more of the 

above antibiotics were used as donors. From fresh broth cultures of the donor and the recipient 
strain , 0.1 and 0.2 m l, respectively , were added to  4.5 ml nutrient broth. These cultures and 
separate control cultures o f  both  strains were incubated  at 37 °C for 24 h. The transconjugates 
thu s obtained were dropped on eosin-m ethylene blue agar plates containing the respective  
an tib io tic  and nalidixic acid. After an incubation at 38 °C for 48 h, we used the lac~ colonies 
to  determ ine the antib iogram  by the disk m ethod. Phage typing and colicin typing were 
perform ed and f i  sp ec ific ity  was exam ined, using the R N A  phages f 2 and MS2. The transfer 
rate was not calculated.

R esults

Two rivers, v iz . th e  K örös an d  th e  M aros, flotv in to  th e  r iv e r  Tisza in  
C songrád  coun ty . T h e  d ra in ed  sewages o f som e se ttlem en ts  b e tw een  th e  riv e rs  
D an u b e  andT isza  a n d  o f  riverside  tow ns m o s tly  a rriv e  u n p u rified , th e  u n d ra in ed  
ones o rig ina ting  fro m  ho lid ay  reso rts  d ense ly  b u ilt along th e  riv e r and  its  
b ack w a te rs  an d  c h an n e ls  a re  w ashed  in to  r iv e r  T isza b y  floods.

F igure 1 show s a schem atic  h y d ro g rap h ic  ch a rt o f C songrád co u n ty  
w ith  th e  sites o f sam p lin g . A ccording to  hyg ien ic  scoring (I — IV ) 90%  of th e  
sam p les  collected d u rin g  th e  10-m o n th  perio d  u n d e r s tu d y  w ere c o n ta m in a te d
( I I I )  or h ig h ly -co n tam in a ted  (IV ), ju s t  like in  th e  previous y ea rs . F rom  M arch 
to  D ecem ber, 1980, 1360 iso lates were te s te d  an d  52.2%  p roved  to  he sensitive  
to  all th e  an tib io tics  in c lu d ed  in  th e  s tu d y ; 20 .1%  were re s is ta n t to  one, 11.8 %  
to  tw o  and  15.9%  to  th re e  to  five d rugs (F ig . 2). F rom  M arch  to  th e  end o f  
A u g u st th e  m a jo rity , from  S ep tem ber to  D ecem ber only  a b o u t 4 0 % , o f th e  
iso la tes  were re s is ta n t.
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Fig. 1. H ydrographic chart of Csongrád county. Major towns Szeged (170 000 inhabitants), 
Csongrád, Szentes and Makó (20 000-30 000 inhabitants). Arrow: sewage inflow^

A  flo o d  passed  dow n in  r iv e r  T isza la te  in  F eb ru a ry  an d  a sm aller one in  
A pril. T he w a te r  level was h igh  again  fron t J u n e  to  early  S ep tem ber. T hen  th e  
r iv e r  subsided  u n til  N ovem ber, w hen  it  te n d e d  to  rise again. T he a fflu en ts  an d  
th e  b ack w a te rs  connected  w ith  th e  T isza follow ed th e  f lu c tu a tio n s  of th e  riv e r.

T he co lum n  d iagram s in  F ig . 3a show  th e  average d is tr ib u tio n  b y  sensi
t iv i ty  to  a n tib io tic s  o f the  E . coli s tra in s  iso la ted  from  th e  T isza a t  8 sam pling  
s ite s  d u ring  th e  w hole period  of sam pling . In  th e  sam ples co llected  a t  C songrád 
S zen tes, M indszen t, Algyô an d  T ápé , th e  average  ra te  of sen sitive  s tra in s  
w as a p p ro x im a te ly  50% , w hereas i t  was 57%  a t  Szeged and  T iszasz iget and  
52%  a t  th e  Y ugoslav  border. T ak in g  in to  a cco u n t th a t  th e  sew'age com ing  from  
Szeged reaches th e  T isza betw een  T iszasziget an d  th e  border, th e  co rrespond ing  
decrease in  se n s itiv ity  seems to  be m o d era te . If, hoAvever, on ly  th e  values 
o b ta in ed  in  th e  th ree  sum m er m o n th s (i.e. w hen  th e  w ater level w as high) are 
ta k e n  in to  acco u n t (Fig. 3b), th e  p e rcen tag e  se n s itiv ity  shows m ore p ronounced  
differences b e tw een  sam pling sites.

In  th e  co lum n d iagram s o f F ig . 4, th e  re s is ta n t s tra in s  are analysed  
fu r th e r . F igu res on th e  to p  o f th e  colum ns p re sen t th e  average n u m b er of 
an tib io tic s  to  w hich  th e  s tra in s  iso la ted  from  th e  ind ica ted  p lace p ro v ed  to  be
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Fig. 3b. E. coli strains isolated in the summer m onths, 1980, from 8 sites of river Tisza. Percentage distribution by resistance 
to antibiotics. Mean values for sam ples taken every second week. Л :  flow  rates m 3/s. For explanation, see F ig. 2
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re s is ta n t. The freq u en cy  o f m u ltiré s is ta n t s tra in s  am ong  tho se  iso lated  from  
th e  T isza a t  Szentes, T á p é  and  th e  Y u g o slav  border ap p ro x im a ted , or ev en  
su rp assed , 20%  (see F ig . 3). Irresp ec tiv e  o f  th e  site  of sam p lin g , resistance w as 
th e  com m onenst to  te tra c y c lin e  (28% ); to  o th e r  an tib io tic s  th e  following o rd e r 
w as reco rded : am p ic illin  (22% ), s tre p to m y c in  (22% ), k an am y c in  (16% ) a n d  
ch lo ram phen ico l (10% ).

A n analysis o f th e  w a te r  sam ples co llec ted  from  a fflu e n ts  and b ack w ate rs  
is show n in  Fig. 5. T h e  re su lts  o b ta in ed  fo r b o th  sam p lin g  sites of th e  K örös 
an d  fo r th e  v ic in ity  of th e  r iv e r’s m ou th  a re  co nsisten t w ith  th e  results o b ta in e d  
for th e  riv e r T isza, w hereas b o th  E . coli c o n ta m in a tio n  an d  resistance to  a n t i 
b io tics  w ere m uch h ig h er in  th e  sam ples ta k e n  from  th e  K u rc a , th e  Csukás rill 
th e  D o n g  rill and  in  th o se  collected from  th e  M aros n ear th e  R oum anian  b o rd e r.

T he resu lts  for th e  backw aters are sum m arized  in  T ab le  I . A m ong th e se , 
th e  b a c k w a te r  n ear L a k ite le k  and th a t  n e a r  A lpár are in  n a tu re  con serv a tio n  
areas o u ts id e  C songrád co u n ty . F rom  th e  w ate rs co nnec ted  w ith  th e  r iv e rs  
th e re  w as no sam pling  in  th e  sum m er m o n th s  w hen th e  open-air b a th s  w ere 
u n d e r w a te r. T hus, th e  corresponding  v a lu es  are poorly  in fo rm ative . T he ra te  
of re s is ta n t s tra in s  was th e  h ighest, 7 5 % , for isolates o b ta in e d  from  th e  b a c k 
w a te r  near tow n C songrád , a surface w a te r , n o t connected  w ith  th e  river T isza .

Table I

E . coli strains isolated from  backwaters

Backwater Month of sampling No. of
colonies tested

No. of colonies 
resistant to 
antibiotics

Resistances per 
resistant strains

Alpár March to  December 28 21 1.33

Lakitelek March to  December 24 8 1.1

Csongrád June, July 16 12 1.9

M ártély June to October 18 4 1.0

K örtvélyes September, October 14 4 3.75

Atka June to October 22 12 1.33

T he resu lts o f re s is tan ce  transfe r ex p erim en ts  are p re se n te d  in T able I I .  
M ost of th e  R -p lasm id  ca rrie rs  were m u ltiré s is ta n t, and  i t  w as m ost com m on 
w ith  th ese  s tra in s th a t  th e  f i  ch arac ter o f th e  rec ip ien t h ad  changed  due to  th e  
tra n sfe r .

R -p lasm id  tra n s fe r  resu lted  in  p h ag e  re s tr ic tio n  in  29.5%  of th e  R  
s tra in s , an d  colicine w as tran sfe rred  to g e th e r  w ith  th e  R  p lasm id  in 10 .5% .
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Fig. 5. E. coli strains isolated from the affluents of river Tisza. Resistance to  
antibiotics, per cent. For explanation , see Figs 2 and 4
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Table II
Transfer o f resistance

No. of 
strains 
tested

Resistances
R + strains

Phage
restriction

Colicin
per strain No. per cent transfer

21 l 3 14.3 1 - -

51 2 13 25.5 — 3 l

171 3 -5 89 52.0 12 28 10

243 1-5 105 43.2 13 31 и

D iscussion

The increasing  p reva lence  of re s is ta n t a n d  R -p lasm id  carry ing  b a c te ria  
lias s trik in g ly  c o n tr ib u te d  to  th e  recen t d e te rio ra tio n  of riv er w aters. T he 
reg en era tiv e  c a p a c ity  o f  r iv e r  w ate rs depends on  th e  flu x  ra te  an d  th e  te m p e r
a tu re  of th e  w a te r as w ell as on th e  q u a n ti ty  a n d  degree o f co n tam in a tio n  o f 
th e  sewage flow ing  in to  th e  r iv e r  [19]. I n  co n v en tiona l system s o f sew age 
p u rific a tio n  i t  w as o bserved  th a t  th e  se d im e n ta tio n  system  fav o u red  th e  t r a n s 
fer o f resistance fro m  b a c te r iu m  to  b ac te riu m . A ccording to  F ontaine an d  
H oadley [10], th e  faecal coliform  coun t decreased  considerab ly  during  sed i
m en ta tio n , b u t th e  ra tio  of re s is ta n t to  sen sitiv e  s tra in s  d id  n o t change, on ly  
m u ltiré s is ta n t s tra in s  show ed som e decrease in  n u m b er. E x p e rim en ta l tra n s fe r  
o f  resistance to  te tra c y c lin e  has been show n even  a t  23 °C an d  30 °C. B ell

[20] rep o rted  a 95%  decrease in  coliform  co u n t d u ring  sed im en ta tio n  of sew 
age; th e  coliform s re s is ta n t o f five  an tib io tic s  d isappeared  an d  th e  n u m b er 
o f tho se  re s is ta n t to  am pic illin  d ropped  to  one fo u rth . A ccording to  Shaw a n d  
Cabelli [21], th e  tra n s fe r  frequency  for E . coli is below  10 ~4 un d er o p tim u m  
cond itions, depend ing  on th e  rec ip ien t as w ell as on th e  exp erim en ta l co n d i
tio n s . T ak ing  in to  acco u n t Grabow’s an d  th e ir  ow n calcu la tions, Shaw an d  
Cabelli concluded t h a t  a su b jec t b a th in g  in  a n  ob jec tionab le  w a te r c a n n o t 
sw allow  m ore th a n  1 to  5 E . coli or coliform  b a c te r ia  ca rry in g  R -p lasm id . T h u s , 
a tra n sfe r  o f R -p lasm id  in to  a faecal E . coli s tra in  liv ing  in  th e  g u t has l i t t le  
p ro b a b ility . A ccord ing  to  Anderson [22] im p la n ta tio n  in  th e  bow el is un lik e ly  
even  if  1010 b a c te ria l cells are  p resen t th e re . T h is m eans th a t  th e  risk  of t r a n s 
ferring  resistance in  vivo  from  an  R -p lasm id  c a rry in g  s tra in  to  a faecal s tra in  
is v e ry  low.

R ecen tly  [23—25], how ever, i t  has been  fo u n d  th a t  Bacterioides fra g ilis , 
an  anaerobic  m icroorgan ism  p resen t in th e  in te s tin a l t r a c t  in  th o u san d fo ld
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the  n u m b er of E. coli, m a y  also serve as rec ip ien t for E . coli R -p lasm ids, and 
th u s  becom e a reservoir fo r th e  p lasm id .

In  th e  presen t re p o r t  we w ished to  p o in t to  an  en v iro n m en ta l risk  fac to r 
w hich is able to  persist a n d  spread a n d  also to  develop  new  resistances in  th e  
surface w a te rs  of C songrád  coun ty . T h e  persistence o f th is  fac to r in  rivers is 
ensured  b y  th e  con tinuous inflow  of u n sa tis fac to rily  p u rif ied  setvages o f h u m an  
and  an im al origin and  b y  the fre q u e n tly  occurring  floods s tirr in g  up  th e  
riv ers’ sed im ent.
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HUMORAL IMMUNE FUNCTION AND 
EXPERIMENTAL ESCHERICHIA COLI INFECTION 

IN SPLENECTOMIZED DOGS
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Intravenous adm inistration of sheep red blood cells resulted in a deficient initial an ti
bod y response and provoked a much lower concentration of plaque form ing cells in  the blood  
of splenectom ized dogs th a n  in the control group. The in vitro serum opsonizing activ ity  on 
Escherichia coli M-S-15 remained normal after sp lenectom y, and no difference was found  
betw een  the test and th e  control group in the intravascular clearance rate o f bacteria injected  
intravenously.

N um erous a n im a l and h u m an  s tu d ies  have  d e m o n s tra te d  t h a t  sp lenec
to m y  leads to  in c reased  su scep tib ility  to  b a c te ria l in fec tions [1—5]. For th is  
re a so n  considerable in te re s t has re c e n tly  arisen  in  th e  role o f th e  spleen in  
im m u n ity .

T here are, h o w ev er, conflic ting  opinions concern ing  th e  im p o rtan ce  of 
th e  sp leen  in host defense against b a c te r ia l  invasion  [3, 4, 6, 7].

Several im m unological ab n o rm alitie s  have  been d e m o n s tra te d  in  th e  
asp len ic  host, in c lud ing  a low serum  IgM  level [8 , 9], decreased  serum  opsoniz
ing  a c tiv ity  [7, 10] a n d  a failure to  re sp o n d  to  in trav en o u s  p a r tic u la te  an tigen  
cha llenge  [11]. A lth o u g h  several s tu d ie s  have  show n an  in creased  m o rta lity  
due to  experim en ta l b ac te ria l in fec tio n s in  sp lenectom ized  ro d e n ts  [1, 2], th is  
cou ld  n o t be rep ro d u ced  in  higher m am m als  [12].

T h u s, the m ech an ism  leading to  increased  su scep tib ility  a fte r  sp lenec
to m y  rem ains en ig m atic . In  order to  c la rify  th e  p rob lem  we h a v e  in v estig a ted  
th e  effects of sp len ec to m y  in th e  dog . T his re p o r t  describes v a ria tio n s  of 
h aem ag g lu tin a tin g  an tib o d ies  and  p la q u e  form ing  cells, se ru m  opsonizing 
a c tiv i ty  and p h ag o cy tic  function  o f sp lenectom ized  an im als.

Materials and  methods

Dogs. Twenty m ongrel dogs of 10—17 kg body weight were used in  the experiments. 
The anim als were divided in to  two groups. The first group of 10 dogs underw ent splenectom y, 
the rem aining 10 anim als served as cortrols.

Splenectomy. D ogs o f the first group were anaesthetized by intravenous adm inistration  
of hexobarbital-sodium  (20 m g/kg) after in je c tirg  atropine (0.05 m g/kg), fentanyl (0.03 mg/kg) 
and droperidol (1 m g/kg) prem edication intram uscularly. The dogs were ventila ted  by dinitro
gen ox ide-oxygen  gas m ixture ( 3 : 1 )  via intratracheal tube in a sem i-closed system  with the 
aid of an autom atic respirator.
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The im m unological experim ents were started 4 m onths after sp lenectom y. Neither 
splenectom y nor experim ental infection caused m ortality.

Isolation o f  leukocytes. Two types o f cell preparations were obtained. L ym phocytes used 
in  the Jerne single-cell assay  (described below ) were separated from  heparinized venous blood  
using Ficoll (Pharmacia, U ppsala, Sw eden)-U rom iro (Bracco, M ilano, Ita ly) gradient centri
fugation  as described by JÎ0YUM [13]. Cells were resuspended in E agle’s MEM (Grand Island  
B iological Company, Grand Island, N ew  Y ork, U SA ) supplem ented w ith  20%  pooled in activat
ed dog serum and 100 /ig /m l streptom ycin and 100 U/m l penicillin . Leukocytes used in the 
M aaloe assay (see below) were prepared from  heparinized venous blood which was allowed to 
sedim ent for 30 min at room  tem perature. The leukocytes from the supernatant were washed 
tw ice  in  phosphate buffered saline (PB S), and resuspended in antibiotic-free Eagle’s MEM. 
Cells were stained w ith  crystal v io let for counting. Trypan blue dye exclusion test showed a 
v ia b ility  greater than 95% .

Im m unization w ith sheep red blood cells (SRBC). SRBC in A lsever’s solution were washed 
w ith  three changes of MEM containing antib iotics before use for either im m unization or the 
haem olytic plaque assay. F ive  m l of a 20% (vol/vol) cell suspension in  MEM was administered  
to  the dogs intravenously.

Preparation o f  bacteria. Overnight nutrient agar slope cultures o f E . coli M-S-15 (oedema 
disease) bacteria were suspended in 0.9%  NaCl. The am ounts o f bacteria were estim ated by  
optical density at 690 nm  in  a Spekol UV photom eter with the aid of a standard curve.

Haemagglutination assay fo r  antibodies against SR B C . T itres of haem agglutinating  
antibodies were m easured in  dog serum w ith  the standard m icrotitre m ethod described by 
T a k á t sy  [14]. Results are expressed as the reciprocal of the highest dilution still producing 
agglutination.

Plaque assay fo r  specific  antibody form ing  cells. Direct (IgM ) plaque formint cells (PFC) 
were detected by the m ethod  of J e r n e  and N o r d in  [15] w ith the m odifications described by 
K a l t r e id e r  et al. [16]. Portions of the cell suspensions (5 X 106 lym phocytes per m l) ranging 
from  0.1 to 0.3 ml and 0.2 ml washed SRBCs (final concentration 15—20% ) were added to  
glass tubes containing 2 m l of m olten 0.7%  agarose at 47 °C. The contents of the tubes were 
m ixed  by inversion and poured rapidly in to  Petri dishes 8 cm  in diam eter, previously coated  
w ith  5 ml of 1.4% agarose. The soft agarose m ixture was allowed to  gel at room temperature 
and the dishes were incubated  for 45 min at 37 °C in hum ified air. Thereafter freshly restored 
guinea pig com plem ent (H um an, Budapest), w as diluted 1 : 30 w ith  MEM and 10 ml aliquots 
were added to each plate and the samples were incubated at 37 °C for additional 45 min. All 
assays were performed at least in  duplicate. Plaques were counted under microscopic control. 
R esults are expressed as PFC-s/10e viable lym phocytes.

Determination o f  serum  opsonizing activity. Serum opsonizing ac tiv ity  was determ ined by  
the Ma a l0E m ethod [17], w ith  the m odifications described b y  Cohn  and M orse  [18] and 
H ir s c h  and Strauss [19]. Tests were done in  siliconized glass or plastic tubes. Each tube 
contained 0.5 ml leukocyte suspension (2 X 107 polym orphonuclear leukocytes per ml, obtained  
from  a third-party norm al mongrel dog) + 0 .4  ml opsonin (sera stored frozen not longer than  
14 days) +  0.1 ml E. coli suspension (0 .5 -2 Х Ю 6 bacteria per m l). For the test the following 
controls were set up: tub es w ith  leukocytes and bacteria w ithout opsonin, tubes of leukocytes 
and bacteria w ith heat-inactivated  sera, tubes w ith  sera and bacteria w ithout leukocytes. 
The samples were shaken at 37 °C for 60 min. For detecting extracellular inactivation  of the  
bacteria, one set of tubes was incubated at 37 °C for 60 min. For the enum eration of total 
viab le bacteria, aliquots were rem oved at 0 and 60 min and plated  at suitable dilutions giving  
betw een 10 and 100 colonies on nutrient agar or blood agar plates. A t the end of the incubation  
the tubes containing the phagocytic m ixtures were centrifuged at 800 rpm  for 10 min. 
Sam ples were rem oved from  the supernatant for the determ ination of extracellular viable 
bacteria. Aliquots of the washed resuspended leukocyte pellets were plated for the determ i
nation  of viable leukocyte-associated  bacteria. All viable counts were performed at least in 
duplicate.

Clearance of bacteria after intravenous inoculation. F ive m l of E. coli M-S-15 suspension  
(0 .5 -1  X 108 bacteria per m l) were injected into  the femoral vein  of each animal. A liquots of 
blood were then rem oved at 30 and 90 m in, diluted in saline and plated on blood agar as 
described above. After an overnight incubation, the colony form ing units per ml of blood were 
determ ined. The mean bacterial loading dose (0 m in) was about 105 bacteria per ml blood, based 
on the assumption that the total blood volum e am ounts to 1/12 of the dog’s total body weight. 
The geometric mean of colony forming units in each group of anim als was plotted against 
tim e on a sem ilog'.rithm ic graph.

Student’s I test was used for statistical analysis.
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R esults

Titres o f  haem agglutinating  antibodies in  sera after im m un iza tion . Im m u n i
za tio n  b y  a single in jec tio n  o f SR B C  resu lted  in  a ra p id  increase in th e  serum  
h aem ag g lu tin in  t i t r e  in  th e  n o rm al group (0.001 <  p <  0.01 on th e  firs t d ay  
a fte r  im m u n iza tio n ). In  th e  sp lenectom ized  g roup  u n til th e  5 th  post-im m uni
za tio n  d ay  th e re  w as no s ig n ifican t increase in  ag g lu tin a tin g  a n tib o d y  ti tre s . 
A fter th e  5 th  d a y  th e re  w as a s te a d y  increase in  th e  h aem ag g lu tin a tin g  t i tre s  
of th e  te s t  g roup  b u t  i t  s till rem ain ed  a t  a s ig n ifican tly  low er level th a n  th a t  
for th e  con tro l g roup  (p <  0.001); Fig. 1).

P F C  response after intravenous S R B C  im m un iza tion . As show n in F ig . 2, 
in trav en o u s  a d m in is tra tio n  of SRBC resu lted  in  s ig n ifican tly  h igher concen
tra tio n s  o f p laq u e  form ing  cells in  th e  norm al dogs th a n  in  th e  splenectom ized  
g roup  (0.02 <  p <  0.05). In  th e  splenectom ized g roup , desp ite  of im m u n iza
tio n , in  m ost o f th e  cases th e  b lood  co n cen tra tio n  of PFC -s d id  n o t exceed th e  
b ack g ro u n d  v a lu e  (1-2  PFC  p e r 10n ly m phocy tes) found  in  non-im m unized  
norm al dogs.

Serum  opsonizing activity on E . coli M -S -1 5  bacteria. As can  be seen in  
F ig . 3, th e re  w as no difference in  serum  opsonizing a c tiv ity  betw een  contro l 
and sp lenectom ized  an im als. T h e  num ber of in itia l colony fo rm ing  u n its  w as 
re d u c e d  to  less th a n  10%  on in cu b a tin g  p h ag o cy tic  m ix tu res  in  b o th  groups. 
N e ith e r w as th e re  a considerab le  difference in  th e  n u m b er of leukocy te-asso 
c ia ted  as w ell as free v iab le  b a c te ria  betw een th e  tw o  groups. H e a t in a c tiv a tio n

Fig. 1. H aem agglutination titres of dog sera against SRBC after im m unization. One normal 
(capital letter) and one splenectom ized (script letter) anim al is m atched. Each letter represents 
a value obtained from  one animal on a given post-im m unization day. D ay 0 represents haem ag
glutinin titres before im m unization. • -------•  m eans of the normal group; X—— X m eans

of the splenectom ized group. Д p <  0.01; Д  Д 0.001 <  p <  0.01
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F ig. 2. Plaque forming response of blood lym phocytes. Each pair of columns represents the 
results o f a single experim ent in  m atched splenectom ized (solid colum ns) and norm al (blank 

colum ns) dogs. T esting plaque forming cells was done 7 days after im m unization

I II III IV

F ig. 3. Percentage of viable bacteria after phagocytosis. Each point represents the am ount of 
viable bacteria after the phagocytic assay as a percentage of the in itia l bacteria per m l suspen
sion value, n =  incubation w ith  serum  of normal dogs; s =  incubation w ith serum  of splenec
tom ized  dogs; I =  viable counts performed im m ediately after incubation from whole phagocytic  
m ixtures (bacteria +  serum  +  leukocytes); II =  number of free viable bacteria rem aining  
in  the supernatant after centrifugation; III  =  number of leukocyte-associated bacteria; 
IV =  result after incubation w ith  heat-inactivated  sera. H orizontal bars represent the means

of each group

(56 °C, 30 miu) resu lted  iu  a sig n ifican t decrease of serum  opsonizing  a c tiv ity  
in  b o th  groups (0.001 <  p <  0.01 for no rm al an d  p <  0.001 for sp lenec
to m ized  dogs).

Clearance o f bacteria injected intravenously. In  b o th  th e  te s t  an d  the  
co n tro l an im als th e re  tvas a ra p id  ex p o n e n tia l decrease in  th e  n u m b er o f  colony
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Fig. 4. Clearance of bacteria after intravenous inoculation. The log number of CFU-s per ml
blood is rep resen ted ^  a function  of tim e after intravenous inoculation . • ------ •  normal dogs;

X------X sp le n e c to m iz e d  dogs

fo rm ing  u n its . A fte r 90 m inu tes th e  n u m b e r of b ac te ria  w as less th a n  0 .1%  o f 
th e  in itia l load ing  dose.

D iscussion

The asplenic an d /o r sp lenectom ized  s ta te  carries a n  increased r isk  of 
fu lm in a n t b a c te ria l sepsis (O verw helm ing  P o stsp len ec to m y  In fection  — O P S I) 
[3—5], th e  im m unolog ica l m echanism  o f w hich is n o t com pletely  u n d e r
stood.

S p lenectom ized  hum an s [8] an d  r a ts  [9] show a low  se ru m  IgM  level an d  
a d efic ien t a n tib o d y  response to  in tra v e n o u s  p a rtic u la te  an tig en  challenge.

A ltho u g h  severa l clinical [7] a n d  lab o ra to ry  [10] observations h av e  
show n a decreased se ru m  opsonizing a c t iv i ty  a fte r sp len ec to m y , th ere  are  d a ta  
suggesting  th a t  sp len ec to m y  alone is n o t  su ffic ien t to  cause  such im m unolog i
cal a b e rra tio n ; e.g. W in k e l s t e i n  a n d  L am bert  [20] observed  a n o rm a l 
serum  opsonizing a c tiv ity  in  sp lenec tom ized  ch ild ren  w ho h ad  h ad  severe 
sepsis.

M ost o f th e  ex p erim en ta l s tu d ies  perform ed in  sp lenectom ized  ro d e n ts  
have  show n a m ark ed  d elay  in  th e  r a te  o f in tra v a sc u la r  c learance o f in t r a 
venously  in jec ted  p a th o g en s  [21-24].

In  th e  p re sen t s tu d y  s trik in g  s im ila rities an d  m ark ed  d iscrepancies 
were found  be tw een  th e  tw o  groups o f  an im als. In  c o n tra s t  to  th e  n o rm a l 
g ro u p , th e  sp lenectom ized  anim als h a d  a low serum  h a e m a g g lu tin a tin g  a n t i 
body  level a fte r in tra v e n o u s  SRBC im m u n iza tio n . This f in d in g  is in ag reem en t
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w ith  tho se  described for o th e r species inc lud ing  m an [25], ra b b it  [26], r a t  
[11] an d  m ouse [27]. T h u s , th e  spleen seem s to  he of p r im a ry  im portance  in 
th e  in itia l an tib o d y  response  to  b lood-borne p a rticu la te  an tig en s .

In tra v e n o u s  a d m in is tra tio n  of SRBC-s provoked  a m u ch  higher num ber 
o f  p laq u e  form ing cells in  th e  norm al g roup  th a n  in  sp lenectom ized  an im als. 
T h is  fin d in g  is co n sis ten t w ith  th e  d a ta  o b ta in e d  in th e  m ouse by  Lozzio an d  
W argon [28].

In  co n tra s t, th e re  w as no sig n ifican t difference in  serum  opsonizing 
a c t iv i ty  betw een  th e  tw o  groups. This o b se rv a tio n  is in  c o n tra s t  w ith  th e  de
c rea sed  p ostsp lenec tom y  serum  opsonizing a c tiv ity  found  in  ro den ts by L ik - 
H IT E  [10].

Less th a n  0 .1%  o f th e  b ac te ria  in jec ted  in tra v e n o u s ly  could only  be 
re iso la ted  from  th e  c ircu la tio n . This fin d in g  does no t con firm  d a ta  rep o rtin g  a 
d e lay ed  in trav ascu la r  c learance  ra te  of b a c te r ia  in th e  sp lenectom ized  ra t  [22], 
r a b b i t  [21], gu inea-p ig  [23], and  m ouse [24].

T he in  vitro opsonizing  a c tiv ity  of sera  was s ig n ifican tly  decreased by  
h e a t- in a c tiv a tio n  in  b o th  groups.

T hus our d a ta  show  th a t  sp lenec tom y  docs no t a ffec t th e  phagocy tic  
fu n c tio n  e ither in  vitro  or in  vivo. S im ilarly , i t  was re p o r te d  th a t  in  sp lenec
to m iz e d  hum ans th e  in tra v a sc u la r  c learance  o f b ac te rio p h ag e  Ф Х  174 in jec ted  
in tra v e n o u s ly  was a t  its  no rm al level d esp ite  of decreased a n tib o d y  p ro d u c 
t io n  [29].

The p resen t f in d in g s su p p o rt th e  d a ta  pub lished  b y  A hlstedt [30] r e 
g a rd in g  the  crucial role o f th e  com plem en t system  in o pson iza tion . F u r th e r 
m ore  our resu lts  suggest th a t  th e  fu nc tion  of th e  rem oved sp leen  m ay a t  le a s t 
p a r t ly  be ta k e n  over by  th e  rem ain ing  p a r t  of th e  R E S , th u s  lessening th e  r isk  
o f  postsp len ec to m y  com plica tions.

Still, th e  decreased  IgM  p ro d u c tio n  as a possible fa c to r  in  the  p a th o 
genesis of O P S I shou ld  n o t be neglected . T here is ev idence ind ica ting  th a t  
b ac te ric id a l an d  opsonizing  p roperties o f IgM  an tibod ies a re  more effective 
th a n  those  of IgG an tib o d ies  [31]. F u rth e rm o re , there  is an  increased  incidence 
o f  sepsis in  p a tien ts  w ith  IgM  deficiency [32].

Since su scep tib ility  to  in fections is in fluenced  s tro n g ly  by in h e rited  
fac to rs  [24], we c a n n o t d raw  far-reach ing  conclusions for th e  re la tio n  b e tw een  
sp lenec tom y  and  p red isp o sitio n  to  in fec tion . O ur ex p erim en ts  perform ed on 
gene tica lly  heterogenous m ongrel dogs nevertheless suggest th a t  th e  d ep riv a l 
o f  a n  organ  capab le  o f recognizing an d  f ilte r in g  b lood-borne  p a rticu la te  a n t i 
gens — under som e c ircum stances — m ay  accoun t for increased  incidence o f 
severe  infections.
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METHYLATED NUCLEIC ACID BASES IN 
MYCOBACTERIUM  AND MYCOBACTERIOPHAGE
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M ethylated bases of the DN A  of tw o m ycobacteria (M ycobacterium  phlei and M yco
bacterium smegmatis var. butyricum) and tw o m ycobacteriophages (Phage phlei and Phage 
butyricum ) have been studied. In both the bacterial and the phage D N As 5-m ethyl-cytosine  
and 6-m ethyl-am inopurine could be detected . Using L-(m ethyl-H 3)-m ethionine as m ethyl 
donor not only the m ethylated bases of bacterium  and phage D N A  proved to  be radioactive, 
but also the non-m ethylated purine residues and thym ine. Possible pathw ays of this phe
nom enon are discussed.

T hough  th e  presence of m e th y la te d  hases has been observed in  D N A  of 
v iru ses , b a c te ria , p la n t and  an im al cells, th e  bio logical m eaning  o f  m é th y la tio n  
has been  revea led  on ly  in  th e  la s t decade ; i t  p lays a ce n tra l role in  m odification  
a n d  re s tr ic tio n  phenom ena [1, 2]. D N A s of m yco b ac te ria  and  m y co b ac te rio 
p h ag es , how ever, h av e  scarcely  been  in v es tig a ted  in  th is  respect [3, 4].

In  th is  p ap er we in v es tig a ted  th e  m e th y la te d  bases in  th e  D N A  of tw o 
m y co b ac te riu m  s tra in s  (M ycobacterium  ph le i, M ycobacterium sm egm atis  var. 
bu tyricum )  and  th e ir  phages (P hage ph le i, Phage b u ty ric u m ) as th e  f irs t  s tep  
to  s tu d y  th e ir  role in  m odifica tion  an d  restric tio n .

M aterials an d  m ethods

Bacteria and phages. M . phlei and M . smegmatis var. butyricum  and their phages (Phage 
butyricum  and Phage phlei) of our culture collection were used.

Preparation o f  labelled D N A . Bacteria were grown b y  shaking at 37 °C in Sauton  
m edium  [5], supplem ented w ith L-(m ethyl-H 3)-m ethionine (400 kBq/m l ~  10 /tCi/ml) and 
adjusted to  pH  7.4. After 48 h cultivation  glycine was added to  achieve a concentration of
0.2 M [6]. Two hours later the cells were collected by centrifuging, resuspended in T N E  buffer 
(0.05 MTris-HCl, 0.15 M NaCl, 5 т м  EDTA; pH  7.4) and lysozym e (Calbiochem) was added at a 
concentration of 1 m g/m l. The resuspended cells were incubated at 37 °C for 30 m in, then for 
2 h at room  tem perature w ith 0.1 volum e of 10% sodium  dodecylsulphate.

N ucleic acids were extracted w ith  the phenol m ethod [7]. For rem oving R N A  the 
extract was dissolved in  0.3 N KOH and kept at 37 °C for 18 h. After adjusting the pH to 1.0 
the resulting pellet was centrifuged, washed w ith  0.1 N HC1, then  w ith  60, 70 and 80%  ethanol 
and dried.

For preparing labelled phage D N A , bacteria grown in the presence of L-(m ethyl-H 3)- 
m ethionine were resuspended in fresh Sauton m edium  (containing 4 т м  and 1 т м  CaCU for 
Phage phlei and butyricum , respectively), infected  w ith the respective phages a t a m ultiplicity  
o f 1, and L-(m ethyl-H 3)-m ethionine was added in the concentration described above. After 
18 h phage lysates were concentrated and purified as described earlier [5]. D N A  of the purified 
phages was extracted  according to M a n d e l l  and H e r s h e y  [8].
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D N A  hydrolysis and chromatography. D N A  was hydrolysed w ith 70% perchloric acid  
at 100 °C for 60 min.

Chromatography was carried out on W hatm an I paper using a butanol—w ater-am m onia  
(60 : 10 : 0 .1) solvent system  [9]. D eveloped chrom atogram s were cut up in 2 cm  strips and 
eluted w ith  0.1 N HC1. K adioactiv ity  was measured in  a Packard 3330 scintillation  counter 
using B ray  scintillation cocktail [10].

The eluted samples were occasionally concentrated and rechrom atographed together 
with appropriate reference m eth yl bases either on M N 300 cellulose layers using m ethanol- 
H C l-w ater (65 : 17 : 18) and/or bu tanol-m ethanol-w ater-am m onia (60 : 20 : 20 : 0.1) solvent 
system  [11] or on F ix ion -50X 8 chrom atoplates (Chinoin, N agytétén y) precoated w ith  a strong 
cation  exchanger. In the latter case 2.8 N HC1 was used for developing chrom atogram s [12]. 
The appropriate spots were elu ted  w ith  0.1 N HC1 from  the cellulose MN 300 layers and w ith  
10% NaCl in 0.1 N HC1 at 80 °C for 10 m in from  the F ix io n -5 0 x 8  plates. R ad ioactiv ity  was 
determ ined as described above.

R esults

T ab le  I  shows th e  ra d io a c tiv ity  of th e  b ac te ria l and  phage p rep a ra tio n s . 
All th e  D N A s exam ined  p roved  to  be h igh ly  rad io ac tiv e . Specific a c tiv ity  of 
b a c te r ia l DNAs w as m ark ed ly  h igher th a n  th a t  of phage D N A s. D N A s of 
M . butyricum  and P h ag e  b u ty r ic u m  had a h igher specific a c tiv ity  th a n  th a t  
o f M . p h le i and P hage ph le i.

Table I

Specific activity o f  [H0]-methyl labelled bacterium and phage D N A

dpm/10 wg DNA

M . butyricum 53.190

Phage butyricum 5.553

M . phlei 10.332

Phage phlei 1.446

R a d io a c tiv ity  of e lua tes of th e  p ap er s trip s  o b ta ined  a f te r  ch ro m a t
o g ra p h y  is show n in  F ig . 1. I t  can  be seen th a t  th e  p a tte rn  o f ra d io a c tiv ity  was 
d iffe re n t in  th e  four k in d s  of D N A s ex am ined . In  th e  D N A  of M . butyricum  
an d  P h ag e  b u ty ric u m , a c tiv ity  p revailed  in  s trip s  co rrespond ing  to  pu rine  
bases  (guanine and  aden ine) w hile th e  p a tte rn  o f M . ph lei an d  P h ag e  phlei 
D N A  p roved  to  be m ore d iffuse; p ra c tic a lly  all s trip s  w ere m ore or less rad io 
ac tiv e .

T he resu lts p re sen ted  in F ig . 1 d e m o n s tra te  th e  d is tr ib u tio n  of labelled 
D N A  bases using L -(m ethy l-H 3)-m eth ion ine  as m ethy l donor, b u t  do no t 
an sw er th e  question  w h e th e r or n o t D N A  of m y co b ac te ria  an d  th e ir  phages 
c o n ta in s  m e th y la ted  bases.

To iden tify  th e  presence of m inor bases, correspond ing  a reas o f ch ro m a
to g ra m s  were e lu ted , co n cen tra ted  an d  rech ro m a to g rap h ed  as described  in
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Fig. 1. P atterns of [H3]-m ethyl-labelled bacterium  and phage D N A  bases obtained by paper 
chrom atography. Positions of nucleic acid bases are marked on the upper part of the figure. 
A =  M . butyricum  DNA; В =  Phage butyricum  DNA; С =  M . phlei DNA; D =  Phage  
phlei D N A . Abbreviations: G =  guanine. A  =  adenine, 5mC =  5-m ethyl-cytosine, T =  

thym ine, 6mA =  6-methyl-am inopurine

M aterials an d  m ethods. T ab le  I I  show s th a t  in  all D N A  p rep a ra tio n s  s tu d ie d  
ra d io a c tiv ity  was found  a t  positions o f  5 -m ethy l-cy tosine  an d  6-m eth y l- 
am inopurine .
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Table II

Rechromatography of fractions o f  | ! I ' \-nu thyl labelled bacterium and phage D N A  hydrolysates 
obtained by paper chromatography on Cellulose M N  300 thin-layers and on F ix ion -50x8  

chromatoplates for determination o f methylated bases

[cpm] on area corresponding to

Solvent system
5-methyl-
cytosine

6-methyl-
am inopurine

BMA 362 529

M. bulyricum MHW 284 1052

Fixion 235 546

BMA 179 378

Phage butyricum MHW 55 220

Fixion — -

BMA 183 256

M . phlei MHW - -
Fixion 123 215

BMA 1559 401

Phage phlei MHW 77 150

Fixion — —

BMA =  b u ttn o l-m elht nol—г mmonia solvent system  
MHW =  m ethanol-H C l-w ater solvent system  
Fixion =  Fixion-50 X 8 ion exchtnge chromatography

D iscussion

A considerab le  in co rp o ra tio n  of th e  labelled  m eth y l g roup  into the  D N A  
o f th e  tw o m y co b ac te ria l stra ins and m ycobacteriophages investiga ted  w as 
observed . L -M ethionine is th e  d irect p recu rso r of S -adenosyl-m eth ionine, th e  
m e th y l donor for th e  m é th y la tio n  reac tio n . Specifc D N A  m ethylases tra n sfe r  
th e  m ethy l group fro m  S-adenosy l-m eth ion ine to  aden ine  and  cytosine re s i
dues a t  specific sites o f th e  DNA. C hrom atog raph ic  analysis  of DNA h y d ro 
ly sa te s  revealed th a t  th e  DNAs exam ined  co n ta in  th e  u su a l m e th y la ted  bases 
5 -m ethy l-cy tosine  a n d  6-m eth y l-am in o p u rin e  [3].

Tbe m eth y l g ro u p  of L-m ethionine, how ever, could  re a c t w ith te tra -  
hydrofo lic  acid fo rm in g  № -m e th y l-te trah y d ro fo la te . T h en  tw o pathw ays are  
possib le: (i) to  p a r t ic ip a te  in  form ing th e  p u rin e  ring , (ii) to  m eth y la te  deoxy- 
u rid in e -m o n o p h o sp h a te  form ing th y m id in e -m o n o p h o sp h a te . T hus, th e  ra d io 
a c tiv ity  from  th e  lab e lled  m ethy l group o f L -m ethionine m ig h t be p resen t n o t 
on ly  in the  pu rin e  rin g s (adenine and guan ine) b u t also in  th e  m ethy l g roup
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of th y m in e  and  th is  explains w hy we could  de tec t ra d io a c tiv ity  also in  areas 
co rrespond ing  to  th y m in e .

T he presence o f th e  sam e m e th y l bases in  th e  D N A  of m yco b ac te ria  an d  
m ycobac te riophages raises th e  q u es tio n  w h e th e r phage specific or h ost specific 
m e th y lases  are responsib le  for th e  m é th y la tio n  of phage D N A . F u r th e r  s tu d ies  
are  in  progress in  th is  regard .

Acknowledgement. The authors wish to  thank Mrs S u s a n  F a b a g ó  for skilful technical 
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LOCALIZATION OF GENES CODING FOR 
MACROLIDE RESISTANCE ON THE 

PENICILLINASE PLASMID OF ISOLATES OF AN 
EPIDEMIC STAPHYLOCOCCUS AUREUS

L . J á n o s i  and É v a  B á n

National Institu te o f Hygiene, B udapest and László H ospital fo r  Infectious
Diseases, Budapest

(R eceived October 28, 1981)

Genetic localization of gene(s) coding for erythrom ycin and oleandom ycin resistance 
in five isolates of phage com plex 52, 52A, 80, 81, multiple antibiotic resistant epidem ic Staphylo
coccus aureus was studied. The 100% coelim ination rate of erythrom ycin, oleandom ycin, 
penicillin  (penicillinase production) and certain heavy m etal ion resistances from  each of the 
clinical isolates and the 100% cotransduction rate of these resistance markers from  two clinical 
isolates as well as changes in the partially  purified extrachrom osom al D N A  patterns of the 
clinical wild types after elim ination and the recipients after transduction indicated that 
erythrom ycin and oleandom ycin resistance determining gene(s) resided on the penicil
lin ase-h eavy  m etal ion  resistance plasm id in  each of the isolates. The electrophoretic m obility  
of these m acrolide-penicillinase-heavy m etal ion resistance plasm ids (M acPc plasm ids) was 
the sam e in  four strains and higher in  one strain. These MacPc plasm ids did not confer any  
resistance to spiram ycin and lincom ycin (even  after induction) or to kanam ycin, which features 
differentiate them  from  MacPc plasmids p i  258 and pTU 512 form ely identified  in Staphylo
coccus aureus in Japan.

A to ta l  o f 654 S . aureus s tra in s  were iso lated  du ring  an  o u tb reak  a t 
th re e  ep idem iologically  re la te d  d ay -nu rseries in  P est co u n ty , H u n g a ry , in  the  
years  1977 to  1979. M ore th a n  one h a lf  o f th e  iso lates (58 .3% ) belonged  to  one 
p h  age com plex, th e  52, 52A, 80, 81-com plex , and  proved  to  be m u ltip le  a n ti
b io tic  re s is ta n t, m a in ly  -with a p a t te rn  of e ry th ro m y cin , pen icillin , ch lo ram 
phen ico l and  te tracy c lin e  re s is tan ce . As m any  as 328 iso la tes o u t o f  th e  381 
belonging  to  th e  52, 52A, 8 0 ,81-com plex w ere te s ted  for th e ir  m acro lide—lincos- 
am ide  cross-resistance using  e ry th ro m y c in , o leandom ycin , sp iram y cin  and  
lincom ycin  disks. F o u r d ifferen t cross-resistance p a tte rn s  w ere found  am ong 
th e  iso la tes; 239 s tra in s  p roved  to  be re s is ta n t to  e ry th ro m y c in  an d  m o dera te ly  
re s is ta n t to  o leandom ycin  b u t sen sitive  to  sp iram ycin  and  lincom ycin  (ery-r 
ole-r s tra in s); 81 s tra in s  w ere r e s is ta n t to  e ry th ro m y c in  an d  o leandom ycin  as 
well as inducib ly  re s is ta n t to  sp iram y c in  and  lincom ycin  in d u ced  b y  b o th  
e ry th ro m y c in  an d  o leandom ycin  (e ry -r ole-r spi-ir lem -ir s tra in s ); 7 s tra in s 
show ed e ry th ro m y c in  resistance  as w ell as ery th ro m y cin  in d u ced  oleando
m ycin , sp iram ycin  an d  lincom ycin  res is tan ce  (ery-r ole-ir sp i-ir lem -ir s tra in s); 
and  a single s tra in  p roved  to  be re s is ta n t to  each exam ined  d ru g  (ery-r ole-r 
sp i-r lem -r s tra in ). T he s im ila rity  in  phage sen sitiv ity  and  d issim ila rity  in
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m acro lide—lincosam ide cross-resis tan ce  of th e  iso lates can  be exp la ined  e ith e r 
b y  a change in th e ir  g en e tic  s ta tu s  invo lv ing  m acrolide an d  lincosam ide re s is t
ance d e te rm in an t(s) or b y  supposing  th e  cau sa tiv e  ag en ts  to  have  o rig inated  
fro m  d iffe ren t clones. T o  p ro v e  or exclude th e  one clone o rig in  o f th e  52, 52A- 
80, 81-com plex s tra in s  re q u ire d  th e  ch a ra c te riz a tio n  of th e ir  m acro lide—lincos
am ide  resistance  d e te rm in a n ts  in  m ore de ta il. T h is p a p e r deals w ith  th e  genetic  
lo ca liza tio n  of gene(s) encod ing  th e  e ry -r ole-r p h en o ty p e  th a t  was c h a ra c te r
is tic  o f  th e  m a jo rity  o f 52, 52A, 80, 81-com plex s tra in s  a t  th e  beg inn ing  o f th e  
o u tb re a k . R esults o f th e  genetic  analy sis  o f S. aureus s tra in s  d isp lay ing  th e  
o th e r  m acrolide—lincosam ide  cross-resistance p h en o ty p e  will be described else
w here.

M aterials and m ethods

Bacterial strains. F ive  S. aureus clinical isolates were chosen for this study. Some 
characteristics of the clinical w ild type strains as well as of S. aureus strains of laboratory origin 
are show n in Table I. Each of the wild type strains was isolated during the outbreak at nurseries 
in  P est county in 1977 and was identified  at the N ational In stitu te  of H ygiene, Budapest.
S. aureus RN 981 was obta ined  from  Dr. E. H. A s h e s h o v . Strain B E  1222/2 was isolated in 
the sam e outbreak and cured of its m acrolide-lincosam ide resistance determ inant in our 
aboratory.

Table I

S. aureus strains

Strain Origin Phage pattern at 
RTD X  100*

Antibiotic resistance 
phenotype** Reference

PM 246 clinical
wild type 80/81

pen+ chm-r tet-r 
ery-r ole-r

this paper

PM 1669 ditto 80 ditto ditto
PM 2104 ditto 80 ditto ditto
PM 2017 ditto 80 ditto ditto
PM 1424 ditto 52/52A/80 pen+ chm-r ery-r 

ole-r
ditto

NCTC 8325 laboratory 47/53/75/77/84/85/ + sensitive Ш
R N  981 ditto 47/53/75/77/84/85/ + sensitive [2. 3]
NCTC 8360 ditto strong reaction with  

each basic set 
phage except for 
ЗА and 94

nov-r [1]

B E  1222/2 d itto 6/47/53/ + penT chm-r tet-r this paper

* -(- =  further weak reactions.
** pen+ =  penicillinase production; chm-r -  chloramphenicol resistance; tet-r =  tetra

cycline resistance; ery-r =  erythrom ycin resistance; ole-r =  oleandom ycin resistance; nov-r =  
novobiocin resistance.

M edia. For the resistance elim ination experim ents and for the MIC determ ination of 
penicillin , erythrom ycin and oleandom ycin, CY broth and agar [4] were used. Agar diffusion  
antibiotic sensitiv ity  tests  were carried out on M ueller-H intonagar containing 2 ml per litre of 
Lissam ine rhodamine В 200 from  a 0.2%  stock solution. The m edium  used for phage-typing,
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for transduction  experim ents and for detection of penicillinase production consisted of yeast 
extract, 5 g; W itte peptone, 10 g; NaCl, 5 g per litre distilled water, pH  7.5, supplem ented w ith  
11 g of Oxoid No. 1 agar w hen used as a solid m edium . For MIC determ ination of heavy m etal 
ions, sp iram ycin and lincom ycin, Oxoid N utrient Broth No. 2 was used. A dditives to  m edia 
will be described later.

A ntib io tic  sensitivity  tests. In agar diffusion sensitiv ity  tests the following set of R esistest 
(Hum an, B udapest) disks was used: penicillin (3 IU ), chloram phenicol (30 fig), tetracycline  
(30 fig), erythrom ycin (10 fig), oleandom ycin (30 fig), spiram ycin (30 fig), lincom ycin (10 fig), 
oxacillin (10 fig), streptom ycin  (30 fig), neom ycin (100 fig), kanam ycin (30 fig), novobiocin  
(30 fig) and gentam icin (20 fig). M acrolide-lincosam ide cross-resistance of the strains was 
tested by a m odified m ethod of W eisblu m  and D em o h n  [5] in  which the soft agar overlayer 
was om itted .

In q u antitative  antib iotic  sensitivity tests an agar dilution m ethod [6] was used for the  
estim ation of MIC values o f erythrom ycin (Sigm a), oleandom ycin phosphate (Sigma) and benzyl- 
penicillin (B iogal). P lates were prepared containing the drugs in the following concentration  
ranges: erythrom ycin from  0.39 to 200 fig/m \, oleandom ycin from  2.4 to 1250 fig/m l, and  
penicillin from  0.39 to 25 fig/m l. MICs of spiram ycin (Selectom ycin, Chemie Grünenthal) and 
lincom ycin hydrochloride (V/O Medexport) were determ ined b y  tube dilution test [6 ]. The 
tubes contained 0.7 to 12 fig/m l of both drugs. The same tube dilution m ethod was used to  
determine MICs of m ercury(II) chloride, cadm ium  sulphate, disodium  hydrogen arsenate and 
lead acetate, using 6.25 to 100 fig/ml, 3.9 to 250 fig/m \, 25 to  400 fig/m l, and 6.25 to 100 fig/m \ 
concentration ranges, respectively.

Detection o f penicillinase production. The p la te  m ethod  of W orkm an  and  F a rra r  [7] 
was used.

Phyge-typing. Propagation , quantitative and qualitative control of S. aureus typ ing  
phages and interpretation of the results were carried out according to  B lair  and W illia m s  [1]. 
The basic set of phages consisted of the recom m ended ones [8 ].

E lim ination  o f antibiotic resistance markers. The procedure of curing and selection for 
penicillin or erythrom ycin has been described elsewhere [9]. E lim inant colonies were identified  
by phage ty p in g , tested  for antibiotic resistance pattern including m acrolide-lincosam ide  
cross-resistance, and for penicillinase production.

P ropagation  o f transducing phage. S. aureus typing phage 80 (NCTC 9788) was used as 
transducing vector in all resistance transfer experim ents. Broth propagation [1] of phage 80 
on donor strains was carried out in three successive cycles. Phage suspensions were filtered  
through syntered glass filters, titrated on the donor strains and stored at 4 °C.

P reparation o f antiphage serum. Preparation of antiphage serum against S. aureus 
typing phage 55 (NCTC 8429) and К -value determ ination were performed according to  the 
method of A d a m s  [10]. In transduction experim ents as much serum was added to the p h age-  
bacterium  m ixture which com pletely inhibited plaque form ation of transducing phage in 15 
min at 37 °C.

T ransduction experim ents. Transductions were carried out by a m odified m ethod of 
St if f l e r  et al. I l l ] ;  instead of sodium citrate, antiphage serum was added to prevent further 
phage adsorption. Selection was carried out either on plates containing benzylpenicillin in  a 
concentration of 0.1 fig/m \ for recipients NCTC 8325 and R N  981, and 0.7 fig/ml for recipients 
NCTC 8360 and B E 1222/2, or on plates containing 0.6 fig/mX erythrom ycin lactob ionate  
(Antibiotics P la n t, Jassy). Transductants were identified  as described above for the élim inants.

P reparation  o f p a r tia lly  purified  p lasm id  D N A s and electrophoresis. The lysostaphin— 
Brij-cleared lysa te -p h en o l and chloroform extraction -alcoholic  concentration m ethod to  
obtain partia lly  purified extrachrom osom al D N A s and the technique of agarose-gel electro
phoresis of the préparâtes were described elsewhere [12]; instead of Tris-acetate, Tris-borate  
buffer [13] w as used to  fill the tanks of the electrophoresis apparatus and to  prepare 0.7%  
agarose gels.

R esults

Characterization o f  m acrolide-lincosam ide cross-resistance o f  stra ins  
P M 2 4 6 , P M 1424, P M 1 6 6 9 , P M 2017  and P M 2104 . E ach  clin ical w ild ty p e  
s tra in  grew  n e a r  th e  edge of th e  e ry th ro m y c in  d isk , show ed an  in h ib itio n  zone 
of a p p ro x im a te ly  12 to  14 m m  around  th e  o leandom ycin  disk and , a la rg e r 
th a n  20 m m  in h ib itio n  zone around  th e  sp iram ycin  an d  lincom ycin  d isks
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(F ig . 1). None of th e  in h ib itio n  zones w as defo rm ed  in any  d irec tio n . C om paring  
th is  m acro lide-lincosam ide cross-resistance p a tte rn  to  th a t  o f th e  s tra in  NCTC 
8325 w ith  inh ib itio n  zones larger th a n  20 m m  around  e ry th ro m y c in , o leando
m y c in , sp iram ycin  an d  lincom ycin  d isks, th e  clinical w ild ty p e  s tra in s  PM 246, 
PM 1424, PM 1669, PM 2017 and PM 2104 w ere th o u g h t to  be re s is ta n t to  
e ry th ro m y c in , “ m o d e ra te ly ”  re s is ta n t to  o leandom ycin , and  sensitive to  sp ira 
m y c in  and the  lincosam ide re p re se n ta tiv e  lincom ycin . N e ith e r e ry th ro m y c in  
n o r  o leandom ycin  a c te d  as an  inducer in  sp iram y c in  or lincom ycin  resistance  in  
th e se  s tra in s. S e n s itiv ity  of th e  w ild ty p e  s tra in s  to  sp iram ycin  and  lincom ycin  
w as confirm ed b y  q u a n ti ta t iv e  an tib io tic  se n s itiv ity  te s ts  as show n in T ab le  I I .

F ig. 1. M acrolide-lincosam ide cross-resistance pattern of the clinical wild typ e  strains. S. aureus 
PM  2104 (a); S. aureus NCTC 8325 (b). A ntib iotic  disks: spiram ycin, erythrom ycin, oleando
m ycin  and lincom ycin (left, from top to bottom ); lincom ycin , erythrom ycin, oleandom ycin and 

spiram ycin (right, from  top to  bottom )
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Table II

M IC  values o f spiram ycin and lincomycin for S. aureus NCTC 8325 and the f ive  clinical w ild type
strains

MIC values (jug/ml) 
Strain -----------------------------------------

spiramycin lincomycin

A C T C  8 3 2 5 1 .5 3 .0

P M  2 4 6 3 .0 1 .5

P M  1 4 2 4 3 .0 1 .5

P M  1 6 6 9 6 .0 1 .5

P M  2 0 1 7 3 .0 <  0 .7

P M  2 1 0 4 6 .0 3 .0

L inkage o f  de term inan t(s) o f  erythrom ycin and oleandomycin resistance to 
determ inants o f  pen icillinase production  and certain heavy metal ion resistances 
in  stra ins P M 2 4 6 , P M 1 4 2 4 , P M 1 6 6 9 , P M 2017  and P M 2 1 0 4 . D a ta  in  T ab le  
I I I  show  th a t  t re a tm e n t o f each  o f th e  clinical wild ty p e s  w ith  e th id iu m  b ro 
m ide a n d  selection  for é lim in an ts  on penicillin  or e ry th ro m y c in  — co n ta in in g  
agar p la te s  re su lted  in  d e tec tio n  o f only  one ty p e  o f é lim inan t colonies; 
e ry th ro m y c in  and  o leandom ycin  sensitive  colonies w ith  no penicillinase p ro 
d u c tion . N e ith e r a sep a ra te  loss o f m acrolide resis tan ce  and  penicillinase 
p ro d u c tio n  no r a coelim ination  o f  o th e r  resistance m ark ers  was observed . 
S tra in s  PM 246 and  PM 2104 w ere u sed  as donors in  resistance  tra n sfe r  
ex p erim en ts . D a ta  in  T ab le  IV  show  th a t  tw o ty p es  o f tra n s d u c ta n t  colo
nies w ere observed  depend ing  on th e  rec ip ien t s tra in  used. T ra n sd u c ta n t 
colonies derived  from  re c ip ien t s tra in  B E1222/2 becam e re s is ta n t to  e ry th ro 
m ycin  an d  o leandom ycin , w hile colonies derived from  th e  o th e r rec ip ien ts  
p roved  to  be c o tra n sd u c ta n ts  o f e ry th ro m y c in  and o leandom ycin  resis tan ce  as 
well as penicillinase p ro d u c tio n  n o t d epend ing  on th e  selective drug  used . N o 
co tran sd u c tio n  of o th e r an tib io tic  re s is tan ce  tra its  was observed  using benzyl- 
pen icillin  or e ry th ro m y c in  se lection . D a ta  inculded in T ab le  V show  th a t  b o th  
linked  e lim in a tio n  and  lin k ed  tra n sd u c tio n  o f d e te rm in an ts  o f  m acrolide re s is t
ance an d  penicillinase p ro d u c tio n  re su lte d  in  a change o f th e  MIC v alue  no t 
on ly  o f  e ry th ro m y c in , o leandom ycin  an d  benzylpenicillin  b u t  of ce rta in  h eav y  
m eta l ions as well. The d e te rm in a n t o f cadm ium  resis tan ce  w as coelim inated  
fro irrirach  w ild ty p e  s tra in s , and  also th e  m ercu ry  resis tan ce  o f each s tra in  b u t 
PM 2017 o rig inally  sensitive  to  m ercu ry  ions, while th e  d e te rm in a n t o f lead 
ion resis tan ce  on ly  from  s tra in s  PM 246, PM 1424 and PM 2104. A fter tra n s d u c 
tio n  in  one tra n s d u c ta n t  d e riv a tiv e , S . aureus  JL 47/32 , lin k ag e  of d e te rm in an ts  
o f  cadm ium , m ercu ry  an d  lead  ion  resistances to  d e te rm in a n ts  of m acro lide 
resistance  an d  penicillinase p ro d u c tio n  could  clearly  be d em o n stra ted .
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Table III
Elimination o f  macrolide resistance from  the f iv e  clinical w ild type strains

Strain Antibiotic resistance pheno
type before elimination*

No. of 
colonies 
tested

Antibiotic resistance pheno
type after elimination**

Fre
quency

of
elimi

nation,
%

PM 246 pen+ chm-r te t-r  ery-r ole-r 320 pen- chm-r tet-r ery-s ole-s 31.0
PM 1424 pen+ chm-r ery-r ole-r 140 pen- chm-r ery-s ole-s 17.0

PM 1669 pen+ chm-r te t-r  ery-r ole-r 240 pen- chm -r tet-r ery-s ole-s 12.0
PM 2017 d itto 400 ditto 50.0

PM 2104 d itto 240 ditto 40.0

* Abbreviations used  are the same as in Table I.
** pen-  =  no penicillinase production; ery-s =  sensitive to erythrom ycin; ole-s =  sen

sitiv e  to oleandomycin

Table IV

Transduction o f  macrolide resistance from  the two clinical w ild  type strains

, No. of colonies Phenotypic markers ap- No- of colonies showin„
Transductional cross* tested peered m the recipients after the pbenotypic chance

transduction**

PM 246
80

BE 1222/2 1 ery-r ole-r 1

PM 246

Em
80

NCTC 8360 20 pen+ ery-r ole-r 20

PM 246

Em
80

NCTC 8360 20 ditto 20

PM 2104

Pc

80
BE 1222/2 20 ery-r ole-r 20

PM 2104

Em
80

NCTC 8360 20 pen+ ery-r ole-r 20

PM 2104

Em
80

NCTC 8360 20 ditto 20

PM 2104

Pc
80

NCTC 8325 4 ditto 4

PM 2104

Em
80

RN 981 1 ditto 1
Em

* Description of transductional crosses: donor ------- 7--------- recipient; Pc =  peni-
selective drug

cillin; Em =  erythrom ycin.
** Abbreviations used are the same as in Table I.
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Table У

M IC  values o f penicillin, erythromycin, oleandomycin and heavy metal ions fo r the f ive  clinical w ild type strains, fo r  their éliminants and trans-
d net ants, and fo r the recipients used in the respective transductional crosses

Strain
MIC values (/vg/ml) of**

Origin *
Pc Em Om № + ] [Cd2+] [AsO2-] [Pb2+]

PM 246 clinical w ild type > 2 5 .0 50.0 19.0 100.0 250.0 200.0 > 100.0
BE 246/1 élim inant of PM 246 < 0 .0 4 < 0 .3 9 < 2 .4 6.25 3.9 200.0 < 1 2 .5
NCTC 8360 laboratory, recipient 0.09 < 0 .3 9 < 2 .4 25.0 250.0 200.0 > 100.0

JL 73/82
80

PM 2 4 6 ----- f  NCTC 8360, transductant
Em > 2 5 .0 25.0 19.0 > 100.0 62.5 400.0 > 100.0

PM 1424 clinical wild type 25.0 25.0 9.9 > 100.0 250.0 > 400 .0 > 100.0
B E  1424/1 élim inant o f PM 1424 < 0 .0 4 < 0 .3 9 2.4 < 6 .2 5 < 3 .9 >400 .0 < 6 .2 5

PM 1669 clinical w ild type > 2 5 .0 200.0 19.0 > 100.0 250.0 400.0 > 100.0

B E  1669/1 élim inant of PM 1669 < 0 .0 4 < 0 .3 9 < 2 .4 12.5 31.0 >400 .0 > 100.0
PM 2017 clinical w ild  type > 2 5 .0 50.0 9.9 < 6 .2 5 250.0 >400 .0 50.0

B E  2017/1 élim inant of PM 2017 < 0 .0 4 < 0 .3 9 < 2 .4 < 6 .2 5 15.0 400.0 > 100.0
PM 2104 clinical wild type > 2 5 .0 50.0 19.0 > 100.0 250.0 400.0 > 100.0
B E  2104/1 élim inant o f PM 2104 < 0 .0 4 < 0 .3 9 < 2 .4 < 6 .2 5 3.9 200 0 < 6 .2 5

NCTC 8325 laboratory, recipient < 0 .0 4 < 0 .3 9 < 2 .4 < 6 .2 5 < 3 .9 100.0 < 6 .2 5

JL 47/32 PM 2 1 0 4 ----- »-NCTC 8325, transductantEm 25.0 25.0 9.9 > 100.0 125.0 400.0 > 100.0

* Description of transductional crosses is the same as in Table IV.
** Pc =  penicillin; Em  =  erythromycin; Om =  oleandomycin; (Hg2+) =  

P b2+ ] =  lead ion.
mercury ion; (Cd2+ ) = cad ium ion; (A sO !-) arsenate ion:

CO
CO

M
A
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O
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A
SE PLA
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Relation o f linked determ inants o f  macrolide resistance, penicillinase pro
duction and heavy metal ion resistances to extrachromosomal D N A  fractions in 
strains P M 246 , P M 1 4 2 4 , P M 1669 , P M 2017  and P M 2 1 0 4 . F igure 2 shows 
ex trach rom osom al D N A  p a tte rn s  of s tra in s  PM 246 clinical w ild ty p e  (lane 1), 
B E 246/1 , a coelim inan t o f  PM246 lack ing  m acrolide resis tan ce , penicillinase 
p ro d u c tio n  and h eav y  m e ta l ion resistances (lane 2), S . aureus NCTC 8360

1 2  3 4

Fig. 2. Extrachrom osom al D N A  patterns of S. aureus PM 246 and its  derivatives. S. aureus 
PM 246 clinical wild type strain (1); S. aureus B E  246/1 élim inant of PM 246 (2); S. aureus 
NCTC 8360 recipient (3); S. aureus JL  73/82 transductant (4). E lectrophoretic separation was 
from  top to bottom . An “ s”  m ark indicates the start of electrophoretic separation. For further

details, see the tex t

used as rec ip ien t in  PM 246 ——t- NCTC 8360 tra n sd u c tio n  exp erim en t (lane 3), 

and  JL 73 /82 , a tra n s d u c ta n t  o b ta in ed  in  th is  tra n sd u c tio n  experim en t (lane 
4). In  F ig . 2 an “ s”  m a rk  ind icates th e  s ta r t  o f e lec tro p h o re tic  sep a ra tio n . 
C om paring  th e  p a tte rn  o f  PM 246 to  th a t  o f B E 246/1 , i t  can  be seen th a t  coe- 
lim in a tio n  of th e  re s is tan ce  m arkers w as accom pan ied  b y  a loss of tw o DNA 
h ands from  th e  cells o f  th e  clinical w ild ty p e  s tra in  in positions in d ica ted  by  
“ a”  and  “ b ”  in th e  p ic tu re . S tra in  73/82 show ed tw o add itio n a l D N A  hands 
in  its  ex trach rom osom al D N A  p a tte rn  in  th e  sam e “ a ”  and  “ b ”  positions as 
com pared  to  the  p a t te rn  o f NCTC 8360. F igu re  3 show s th e  ex trach rom osom al 
D N A  p a tte rn s  of s tra in *  PM 2104 clin ical w ild ty p e  (lane 1), B E 2104/1 , an 
é lim in an t of PM 2104 w hich  has lost th e  ca p a b ility  to  p roduce penicillinase and  
resis tan ce  to  m acro lide an tib io tics and  h eavy  m eta l ions (lane 2), S. aureus 

NCTC 8325 used as rec ip ien t in th e  PM 2104 tra n sd u c tio n  exp erim en t 

(lane 3), and  JL 47 /32 , a tra n s d u c ta n t  iso la ted  in  th e  sam e tra n sd u c tio n  ex 
p e rim en t (lane 4). M arks “ a”  and  “ b ”  in d ica te  th e  position  of tw o D N A  bands
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1 2  3 4

Fig. 3. Extrr chrom osom al DN A  pattern of S. aureus PM 2104 and its derivatives. S. aureus 
PM 2104 clinical wild type strain (1); S. aureus BE 2104/1 élim inant of PM 2104 (2); S. aureus 
NCTC 8325 recipient (3); S. aureus JL  47/32 transductant (4). E lectrophoretic separation was 
from top to bottom . An “ s”  mark ind icates the start of electrophoretic separation. For further

details, see the text

1 2 3 4 5 6

Fig. 4. Extrachrom osom al DNA patterns of S. aureus PM 1424, PM 1669, PM 2017 and their 
derivatives. S. aureus PM 1424 clinical w ild type strain (1); S. aureus B E  1424/1 élim inant of 
PM 1424 (2); S. aureus PM 1669 clinical w ild type strain (3); S. aureus B E  1669/1 élim inant of 
PM 1669 (4); S. aureus PM 2017 clinical w ild type strain (5); S. aureus B E  2017/1 élim inant 
of PM 2017 (6). E lectrophoretic separation was from top to  bottom . An “ s”  mark indicates 

the start o f electrophoretic separation. For further details, see the text

p resen t in PM 2104 before e lim in a tio n  and in JL 47/32 a fte r tra n sd u c tio n  b u t 
ab sen t in  th e  B E 2104/1  é lim inan t an d  S. aureus NCTC 8325 rec ip ien t. F igure 
4 show s ex trach ro m o so m al D N A  p a tte rn s  of s tra in s PM 1424 (lane 1), PM1669 
(lane 3), PM 2017 (lane 5) clin ical w ild types as well as BE1424/1 (lane 2),
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B E 1669/1  (lane 4) and  B E 2017/1  (lane 6) é lim inan ts for penicillinase production , 
m acro lide  and heavy  m e ta l ion  resistances derived  from  PM 1424, PM 1669 and 
PM 2017, respectively . D N A  b an d s in  positions “ a ”  an d  “ b ”  p resen t in  stra ins 
PM 1424 and  PM1669 w ere  ab sen t in  th e ir  respective  é lim in an ts . S tra in  PM2017 
h ad  no D N A  bands in  “ a ”  an d  “ b ”  positions b u t a f te r  e lim in a tio n  th e  DNA 
b a n d s  in  “ c”  and  “ d ”  po sitio n s w ere absen t. F igure 5 show s ex trachrom osom al 
D N A  p a tte rn s  of th e  f iv e  clinical w ild ty p e  s tra in s  in  one e lec trophoretic  run .

1 2 3 4 5

Fig. 5. Extrachrom osom al D N A  patterns of S. aureus clinical wild type strains. S. aureus 
PM 246 (1); S. aureus PM 1424 (2); S. aureus PM 1669 (3); S. aureus PM 2017 (4); S. aureus 
PM 2104 (5). E lectrophoretic separation was from top to  bottom . An “ s” mark indicates the 

start of electrophoretic separation. For further details, see the tex t

D N A  b ands re la ted  to  genetic  d e te rm in an ts  of penicillinase p ro d u c tio n  as well 
as m acrolide and h e a v y  m eta l ion resistances in  th e  s tra in s  ru n  w ith  ap p ro x i
m a te ly  th e  same v e lo c ity  in  s tra in s  PM 246 (lane 1), PM 1424 (lane 2), PM 1669 
(lane 3) and PM 2104 (lane 5), while th a t  of s tra in  PM 2017 (lane 4) m oved 
fa s te r: bands p resen t in  “ a”  and  “ b ”  as well as in  “ c”  and “ d ”  positions, 
respective ly .

D iscussion

T he p resen t s tu d y  w as aim ed a t  estab lish ing  th e  genetic  location  of 
m acro lide  resistance d e te rm in an t(s )  in  five S. aureus s tra in s  chosen from  
am o n g  th e  239 iso la tes o f a m ultip le  an tib io tic  re s is ta n t, 52, 52A, 80, 81- 
com plex  epidem ic o rg an ism  w hich  exh ib ited  e ry th ro m y c in  resistance and  
o leandom ycin  res is tan ce  b u t  no sp iram ycin  and  lincom ycin  resistance. A se
ries o f d a ta  o b ta ined  in  re s is tan ce  elim ination  an d  tra n sd u c tio n  experim en ts as
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well as in  gel e lec tro p h o re tic  analysis o f ex trach ro m o so m al DNA p re p a ra tio n s  
suggest th a t  each  o f th e  five  clinical w ild ty p e  s tra in s  exam ined  carries a p e n i
cillinase an d  h eav y  m eta l ion  resistance de te rm in in g  p lasm id  w hich also h a rb o u rs  
the  gene(s) govern ing  e ry th ro m y c in  an d  o leandom ycin  resistance in  th e  cells.

M ost o f th e  ex p erim en ta l d a ta  su p p o rtin g  th is  s ta te m e n t have  been  
collected in  th e  case o f s tra in s  PM 246 an d  PM 2104. These d a ta  include a 100%  
coelim ination  ra te  o f th e  genes govern ing  m acro lide resistance w ith  th o se  
governing penicillinase p ro d u c tio n . This w as accom pan ied  in  the  B E246/1 an d  
B E 2 104/1 é lim in an t d e riv a tiv es  te s ted  b y  a loss o f genes governing th e  m e r
cury , cadm ium  an d  lead  resistances in  th e  cells. The e lim in a tio n  of th is  lin k ag e  
group of genes from  s tra in s  PM 246 and  PM 2104 resu lted  in  th e  loss of a t  le a s t 
tw o well visib le D N A  b ands from  th e  ex trach ro m o so m al D N A  p a t te rn  o f 
b o th  w ild ty p e  s tra in s  in d ica tin g  th e  re la tio n sh ip  of linkage group o f genes 
governing penicillinase p ro d u c tio n , m acrolide and  h eav y  m eta l ion resis tan ces  
w ith  ex trach ro m o so m al D N A  frac tions in  s tra in s  PM 246 and  PM 2104. I t  is 
w orth  m en tion ing  th a t  unless a special e ffo rt is m ade in  purify ing  p lasm id  
DNAs [e.g. 14-17], one p lasm id  species can  be p resen t in  m ore th a n  one m olec
u lar form  in  th e  p re p a ra tio n s  [18]. The d iffe ren t m olecular form s of a p lasm id  
separa te  in  gel e lec trophoresis a t d ifferen t velocities [19]. This allows to  in te r 
p re t the  re su lts  o f e lim in a tio n  and  gel e lec tro p h o re tic  analysis o f DNAs o f th e  
wild ty p e  s tra in s  and th e ir  é lim in an t d e riv a tiv es  as e lim in a tio n  of one p lasm id  
species coding for penicillinase p ro d u c tio n  as well as m acrolide and  h eav y  
m etal ion  resis tan ces  from  s tra in s  PM 246 an d  PM 2104. In  tra n sd u c tio n a l 
crosses using  PM 246 an d  PM 2104 as donors and  NCTC 8360, NCTC 8325 as 
well as R N 981 (reco m b in a tio n  deficien t) s tra in s  as rec ip ien ts , all the  85 tra n s -  
d u c ta n t d e riv a tiv es  iso la ted  proved  to  be c o tra n sd u c ta n t for e ry th ro m y c in  an d  
o leandom ycin  resistances, penicillinase p ro d u c tio n  as w ell as heavy  m eta l ion  
resistances. T h e  la t te r  w as d em o n stra ted  in  a t  least one tra n sd u c ta n t. E x t r a 
chrom osom al D N A  p a tte rn s  o f tra n s d u c ta n t  deriva tives JL 73/82  and JL 47 /32  
displayed tw o  a d d itio n a l D N A  bands as com pared  to  th e  p a tte rn s  of th e ir  re sp e c 
tive rec ip ien ts  p rov ing  th e  re la tio n sh ip  of penicillinase p ro d u c tio n , m acrolide an d  
heavy  m eta l ion  resistance  govern ing  linkage group o f genes w ith  ex trach ro m o 
som al D N A  frac tions in  th e  tra n sd u c ta n ts . M oreover, th e  tw o ad d itio n a l 
DNA hands in  th e  tra n s d u c ta n ts  ap p eared  in  th e  sam e position  as those w hich 
d isappeared  from  th e  w ild ty p es  a fte r e lim ination . These tran sd u c tio n a l as well 
as gel e lec trophore tic  d a ta  can  be in te rp re te d  as tra n sd u c tio n  of one p lasm id  
species coding for penicillinase p ro d u c tio n  as well as m acrolide and h ea v y  
m eta l ion  resistances from  b o th  clinical w ild  ty p e  s tra in s  PM 246 and PM 2104, 
and fu lly  confirm  th e  d a ta  o b ta in ed  b y  e lim ina tion  experim en ts. T here w ere 
21 tra n s d u c ta n t d e riv a tiv es  of BE1222/2 rec ip ien t in  w hich  co tran sd u c tio n  of 
m acrolide re sis tan ce  w ith  penicillinase p ro d u c tio n  was n o t detec ted . A lthough  
no effort was m ade to  p rove  i t ,  i t  is p resum ed  th a t ,  as in  th e  o ther th ree  recip-
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ien ts , co tran sd u c tio n  o f genes of pen icillinase p roduction  an d  m acrolide 
re s is tan ce  m igh t occur in  th is  rec ip ien t. T h e  resid en t penicillinase p ro d u c tio n  
of th e  rec ip ien t, w h e th e r i t  w as coded b y  chrom osom al genes [20—23] or b y  a 
pen icillinase p lasm id o f a n o th e r  in c o m p a tib ility  group [24], could  m ask th is  
genetic  ev en t, or m igh t h av e  been rep laced  b y  th e  expression o f th e  new ly 
in co rp o ra ted  genes in th e  case of th e  p resence  o f a penicillinase p lasm id  o f th e  
sam e in co m p a tib ility  g roup  [24]. In  no case could the  change be de tec ted , a t 
le a s t b y  th e  m ethod  used in  these ex p e rim en ts , in the  penicillinase producing  
s ta tu s  o f th e  tra n s d u c ta n t  deriva tives as com pared  to  th e  rec ip ien t s tra in . 
T hese la te r  tran sd u c tio n a l d a ta  of course do n o t confirm  b u t do no t exclude 
th e  v a lid i ty  of th e  tra n sd u c tio n a l d a ta  o b ta in e d  w ith  rec ip ien ts  NCTC 8360 
NCTC 8325 and  RN 981.

D a ta  of e lim in a tio n  ex p erim en ts  as w ell as co m p ara tiv e  gel-electro
p h o re tic  analysis o f ex trach ro m o so m al D N A  o f wild types and é lim in an t d e riv a 
tiv es  a re  only availab le  for ev a lu a tio n  in  th e  case of s tra in s  PM 1424, PM 1669 
and  PM 2017. All é lim in a n t d e riv a tiv es  o f these  wild ty p e s  p ro v ed  to  be 
co e lim in an ts  for e ry th ro m y c in  and  o leandom ycin  resistance  as well as for 
pen ic illinase  p rod u c tio n . O ne é lim in an t co lony  of each clin ical w ild ty p e  
B E 1424/1 , BE1669/1 an d  B E2017/1, w as te s te d  fu rth e r for h ea v y  m eta l ion  
resis tan ces  and  it  was fo u n d  th a t  coe lim ina tion  of the  m ercury  resis tan ce  d e te r 
m in a n t from  stra in s PM 1424 and  P M I669 , th e  cadm ium  resis tan ce  d e te rm in a n t 
from  all th e  th ree  wild ty p e s , and  the  lead res is tan ce  d e te rm in an t from  s tra in  PM - 
1424 h ad  occurred to g e th e r  w ith  those govern ing  penicillinase p ro d u c tio n  an d  
m acro lide  resistance in  th e  wild ty p e  s tra in s . The re la tio n sh ip  of penicillinase 
p ro d u c tio n , m acrolide a n d  heavy  m eta l ion resistance d e te rm in in g  linkage 
g roup  o f genes and  ex trach ro m o so m al D N A  fractions of th ese  s tra in s  teas 
p ro v ed  b y  gel e lec tro p h o re tic  analysis o f  th e  D N A  of th e  w ild  ty p e  s tra in s  
an d  th e ir  é lim inan t d e riv a tiv e s ; coelim in a tio n  of penicillinase p ro d u c tio n , 
m acro lide  and  heavy  m e ta l ion res is tan ce  from  th e  cells re su lte d  in  concom i
ta n t  loss of tw o D N A  b a n d s  from  the  ex trach ro m o so m al D N A  p a tte rn s  of all 
th e  th re e  clinical w ild ty p e  s tra in s . T hese ex p erim en ta l d a ta  are  in te rp re te d  as 
an  e lim in a tio n  of one p lasm id  species fro m  th e  clinical wild ty p e  s tra in s  PM - 
1424, PM 1669 and PM 2017 coding for th e  penicillinase p ro d u c tio n  and  m acro- 
lide re s is tan ce  as well as fo r ce rta in  h e a v y  m e ta l ion resistances of these  s tra in s .

A lth o u g h  all th e  f iv e  s tra in s  ra n d o m ly  chosen from  th e  239 e ry th ro m y c in  
and  o leandom ycin  re s is ta n t isolates of th e  m u ltip le  an tib io tic  re s is ta n t ep id em 
ic S . aureus were sim ilar in th a t  th e ir  gene(s) governing e ry th ro m y c in  and  
o leandom ycin  resistance  resided  on th e  penicillinase p lasm id  of th e  s tra in s , 
som e v a ria tio n s  were fo u n d  in  th e  h eav y  m e ta l ion resistances coded by  these  
p lasm id s. A p art from  th e  cadm ium  re s is ta n c e  d e te rm in a n t and , (except for 
th e  m ercu ry  sensitive s tra in  PM 21017) th e  m ercury  resis tan ce  d e te rm in a n t 
w hich could be localized on the  sam e penicillinase p lasm id  o f these  s tra in s ,
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th e  site  of th e  lead  resis tan ce  d e te rm in a n t on th e  sam e p lasm id  could only  be 
d em o n stra ted  in  s tra in s  PM 246, PM 1424 and PM 2104. I t  needs fu r th e r  stud ies 
to  c larify  to  w h a t e x te n t these  v a ria tio n s  in  heav y  m eta l ion resis tan ce  can  be 
a t t r ib u te d  to  th e  h o s t organism s [24] or to  th e  carried  penicillinase p lasm ids 
them selves. I t  also needs fu r th e r  s tud ies to  es tab lish  w h e th e r th e  penicillinase 
p lasm id  iden tified  in  th e  m ercu ry  sensitive PM 2017 s tra in , w hich possesses a 
h ig h er e lec trophoretic  m obility  th a n  those in  th e  o th e r four s tra in s , can  be 
reg a rd ed  as a n a tu ra lly  occurring  dele tion  m u ta n t o f penicillinase p lasm ids 
found  in  stra in s PM 246, PM 1424, PM 1669 and  PM 2104, w here dele tion  could 
have  involved som e im p o rta n t sequences necessary  for m ercu ry  resistance , 
or i t  is a d ifferent pen icillinase p lasm id  ca rry in g  som e com m on sequences 
invo lved  in  th e  e ry th ro m y c in  and  o leandom ycin  re s is tan ce  of th e  s tra in s .

M acrolide re sis tan ce , penicillinase p ro d u c tio n  an d  h eav y  m eta l ion  re s is t
ance d e te rm in ing  n a tu ra lly  occurring  p lasm ids (M acPc plasm ids) w ere id en 
tif ied  in  tw o series o f S . aureus s tra in s , b o th  from  J a p a n . T he M acPc plasm ids 
id en tified  in  S. aureus b y  Mitsuhashi et al. [25] in  1963 d isp layed  a h igh  level 
( > 8 0 0 ,u g /m l)  m acro lide resistance  includ ing  e ry th ro m y c in , o leandom ycin  
and  sp iram ycin . B esides, these p lasm ids also coded for h igh level lincom ycin  
resis tan ce . The M acPc p lasm ids described  by  K o n o  et al. [26] in  1978 resem bled  
in  every  respect th e  M acPc p lasm ids found  in 1963 w ith  reg a rd  to  th e ir  high 
level m acrolide—lincosam ide resistance , h u t  h ad  th e  pecu lia r fea tu re  to  code 
for k an am y c in  re s is tan ce . The m olecu lar w eight o f M acPc p lasm id  pTU 512, 
(a re p re se n ta tiv e  p lasm id  of th e  M acPc series described  in  1978) w as ap p ro x i
m ate ly  th e  sum  of th e  m olecular w eigh t of p lasm id  p I258 , (a rep re sen ta tiv e  
of th e  1963 series o f s taphy lococcal M acPc p lasm ids) an d  a k an am y c in  re s is t
ance p lasm id  described  b y  Stiffler et al. [27] in  S . aureus. A ccordingly , 
K o n o  et al. [26] concluded  th a t  th e  new  v a r ia n t o f M acPc p lasm id s could 
evo lve b y  reco m b in a tio n  betw een  a pI258-like pen icillinase p lasm id  and  the  
k an am y c in  resis tan ce  p lasm id .

T he M acPc p lasm ids described  in  th is  s tu d y  differed  from  tho se  found 
earlier in  S. aureus in  a t  least four re sp ec ts : th e y  d id  n o t code for k an am y c in  
resis tan ce , lincom ycin  resis tan ce  a n d , am ong from  th e  te s te d  m acrolides, 
sp iram y c in  re s is ta n c e ; fu rth e rm o re , th e  coded o leandom ycin  resis tan ce  seem ed 
to  be s lig h t (< 1 9 .0  /rg/m l). F u r th e r  physicochem ical an d  genetic  investig a tio n s 
are needed  to  exp lo re  w h e th e r th is  th ird  v a r ia n t of M acPc plasm ids found  in  
th e  fiv e  iso lates o f th e  epidem ic S . aureus in  som e nurseries could  evolve by  
ce rta in  genetic ev en ts  from  penicillinase p lasm ids like p I258  or pTU 512 and 
sp read in g  from  J a p a n  to  our c o u n try , or a sep a ra te  e v o lu tio n a ry  p a th w a y  
p layed  a role in  th e ir  appearance .
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One of the H E p-2 sublines m aintained in the authors’ laboratory was found to  carry 
LCM virus. The virus proved to be identical w ith the prototype strain LCM-Am except th a t its  
m ultiplication rate in cell cultures and its mouse pathogenicity were lim ited. F orty-six  cell 
cultures m aintained in  10 Hungarian laboratories were exam ined for LCM carriership. S ixteen  
cultures including 11 H Ep-2 sublines, all originating from a culture brought into H ungary  
in 1959, proved to  carry the virus. Three FL sublines m aintained in two laboratories and tw o  
sublines, viz. an R K -13 and a HeLa, m aintained in a third one, were also contam inated by  
LCM virus. In these cases, the carrier H E p-2 subline was the probable source of infection and  
virus transm ission is thought to have occurred in the course of m anipulation with cell cultures. 
The necessity of introducing strict preventive measures in tissue culture laboratories is em pha
sized in the interest o f the laboratory workers and for obtaining reliable laboratory results.

W e w ere su rp rised  to  no te  in  1978 th a t  th e  H E p -2  cell line (subline) 
m a in ta in ed  in ou r lab o ra to ry  co n ta ined  an  an tigen  w hich reac ted  in th e  im m u 
nofluorescence ( IF )  te s t  w ith  h u m an  blood sera positive  for an tibod ies to  th e  
LCM v irus. The u n ex p ec ted  find ing  raised  a n u m b er of questions, viz. (a) is 
th e  reac tio n  specific ; (b) if  it  is, i.e. th e  reac tio n  is due to  an LCM v irus in fec 
tio n , is th e  in fec tio n  la te n t or p e rs is te n t; (c) is th e  carried  v irus iden tica l w ith  
th e  p ro to ty p e  s tra in  o f th e  LCM v iru s; (d) w here an d  a t  w h a t tim e  had becom e 
the  subline in fec ted ; (e) are o ther cell lines (or sublines) m ain ta in ed  in  ou r 
lab o ra to rie s  also in fec ted  b y  th e  LCM v iru s; (f) are  th e re  sim ilarly  in fec ted  
cell lines am ong th o se  m ain ta ined  in  lab o ra to ries  co llabo ra ting  w ith  us in  cell 
cu ltu rin g ?

The p resen t w ork  was u n d e rtak en  to  e luc ida te  these  questions.

M aterials and  m ethods

Cell lines and cell strains. In this paper all the cell cultures m aintained through passage s 
or kept in  deep-frozen state  in a given laboratory are designated as cell sublines. All sublines 
being in continuous passage or kept in deep-frozen state in  our laboratories were tested  fo r  
LCM virus IF  antigen. Further samples were sent us from nine laboratories in which, am ong  
other sublines, those received from us earlier had been used. A ltogether forty-six samples were 
tested for carriership (see Table II).

Of the cell lines under study, eight (H eLa, H E p-2, HEp-2(C), FL, AY-3, L-41, MRC-5 and  
H D ) had been established from human cells, four ( I I I / l ,  Yero, BGM and CV-1) from sim ian  
cells, and the rem aining four from pig (PK S), rabbit (R K -13), Syrian hamster (B H K -21) and  
mouse (L) cells. The histories of the sublines provided w ith the sam e designation were different.
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Some sublines with the sam e designation had originated from different sources, while others 
had originated from the sam e source but were m aintained in  separate ways in the laboratories. 
We m ade attem pts to find the possible common origin of the sublines on the ground of infor
m ation kindly supplied by the m aintaining institu tes.

Virus strains. For com parative studies, the Arm strong E-350 strain of LCM virus (in 
the follow ing, LCM-Am strain) maintained in m ouse passages was used. Infection was initiated  
in Yero cell cultures w ith 10%  suspension of infected  m ouse brains which contained 10" intra
cerebral (i.cer.) L D 50 per 0.03 ml. In IF studies, Vero cells infected w ith this suspension were 
used. The strain isolated from  our HEp-2 subline was designated as LCM-P (P =  persistent).

Infeclivity studies in  cell cultures. Tube cultures o f non-carrier Vero and L-41 sublines 
being in continuous passage in  this laboratory were used in  attem pts to  isolate virus and in the 
com parative studies. The grow th medium contained 10% , the maintenance m edium  contained  
2% , bovine serum in Eagle MEM solution. Ten cultures were inoculated w ith 0.1 ml of each of 
undiluted, 10-fold diluted and 100-fold diluted culture fluids. While incubated at 37 °C, one 
of the 10 cultures was rem oved for IF tests on each of days 5, 8, 12 and 14, the others were 
observed m icroscopically every  day for 14 days. The same m ethod was em ployed in  the course 
of passages in Vero and L-41 cell cultures. Passage m aterials were titrated as follow s. Serial 
tenfold dilutions were prepared, from 10-1 to 10 “8, and 4 cultures were inoculated w ith each 
dilution (0.1 ml/culture). The cultures were incubated at 37 °C up to the 14th day, when they  
were exam ined by IF technique for the presence of LCM antigen in  the cells.

M ouse pathogenicity and cross protection tests. Mice of 12-14 g body w eight were used in 
these tests throughout. The intraperitoneal and intracerebral inoculum  was 0.3 and 0.03 ml, 
respectively . Each group of m ice treated identica lly  consisted of 10 animals. “ Control” mice 
received 0.03 ml saline i.cer. Groups of mice were inoculated  with HEp-2 culture fluids under 
testing  or w ith virus suspensions from serial passages in itiated  w ith the same culture fluids in  
Vero or L-41 cell cultures. The virus suspensions contained 106 TCID60/m l. The i.cer.-inoculated  
mice were observed for 14 days, those inoculated i.p . and the control mice were observed for 
28 days. On the 28th day, the mice being still under observation were challenged w ith  100 L D 50 
of the LCM-Am strain i.cer., and the animals were observed for further 14 days.

Immunofluorescence tests. Details of the IF  te st have been published elsewhere [1]. The 
follow ing reagents were used. In  the direct m ethod, anti-LCM rabbit im m onoglobulin fluorescent 
conjugate; in the indirect m ethod, rabbit, guinea-pig and mouse antisera, hum an serum samples 
from  subjects with LCM h istory, and anti species-globulin fluorescent conjugates.

The complement f ix a tio n  (C F ) and agar gel im m unodiffusion ( ID )  tests for the detection  
of LCM antigen were perform ed as described elsewhere [2].

Other tests. Ether sen sitiv ity  test, iododeoxy-uridine (ID U ) inhibition and am antadine  
inh ib ition  tests were perform ed as described by G o b a r a  et al. [3], P f a u  et al. [4] and W e l s h  
et al. [5], respectively. ID U  was used at a concentration  of 50 ^g/ml and am antadine at a 
concentration of 25 ^ug/ml culture medium.

Electron microscopie studies. Cells of virus carrying HEp-2 cell cultures were removed  
from the glass wall m echanically and washed in P B S tw ice. After sedim entation, the cells 
were fixed  in 2.5% glutaraldehyde, each tim e for an hour. P ostfixation  was carried out in 
1% O s0 4 for 1 h. and the preparation was dehydrated in an alcohol series. U ltrathin sections 
em bedded in Araldite were double-contrasted in  1% uranyl acetate and 1% lead citrate and 
exam ined in a JEM 100C electron microscope.

R esu lts

Identification  and  characterization o f  the virus carried by our H E p -2  sub
lin e . T he basic o b se rv a tio n  was th a t  se ru m  sam ples from  a p a tie n t whose 
LCM in in fection  h ad  b een  proved sero log ically  gave a positive I F  reac tio n  w ith  
“ u n in fec ted ”  cells o f  th e  H Ep-2 sub line  w hich  had been m a in ta in ed  in  our 
la b o ra to ry  since 1977. The reaction  w as re p e a te d  w ith  h u m an  sera  of know n 
anti-L C M  IgM an d  anti-L C M  IgG  ti tre s . T he sam e titre s  were o b ta in ed  w h e th 
er Y ero cells in fec ted  w ith  the  LCM -A m  s tra in  or “ un in fec ted ”  H E p-2  cells 
w ere used as an tig en . A gain, the  sam e re su lts  were ob ta ined  w ith  im m une sera 
irre sp ec tiv e  of th e  an im al species ( ra b b it, gu inea pig or m ouse) in  w hich they
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had  been ra ised . T he an tigen , show ing cy top lasm ic  g ra n u la r  IF , was p re se n t 
in  60 -70%  o f th e  cells in  th e  H E p-2  cu ltu res  (Fig. 1).

The soluble an tigens p repared  b y  freezing  and  th a w in g  e ither from  non- 
inocu la ted  H E p-2  cells, or from  Yero cells in o cu la ted  w ith  th e  LCM-Am s tra in  
proved to  be id en tica l b o th  in  CF and  ID  te s ts  carried  o u t w ith  anti-L C M  
im m une sera.

The e lec tron  m icrographs p rep a red  from  H E p-2  cell cu ltures show ed 
form ations ch a rac te ris tic  of arenav iruses, viz. po lym orphous enveloped v irions 
w ith  e lectron-dense granules in  th em . Som e v irions w ere a lready  released from  
th e  cells, o thers w ere in  th e  s ta te  of b u d d in g  off (Fig. 2).

Fig. 1. LCM virus specific IF  antigen in  cells of the carrier H Ep-2 cell line. Coarse granular 
cytoplasm ic fluorescence of variable in tensity  in  different cells

Fig. 2. LCM-P virus particle budding off on a process of a carrier H E p-2 cell. The cytoplasm ic  
membrane is thickened. N ote the ribosome-like electron-dense form ation beneath the m em 

brane. Arrow points to an extracellular mature virion
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T hus th e  elec tron  m icroscopie ex am in a tio n s  suggested  th a t  th e re  w as a 
p ro d u c tiv e  rep lica tio n  cycle ad v an c in g  in  th e  H E p-2  cells. In fe c tiv ity  te s ts  
perfo rm ed  in  Yero an d  L-41 cu ltu res su p p o rte d  th e  occurrence o f such  a cycle. 
In  cu ltu res o f these  cells in o cu la ted  w ith  th e  u n d ilu ted  m ed ium  o f H E p -2  cell 
cu ltu re s , a v iru s (LCM -P) could  he rev ea led , w hich m u ltip lied  m uch slow er 
th a n  th e  LCM -Am s tra in  w ith o u t an y  cy to p a th o g en ic  ac tio n  b u t  d e tec tab le  by  
ap p earan ce  o f  LCM specific an tigens in  th e  cells. I f  th e  v iru s  suspension  w as 
t i t r a te d  in  th e  cell line from  w hich  i t  h a d  o rig in a ted , th e  v iru s  reached  consid 
e rab le  infective t i tre s  as h igh  as 10° T C ID 5o/0.1 ml. In  fu r th e r  passages, 
how ever, th e  t i t re  te n d e d  to  decline, especia lly  if  u n d ilu ted  inocu la  wrere used.

The s tra in  iso la te d in  Yero and  L-41 c u ltu re s lo s t its  in fe c tiv ity  com p le te 
ly  on e th er tre a tm e n t. I ts  rep lica tio n  in  V ero and  L-41 cells was n o t in f lu 
enced  hy  ID U  a t  th e  co n cen tra tio n  ap p lied  b u t  it  was s ig n ifican tly  in h ib ited  
b y  am an tad in e .

None of th e  m ice developed  illness a fte r  i. p. or i. cer. inocu la tio n  w ith  
cu ltu re  m edia o b ta in ed  from  v irus c a rry in g  H E p-2  cells. T he sam e w as o b 
served  if  mice were in o cu la ted  w ith  re la tiv e ly  h ig h -titre  suspensions o fth e  LCM -P 
s tra in  p roduced  in  Vero or L-41 cell cu ltu re s . The 10 m ice in o cu la ted  i. p . w ith  
th e  LCM -P s tra in  iso la ted  in  Vero cell cu ltu res  and  an o th e r 10 mice in o cu la ted  
w ith  th e  sam e v iru s  iso la ted  in  L-41 cu ltu res  proved  to  be re s is ta n t to  th e  
challenge w ith  th e  LCM -Am s tra in  g iven  28 days la te r. All th e  con tro l mice 
died  w ith in  7 days a fte r  th e  sam e challenge.

I t  m ay there fo re  be s ta te d  th a t  ou r H E p -2  cell sub line w as carry ing  th e  
v iru s  pers is ten tly  an d  th a t  th e  LCM -P iso la te  was iden tica l w ith  th e  p ro to ty p e  
s tra in  in all o f its  p ro p ertie s  except th e  m u ltip lica tio n  ra te  and  m ouse p a th o 
gen ic ity  (see T ab le  I).

L C M  virus carriership o f  sublines m aintained in our laboratory and in  
other laboratories. B ased  on th e  IF  te s ts , 16 of the  46 cell cu ltu res  p roved  to  
ca rry  the  LCM v iru s  (Tables I and  I I ) .  T he 16 cu ltu res inc luded  11 H E p -2  
sublines w hich h ad  been  m a in ta in ed  in  8 in s titu te s . On th e  basis of in fo rm atio n  
received  from  th e  co rrespond ing  in s ti tu te s , all these h a d  o rig ina ted  from  a 
com m on source (Table I I I ) .

The o rig inal Н ер-2Ь cu ltu re  w as b ro u g h t in to  H u n g a ry  by  a m em ber of 
In s t i tu te  G. Sam ples from  th e  subline m a in ta in ed  in  In s t i tu te  G w ere supp lied  
to  fu r th e r  tw o  in s titu te s  in  1960 an d  1962, an d  all the  re su ltin g  sublines p roved  
to  be carriers in  th e  p resen t s tu d y . I t  w as therefore assum ed  th a t  e ith e r  th e  
cu ltu re  im p o rted  in  1959 h ad  a lready  b een  carrier or th e  subline h ad  becom e 
infec ted  w hile i t  w as passaged  in  In s t i tu te  G. The in c rim in a ted  subline was 
lo st in  In s t i tu te  G in  1976 and  was rep laced  th ere  by  a subline received  from  
In s t i tu te  C. The fac t, how ever, th a t  th e  H E p-2  subline passaged  in  In s t i tu te  
C proved  to  be carrie r, w hereas th a t  passaged  in  In s ti tu te  G w as found  free of 
th e  v irus seems to  be in co n sis ten t w ith  th is  h isto ry  of th e  subline.
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Table I

Comparison o f  strains LC M -A m  and L C M -P

P ro p e rty
V iru s  s tra in

LCM -Am LCM -P

Virion morphology

IF antigen 
CF antigen

Precipitating ID antigen

Identical electron microscopic picture, 
characteristic of arenaviruses

identical
identical

identical
Ether sensitivity _L +
1DU (50 j i t g /m l )  inhibition — —
Am antadine inhibition (25 //g/ml) 
CP effect in cell cultures

+ +

(Vero and L-41)
R ate of m ultiplication in cell

— —

cultures last slow
Mouse pathogenicity + —
Mouse protection test The mice inoculated i.p. w ith  the 

LCM-P strain acquired resistance to 
the i. cer. lethal dose of the LCM-Am 

strain

Table II

Cell cultures found positive for LCM  carriership

S u b m ittin g
N o. of P ositive  cu ltu res N eg ativ e  cu ltu res

in s t itu te tes ted D esignation N um ber D esignation

OKI* 13 Н Е р-2&, Flc 2 H eLa, HeLa. HEp-2(C)a, L-41, 
AV-3, I I I /l.  Verő, BGM, 
CV-1. BH K-21, RK -13rf

A 2 HEp-26, HEp-26 
H Ep-26

2 —

В 3 1 HeLa, H Ep-2e
C 1 H Ep-26 1 —

D 5 ПЕр-26. HEp-26, FLC, FLC 4 HeLa
E 3 — 0 H E p-2e, HEp-2f, Vero
F 2 H E p-26, HEp-26 2 —

G 2 — 0 H Ep-2, HEp-2
H 12 H Ep-26, HeLa(S), RK-13'' 3 H eLa, HEp-2(C)a, AV-3, MRC- 

5, H U, Vero, PK S, L, Í1/D
I 3 H Ep-26 1 H eLa, AV-3

Totals 46 16

* National Institute of Hygiene, Budapest.
The sublines designated with the same letter originated from the same source
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Table III

Origin of the virus carrier H Ep-2 cell subline and its distribution in Hungarian
institutes

In s t i tu te
O rigin M ain tenance

d isco n tin u ed
(date)Y ear In s t i tu te

G 1959 An institute abroad 1976

1976 In stitu te  C ? —

OKI* 1960 In stitu te  G 1976

1977 in stitu te  A -

11 1962 In stitu te  G -

D 1964 In stitu te  H —
A 1965 In stitu te  D -

1977 Institu te II

В 1975 In stitu te  A —
F 1975 OKI —

С 1976 OKI —

I 1976 Institute G —

* National Institu te o f Hygiene, Budapest.

W e received o u r F L C subline from  In s ti tu te  D in  1975, an d  In s t i tu te  D 
h a d  received i t  in  1964 from  I n s t i tu te  H . M eanw hile, th e  sub line  was m ain 
ta in e d  in  In s t i tu te  D . B y th e  tim e  o f ou r stu d ies , th e  passage o f th is  subline 
h a d  been d isco n tin u ed  in  In s t i tu te  II . T h u s th e  sub line could n o t be te s ted  for 
ca rrie rsh ip . Two o th e r  cell cu ltu res  (H eL a, R K -13) c u rren t in  In s t i tu te  H  
p ro v ed , how ever, to  be in fec ted . P re su m ab ly , th e  in fec tion  w as tran sfe rred  
fro m  th e  carrier H E p -2  subline th a t  w as also passaged  in  In s t i tu te  H .

D iscu ssion

Based on th e  p resen t s tu d ies , th e re  is l i ttle  d o u b t th a t  th e  LCM v irus 
c a rr ie r  H E p-2 su b lin e  h ad  a lread y  been  in fec ted  w hen  i t  w as received  in  th is  
In s t i tu te .  I t  re m a in e d , how ever, u n d e tec ted  w hen, w here an d  how  it  h ad  
becom e in fec ted . M ost p ro b ab ly  i t  w as b ro u g h t to  H u n g a ry  in  a carrie r s ta te . 
LCM  virus is w ell-know n to  induce  in  its  n a tu ra l ho st, th e  m ouse, p e rs is ten t 
in fec tio n  and  th a t  i t  is easy to  e s tab lish  v iru s ca rrie r cell cu ltu res  a rtific ia lly  
[5—11]. S pon taneous LCM v irus carrie rsh ip  in  m urine  cell cu ltu re  has been  
re p o rte d  [12 — 14], a n d  in  a s tu d y  [15] LCM v irus w as found  in  h a rv ests  o f cell 
cu ltu res  w hich w ere in ocu la ted  w ith  m ouse passage m a te ria l o f rab ies  v irus. O ur 
ow n resu lts suggest th a t  c ro ss-co n tam in a tio n  o f tissu e  cu ltu res  m ay  occur w ith
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th e  LCM v iru s  as a re su lt o f im p ro p er la b o ra to ry  prac tice . This m igh t h av e  been  
th e  m echan ism  o f th e  original c o n ta m in a tio n  o f H E p-2  cell line u n d e r s tu d y .

I t  is genera lly  accepted  th a t  defective in te rfe rin g  (D I) p artic les p la y  an  
essen tia l role in  developm ent o f p e rs is ten t LCM and  o ther a ren av iru s  in fec 
tions in  tissu e  cu ltu res [11]. In  th e  course o f  20-50  serial passages, an  e q u ilib 
riu m  m ay  develop betw een  in fec tive  v irions an d  D I partic les w hile in fe c tiv ity  
rem ains low  d esp ite  th e  presence o f w ell-dem onstrab le  LCM -specific an tig en s  
in  th e  cu ltu re d  cells. The carrie r cu ltu res  grow  as do th e  co rrespond ing  n o n 
ca rrie r ones an d  m ay  be superin fec ted  w ith  o th e r viruses. I t  is th e re fo re  n o t 
su rp rising  th a t  th e  carriersh ip  o f th e  H E p -2 b line could have rem ain ed  u n re 
cognized for a long  tim e.

I t  has re p e a te d ly  been rep o rted  [9, 10, 15] th a t  in  the  course o f p e rs is te n t 
in fec tion  o f cell cu ltu res th e  m ouse p a th o g en ic ity  of th e  carried  v iru s  w as 
declin ing. T he sam e m ust have h ap p en ed  to  th e  LCM -P stra in . A co rre la tio n  
betw een  m ouse p a th o g en ic ity  an d  h u m an  p a th o g en ic ity  m ight exp la in  w h y  no 
illness a ttr ib u ta b le  to  acciden tal la b o ra to ry  infections has been observed  
during  th e  w ide use of th e  ca rrie r cu ltu re  over m an y  years. T hough i t  c a n n o t 
be excluded  th a t  in ap p a ren t in fections m ay  have occurred. The p o te n tia l r isk  
connected  w ith  ca rrie r cell cu ltu res is w ell-illu stra ted  by  the  o u tb reak  e x p e ri
enced in  an  oncological lab o ra to ry  o f th e  U SA [14], w here ham sters  w ere 
in o cu la ted  w ith  tu m o u r cells w hich  la te r  p ro v ed  to  carry  LCM v irus. O f th e  
la b o ra to ry  w orkers who had  been in  c o n ta c t w ith  inoculated  h am ste rs , 38 
becam e in fec ted  an d  21 of these developed  ty p ic a l LCM.

In  a d d itio n  to  th rea ten in g  th e  h e a lth  o f la b o ra to ry  w orkers, cell cu ltu re s  
carry ing  LCM v iru s  m ay  falsify la b o ra to ry  resu lts . V irus s tra in s passaged  in  
v iru s ca rrie r cell cu ltu res becom e c o n ta m in a te d  w ith  the  LCM v irus, an d  i f  
an im als are  im m unized  w ith  an tigens p rep a red  from  carrier cu ltu res a n d /o r 
la b o ra to ry  te s ts  are  perform ed w ith  th e  re su ltin g  an tise ra , th e  d iagnostic  use 
of an y  of th ese  reag en ts  will be m isleading. A ny  k in d  of biological ex p e rim en t 
m ay  lead  to  false resu lts  if  cell cu ltu res  ca rry in g  an  unrecognized v iru s  are  
used in  it.

S po n tan eo u s in fection  of cell cu ltu res  m ay  occur w ith  v iruses o th e r  th a n  
LCM v iru s  as well [16]. This is tru e  n o t only  fo r cu ltu res of estab lished  cell 
lines, b u t  also for p rim ary  cu ltu res p rep ared  from  h u m an  cells or th o se  o f 
low er-an im als. A cciden ta l in fection  w ith  som e o f th e  tissu e-cu ltu re -carried  
v iruses m ay  be fa ta l  in  outcom e, e.g. those  w ith  H erpesvirus sim iae  [17] or 
w ith  th e  M arburg  v iru s  [18].

The p re se n t observations su p p o rt th e  v iew  th a t  u n inocu la ted  tissu e  
cu ltu res m u st be regarded  as p o te n tia lly  h aza rd o u s m ateria l. A ccord ingly , 
s tr ic t sa fe ty  m easu res  and  ad eq u a te  la b o ra to ry  techn iques sim ilar to  th o se  
applied  in  m icrobiological w ork shou ld  be in s t i tu te d  in  all labora to ries w ork ing  
w ith  tissue  cu ltu res.
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LEUKOCYTE MIGRATION INHIBITION (LMI)
BY A SPECIFIC ANTIGEN IN HUMAN 

TOXOPLASMOSIS

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

László H ospital fo r Infectious D iseases, B udapest and National Institu te o f  H ygiene ,
Budapest

(R e c e iv e d  D e c e m b e r  11, 1981)

The diagnostic value of tlie leukocyte m igration inhibition test was exam ined by  
com paring it to  other specific laboratory m ethods i.e. complement fixa tion , indirect haem ag- 
glutination  and skin test in 10 patients w ith  acquired lym phoglandular toxoplasm osis. In the  
acute phase the serological tests gave more reliable results than did the LMI test. In subacute  
and chronic cases, however, there was a good correlation between derm al reactiv ity  and LMI 
test. LMI is believed to represent a specific test for the detection of cellular hypersensitivity  
in  hum an toxoplasm osis and so it  can be used as a non-invasive m ethod instead of dermal tests.

A cquired  h u m an  toxop lasm osis is o ften  d ifficu lt to  diagnose. E p id em io 
logical, clin ical and serological d a ta  fail to  give su ffic ien t in fo rm atio n  on th e  
occurrence  o f an  active in fec tio n . In  th is  s tu d y  th e  d iagnostic  efficacy o f  th e  
leu k o cy te  m ig ra tion  in h ib itio n  te s t  (LM I) w as ev a lu a ted  b y  com parison  to  
th e  com p lem en t fix a tio n  (CF), in d irec t h aem ag g lu tin a tio n  (IH A ) an d  sk in  
te s ts .

M aterials and m ethods

P atients. Ten patients w ith  acquired lym phoglandular toxoplasm osis were tested . The 
period betw een onset of the disease and tim e of testing  varied from 2 weeks to  4 years. The 
disease was diagnosed on the basis of clinical sym ptom s, lym ph node biopsy (m icroscopic 
exam ination: Piringer-K uchinka lym phadenitis), epidem iological and serological data.

Controls. Ten healthy ind ividuals who had never had toxoplasm osis nor any contact 
w ith  toxoplasm a infected animals served as controls. Toxoplasm a skin te st , CF and IH A  tests  
of all control subjects were negative.

Serological tests. CF test and IH A  test were carried out by the m ethod of E ngelbbecht , 
[1] and J acobs and Lu n d e  [2], respectively.

Sensitiv ity  tests. Skin tests and LMI tests were done by using the sam e antigen, w ith  
0.25%  phenol killed Toxoplasma gondii suspension (N ational Institute o f H ygiene, Budapest). 
For the LMI test the suspension was washed three tim es in Hanks’ B B S to remove traces of 
phenol.

Skin  tests were performed by injecting intraderm ally 2500 Toxoplasma gondii in 0.1 ml 
saline solution . Local reactions were read after 72 h. Skin reactions of 10, 20, 30, 40 or >  40 m m  
in diam eter were recorded as + ,  + + ,  +  +  +  , +  +  +  +  .

L M I  tests were performed by the m ethod of S gbobg and B e n d ix e n  [3]. Each migration  
experim ent was carried out in  trip licate w ith  toxopasm a antigen while 3 chambers w ithout 
antigen served as controls. The m igration index (MI) was calculated according to the formula

m igration in antigen-containing culture 
m igration in  antigen-free culture
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MI-s less than 0.8 and more than  1.2 proved significant when evaluated w ith Studient’s
t test.

The serological, skin and LMI tests were done on the same day. B lood was drawn before 
perform ing the skin test.

Controls were tested  on a single occasion, the patients were tested  twice at variou  
intervals.

R esu lts

M I values are g iven  in  F ig . 1. The ran g e  o f M I values in  th e  p a tie n t g roup  
w as 0.56 to  0.91 in  th e  1st sam ple and  0.51 to  0.77 in  th e  2 n d , sam ple, w hile in  
th e  con tro l g roup  th e  ran g e  w as 0.78 to  0.98. The difference was s ta tis tic a lly  
s ig n ifican t w ith  S tu d e n t’s t te s t  (p <  0.001).

In d iv id u a l MI values an d  o th e r fin d in g s are p resen ted  in  Table I. The 
h ig h es t a n tib o d y  levels w ere generally  fo u n d  w hen sy m p to m s were still p resen t. 
I n  co n tra s t, th o u g h  all th e  sk in  te s ts  done gave positive re su lts , th e  reac tions 
w ere w eaker w hen te s tin g  w ith in  3 m on th s a fte r  onset o f th e  disease.

Table I

Clinical and laboratory data o f  patients with toxoplasmosis

No. Patient
Time between 

onset of disease 
and testing

Clinical
symptoms

Reaction to 
skin test

MI IHA CF

l . K. A. 2 w eeks + n. d. 0.91 1 : 512 1 : 20
5 m o n th s + + + 0.74 1 : 2048 1 : 320

2. K. E. 4 y e a rs + + + + 0.57 1 : 1024 1 : 20
4.5 y e a rs — + + + 0.57 1 : 256 1 : 20

3. W. E. 6 w eeks + +  + 0.61 1 : 1024 1 : 80
3 m o n th s — + + + 0.58 1 : 4096 1 : 80

4. F . G y. 4 w eeks + + 0.61 1 : 1024 1 : 80
6 m o n th s — + + + 0.54 1 : 256 1 : 20

5. K. J. 6 w eeks + + + 0.61 1 : 256 1 : 20
3 m o n th s — + + + 0.60 1 : 64 1 : 10

6. K. H. 4 w eeks + + + 0.89 1 : 1024 1 : 80
5 m o n th s — + + + + 0.77 1 : 512 1 : 40

7. s. s. 4 m o n th s + + + + 0.60 1 : 256 1 : 10
6 m o n th s — + + + + 0.51 1 : 64 1 : 5

8 . B. F. 5 m o n th s + + + + 0.59 1 : 512 1 : 80
7 m o n th s — + + + 0.59 1 : 512 1 : 80

9. M. L. 2 y e a rs + + + + 0.60 1 : 512 1 : 40
2.5 y e a rs — + + + 0.60 1 : 64 1 : 20

10. Cs. Zs. 6 m o n th s + + + + + 0.56 1 : 128 1 : 10
10 m o n th s + + + 0.51 1 : 64 1 : 5
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Fig. 1. Leukocyte m igration indices of patient w ith toxoplasm osis and from control subjects

A ll b u t tw o L M I te s ts  were p o sitive . B o th  n eg a tiv e  te s ts  were p erfo rm ed  
in th e  acu te  phase i.e . 2 to  4 weeks a fte r  onset of th e  d isease. L a te r  th e  te s ts  
becam e positive in  th ese  cases too.

D iscu ssion

W e found th a t  L M I w ith  k illed T . gondii is a h ig h ly  specific te s t  for th e  
d e tec tio n  of cellu lar h y p ersen sitiv ity  in  h u m an  to xop lasm osis. W hen co m p ar
ing  th e  d iagnostic  v a lu e  of d ifferen t te s ts  i t  seem s, how ever, th a t  th e  sero log 
ical m eth o d s are m ore  reliable th a n  sk in  and  LM I te s ts  in  th e  acu te  ph ase  o f 
th e  disease. The L M I te s t  seems to  he o f th e  sam e d iag n o stic  value as th e  sk in  
te s t ,  i.e . its  positive re su lt po in ts to  an  earlier to x o p lasm a  in fec tion  long a fte r  
a n tib o d y  titre s  h ad  decreased , b u t gives no in fo rm a tio n  as to  th e  a c tiv ity  o f 
th e  d isease. I t  o u g h t to  be considered w h e th e r LM I te s t  shou ld  be used  as a 
non -invasive  m eth o d  in s te a d  of a sk in  te s t .

Acknowledgements. W e are indebted to  Dr. K . Ú j h e l y i  (N ational Institute of H ygiene) 
and M iss Olga F u n k  (L á sz ló  H ospital for Infectious Diseases) for their help during our work.

R E F E R E N C E S

1. E n g e l b r e c h t , E.: W H O  Scientifical D ocum ents Series W H O/ZO ON/ 70, 112 (1970).
2. J a c o b s , L., L u n d e , M. N .: Science 125, 1035 (1957).
3. S o b o b g , M., B e n d i x e n , G.: Acta med. scand. 181, 246 (1967).

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

László H ospital for Infectious Diseases 
Gyáli ú t  5 — 7, 1097-Budapest, H ungary

Ma r a i J ank ó

ational In s titu te  of Hygiene
-1966 B udapest P.O.B. 64, H ungary

Acta Microbiologica Academiae Scientiarum  Hungaricae 29, 1982





Acta M icrobiol. Acad. Sei. Hung. 29 , 213—215, 1982

NO TE

CAMPYLOBACTER JE JU N I  CONTAMINATION OF 
SLAUGHTERED CHICKENS

E l i s a b e t h  Ma r j a i , Zs u z s a n n a  K o v á t s , I rén  K a j á r y  and 
Zs u z s a n n a  H orváth

Public Health S tation , Szeged 

(R eceived July  2, 1981)

Gut sam ples from  50 nonselected slaughtered chickens were obtained in  two poultry  
processing plants and cultured for Campylobacter je ju n i  and Salmonella. P ositive  results were 
obtained in 84%  and 4%, respectively. Viable C. je ju n i  and Salmonella were detected in  every  
phase of processing, even during packaging for com m ercial purposes. Of surface sam ples taken  
from  118 slaughtered chickens prepared for delivery to  consumers, 88 were contam inated by  
C. je ju n i  and 17 b y  Salmonella.

lu  th e  p re sen t w ork, th e  ra te  of co n tam in a tio n  of slau g h te red  chickens 
b y  Campylobacter je ju n i  was exam ined  in  d iffe ren t phases o f processing. F o r 
com parison , th e  sam ples were exam ined  for Salmonella.

M ateria ls and methods. Sam ples were ta k e n  from  tw o p o u ltry  processing  
p la n ts . P la n t 1 belonged to  a co -opera tive  fa rm  and had  a c a p ac ity  o f 4000 
chickens daily . P la n t  2 belonged to  a s ta te  fa rm  and  had  a c a p a c ity  o f 20 000 
chickens daily . T he chickens processed  in  P la n t  1 and P la n t 2 h ad  o rig in a ted  
from  th ree  flocks and  a single flock , resp ec tiv e ly . G uts w ere p laced  each  
in  a po ly e th y len e  bag. Sam ples w ere o b ta in ed  from  th e  e x te rn a l an d  in te r 
na l surfaces o f  th e  chickens an d  th e  livers w ith  sterile c o tto n  sw abs soaked  
in  T o d d -H e w itt’s n u tr ie n t b ro th . The sw abs were th en  p laced  each in  a 
s terile  te s t  tu b e  con ta in ing  th e  sam e m ed iu m  and sent to  th e  la b o ra to ry  
w ith in  3 h.

In  th e  la b o ra to ry , th e  coecum  was opened  under asep tic  cond itions an d  
sam ples from  th e  in te s tin a l c o n ten ts  as w ell as from  th e  su rface sw abs w ere 
in o cu la ted  in to  S k ir r o w ’s m edium  [1]. Iso la tio n  of C. je ju n i  w as p erfo rm ed  
in  S k ir r o w ’s selective m edium  [1] co n ta in in g  5%  d e fib rin a ted  and  haem o- 
ly sed  bovine b lood , vancom ycin  (5 mg/1), p o lym yx in  13 (2500 IU/1) an d  tr i-  
m e th o p rin  (5 mg/1). The in o cu la ted  m edia w ere in cu b a ted  a t  42 °C in  a gas 
m ix tu re  co n ta in in g  oxygen, ca rb o n  dioxide, h y d ro g en  and n itro g en  a t  5 % , 10% , 
10%  and  75%  p a r t ia l  tension , resp ec tiv e ly . C. je ju n i  was id en tified  as described  
in  hand b o o k s. To isolate Salm onella, R a p p a p o r t’s en richm en t m edium  w as 
in o cu la ted  w ith  th e  sam e inocula an d  in c u b a te d  a t  36 °C for 24 h . S u bcu ltu res 
on b rillia n t g reen  and  b ism u th  su lp h ite  m ed ia  were in c u b a te d  a t  36 °C 
for 24 h.
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Results. C. je ju n i  w as iso lated  from g u t sam ples o f 26 of the  30 chickens 
te s te d  in  P la n t 1 an d  fro m  16 of th e  20 ch ickens te s ted  in  P la n t 2. F rom  P la n t 
1, tw o Salmonella  s tra in s  w ere iso lated .

O f th e  50 su rface sam ples tak en  im m ed ia te ly  a fte r ev isceration , 47 proved  
to  be positive for C. je ju n i  and  3 for Salm onella.

O f th e  sam ples ta k e n  during  com m ercial packag ing , 45 were positive for 
C. je ju n i  and  29 for Salm onella . O f th e  72 chickens sam pled  in  the  consum ers’ 
k itch en , 52 y ielded C. j e ju n i  and  1 y ielded Salm onella.

T he sero types o f  Salm onella  iso la ted  w ere, S . thom pson, S . in fa n tis , S . 
derby and  S. ty p h i-m u r iu m .

D iscussion. T he  8 4 %  co n tam in a tio n  ra te  of non-selected  chickens by 
C. je ju n i  is in  good ag reem en t w ith  th e  re su lts  re p o rte d  b y  Grant  et al. [2]. 
These au th o rs  iso la ted  C. je ju n i  from  83%  o f 46 s lau g h te red  chickens b o ugh t 
a t  th e  New Y ork  C ity  m ark e t.

L u e c h t e f e l d  a n d  W a n g  [3] ex am in ed  600 tu rk e y s  over a one-year 
period . All the  cloacal sw abs and  fresh faecal sam ples p roved  to  be p ositive  
for C. je ju n i.

R e tt ing  [4] describ ed  C. je ju n i  as a m em ber o f th e  norm al in te s tin a l 
flo ra  o f  chickens an d  tu rk e y s , am ong o th e rs . A ccording to  th is  au th o r, “ v ib 
rio ”  h ep a titis  of ch ickens an d  hum an  e n te ritis  were caused  b y  C. je ju n i.

W e isolated  C. je ju n i  from 82% o f  the  chickens sam pled  in sh ipp ing  
room s and k itchens ,  w hereas L u e c h t e f e l d  and W a n g  [3] isolated th e  sam e  
m icroorganism  from  94%  o f  turkeys before deep-freezing.

O f th e  30 d eep -frozen  chickens sam pled  b y  us in  th e  k itchen , 16 (53% ) 
p ro v ed  to  he po sitiv e  fo r C. je ju n i. This p e rcen tag e  is low er th a n  those  found  
b y  us for th e  ch ickens te s ted  im m ediately  a fte r killing . The difference m ig h t 
be a ttr ib u te d  to  a possib le  high sen s itiv ity  o f th e  b ac te riu m  to  env iro n m en ta l 
cond itions or th is  g ro u p  of chickens h a d  no t been infected  im m ed ia te ly  
a fte r  being slau g h te red .

The su rv iv a l o f  C. je ju n i  on th e  surface o f chickens was in v estig a ted  by 
Smith  and  Mu l d o o n  [5]. The b ac te riu m  su rv ived  a t  3 °C for 5 days a n d  a t  
— 23.5 °C for 20 d ay s or m ore. R o b in so n  et al. [6] succeeded in  iso la tin g  th e  
organ ism  from  ch ickens frozen over a period  o f 2 m o n th s or even longer.

W e were su rp rised  a t  th e  m assive in fec tion  b y  C. je ju n i  of s lau g h te red  
chickens w hich w ere ju s t  to  be delivered  to  consum ers, for th e  fin a l p h ase  of 
th e  techno logy  in c lu d ed  floa ting  in  ch lo rin a ted  w a te r. S till, as we w ere in 
form ed la te r , th e  ch lo rin iz ing  equ ipm en t in  P la n t 2 h ad  been  ou t of fu n c tio n  a t 
th e  tim e  of sam pling . T hus, th e  tim e  an d  d u ra tio n  of ch lo rination  w as no t 
con tro lled  re liab ly . L u e c h t e f e l d  and  W a ng  [3] called a tten tio n  th e  im p o r
tan ce  of ad eq u a te  ch lo rin a tio n . T hey  k e p t  s lau g h te red  tu rk ey s in  ice w a te r 
con ta in ing  340 jUg/ml chlorine o v ern ig h t in  a ta n k  an d  found 34%  o f th e  
sam ples positive fo r C. je ju n i.
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R ecen tly , in  C songrád co u n ty  in  S o u th ern  H u n g a ry  th ro u g h  a perio d  of 
nearly  6 m o n th s  we have observed  cu m u la tio n s o f C. je ju n i  en te ritis  m ain ly  
affecting  y o u n g  ch ildren . As source o f in fection  s laugh te red  chickens were 
suspected  in  ab o u t 80%  of th e  cases.

The cum ula tio n s follow ed, f irs t of all, th e  periods in  w hich foods enriched  
w ith  ch icken  liver h ad  been  processed. A  sim ilar, th o u g h  less p ronounced  re la 
tionsh ip  w as no ticed  betw een  processing o f slau g h te red  p o u ltry  and  su b seq u en t 
cum u la tio n  o f  cases. (P ersonal com m unica tion , D r. I l o n a  K is s , P ub lic  H e a lth  
S ta tio n , Szeged).

M ore d e ta iled  stud ies are needed to  e lucidate  th e  epidem iological re la 
tionsh ips o f  C. je ju n i  in  H u n g ary .
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N O TE

CAMPYLOBACTER JE JU N I  ENTERITIS: 
INCIDENCE, AGE DISTRIBUTION AND CLINICAL

SYMPTOMS

M á r i a  K á l m á n , E r z s é b e t  N a g y , I l o n a  K i s s  and M á r i a  H o r v á t h  

Public Health Station, Szeged 

(R eceived N ovem ber 16, 1981)

Campylobacter je ju n i was isolated in Csongrád county, H ungary, during a 7-m onth  
period from  267 out of 2892 patients w ith enteritis and from 36 out of 708 sym ptom less contacts. 
Seventy-four per cent of the patients were under 6 years of age. Predom inating clinical sym p
tom s were m ucous stools, m alaise and pyrexia.

R ep o rts  from  th ro u g h o u t th e  w orld  in d ica te  th a t  Campylobacter je ju n i  
is one o f th e  m ost com m on cau sa tiv e  ag en ts  of h u m an  en te ritis  [ I ,  2]. In  
H u n g a ry , th e  o rganism  w as f irs t  iso la ted  b y  A dam  et al. [3]. In  th is  p ap e r 
we give an  acco u n t of th e  incidence, age d is tr ib u tio n  and  clin ical sy m p to m s of 
C am pylobacter en te ritis  observed  in  C songrád  co un ty , H u n g ary .

M ateria ls and methods. C. je ju n i  w as c u ltu red  cn  Skirrow  ag ar [2] m o d i
fied  in  th e  N a tio n a l In s t i tu te  of H ygiene, B u d ap est [4]. T he in o cu la ted  p la te s  
were in c u b a te d  in  a p p ro x im a te ly  7%  C 0 2 -f- 7%  0 2 a tm osphere  a t  43 °C for 
48 h. Iso la te s  g iv ing positive oxidase an d  ca ta la se  te s ts , show ing ch a rac te ris tic  
m orphology  an d  m o tility  u n d er th e  m icroscope, grow ing well on Skirrow  agar 
in  th e  above a tm osphere  b u t  n o t in  a ir an d  exh ib iting  a ch a rac te ris tic  a n t i 
b io tic  se n s itiv ity  sp ec tru m , w ere reg a rd ed  as C. je ju n i. A n tib io tic  sen s itiv itv  
o f  th e  iso la tes w as te s ted  on an tib io tic -free  Skirrow  agar using  d isks (H u m an , 
B u d ap est). F o r th e  de tec tio n  of o th e r en te ric  pa thogens, th e  faecal sam ples 
w ere seeded on  desoxycho late  c itra te , b ism u th  su lph ite , eosin m ethy lene  b lue 
and  7 .5 %  sa lt b lood agar p la tes.

R esults and discussion. B etw een  J a n u a ry  l and  Ju ly  31, 1981, 3690 faecal 
sam ples o f 2892 p a tie n ts , an d  737 faecal sam ples of 708 sym ptom less persons 
liv ing  in  th e  fam ily  of th e  p a tie n ts  were ex am in ed . C. je ju n i  w as iso la ted  from  
267 p a tie n ts  (9 .2% ) and  from  36 co n tac ts  (5 .1% ). A ccordingly, ou t o f 3600 
persons 303 (8 .4% ) were positive  for C. je ju n i .  T ak ing  in to  acco u n t th e  rep e a te d  
iso lations from  th e  sam e persons, a to ta l  o f 349 s tra in s were c u ltu red  from  th e  
p a tie n ts  an d  46 s tra in s  from  th e  co n tac ts . E n v iro n m en ta l ex am in a tio n s were 
perfo rm ed  in  207 fam ilies; th e  36 positive co n tac ts  belonged to  24 d iffe ren t 
fam ilies. F if teen  of the  co n tac ts  were u n d er 6 years, tw o were betw een  6 an d
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14 y ears , and  36 w ere o lder th a n  14 years. F o u r  C. je ju n i  s tra in s  were iso la ted  
from  th e  faeces of dogs an d  pigeons in  th e  en v iro n m en t o f th e  p a tien ts .

Age d is tr ib u tio n  an d  clinical sym ptom s o f C. je ju n i  positive p a tie n ts  are 
p resen ted  in  T able I . T he freq u en t incidence o f re sp ira to ry  sym ptom s in  
ch ild ren  is no ticeab le . B loody  an d  m ucous d ia rrh o ea  in  th e  sam e p a tie n t w as 
freq u en tly  observed  (26 ch ild ren  and  7 a d u lts ) . P y rex ia  an d  m alaise occurred  
fre q u e n tly  to g e th e r in  ch ild ren .

Table I

S y m p t o m s  a n d  a g e  g r o u p s  o f  p a t i e n t s  w i t h  C a m p y l o b a c t e r  e n t e r i t i s  

Total number of patients, 267

Symptoms

Patients Distribution of symptoms 
per cent of

according to 
patients

age groups,

No. %
under 1 year 
(87 patients)

1-6 years 
(110 patients)

6-14 years 
(18 patient)

above 14 years 
(52 patients)

Enteric

bloody stools 68 25 26 26 17 25

m ucous stools 162 61 66 72 44 35

watery stools 70 26 15 20 39 54

Upper respiratory 104 39 34 67 - —

General

pyrexia 146 55 61 65 28 29

malaise 168 63 61 75 61 40

abdom inal pain 120 45 * 66 50 73

* Not evaluable.

The d u ra tio n  o f th e  illness was u su a lly  3—4 days. F ro m  th e  onset o f th e  
sy m p to m s, th e  p a tie n ts  ex cre ted  C. je ju n i  fo r 5 -14  days.

E v ery  s tra in  iso la ted  a t  th e  f irs t ex a m in a tio n  of th e  p a tien ts  was te s te d  
for an tib io tic  sen s itiv ity . T he s tra in s w ere u n ifo rm ly  sensitive to  e ry th ro m y c in , 
ch lo ram phen ico l, n a lid ix ic  acid and n itro fu ra n to in . To te tracy c lin es  74%  of 
th e  s tra in s  w ere sen sitiv e , 10%  m o d era te ly  sensitive an d  16%  re s is ta n t. To 
am picillin  44%  w ere sensitive , 31%  m o d e ra te ly  sensitive and  27%  re s is ta n t. 
F o r th e  th e ra p y  o f C am pylobacter e n te ritis , e ry th ro m y c in  is th e  p re fe rred  
d rug  [5]; upon  our reco m m en d atio n , u su a lly  th is  an tib io tic  w'as p rescribed  b y  
th e  physicians for th e  tre a tm e n t of C. je ju n i  positive  p a tien ts .

E n te ric  p a th o g en s o th e r th a n  C. je ju n i  w ere show n in  141 ou t of th e  2892 
p a tie n ts  (4 .9% ) in  th e  follow ing d is tr ib u tio n : Salm onella  85 (2 .9% ), Shigella  12 
(0 .4% ), Y ers in ia  enterocolitica 10 (0 .3% ), en te ro p a th o g en ic  Escherichia coli
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22 (0 .7% ). C. je ju n i  and  one of th e  above organism s occurred  to g e th e r  in  th e  
faeces of 19 p a tie n ts  (4.8% ).

O ur ex am in a tio n s  have show n th a t ,  in  ag reem en t w ith  l i te ra ry  d a ta , 
C. je ju n i  is a p ro m in en t causative  ag en t o f en te ritis  an d  occurs m ore f re q u e n tly  
th a n  o th e r k n o w n  en te ropathogen ic  b ac te ria  to g e th e r.
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ENZYME-LINKED IMMUNOSORBENT ASSAY IN THE 
SERODIAGNOSIS OF SYPHILIS

Marta Marschalkó, I ldikó Barna-Vetró and I. H orváth

Department o f  Dermatology, Sem m elweis University M edical School, and Human  
Institu te for Serobacteriological Production and Research, Budapest

(R eceived Septem ber 28, 1981)

Enzym e-linked im m unosorbent assay  using ultrasonic lysate of Treponema pallidum  
and Treponema reiteri as antigens was used for the detection  of antisyphilitic antibodies in 
various stages of syphilis. The conjugate w as goat antiserum  to human IgG labelled w ith horse
radish peroxidase. A comparison w ith results o f the T. pallidum  im m obilization test, Rapid  
P lasm a Reagin test, K olm er com plem ent fix a tio n  reaction using cardiolipin and Reiter protein  
antigens showed th a t E L ISA  was more sensitive but less specific w ith T. pallidum  antigen, 
whereas less sensitive b u t more specific w ith  T. reiteri antigen. Absorption of group specific 
treponem al antibodies w as needed to m ake the m ethod reliable.

T he enzym e-linked  im m u n o so rb en t assay  (E L IS A ) is w idely  used for th e  
d e te c tio n  of specific antibodies a n d  th u s  for th e  diagnosis of m a n y  d ifferen t 
d iseases [1-3] an d  o f  infectious a n d  non-infectious agents [4 -6 ]. S till, few 
p ap ers  have d ea lt w ith  its ap p lica tio n  in syphilis serology, even  th o u g h  th e  
te s t  seem s to  be u sefu l for the p u rp o se . T he purpose o f th e  p resen t w ork  was to  
in v es tig a te  th e  p o ssib ility  of using  E L IS A  to  d e tec t a specific a n tib o d y  in 
h u m a n  syphilis an d  to  evaluate  its  usefu lness in serodiagnosis.

M aterials and m ethods

Sera  to be tested for antitreponem al antibodies were obtained from 160 norm al persons, 
from 126 syphilitic patients and from 45 presum ably false positive cases.

The sera were tested  w ith  the Treponem a pallidum  im m obilization test (TPIT), the fluo
rescent treponem al an tibod y absorption (F T A —-ABS) test, the Reiter protein com plem ent- 
-fixation  (RPCF) test, the Rapid Plasma R eagin  ( RPR)  slide test, the Kolmer com plem ent- 
-fixation  te st  (CCFR) and by ELISA.

The R P R  and FTA -A B S tests were perform ed according to the procedure recom m end
ed in the M anual of T ests for Syphilis, 1969 [7]. Complement fixation  reactions were done 
with 5 U  o f  com plem ent [8 ]. The TPIT w as performed with the Budapest strain of T. p a l
lidum  [9].

Antigens. Ultrasonic preparations o f  T. pallidum  B udapest and Treponema reiteri 
were used as antigens. Treponem es were ex tracted  from infected rabbit testes [9]. The medium  
with treponem es was centrifuged at 200 g for 20 m in to remove gross tissue debris and particles. 
The organism s were then sedim ented in the cold at 19 000 g  for 90 m in, washed three tim es 
with saline, diluted to 107 germ s/m l with saline and hom ogenized w ith  needle and syringe. The 
treponem al suspension was treated with the L ehfeld sonicator at 8 intensity (about 24 W /cm 2) 
at 0 °C tem perature for 10 m in. The sonicated m aterial was controlled by dark field microscopy: 
all treponem es had to be m inced.
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T he Reiter strain was grown in th ioglycolate m edium , to which 10% rabbit serum was 
added. A fter  incubation at 35 °C for 5 days the treponem es were separated by centrifugation, 
washed and sonicated [10].

E L IS A .  Polystyrene f la t  bottom ed plates w ith  wells (Labor MIM, H ungary) were used 
to b ind soluble antigens. B inding of antigen to the plastic was carried out at 4 CC overnight. 
M icrotitre wells w ere coated w ith  antigen in 0.1 M carbonated buffer at pH  9.6. Sera were dilut
ed 1 : 200 w ith  phosphate buffered saline (P B S) containing 0.05%} Tween 20. After washing 
the p la tes , 100 /d of hum an serum  in diluting buffer was added. The plates were incubated at 
37 °C for 1 h. After washing the plates three tim es, 100 /Д of a 1 :20 000 dilution of enzyme 
conjugated  antibody (peroxidase labelled goat antihum an IgG, H um an Institute for Serohac- 
teriological Production and R esearch, H ungary) in diluting buffer were added. The plates were 
incub ated  at 37 °C for 1 h. E xcess conjugate w as rem oved by washing three tim es. Finally, 
the am oun t of enzyme bound to  the wells was determ ined by adding to each well 150 /Л of 10 
т м  citric acid phosphate [buffer containing orto-phenylene diam ine and hydrogen peroxide 
(R eanal, Hungary). The reaction  was stopped after 1 h incubation by the addition of 50 /il 
of 4 N H ,S 0 4.

T he results of the te sts  were evaluated w hen the control sera had reached the 0 .8-1  
ex tin ction  value, generally after 10-15 min incubation.

T he developed colour w as measured spectrophotom etrically at 490 nm , by a Linson 3 
photom eter supplied w ith  special m icrocuvettes.

Controls. Background optical density controls consisted of the highest tested  concentra
tion  o f all reagents in all com binations.

N egative  control va lues were determ ined by estim ating the values given b y  the normal 
un in fected  population. The negative control serum used in all tests gave an extinction  value 
of less then  0.3 in all experim ents. All results o f 0.3 lower extinction  value were considered 
negative.

The positive control leve l was determ ined by estim ating the extinction values given by  
T P IT  p ositive  cases. The extin ction  value ind icative of infection was 0.8 or higher. The extinc
tio n  range of the positive control serum used in all experim ents was between 0 .8-1 .0 .

The weakly reactive results were accepted betw een 0.3—0.7 extinction range, provided 
the sam e value was obtained in  repeated tests.

R esu lts

C om parison o f th e  resu lts  of E L IS A  w ith  th o se  of o ther serological te s ts  
fo r syphilis y ielded d iv e rg en t d a ta  (T able I). T ests perform ed w ith  pathogen ic  
T . p a llid u m  an tigens (FT A -A B S, T P IT ) p ro d u ced  th e  best co rre la tion  w ith  
E L IS A  though  th e re  w ere some disagreeing  cases, especially  am ong E L IS A  
re a c tiv e  ones an d  th o se  reac tin g  in  o th e r  te s ts .

T he sen sitiv ity  o f E L IS A  is defined  as th e  percen tage of reactive  or 
w e a k ly  reactive re su lts  o b ta in ed  am ong  specim ens reac tin g  in  th e  d ifferen t 
serological tests. T he R P R  reac tive  sera  p ro v ed  to  be reactive  in  E L IS A  using 
R e ite r  antigen in  6 4 % , an d  w ith  T. pa llidum  an tigen  in 76% . The CCFR 
re a c tiv e  sera w ere re a c tiv e  in E L IS A  w ith  th e  use of R e ite r an tig en  in  57%  an d  
w ith  T. pallidum  an tig e n  in 6 9 % . T he T P IT  reac tiv e  sera w ere reactive  in  
E L IS A  using R e ite r  an tig en  in 7 5%  and  using T . pa llidum  an tig en  in 84% . 
T h e  FTA-ABS re a c tiv e  sera reac ted  in  E L IS A  w ith  R eite r an tigen  in 57%  an d  
w ith  T . pallidum  an tig en  in 86% . T he sen s itiv ity  of E L IS A  w as higher w ith  
T . pa llidum  an tig en  in  all groups th a n  w ith  R e ite r  antigen .

The specific ity  o f E L IS A  w as defined  as th e  percen tage  of n egative  resu lts  
o b ta in ed  w ith  specim ens giving a nega tive  re su lt in th e  serological te s ts . 
T h e  R P R  no n -reac tiv e  sera w ere neg a tiv e  in E L IS A  using R e ite r  an tigen  in
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Table I

Evaluation of E L IS A  using Reiter and T. pallidum  antigens, on the basis o f the syphilis seroreactions

T est
E L IS A  (R e ite r  a n tig en ) E L IS A  (T . pallidum  an tigen)

R W R N T  S SP  R W R N T s SP

RPR R 51 15 37 103 64 —  51 23 23 97 76
N 3 12 54 69 —  78 9 12 34 55 — 61

CCFR R 54 18 54 126 57 — 50 19 31 100 69 _
N  2 8 41 51 —  80 5 11 24 40 — 60

RPCFR R 41 15 20 76 73 —  42 19 17 78 78 _
N  12 11 64 87 —  73 13 11 37 61 — 60

TPIT R 37 11 14 62 40 8 5 53
W R 1 2 3 75 — 2 11 4 17 84 —

N 4 10 54 68 — 79.4 13 7 43 63 — 68

F T A - A B S R 17 5 16 38 57 — 22 4 4 30 86 _
N 3 1 30 34 —  88 6 3 18 27 — 66

R =  reactive ; W R =  weakly reactive; N  =  non-reactive; T = total; S =  sensitivity;
Sp =  Specificity

78% , and using  T . pa llidum  an tig en  in 61% . The CCFR n on-reac tive  sera
were neg a tiv e  in  E L IS A  w ith R e ite r  an tig en  in  8 0 %  and  w ith  T. pa llid u m
an tigen  in 6 0 % . T he R P C F R  no n -reac tiv e  sera  w ere non-reactive  in  E L IS A
w ith  R e ite r an tig en  in 73%  and w ith  T .p a llid u m  an tig en  in 60% . The FT A -A B S
non-reactive  sera  w ere non-reactive  in E L IS A  using  R eite r an tigen in 88% ,
and using T . p a llid u m  antigen in 66% . The sp ec ific ity  of E L ISA w ith  T .
pa llidum  an tig en  w as lower in ;ill g roups th a n  w ith R eite r antigen .

Evaluation of E L IS A using

Table I I

Reiter and T. pallidum antigens on syphilitic and non-.syphilitic sera

E L IS A (R e ite r  an tig en ) E L IS A  (T .pallidum  an tigen)

R W R N T S SP R W R N T S S P

Normal 3 7 120 130 92 5 и 144 160 90
BFP 4 6 25 35 — 71 11 5 29 45 —  64
Untreated sy 11 17 0 0 17 100 — 18 0 0 18 100 —
Treated sy I I 21 0 0 21 100 — 21 0 0 21 100 —
Late latent sy 13 17 12 42 71 — 30 10 5 45 89
Cardiovascular sy 1 1 1 3 66 — 1 2 0 3 100 —
Neuro sy 9 4 4 17 76 — 12 5 3 20 86 —
Connatal sy 0 3 1 4 75 — 3 1 1 5 80 —
Treated sy years ago 7 1 5 13 ? ? 2 8 4 14 ? ?

R =  reactive; W R  =  w eakly reactive; N  =  non-reactive; T =  total; S =  sensitivity; SP =  
=  specificity; B F P  =  presumed biological false positive; sy  =  syphilis
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R esults are show n in Table I I .  T h e  investiga tions w ith  sy p h ilitic  sera 
show ed  th a t  th e  se n s itiv ity  differed acco rd ing  to  th e  an tigen  used . In  th e  
g roup  of the  tre a te d  a n d  u n tre a te d  seco n d a ry  syph ilitic  p a tien ts  th e  sen s itiv ity  
w as 100% . In  th e  g roup  of p a tien ts  w ith  la te  la te n t syphilis th e  se n s itiv ity  of 
E L IS A  was w ith  R e ite r  an tigen  7 1 % , an d  w ith  T . p a llidum  an tig en  88% . 
A few  card iovascu lar, neurological a n d  co n n a ta l cases of syphilis were also 
ex am in ed  and  th e ir  sen s itiv ity  seem ed alw ays to  be h igher w ith  T . pa llidum  
an tig e n . The specific ity  o f E L IS A  w as ex am in ed  w ith  h ea lth y  n o rm a l an d  false 
p o sitiv e  sera; in th e se  groups the  h ig h e r specific ity  was o b ta in ed  w ith  R eiter 
a n tig e n  i.e. w ith  n o rm a l persons th e  sp ec ific ity  of E L IS A  using R e ite r  an tigen  
w as 9 2 % , while u sing  T . pa llidum  an tig e n  i t  was 90%  and  in  th e  p resu m ed  false 
po sitiv e  group th e  specific ity  w ith  R e ite r  an tig en  was 71%  an d  w ith  T. p a lli
d u m  an tigen  64% .

D iscussion

I t  is generally  accep ted  th a t  E L IS A  offers a useftd a lte rn a tiv e  to  th e  
im m unofluo rescen t te s ts  [2]. The ad v a n ta g e s  are  a high sen s itiv ity , ob jec tive  
e v a lu a tio n , p o ssib ility  o f a u to m a tiz a tio n  an d  a low cost, while th e  d isa d v a n 
tag es  as com pared  to  im m unofluorescence are a less reliable specific ity  an d  th e  
d ifficu lty  of p rep a rin g  th e  antigen . V e l d k a m p  an d  V isse r  using  T . pa llidum  
a n tig e n  found th e  te s t  to  be ex trem ely  sensitive  an d  specific [11]. T he sen sitiv 
i ty  o f th e  te s t in  a ll stages of syph ilis w as v e ry  high and  eq u a l to  th a t  of 
FT A -A R S. Sacchi et al. [12] o b ta in ed  good resu lts  perform ing  th e  te s t  w ith  
p u rified  p ro tein  a n tig e n  ex trac ted  from  R eite r trep o n em a and  th e y  rep o rted  
th a t  E L IS A  was m ore sensitive th a n  a n y  of th e  o th e r te sts . B ecause of its high 
se n s itiv ity  and sp ec ific ity , th e  sim ple tech n iq u e  an d  th e  ob jec tive  m e th o d  of 
read in g , the  te s t w as th o u g h t to  he o f value for th e  serodiagnosis o f syphilis. 
F ro m  o th e r ex p erim en ts  using enzym e-labelled  an ti-IgM  co n ju g a te  it  was also 
conc luded  th a t  th e  te s t  will he useful in  syphilis serology [2 ].

E x p erim en ts  w ith  E L IS A  of T . pa llid u m  sm ears and d ilu tin g  th e  sera in 
F T A -so rben t [13, 14] show ed th e  te s t  to  he m ore sensitive th a n  th e  T P IT ; 
E L IS A  proved as specific and a t le a s t as sensitive as im m unofluorescence for 
d e tec tin g  an ti- tre p o n e m a l an tibodies.

O ther au th o rs  [15], how ever, conc luded  th a t  th e  reaction  can  he carried  
o u t o n ly  in highly  specialized  lab o ra to rie s  an d  therefo re  does no t rep resen t an 
im p o r ta n t advance  in  th e  rou tine  d iagnosis of syphilis.

O ur s tu d y  has n o t confirm ed th e  resu lts  of V eld ka m p  et al. [11] an d  
Sacc hi  et al. [12], w ho perform ed th e  te s t  w ith o u t so rb en t m a te ria l. T he speci
f ic ity  of our te s ts , p a rtic u la r ly  in th e  p re su m ab ly  false positive g roup , was too  
low , even if no t all o f these reac tio n s w ere non-specific. The c rite r ia  of false 
p o s itiv ity  in our m a te r ia l  was a n o n -re a c tiv ity  to  T P IT . The h igh  p revalence  of
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re a c tiv e  E L IS A  te s ts  am ong the false p o sitiv e  sera m ay  be in te rp re te d  in tw o 
w ay s. A positive E L IS A  m ay  ind eed  d e te c t a h is to ry  of trep o n em a l disease. 
In  th is  case, we m u st p o stu la te  th a t  th e  p revalence of syphilis is q u ite  h igh 
am o n g  th e  p a tie n ts  from  whom  our p ro b lem  sera were collected. T ak in g  in to  
co n sid e ra tio n  th e  d isadvan tages of th e  T P IT , its  clinical role is seriously  ques
tio n e d  accord ing  to  new er d a ta  [16]; w ith  p a r t  of our sera th is  is like ly  to  be 
th e  case. I t  also seem s th a t  lip id  a n tig e n s , a n d  so card io lip in , c a n n o t be fo u n d  
in  th e  po lysty rene  well in  th e  usual w ay  [17].

T here  w ere, rea lly , non-specific p o s itiv e  te s ts  am ong our sera, p a r tic u la r ly  
w ith  n o rm al sera. The low er level o f  E L IS A  specific ity  using  T . p a llid u m  
an tig en  com pared  to  R e ite r  an tigen  co u ld  h av e  been due to  cell debris w hich  
w as son ica ted  w ith  T . p a llidum . The cau se  of th e  low er specific ity  in ou r m a te 
r ia l m a y  be th e  difference in  an tigen  q u a lity . The above m en tio n ed  a u th o rs  
m u s t h av e  used m ore pu rified  an tigen  th a n  we did. Sacchi et al. [12] used a 
p u rif ied  p ro te in  de riv a te  o f R eiter tre p o n e m a ; we used an an tigen  m ade of 
R e ite r  trep o n em a by a m ore sim ple m e th o d . In  o th e r serological te s ts  th is  
an tig en  proved  to  be equal to  the  p u rif ie d  one [10].

In  sp ite  of th e  fac t th a t  the T. p a llid u m  an tig en  was p rep ared  accord ing  
to  th e  p rescrip tion  of V e l d k a m p  et al. [11] we could  no t rep roduce  th e ir  ex 
tre m e ly  good resu lts. In  view  of th e  p ro b le m  of p rep arin g  a rea lly  p u rified  T. 
p a llid u m  an tigen , it  seems to  be m ore co n v en ien t to  ca rry  ou t th e  te s t  w ith  an  
a d e q u a te  so rben t m ed ium , as in FTA  a n d  T P H A  tests . Some of th e  above 
m e n tio n e d  te s ts  y ielded good results on using  F T A -so rben t. O ur p re lim in ary  
ex p e rim en ts  using th e  so rben t m edium  o f th e  T P H A  te s t [18] gave p rom ising  
resu lts . R esearch  will be con tinued  in th is  d irection .

In  conclusion, using th is  k ind o f  an tig en  w ith o u t a so rb en t m ed ium , 
E L IS A  can n o t su b s titu te  th e  im m unofluorescence  m ethod . On th e  basis of 
th e o re tic a l considera tions, o f o ther a u th o rs ’ an d  o f our own resu lts , it seem s th a t  
w ith  a su itab le  so rben t and  a fte r im p ro v in g  th e  specific ity , th e  te s t  could  be a 
re liab le  too l in th e  serodiagnosis of syph ilis .
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T w enty five  strains o f Y ersin ia  enterocolitica serogroup 0 3 , were isolated from  hum an  
enteritis and studied for heat-stable enterotoxin production. Enterotoxin production w as found  
even in the crude supernatant fluid of cultures that had been stored in stock agar for a year. 
According to the suckling mice and rabbit gut loop tests, after 1 to 5 years storage the filtrate  
showed heat-stab le enterotoxin activ ity  only in a purified and concentrated form. Follow ing  
more than 5 years storage positive results could be obtained only in rabbit gut loop test. A fter  
9 years the freeze dried strains still showed a full capacity o f heat-stable enterotoxin production. 
Studies w ith concentrated substances showed th at even after more than 9 years, there was no 
spontaneous loss of heat-stable enterotoxin  production, only quantitative changes occurred. 
The m ethanol solubility  of the heat-stable enterotoxin  of У. enterocolitica is — as d istin ct from  
the heat-stable enterotoxin of Escherichia coli —  hom ogeneous and only the m ethanol soluble 
fractions showed any activity. The activ ity  o f m ethanol soluble enterotoxin from several years 
old subcultures could be dem onstrated in an isolated rabbit gut loop m odel even when it failed  
to show any a ctiv ity  in suckling mice.

In  re c e n t years several rep o rts  have been pub lished  on h u m an  in fec tions 
caused  by  Y ers in ia  enterocolitica. P a i  an d  M o r s  [1 ]  show ed th a t  n u m ero u s 
types of th e  b ac te ria  p roduced  h ea t-s tab le  en te ro to x in  (ST) causing  flu id  
accu m u la tio n  in suckling  mice an d  in th e  ra b b it  gu t loop. M ost ex p erim en ts  on 
Y . enterocolitica were perform ed in suckling  m ice; th e  r a b b it  gu t loop te s t  w as 
used  for th e  detec tio n  of en te ro to x in  p ro d u c tio n  only in th e  case of a  few  
s tra in s  [1, 2]. T he te s t  w as no t app lied  for th e  s tu d y  of m eth an o l soluble f ra c 
tio n s, a lth o u g h  it  helps to  sep a ra te  th e  en te ro to x in  from  th e  ST of Escherichia  
coli. P rev io u sly  we described th e  en te ro to x in  p ro duc tion  of some Y . entero
colitica s tra in s  iso la ted  in H u n g a ry  and  also som e ch arac teris tics  o f th e  to x in
[3]. The p re se n t s tu d y  w as u n d e rta k e n  to  exam ine th e  s ta b ility  of th e  e n te ro 
to x in  p ro d u c tio n  of Y . enterocolitica s tra in s  s to red  un d er various cond itions an d  
for vario u s periods of tim e , an d  to  de te rm ine  th e  a c tiv ity  of th e  m e th a n o l 
so luble an d  insoluble frac tions of th e  to x in  b y  various m ethods.

M aterials and  m ethods

Y . enterocolitica strains. Thirteen strains isolated from hum an enteritis in the year o f  
the study and 12 formerly isolated strains, serogroup 0 3 , were studied. The E. coli P I 6 strain  
0 9  : K9 used for comparing the m ethanol fractions was kindly supplied by Dr. M. N. B u r g e s s  
(N utritional Research Centre, Tadworth, Surrey, England).

Culture m edia , growth. Cultivation took place in Syncase broth medium at 25 °C in a 
shaker therm ostat (Psycroterm , New Brunswick) [1].
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Filtrates. The cultures were centrifuged at 7000 g  for 30 min and the supernatants were 
filtered through a m em brane filter (Nr. 1121 G öttingen , pore size 0.45 pm).

Heat-stable enterotoxin (S T )  was tested in 2- to  4-day-old mice following the m ethod of 
D e a n  et al. as m odified by J acks  and W u [4]. Three m ice in each group received 0.1 m l filtrate  
orally through a tube. Four hours later the anim als were sacrificed and the gut: rest body w eight 
ratios were determ ined. The reaction was regarded as positive if  the index was over 0.083. 
The rabbit gut loop m odel w as performed according to  D e  el al. [5]. Intestinal segm ents o f 
about 5 cm were prepared. One m l filtrate was added to  the isolated ileal loop and the index

full loop — em pty loop
for fluid accum ulation was determ ined by calculating t h e --------- em pty l o o p -------ratio 6 h
later. The obtained value w as positive if  higher than  1.

Methanol precip ita tion  o f  the filtrates  was perform ed according to Mullan’s m ethod as 
m odified by B oyce et al. [6]. The filtrates were concentrated to 1 : 5 or 1 : 10 of the original 
volum e, then dialysed against distilled water for 2 days. One m aterial was ultrafiltered through  
an Am icon PM 10 m em brane. The concentrated filtra tes were dropped into absolute m ethanol 
of 15-fold volum e, under in tensive  shaking, then th e  solution  was stored in the refrigerator for 
18 h, since in this w ay the precipitation was more effic ient than at room temperature. Following  
centrifugation at 23 000 g, th e  m ethanol soluble and insoluble fractions were collected separate
ly . The m ethanol was rem oved by distillation and the com ponents were dissolved in  distilled  
water to their original volum es and filtered through a membrane filter.

For the detection o f  heat-labile enterotoxin (L T ) .  Chinese h a m s te r  o v a ry  (CHO) cell cu ltu re  
w as used  as described b y  Gu e r r e n t  et al. [7].

R esults

The f iltra te s  of all th e  12 stra in s , iso la ted  in  th e  y ea r of th e  ex p erim en t 
an d  cu ltiv a ted  a t  25 °C, proved  to  be to x ic  fo r suckling  mice (Table I). T he 
a c tiv ity  o f th e  f i l tra te  o f one s tra in  w as checked  b y  th e  r a b b it  gu t loop te s t ,  
to o , 6 h  a fte r  a d m in is tra tio n . The f iltra te  caused  a s ign ifican t flu id  accu m u la 
tio n  in  th is  case as w ell. H ea tin g  the  f i l t ra te  to  100 °C for 15 m in did not in flu 
ence th e  re su lt. In  o rd er to  determ ine how  long  tox ic  a c tiv ity  can  be p rese rv ed , 
f iltra te s  w ere p rep a red  from  th e  su b cu ltu res  ev ery  h a lf  y ea r and  th e ir  a c tiv ity  
w as dete rm in ed  in th e  suck ling  mice te s t  (T ab le  I I ) .  The a c tiv ity  of th e  f iltra te s  
decreased a fte r a y ea r, a f te r  a year an d  a h a lf  th e  crude filtra te s  show ed no 
to x ic  a c tiv ity .

The f iltra te s  o f five-year-o ld  su b cu ltu re s  w ere co n cen tra ted  10-fold. 
T hree  from  th e  5 so fa r  neg a tiv e  s tra in s  [3] gave a seem ingly  positive reac tio n  
b o th  in  suckling  m ice an d  in  th e  ra b b it  g u t loop te s t  (T able I I I ) .  S tra in  N o. 
797 w as iso la ted  som e m o n th s  earlier th a n  th e  o thers an d  s tra in  O K I 134 w as 
an  old la b o ra to ry  s tra in ; th e  co n cen tra te  f iltra te s  of these  tw o s tra in s  w ere 
n egative  in suck ling  m ice, th ough  th e y  show ed some positive effect in  th e  
ra b b it  gu t loop te s t.

The raw  f il tra te s  o f th e  9-year-old lyoph ilized  s tra in s  were h igh ly  en tero - 
to x ic  b o th  in  suckling  m ice and in th e  ra b b i t  gu t loop te s t  (Table IV ). T he 
f iltra te s  of tw o o f th ese  s tra in s  p rep ared  a f te r  n ine years storage on s to ck  ag a r 
w ere negative .

T he c a p ac ity  o f en te ro to x in  p ro d u c tio n  d id  n o t change sig n ifican tly  in  
th e  half-year-o ld  su b cu ltu res .
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Table I

S T  producing capacity in  suckling mice test o f  Y . enterocolitica strains isolated in the year o f the
experiment

Strains Mean indices

OKI 29002 0.150

OKI 6676 0.090

OKI 4472 0.138
OKI 31620 0.127

OKI 6998 0.121
OKI 52535 0.087

OKI 3812 0.101
OKI 48731 0.132

R 45320 0.155

R 62476 0.176

R 61907 0.162

R 40476 0.145

Controls

E. coli crude ST 0.092

Culture media 0.049

T he en te ro to x in  o f 4 strains u sed  fo r d e te rm in in g  th e  s ta b ility  of en te ro - 
to x ig en ic ity  and  th e  en tero tox in  of th re e  earlie r lyophilized  and  one fre sh ly  
iso la ted  s tra in  w ere t re a te d  w ith m e th a n o l. T he a c tiv ity  of th e  c o n c e n tra ted  
f i l tra te s , o f th e  m e th a n o l soluble a n d  insoluble frac tions was te s te d  in  th e  
suckling  m ice and  r a b b i t  gut loop te s ts  (T able У). T he f iltra te  of th e  n ew ly  
iso la ted  s tra in  No. 5319 was u ltra f il te re d  th ro u g h  A m icon PM  10 m em brane . 
In  accordance  w ith  ea rlie r results [6], th e  a c tiv ity  w as observable in  th e  re te n -

ТаЫе II

Decrease in enterotoxigenic activity in  18 months ( suckling mice test)

Mean index values after isolation for
S t r a i n s -----------------------------------------— ---- ----------------

6 MONTHS 12 MONTHS 18 MONTHS

OKI 4472 0.138 0.119 0.061

OKI 48731 0.132 0.100 0.052
R 45320 0.155 0.128 0.054

Italicized  values are positive m ea n  indices
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Table III

ST  production o f 4-year-old Y . enterocolitica strains stored in stock-agar

Suckling mice test Rabbit gut loop test (6th hour)

Strains Crude,
filtrate

Purified,
concentrated,

filtrate

Crude,
filtrate

Purified,
concentrated,

filtrate

3064 0.054 0.101 0.48 1.98

OKI 134 0.069 0.061 0.88 1.30

797 0.063 0.065 0.92 1.35

1866 0.079 0.088 0.53 2.00

269 0.066 0.148 1.2 2.36

Controls

E. Coll ST 0.092 1.6

Culture media 0.049 0.32

Italicized values are positive mean indices

t ä t e  frac tion . T he d a ta  in T ab le  V show th a t  th e  m ethano l soluble frac tio n  o f 
th e  5- or 10-fold co n c e n tra ted  f iltra te s  d isp layed  en te ro tox ic  a c tiv ity  in  th e  
su c k lin g  mice an d  r a b b it  gut loop te s ts . T he m eth an o l insoluble frac tions w ere

Table IV

The stability o f  enterotoxin production o f  freeze-dried Y . enterocolitica

Strains

Storage in freeze-dried state 
9 years

Storage in stock agar, 
6 months 9 years

Suckling mice Rabbit gut loop Suckling mice Suckling mice 
index index index index

3637 0.123 1.7

3188 0.125 1.8

3186 0.140 1.7 0.148 0.079

3956 0.137 1.8 0.100 0.069

Controls

E. coli ST 0.096 1.6

Culture media 0.42 0.7

Italicized m ean indices are positive
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in ac tiv e  in b o th  te s ts . The c o n cen tra ted  f iltra te s  o f th e  s tra in s  797 an d  O K I 
134 using b o th  th e ir  m ethano l so luble an d  inso lub le  frac tions, w ere en te ro - 
to x in  nega tive  in  th e  suckling m ice te s t, b u t in  th e  r a b b it  gu t loop te s t  th e  
th e  co n cen tra ted  f iltra te s  and  th e  m e th an o l soluble frac tions were e n te ro to x in  
positive even if  old stra ins were used. T he m eth an o l so luble frac tion  (ST a) o f th e  
en te ro to x in  o f th e  E . coli P16 s tra in , w hich was u sed  fo r com parison , show ed a 
positive  reac tio n  in  th e  suckling m ice te s t  b u t  only  a sligh t en te ro tox ic  a c tiv ity  
in  th e  ra b b it  g u t loop te s t. The m eth an o l inso luble  frac tio n  was in ac tiv e  in  
suck ling  mice b u t  en te ro tox in  p ositive  in th e  r a b b it  g u t loop te s t. T he CH O  
te s t  perfo rm ed  w ith  th e  f iltra te  of each  s tra in  in d ic a te d  no LT effect.

Table V

A ctiv ity  o f the concentrated filtrates, and their methanol-soluble and insoluble fractions in suckling
mice and the rabbit gut loop test

Strain Concent-

Concentrated
filtrate

in

Methanol soluble 
fraction 

in

Methanol insoluble 
fraction 

in
rated

suckling
mice

rabbit 
gut loop

suckling
mice

rabbit 
gut loop

suckling
mice

rabbit 
gut loop

R  5819 1 0 x 0.136* 2.7 0.137 3.5 0.060 0.50
R  7538 io x 0.148 2.1 0.125 1.6 0.061 0.40
R 3394 1 0 x 0.130 3.4 0.118 2.4 0.058 0.20
R 3186 5 X 0.120 2.5 0.119 2.6 0.075 0.50
R  3956 5 X 0.122 1.6 0.118 2.6 0.072 0.40

5319 10X 0.118 1.5 0.095 1.6 0.049 0.70

797 10 X 0.065 1.8 0.055 2.0 0.060 0.80
OKI 134 IOX 0.060 2.0 0.055 1.7 0.055 1.00

E. coll

p i6
STa, STb IOX 0.150 2.0 0.145 1.1 0.072 1.4

Syncase i o  X 0.042 0.4 ■

* Index values: italicized mean indices are positive.

D iscussion

T hough th e  experim en ts were perfo rm ed  w ith  re la tiv e ly  few s tra in s , 
th e  en te ro to x in -p o sitiv e  effect of every  s tra in  iso la ted  in  th e  y ea r of th e  s tu d y  
w as nevertheless s trik in g . B o y c e  et al. [6] observed  a s tab le  ST p ro d u c tio n  fo r 
5 m o n ths and  found  th a t  th e  s tra in s  s to red  in flu id  cu ltu re s  a t  —40 °C p reserved
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th e ir  c a p a c ity  of e n te ro to x in  p ro d u c tio n  ju s t  as th e  s tra in s  d id  w hich w ere 
c u ltiv a te d  on agar m ed ia  and  passaged  m o n th ly . The la t te r ,  how ever, lo s t 
th e ir  en te ro to x ig en ic ity  if  n o t passaged  fo r 3 m o n th s. The s tra in s  collected  h y  
P ax a n d  M obs [1] fo r 3 years  an d  s to red  in  g lycerol a t  —20 °C, p reserv ed  th e ir  
e n te ro to x in  p o sitiv ity . O nly  a sm all p a r t  o f th e  reference s tra in s  p ro d u ced  en 
te ro to x in  a lthough  th e ir  sto rage in  sto ck  ag ar m ig h t have p lay ed  a role in th is . 
T h u s , fo rbearing  s to rag e  (as deep-freeze, freeze-dry ing) seems co n sid e rab ly  to  
c o n tr ib u te  to  th e  p re se rv a tio n  of th e  e n te ro to x in  producing  cap ac ity .

T h e  en te ro to x in  o f Y .  enterocolitica b eh av es d ifferen tly  from  th e  ST to x in  
of th e  used  E . coli s tra in ; only th e  m e th a n o l soluble frac tio n  of th e  fo rm er is 
e n te ro to x in  positive in  b o th  th e  r a b b it  g u t loop and  the  suck ling  mice te s ts . 
T he m e th an o l soluble frac tio n  (ST a) o f E . coli ST is, on th e  o th e r h a n d , neg a tiv e  
in  th e  ra b b it  gu t loop te s t , while its  m e th an o l insoluble frac tio n  is positive 
[8 , 9 ]. B o y c e  et al. [6] a lread y  described  th e  a c tiv ity  of th e  m e th an o l so luble 
f ra c tio n  of У . enterocolitica in th e  suck ling  m ice te s t.

T h e  genetic co n tro l of en te ro to x in  p ro d u c in g  cap ac ity  is s till u n c e rta in . 
P a i a n d  M ors [1] suppose  th a t  th e  en te ro to x ig en ic ity  of Y .  enterocolitica is 
o f ch rom osom al orig in . In  an an im al m odel experim en t th e y  found  a fte r 6 
m o n th s  of observation  th a t  the  s tra in s  p rese rv ed  th e ir  en te ro tox igen ic  cap ac ity  
[10]. In  a previous re p o r t  we suggested  th e  possib ility  of p lasm id  in fo rm atio n  
b ecau se  th e  s tra in s  s to red  in su b cu ltu res  seem ed to  lose th e ir  c a p ac ity  o f ST 
p ro d u c tio n  [3]. In  c o n tra s t, co n c e n tra ted  f iltra te s  of these  su b cu ltu res  w ere 
now  fo u n d  en te ro to x in  positive in  b o th  te s ts  or, a t least in  th e  r a b b it  gu t loop 
te s t .

H ence, it is p ro b a b ly  only a q u a n ti ta t iv e  change in ST p ro d u c tio n  th a t  
ta k e s  place and  th e  loss of in fo rm atio n  can be excluded. O ur p re se n t re su lts  
s u p p o r t  th e  ch rom osom al contro l of th e  en tero tox igen ic  ch a ra c te r . T he e n te ro 
to x ig en ic  properties o f Y . enterocolitica cou ld  n o t be connected  to  p lasm id , as in  
th e  case of o ther p a th o g en e tic  fac to rs.

V erification  o f th e  genetic co n tro l of en te ro to x in  p ro d u c tio n  req u ires  
f u r th e r  d irect ex p erim en ts .

Acknowledgements. W e are indebted to Drs A n n a  Sv id r ó , B. R é d e y  and E. Sé l l e y  for  
kind perm ission to use their strains and to Dr. B. Kocsis for concentration o f the filtrates.
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EFFECT OF ENDOTOXIN AND Rá DIO-DETOXIFIED 
ENDOTOXIN ON CELL MEMBRANES IN  VITRO

T a m a r a  K u b a s o v a , Z. S o m o s y , L. B e r t ó k  and G. J. K ö t e l e s

“ Frédéric Joliot-C urie” N ational Research 
Institute for Radiobiology and Radiohygiene, Rudapest

(R eceived N ovem ber 18, 1981)

The effect o f parent lipopolysaccharide (LPS) and radio-detoxified endotoxin (rdLPS)> 
on various hum an blood cell membranes proved to be different as detected by 3PI-concanavalin 
А -binding technique in  vitro. The lectin -binding ability  o f erythrocyte membranes did not 
change upon treatm ent by either endotoxin , whereas th at o f  lym phocytes was stim ulated  
by LPS at 10-50 /ig/m l concentration as w ell as by rdLPS at the lowest dose applied, i.e^ 
0.1 ftg/val. The L PS-treated platelets bound sH -concanavalin A  less than did the untreated  
controls; on the other hand, the rdLPS did not change the lectin-binding surface of these cells. 
The affection by radiation of cell m embranes could be prevented by pretreatm ent w ith endotox
ins. This fact, however, could not be considered a radioprotective effect. The micromorpholo- 
gical investigations b y  scanning electron m icroscopy (SEM) support our data concerning the  
functional alterations of plasma m embranes of p latelets and lym phocytes after LPS and rdLPS 
treatm ent as well as after the com bined effect o f endotoxin pretreatm ent and X-irradiation,. 
since a severe sm oothening of the cell surface could be observed.

E xperience  show s th a t  h u m a n  beings are m ore sensitive to  b ac te ria l 
en d o to x in  th a n  o th e r  m am m als. E n d o to x in s  id en tified  as lipopo lysaccharides 
(1, 2) o f G ram -nega tive  b ac te ria  a ffec t v ir tu a lly  ev e ry  organ  in  th e  course o f  
en d o to x aem ia . T he la t te r  occurs fre q u e n tly  in ra d ia tio n  illness and  it  m an ifests  
w ith  in te s tin a l syndrom e and en d o to x in  shock. In  en d o to x in -res is ten t an im als 
as w ell as in th e  case of en d o to x in  to le ran ce , how ever, certa in  fav o u rab le  
p ro p ertie s  of lipopo lysaccharides d o m in a te . One of th e  m ost im p o rta n t actions 
of endo to x in s  is th e ir  capac ity  to  s tim u la te  th e  o rg an ism ’s n a tu ra l defence.. 
T h a t is w hy  num ero u s a tte m p ts  h av e  been  m ade to  o b ta in  an  end o to x in  th a t  
does n o t ex e rt to x ic  effects b u t possesses beneficial p ro p erties . A m ong various 
d e to x ifica tio n  procedures wre app lied  ra d ia tio n  t r e a tm e n t on en do tox in  from  
Escherichia coli 0 8 9 . In  th is  w ay  sev era l noxious p ro p ertie s  of LPS w ere d im in 
ished , wrhereas th e  endo tox in  to le ran ce-in d u c in g , im m u n o -a d ju v a n t, shock- 
-p rev en tin g , non-specific  resistance-enhanc ing  c a p ac ity  an d  a certa in  radio- 
p ro tec tiv e  effect of th e  ra d ia tio n -tre a te d  L PS  were p reserv ed  [3-5].

A lth o u g h  th e  m echanism s b y  w hich  L PS  in te ra c ts  w ith  th e  cell are 
unknow n , i t  was suggested  th a t  all en d o to x in -m ed ia ted  cell responses involve 
an  in te ra c tio n  a t th e  p lasm a m em brane  [6 , 7]. In  th is  c o n te x t i t  is im p o r ta n t to  
know  w h e th e r th e  L P S  influences ce rta in  w ell-defined m em brane-bound  
fu n c tio n s, e.g. th e  b in d in g  of lectins. In  th e  p resen t w ork , therefo re , th e  effects 
of th e  p a re n t LPS an d  th a t  of rad io -d e to x ified  L PS w ere s tu d ied  upon conca- 
n av a lin  A recep to rs of h u m an  blood cells in  vitro. F u rth e rm o re , the  in fluence o f
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e n d o to x in  p re tre a tm e n t on rad ia tio n -in d u ced  fu n c tio n a l a lte ra tio n s  of cell 
m em b ran es  was also te s te d . The fu n c tio n a l changes of cell su rfaces were 
fo llow ed b y  scanning e lec tron  m icroscopy, am ong  o thers.

M aterials and m ethods

Preparation , detoxification and labelling o f  endotoxin. Extraction of endotoxin  from a fer
m enter-grow n culture of E. coli 0 8 9  was performed by the warm phenol-w ater m ethod [8]. For 
d etox ifica tion , the m aterial was irradiated w ith  150 kGy in a 60Co source (Noratom -G am m a  
350G). T he LD50 values o f the parent and irradiated preparations were determ ined in appro
priate anim al species [9]. Labelling of LPS w ith 5lCr was carried out as described earlier [10].

L P S  and rdL P S treatment o f human blood sam ples. Hum an citrated blood samples 
(3 -5  m l) from healthy donors were treated w ith  LPS and rdLPS in final concentrations (v /v) 
o f 0 .1—50 fig I ml at room tem perature for 1 h. After incubation w ith the endotoxins, separation  
o f  blood cells was carried out by centrifugation in Ficoll-Urom iro discontinuous gradient as 
described elsewhere [11]. The populations of p latelets, lym phocytes and erythrocytes were 
iso lated  and washed w ith physiological saline.

3H-concanavalin A ( 3H-Con 4 )  binding by hum an blood cells. Labelling o f separated cell 
fractions w ith radioactive lectin  was carried out in a volum e of 0.2 ml; i.e. 0.1 ml 1 /Ал/m l 
3H -ConA [3H(G), NET-491, specific radioactivity 38.8 Ci/mmol. New England Nuclear, Boston, 
Mass., USA] was added to 0.1 ml cell suspension. :JH-ConA labelling of erythrocytes (4x10"  
cells/0 .1  m l) was performed at room tem perature for 30 m in, lym phocytes (1—1.5 X 10n cells/0.1 
ml) and platelets (1 X 106 cells/0.1 ml) were incubated w ith  radioactive lectin  at room  tem pera
ture for 10 min. The unbound radioactivity o f labelled cells was removed by repeated washings 
w ith  cold physiological saline [12].

Irradiation technique. The blood sam ples (5 ml) pretreated w ith endotoxins for 1 h were 
X -irradiated in teflon tubes w ith 1 Gy for exam inations of platelets and lym phocytes. Irra
d ia tion  was carried out w ith  a T H X -250 X -ray apparatus under conditions as follows: 200 kV, 
1.45 m m  Cu, SSD 60 cm, dose-rate 0.317 Gywater per min. Exposures were m easured by a calib
rated ionization chamber (Farm er dose meter Type 2502/3, 0.6 cm 3 ionization chamber). For 
calcu lation  of the dose absorbed in water, conversion factors and the value o f HVL were used.

Radioactivity measurements. For liquid scintillation  counting the blood cells labelled  
w ith  3H-ConA were dissolved in B ray’s solution , and radioactivity was measured with  
a liquid  scintillation spectrom eter (Searle A nalytic Inc., Mark III, Model 6880). For conversions 
o f  cpm  to dpm the external standardization m ethod was applied. The ex ten t o f binding was 
expressed in terms of dpm  per 10n cells for each cell type.

Scanning electronmicroscopy (S E M ).  The cells were fixed with 2% glutaraldehyde at 
4 °C for 1 h. After washing in buffer for 15 min, the m aterials were fixed in 2%  O s0 4 for 1 h 
at 4 °C, then washing in buffer for 15 min was repeated. The cells were dehydrated in a series 
o f  ethanol and am ylacetate, which was follow ed by critical point drying (Sorval critical point 
drying system ) in C 0 2 and gold coating. Specim ens were photographed using JSM 50 A SEM  
at accelerating voltages o f 20 kV at tilt  angles of 45°.

R esu lts

In  the  firs t series o f experim en ts th e  effect o f endo tox ins in  co n cen tra tio n s 
fro m  0.1 to  50 fxglml w as te s te d  on h u m a n  p la te le ts , lym p h o cy tes  an d  e ry th ro 
cy te s . B y m eans of co n canavalin  А -b ind ing  techn ique  th e  specific  fu n c tio n a l 
a lte ra tio n s  of p lasm a m em branes could be de te rm ined  since th e  lec tin  b o und  
d ire c tly  to  glucose an d  m annose g roups of oligosaccharides on g lycopro teins.

The resu lts sum m arized  in Fig. 1 show  th a t  th e  reac tio n  of d ifferen t cell 
m em branes ag a in st L P S  varied . As com pared  to  th e  con tro ls , t re a tm e n t w ith
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as % of control

Yig. 1. E ffect o f  LPS at various concentrations on the 3H-ConA-binding to plasma m embranes 
o f  human blood cells. Values are expressed in  percents o f the non-treated control. The points 
represent results o f six m easurem ents from tw o separate experim ents. The SE values o f the

controls were <  ± 1 0 % . • ..........• platelets, Л ------------ A lym phocytes, □ ----------- □
erythrocytes

th e  p a re n ta l en d o to x in  d id  n o t a lte r th e  a b ility  of e ry th ro cy tes  to  b in d  3H- 
-ConA. B ind in g  by  th e  p la te le t surfaces decreased  as th e  co n cen tra tio n  of L PS  
increased, w hereas th e  3H -C onA -binding  of ly m p h o cy tes  show ed an  increasing  
ten d en cy  on h igh  doses of L PS. T hus, th e  m em branes o f lym phocy tes an d  
p a r tic u la rly  o f p la te le ts  reac ted  against en d o to x in , a lth o u g h  in  d ifferen t m an n e r 
and  d irec tion . T he a v a ilab ility  of C onA -binding  sites on lym phocy tes increased  
while on th e  p la te le ts  decreased.

SEM  also revealed  severe changes o f th e  m em branes. F igure 2 show s 
strik ing  m orpho log ical changes a fte r in c u b a tio n  w ith  L P S , i.e. th e  c h a ra c te ris 
tic discoid sh ap e  of cells (2b) was tran sfo rm ed , and  th e  ap p earan ce  of num erous 
long (2-10  pm ) p seu dopod ia  could be o bserved  (2a).

The L P S  detox ified  w ith  150 kG y d id  n o t cause a lte ra tio n s in ConA- 
b inding  p ro p ertie s  of e ith e r  th e  p la te le ts  or red  blood cells. The ly m p h o cy te  
surfaces, how ever, b o u n d  th e  lec tin  a t an  increased  level (Fig. 3), even a t  th e  
low est c o n c e n tra tio n  of d e tox ified  en d o to x in , i.e. in th e  presence of 0.1 pg /m l.

In  th e  second series of experim en ts th e  in fluences of endo tox ins on ra d i
a tion -induced  m em brane  a lte ra tio n s  w ere s tu d ied . I t  h a d  a lready  been dem ons
tr a te d  on b lood  cells o f irra d ia te d  m ice an d  various h u m a n  cells ir ra d ia te d  
in  vitro t h a t  X -irra d ia tio n  alone p rov o k ed  an  early  an d  te m p o ra ry  increase 
of 3H -C onA -binding  (11-14). I t  was fo u n d  th a t  th e  p re tre a tm e n t of b lood  
sam ples w ith  10 pg /m l en d o to x in  a t room  te m p e ra tu re  for 1 h in h ib ited  th e  
developm ent o f ra d ia tio n  effect as it  w as d e tec ted  in  various tim e-p o in ts  of 
p o s t-irrad ia tio n  period  a fte r  app ly ing  1 G y dose for th e  p la te le ts  (F ig . 4). 
S im ilar te n d e n c y  was observed  on th e  ly m p h o cy te  p o p u la tio n , too  (F ig . 5).

A ltho u g h  b o th  ty p e s  of endo tox ins p roved  to  p rev en t th e  rad ia tio n - 
-induced increase in  lec tin -b in d in g  on th e  p la te le ts  and  ly m phocy tes, th e  rad io -
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F ig. 2. M icromorphological (SEM) appearance of hum an platelets treated by 10 fig/m l LPS (a) 
as compared to the non-treated control (b) X 11 400
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as % of control

Fig. 3. E ffect of rdLPS at various concentrations on the 3H-ConA-binding to plasma membranes 
of hum an blood cells. Values are expressed in percents o f the non-treated control. The points re
present the results o f six m easurem ents from two separate experim ents. SE  values of the controls 

were <  ± 1 0 % . • ..........•  platelets, Д ----------- Д lym phocytes, □ ------------□ erythrocytes

detox ified  L PS  depressed  th e  levels o f b o und  ra d io a c tiv ity  in  a g rea te r e x te n t 
th a n  th e  p a re n t endo tox in .

M icrom orphological s tud ies b y  SEM  revea led  severe a lte ra tio n s on th e  
surface o f h u m a n  ly m p h o cy tes  (F ig . 6). T re a tm e n t of th e  cells w ith  th e  rad io - 
de tox ified  L P S  re su lted  in  a red u c tio n  o f th e  n u m b er o f  m icrovilli (6b) an d  
th e  ap p earan ce  o f some b leb-like ex tensions as com pared  to  th e  contro l (6a). 
U pon th e  com bined  effects of tw o  fac to rs, i.e. L P S -tre a tm e n t and  X -irrad ia - 
tio n , th e  ly m p h o cy tes  becam e sm ooth , a lm ost ’’b a ld ” , an d  o n ly  some sca tte red  
m icrovilli an d  sm all spherica l ex tensions could  be seen (6c).

as •/» of control

Fig. 4. E ffect o f various endotoxin preparations on the developm ent o f radiation-induced  
affection of plasm a membranes of hum an platelets. 3H -ConA-binding w as measured at various 
points o f tim e after X-irradiation w ith  1 Gy on the irradiated control (open), on cells pretreated  
w ith 10 |Ug/ml LPS for 1 h (shaded) and on cells pretreated w ith 10 /ig /m l rdLPS for 1 h (dotted). 
Values are expressed in percents o f 3H-ConA-binding b y  the non-irradiated control. The points  
represent results o f six  m easurem ents from two separate experim ents. The SE values o f the

controls were <  ± 1 0 %
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F ig. 5. Effect of various endotoxin  preparations on radiation-induced affection of the plasma 
m em branes of human lym phocytes. 3H-ConA-binding was measured at various points o f tim e 
after  X-irradiation w ith 1 Gy on the irradiated control (open), on cells pretreated w ith 10 
(Ug/ml LPS for 1 h (shaded) and on cells pretreated w ith 10 /tg/m l rdL PS for 1 h (dotted). 
V alues are expressed in percents o f 3H-ConA-binding by the non-irradiated control. The points 
represent results o f six m easurem ents from tw o separate experim ents. The SE values o f the

controls were <  ± 10%

D iscussion

T he fac t th a t  e n d o to x in  in te ra c ts  w ith  th e  cell m em b ran es, i.e. lysosom e, 
m ito ch o n d ria  and  p la sm a  m em branes, is a lready  know n from  th e  l ite ra tu re  
(6 , 7, 15-18). I t  has also  been  suggested  th a t  a generalized affec tion  o f a p lasm a 
m em b ran e  m ight be a su ffic ien t trig g e rin g  signal for all cell responses [6 ] 
lead in g  to  m ultip le  reac tio n s  of th e  organ ism . The effect o f L P S  d e tox ified  w ith  
150 kG y y-rad ia tion  has been  m ostly  ex am in ed  in  an im als a n d  th e  ex p erim en ta l 
re su lts  showed th a t  th e  en d o to x in  m odified  in th is w ay  cou ld  be considered  a 
p o te n t  s tim u la to r of non-specific  resistance  [19]. B esides, its  rad io p ro tec tiv e  
p ro p e r ty  has also been observed  [4, 5]. F ro m  th is  p o in t o f v iew , do th e  p lasm a 
m em branes p lay  an y  ro le ?

In  th e  p resen t w o rk  co m p ara tiv e  s tud ies of th e  effect o f p a re n t an d  rad io - 
d e to x ified  LPS were ca rried  ou t in  vitro. I n  th e  experim en ts i t  was a tte m p te d  to  
a p p ro ach  n a tu ra l co n d itio n s, there fo re  th e  endotoxins w ere ad d ed  n o t to  
iso la ted  cells b u t to  w hole blood. U nder such  c ircum stances b o th  th e  to x ic  and  
th e  detoxified  en d o to x in s  m ay  ex ert m ore th a n  d irect m em b ran e  ac tion . The 
p resence of various su b stan ces  in blood p lasm a, th e  in te ra c tio n  betw een  th em  
a n d  th e  L P S -p rep a ra tio n s , th e  reaction  o f o th e r cell ty p e s  cou ld  m odify  th e  
m em b ran e  changes o b served  a fte r t re a tm e n t of e ry th ro cy te s , ly m p h o cy tes  and  
p la te le ts . The reac tio n  o f iso la ted  b lood  cells against th e  endo tox ins w ould 
p ro v id e  a model of th e  d irec t effect.

M ethodological p rocedures, i.e. cell sep ara tio n  from  th e  b lood tre a te d  
w ith  L PS and  rd L P S  as w ell as cell w ash ing  did no t in fluence  s ig n ifican tly  th e
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Fig. 6. Scanning electronm icroscopic appearance o f hum an lym phocytes, (a) Control, X 5700; 
(b) cells treated  w ith 10 /tg/m l rdLPS for 1 h, X 3800; (c) cells pretreated w ith  10 /ig/m l rdLPS

then X-irradiated w ith  1 Gy, X 7900

a m o u n t o f en do tox in  b o u n d  to  th e  cell surfaces. I t  was checked  b y  m easu re 
m en ts o f ra d io a c tiv ity  of th e  cells labe lled  w ith  51C r-endo tox in  before an d  a fte r  
m an ip u la tio n s  (unpub lished  d a ta ) . O ur p re se n t resu lts , how ever, show ed th a t  
b o th  en d o to x in s  a lte red  th e  surface of p la te le ts  an d  ly m p h o cy tes  fu n c tio n a lly  
an d  m orpho log ically  as d e tec ted  b y  th e  lec tin -b in d in g  tech n iq u e  an d  SEM . 
L ec tin -b in d in g  b y  e ry th ro c y te s  p ro v ed  to  rem ain  u n a lte red . O ur d a ta  show  
th a t  th e  effect of L PS  depends on th e  cell ty p e . T his phenom enon  m ig h t 
depend  on th e  com position  of m em b ran es. T he role o f phospho lip ids in  th e  
response o f ly m phocy tes an d  p la te le ts  is v e ry  likely  as i t  w as suggested  th a t  in 
these  cells th e  phospholip ids b in d  th e  L PS  [20], while in  th e  e ry th ro cy te s  L P S - 
b in d ing  seem ed to  occur m o stly  th ro u g h  g lycopro teins [21]. B y  com paring  th e  
d ifferen t effects of endo tox ins on d iffe ren t cells, o th e r au th o rs , too , concluded
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t h a t  th e  v a ria tio n  in  th e  phospho lip id  com positions from  one cell ty p e  to  th e  
o th e r  m igh t accoun t fo r th e  specific ity  on th e  biological reac tio n s elicited  b y  
lipopo lysaccharides [22]. N o ex p lan a tio n  is av a ilab le  of th e  d irec tion  of responses 
o f  ly m phocy tes and  p la te le ts . I t  is, how ever, ev id en t from  th e  d a ta  p resen ted  
t h a t  L P S  p rep a ra tio n s  a ffec t th e  bindings of o th e r  ligands.

The effect o f en d o to x in s  on the  p lasm a m em brane resu lted  in an in h ib ition  
o f  a rad ia tio n -in d u ced  p h en o m en o n  [11-14], i.e . th e  increase in lec tin -b ind ing  
diil n o t  occur. As fa r as the  m echanism  of en d o to x in  effect is concerned, th e  
q u e s tio n  arises w h e th e r th is  inh ib itio n  m eans th a t  th e  endo to x in s  stab ilize  th e  
ce ll m em branes ag a in s t ra d ia tio n  and  so p ro te c t th e  cell, or i t  is sim ply  due to  a 
m ore  profound d is tu rb a n c e  o f p lasm a m em b ran e  by  LPS on th e  basis of w hich 
th e  rad ia tio n -in d u ced  m em b ran e  affection as d e tec ted  b y  lec tin -b in d in g  can n o t 
develop . On th e  basis o f  th e  surface a lte ra tio n s  revealed  b y  SEM , i.e. im p o v er
ish m e n t in visible fo rm a tio n s , th e  “ b a ld ” ap p earan ce , th e  possib ilities th a t  th e  
cells suffer losses in  C onA -b ind ing  sites or th e se  sites becom e covered b y  L P S  
c o a tin g  the  cell, c a n n o t be excluded .

In  conclusion, th e  changes observed in th e  fu nc tion  an d  m orphology  of 
cell m em branes u p o n  th e  effect of p a re n t an d  rad io -d e to x ified  en d o to x in  
u n d o u b te d ly  p o in t to  th e  in fluence of L P S  p rep a ra tio n s  on th e  b eh av io u r of 
cells in  cell-to-cell or c e ll-to -b ac te ria  in te rac tio n s , e.g. phagocy tosis  [23] as an  
in ten sified  cellular p rocess or a c tiv ity  in th e  course of rad ia tion -d isease.
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SENSITIZING ACTIVITY TO EGG PROTEIN OF AN 
A1P04-ADJUVATED FELL-VIRUS INFLUENZA VACCINE

G e o r g e t t e  N y e r g e s , A n d r e a  M a r t o n , S. K o r o s s y  and I. V in c z e

N ational Institu te  o f Hygiene , Budapest 
and Outpatient C lin ic o f István H ospital, Budapest

(R eceived December 16, 1981)

The sensitizing activ ity  to egg protein of an A lP 0 4-adjuvatcd purified and concentrated  
influenza-A  vaccine was exam ined in anim al experim ents and in m an. Intravenous injection  
of ovalbum in caused anaphylactic sym ptom s and/or fatal anaphylactic shock in prevaccinated  
guinea-pigs. O valbum in-specific antibodies detectable by the passive haem agglutination reac
tion (P H A ) appeared in the blood serum of the vaccinated anim als. M odel experim ents w ith  
purified ovalbum in suggested that 1 hum an dose of the vaccine contained egg protein in the 
range from  0.1 to ln g , and that the antigenic effect of the vaccine grew to  more than 103-fold b y  
its adsorption to A 1P 04 gel. Adults who in previous years had been im m unized w ith similarly  
prepared influenza vaccine several tim es responded w ith mild reactions; sym ptom s suggestive  
of hyperergy did not occur, irrespective o f the vaccination history. In  the prevaccination serum  
sam ple o f some vaccinées, ovalbum in-specific PH A  antibodies were found up to titres inde
pendent o f the number of the previous im m unizations. The concentration of the ovalbumin- 
-specific antibodies o f the IgE class w as b y several orders of m agnitude lower in the postvaccina
tion sam ples than in the serum of som e patients hypersensitive to egg protein.

T he fu ll-v irus in fluenza  vaccines produced  in em b ry o n a te d  eggs, even th e  
p u rified  ones, c an n o t be a d m in is te red  to  egg-sensitive su b jec ts  owing to  th e ir  
res id u a l egg-pro tein  co n ten t.

D ue to  th e  sh o rt d u ra tio n  o f th e  vacc in a tio n -in d u ced  im m u n ity , it m ay  
h a p p e n  th a t  som e sub jec ts  are im m unized  5-10  tim es y ea rly , th u s  th e  idea  has 
been ra ised  th a t  th e  vaccine i tse lf  m igh t induce h y p e rse n s itiv ity . B ased  on 
an im al ex perim en ts m ain ly  a lum in ium -ge l-adso rbed  vaccines have  been sus
pec ted , for a d ju v a n ts  c o n ta in in g  a lum in ium  have been  fo u n d  considerab ly  to  
raise th e  anaphy lac to g en ic  a c tiv ity  of ovalbum in  [1] an d  o f fu ll-v irus in fluenza  
vaccines [2]. In  ra b b its  an d  o th e r  ro d en ts , th e  p ro d u c tio n  of g lobulins of the  
Ig E  class is s tim u la te d  b y  th e  sam e p rep ara tio n s [3]. I n  m an , th e  sensitizing 
a c tiv ity  of n o n -a d ju v a te d  fu ll-v iru s in fluenza  and m um ps vaccines purified  by  
ad so rp tio n  to , an d  e lu tion  from , e ry th ro cy te s  was ex am in ed  b y  R a t n e r  et al.
[4]. T h reeh u n d red  and  n in e teen  h e a lth y  children  w ere in v o lved  in  th e  stud ies. 
E ach  child  w as v acc in a ted  re p e a te d ly  and  su b jec ted  to  egg p ro te in  sk in  te s ts  
(11-38 in jec tions p er child). Specific derm al sen s itiv ity  to  egg p ro te in , w ith o u t 
an y  clinical sy m p to m  or sign, w as seen in 1 .6%  of th e  vaccinées. To our b est 
know ledge, th e  sensitiz ing  a c tiv ity  o f a d ju v a te d  in flu en za  vaccines has n o t 
been  exam ined  in m an  so far.

In  H u n g a ry , an  A lPO ^-gel-adsorbed  purified  an d  co n c e n tra ted  fu ll-v irus 
vaccine has been used since 1960. A lth o u g h  m an y  persons have  been v acc in a ted
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se v e ra l tim es yearly , m a jo r reac tions have n o t been observed  an d  m inor reac
tio n s  w ere in freq u en t. I n  sp ite  of th e  favourab le  o b se rv a tio n s, we considered 
ju s t if ie d  to  exam ine th e  possible sensitiz ing  effect o f th e  vaccine  to  egg p ro te in .

M aterials and m ethods

Vaccine. The form alin-inactivated  influenza-A vaccine used in the studies had been 
produced in the em bryonated egg and purified and concentrated by T a k á t s y ’s  m ethod (5) 
including adsorption to, and elution from, formalinized chicken erythrocytes, and precipitation  
by d ialyzation  against 0.4%  saline. The inactivated  virus suspension was adsorbed to A 1P 04 
gel. One human dose of the vaccine contained 500 H AU of each of H 1N1 and H 3N2 influenza 
A  virus adsorbed to 1.5 m g A 1 P 0 4 gel.

Vaccinées. Adults 18-65  years o f age working in the health service who during the pre
v iou s few  years had been im m unized 0 to 10 tim es w ith a vaccine the production technology  
o f  w hich is outlined above. (Som e details o f the technology were changed during these years). 
T he vaccinées were questioned of the reactions that had appeared during the 48 h period follow
ing vaccination and the reactions were registered in detail.

Serum samples exam ined fo r  anti-ovalbum in, (i) Paired sera taken before vaccination and 
4 w eeks thereafter; (ii) serum  sam ples from adults o f unknown influenza vaccination history; 
(iii) serum  samples from  children never vaccinated against influenza before; (iv) serum samples 
from  adults sensitive to egg protein and those suffering from skin diseases such as chronic urti
caria, psoriasis vulgaris and atopic derm atitis; (v) serum sam ples from  guinea-pigs injected  
w ith  purified ovalbumin.

The serum sam ples were heated at 56 °C for 30 min and stored at — 20 °C until used.
Exam ination o f  sera fo r  ovalbumin specific antibodies. (1) Passive haemagglutination 

( P H  A ) and P H  A inhibition (P H A I )  reaction. Tanninized sheep erythrocytes (100 ml 2% 
suspension) were senzitized w ith  50 mg purified ovalbum in. Preparation of the reagent was 
the sam e as described elsew here [6] for the sensitization of erythrocytes w ith  bovine serum  
album in.

The sera were titrated  in T akátsy’s Microtitrator system  [7] using 25 /il loops and 25 pi 
drops. Saline of pH 7.4 containing 1% normal rabbit serum was used as diluent. One drop of 
reagent was added to each m ixture. A reference serum, i.e. a pool o f sera from guinea pigs 
im m unized by ovalbum in was included in each tiration panel. The trays were allowed to stand 
at room  temperature for 30 to 60 min before the results were read. The serum titre was the 
high est dilution giving a H A  reaction of three crosses or stronger. The titre o f the reference se
rum  ranged between 1 : 6400 and 1 : 12 800 as exam ined on different occasions.

To check specificity , the serum sam ples whose P H A  titre was 1 : 16 or less were titrated  
for P H A I in the M icrotitrator system . One drop of 0.1% purified ovalbum in was added to each 
serum  dilution. After incubation at room temperature for 1 h, one drop of reagent was added 
to  each mixture and the results were read after an additional incubation of 30 to 60 min at 
room  temperature.

A PHA titre not higher than 1 : 16 was regarded as positive if  ovalbum in caused at 
least a four-fold drop o f titre.

(2) Radio-im m unoassay ( R I A )  fo r  measuring antibodies o f the Ig E  class. Purified ovalbu
m in was bound to CNBr-Sepharose 4B. Serum sample diluted w ith  IgE-free horse serum, if 
necessary, was added to a m ixture of equal volum es of gel bound to 0.2 ml albumin and 0.05 
M phosphate buffer o f pH  7.4. The m ixtures were kept at 4 °C for 18 h, and washed 3 tim es 
w ith  saline containing 0.5%  Tween 80 then 0.05 ml of 125I-labelled anti-hum an-IgE  serum  
(Phadebast: 126 kB q) was added to the washed gel. The gel was incubated at 4 °C for 18 h 
and washed again w ith the Tween-containing saline. The radioactiv ity  o f the washed gel was 
m easured in a Gamma N P -354  autom atic Gamma counter. Various d ilutions of a reference 
m ixture composed of serum  sam ples of patients sensitive to egg protein were tested in each 
panel. The anti-ovalbum in content o f the sera was expressed in per cent o f the reference value.

Systemic anaphylaxis test in guinea-pigs. Commercial guinea-pigs 300—350 g in weight 
were used throughout. Influenza vaccine or purified ovalbum in was adm inistered subcutaneous
ly . The doses are presented under Results. For provocation, 1 ml o f a 10% ovalbum in solution  
w as injected intravenously. Any typical anaphylactic sym ptom  was considered a positive reac
tion .
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R esu lts

Sensitiza tion  o f  guinea pigs against ovalbum in with unadsorbed and A lP O 4- 
adsorbed in fluenza  A  virus vaccine. Tw o h u m an  doses of th e  vaccine show ed a 
w ell-defined an ap h y lac to g en ic  effect (T able I). The v iru s com ponen ts of th e  
vaccine w ere exam ined  in th e  u n b o u n d  s ta te  so th a t  500 H A U  of th e  H 1N 1 or 
th e  H 3N 2 co m ponen t was adsorbed  to  3 mg of A 1 P 04 gel. The n onadso rbed  
virus com ponen ts failed to  sensitize th e  an im als while th e  adso rbed  ones sensi
tized  th em .

Table I

Sensitizing activity o f  influenza vaccine to ovalbumin in guinea pigs

P ro d u c t  u n d e r  
te s t in g

P re p a ra to ry  dose R e su lt  o f ovalbum in  
p rovoca tion

V irus
H A U

A lP O  4
mg

an im als no
sym pto:

a n ap h y lac tic  sy m p to m s

su rv iv ed died

Adsorbed influenza-A 1000 H1N1 3 4 l l 2

vaccine +
1000 H3N2

Interm ediate vaccine 500 Н Ш 1 ____ 4 4 — —

products 500 H1N1 3 4 — 2 2
500 H3N2 — 4 4 — —

500 H3N2 3 4 — 2 2

Sensitizing activity

Table II

o f  unadsorbed and adsorbed purified  ovalbumin in guinea-pigs

E x p erim en t 1 E x p e rim e n t 2

P re p a ra to ry  dose R e su lt of p ro v o ca tio n  by R e su lt o f  p ro v o ca tio n  b y
o v album in o v alb u m in

a lb u m in A lP O  4 N o. of an ap h y lac tic N o. of an ap h y lac tic
m g anim als no sy m p to m s no sy m p to m s

surv ived  died surv ived  (lied

l 3 5 2 3 7 l l 5

i o - 1 3 5 — 2 3 7 3 3 1

10~2 3 6 3 l 2

1 0 -3 3 6 5 — 1

102 — 4 3 1 7 — 5 2

10 — 5 3 2 7 6 1 —

1 — 5 4 1 7 6 1 —

1 0 - 1 — 5 4 1
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Sensitization o f  guinea-pigs w ith  unbound and A lP O  ̂ -adsorbed ovalbum in. 
V ary in g  am oun ts of p u rified  o v a lb u m in  w ere adsorbed  to  A1PO, gel. S im ilarly  
as in  th e  p receding  ex p e rim en t, th e re  w ere appreciab le  d ifferences in  sensitiz ing  
a c tiv ity  betw een  th e  sam e am o u n ts  o f u n ad so rb ed  an d  adso rbed  a lbum in  
(T able I I ) . I f  th e  re su lts  of E x p e rim e n t I  an d  I I  are ev a lu a ted  jo in tly , ta k in g  
in to  accoun t only  th e  m o st severe sy m p to m , th e  d ea th  of an im als due to  a n a 
p h y lac tic  shock, i t  is c lea r th a t  th e  sensitiz ing  a c tiv ity  o f o va lbum in  w as in 
creased  a t  least b y  th re e  orders o f m ag n itu d e  by  ad so rp tio n  to  A lPO  j gel.

A nti-ovalbum in  P H  A  titres o f  serum  sam ples taken fro m  guinea-pigs injected  
w ith  unadsorbed and AlPO ^-adsorbed p u r ifie d  ovalbum in. G uinea-pigs were 
in jec ted  w ith  various doses of u n ad so rb ed  ovalbum in  or th e  sam e doses o f 
ov a lb u m in  in th e  ad so rb ed  fo rm  (T able I I I ) .  Serum  sam ples ta k e n  b y  h e a r t

Table III

Specific serum P H A  titre o f  guinea-pigs inoculated with unadsorbed or adsorbed 
purified  ovalbumin

Immunizing dose Distribution of sera by anti-ovalbumin PHA  titre  1:

albumin
/'g

A1P04
mg

No. of sera
8 16 32 64 128 256

1 0 - 2 3 9 2 5 l l

t o - 3 3 9 1 — l 3 4 —

i o - 4 3 6 — — l 2 3 —

i o - 6 3 8 8 — - — — —

10= — 8 1 1 3 2 1 —

1 0 — 9 1 — 2 4 2 —

1 — 8 3 1 — 2 2 —

i o - 1 - 9 8 — — — —

— — 10 10 — — — — —

p u n c tu re  in th e  4 th  p o stv acc in a tio n  w eek w ere t i t r a te d  ag a in st ovalbum in  b y  
th e  P H A  te s t. Sam ples from  10 u n tre a te d  guinea-pigs served  as contro l. A n 
ap p reciab le  a n tib o d y  t i t re  (< T  : 16) in  50%  of th e  an im als requ ired  a t least 
1 p g  ovalbum in  to  be in jec ted  in  th e  u n ad so rb ed  form  or 10-4 f ig to  be in jec ted  
in  th e  adsorbed  form .

Vaccination reactions in  prim ovaccinated and in 1 to 10 tim es prevaccinated  
persons. T able IV  c learly  show s th a t  th e  v acc in a tio n  caused  v e ry  w eak, if  an y , 
side effects. A n ap h y lac tic  sy m p to m s, e.g. u rtic a ria , was observed  in  no case. 
T here  Mas no co rre la tio n  betw een  th e  n u m b er of p rev acc in atio n s and  th e  
freq u en cy  of v acc in a tio n  reactions.

A nti-ovalbum in  P H A  titres in  serum  sam ples fro m  persons d iffering in  
vaccination history. P a ire d  sera  from  33 vaccinées Mere te s te d  for P H A . T he
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Table IV

Side reactions in vaccinées with different vaccination history

No. of previous 
influenza vaccination

No. of vaccinées No reaction Local pain Slight malaise

0 12 9 3 0

l 12 8 3 l

2 or 3 11 10 1 0

4— 10 13 10 2 1

Total 48 37 9 2

p rev acc in a tio n  titre s  are grouped accord ing  to  v acc in a tio n  h isto ry  in  T ab le  У. 
O nly  fo u r of the  t i tre s  < / 1 : 16 were fo u n d  to  be specific w hen checked b y  th e  
P H A I reac tio n . T he P H A  activ ities o f fu r th e r  20 sera  could no t he abso rbed  
w ith  ov a lb u m in . In  th e se  cases, th e  P H A  w as ce rta in ly  caused b y  an tibod ies to  
sheep e ry th ro c y te s . T he rem ain ing  9 serum  sam ples h ad  sign ifican t (1/32-1/512) 
P H A  ti tre s , b u t show ed no re la tionsh ip  to  th e  n u m b e r of previous in fluenza  
v acc in a tio n s .

Table V

Anti-ovalbum in P H A  litre in serum samples from  subjects with different vaccination history

No. of previous 
influenza vaccinations

D istribution o f the sera by  P H A  titre  1:
„ I V  „

8 16 32 64 128 256 512

0 12 9 l — 2 _ _
1-3 8 5 -- -- — — l 2

4-10 13 10 —  - 2 1 — —

T he p rev acc in a tio n  and  p o stv acc in a tio n  sam ples agreed well in  P H A  
titre , i.e. th e  v acc in a tio n  n e ither in it ia te d  specific P H A  an tib o d y  p ro d u c tio n  
no r ra ised  th e  p re v a le n t titre s .

In  T ab le  V I, th e  d is trib u tio n  of v a rious groups o f h u m an s b y  a n ti-o v a l
bu m in  P H A  t i t r e  is show n. G roup A consists of th e  p re se n t vaccinées, th e  sera 
in  group  В w ere chosen from  sam ples su b m itte d  from  a d u lts  for syphilis serolo
gy. In  th e  la t te r  g roup , th e  v accination  h is to ry  was u n k n o w n . G roups A an d  В 
were age a n d  sex m a tch ed  in  com position . T he donors o f th e  serum  sam ples in  
groups C, D an d  E  h a d  never been v a cc in a ted  ag a in s t in fluenza. Those o f 
group C w ere h e a lth y  in fa n ts  7 m onths o f age sam pled  4 weeks a fte r th e  th ird  
in jec tion  o f th e  b asa l im m uniza tion  ag a in s t d ip h th e r ia -p e r tu s s is - te ta n u s .
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Table VI
Anti-ovalbumin P H A  titre o f  subjects grouped by age and influenza vaccination history

Group
No. of sera D istribution of the sera by  P H A  titre  1:

8 16 32 64 128 256 512 1024 2048 4096

A: adults 4 weeks after influenza 
vaccination

33 24 — l 2 3 l 2 —  —  —

B: adults age- and sex-m atched to 33 23 1 — 4 4 i -- —  --

C:
group A*
7-m onth-old infants** 25 20 l 1 2 l _  _  _

D: 1- and 2-year-old children* 25 9 — 2 4 2 3 2 2 1
E: 5-7-year-old children* 24 13 5 5 1 —  - — -- -- --

* From  screening tests.
** Serum samples taken 4 weeks after d iphtheria-pertussis-tetanus immunization.

G roups D and E  consisted  of sera  ta k e n  from  1 to  7 years old h e a lth y  ch ild ren  
w ho h a d  been sam pled  for m um ps serology. T he frequency  o f sera  w ith  P H A  
ti t r e s  1 : 1 6  w as su rp ris in g ly  h igh  in  th e  ch ild ren  1 an d  2 years  of age. 
I n  th is  respect, th e re  w as a sig n ifican t difference betw een  th e  7 -m onth-o ld  
in fa n ts  (group C) a n d  th e  5- to  7 -year-o ld  ch ild ren  (group E ) (%2 =  9.959; 
P  <( 0.01) an d  also betw een  th e  fo rm er an d  th e  com bined A -f- В group o f 
a d u lts  ( f  =  12.091; P  <  0.01).

Table VII
Antibodies to ovalbumin in  serum samples from  healthy vaccinées and from  dermatological patients

H ealthy
vaccinées

No. of previous 
influenza 

vaccinations

Anti-ov albumin

PH A  titre IgE  per cent

before after before after

vaccination vaccination

T.A. ? — 8 8 0.5 0.5

K .J. 9 — 128 128 1.0 0.5

M.E. 9 — 8 8 n.t. 1.3

N.S. 3 — 8 8 Il.t. 1.1

Sz.F. 9 l 8 8 0.5 0.5

B.E. 9 l 8 8 1.0 0.5

Sz.K. 3 l 8 8 0.5 0.5

S.A. 9 l 8 8 0.6 3.3

K.M. 3 l 256 256 n.t. 1.1

S.K. 3 l 512 512 n.t. 1.5

C.P. 9 2 8 8 0.8 2.0

Zs.J. 9 4 8 8 0.5 0.8

T.Zs. 9 4 8 8 1.3 0.5

M.E. 9 4 8 8 n.t. 1.4

M.A. 9 5 64 64 1.5 0.9
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O valbum in-specific antibodies determ ined by the Р Н Л  test and R I A  in  
serum  sam ples taken fro m  in fluenza  vaccinées and  fro m  dermatological pa tien ts . 
P a ired  sera  or p o stvacc ina tion  serum  sam ples from  15 vaccinées w ere te s te d  for 
an ti-o v a lb u m in  b y  th e  PH A  te s t  and  R IA . No re la tionsh ip  was found  betw een  
th e  n u m b e r o f p revious v acc in a tio n s ag a in st in fluenza  an d  th e  serological 
re su lts  or th e  re su lts  o f th e  tw o  d ifferen t te s ts . T he ovalbum in-specific  Ig E  
co n ten ts  w ere low ; 2- or 3-fold d ifferences occurred  betw een th e  p rev acc in a tio n  
an d  p o stv acc in a tio n  titre s  in 4 of th e  10 serum  p a irs  te s ted . T hese d ifferences 
could be a t t r ib u te d  to  th e  e rro r o f th e  m e th o d  applied . In  one case (SA Ç), 
th e  specific postv acc in a tio n  Ig E  c o n te n t w as 5-fold of th e  p rev acc in atio n  va lue . 
U n fo rtu n a te ly , we could no t re p e a t th e  reac tio n . T he P H A  ti tre s  rem ained  
unchanged . In  18 derm ato logical p a tie n ts , th e  ora l sen s itiv ity  to  egg a lbum in  
was exam ined . G enerally , th e  P H A  titre s  w ere low , show ing co rre la tio n  n e ith e r  
w ith  th e  h y p e rsen s itiv ity  to  egg n o r w ith  th e  re su lt of R IA . In  tw o  cases of 
chronic u r tic a r ia  (TL  Ç and  RM Ç), th e  an ti-o v a lb u m in  level o f th e  Ig E  class 
was by  tw o an d  th ree  orders of m ag n itu d e , respective ly , higher th a n  th e  values 
m easu red  in th e  sera  of o ther p a tie n ts  or those of th e  vaccinées.

Anti-ovalbumin
P atien t Clinical diagnosis R esu lt o f  oral

provocation PH A  titre  before
provocation Per cent

O.K. 3 urtic.chron. — 8 0.5
T.F. ? urtic.chron. — 8 0.5
H.L. з urtic.chron. — 8 n.t.
P.A. 3 urtic.chron. + 8 0.5
T.L. 9 urtic.chron. + + 8 36.5
B.M. 9 urtic.chron. + + + 32 280.0
F.M. 3 urtic.chron. - 8 n.t.
Zs.J. 9 urtic.chron. — 8 n.t.
J.L. 3 urtic.chron. + 8 2.3
O.J. 9 atopic.derm. — 16 n.t.

B.A. 9 psor.vulg. — 8 n.t.
B .I. 3 psor.vulg. — 8 n.t.

M.A. 3 psor.vulg. — 8 n.t.

M.B. 3 psor.vulg. — 8 5.6

V.J. 3 psor.vulg. — 8 n.t.
M.J. 3 psor.vulg. — 8 n.t.

S.A. 9 psor.vulg. — 128 0.5

H.L. 9 psor.vulg. — 8 0.5

n.t. =  not tested
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D iscussion

T he p resen t an ap h y la x is  te s ts  in  guinea-p igs (T able I) obviously  in d ica te  
t h a t  th e  in fluenza  vacc in e  exam ined  b y  us does co n ta in  some resid u a l egg 
p ro te in  an d  th a t  th e  an ap h y lac to g en ic  a c tiv ity  o f th e  la t te r  is s ig n ifican tly  
su p p o rte d  by  A1PO T h e  adsorbed  b iv a le n t vaccine or its  adsorbed  com ponen ts 
p ro v e d  to  be an ap h y lac to g en ic , w hereas th e  u n ad so rb ed  com ponen ts h ad  no 
su ch  p ro p erty . S till, th e  residual egg p ro te in  did n o t sensitize h u m an  vaccinées. 
T h e  vaccine caused no  hypererg ic  reac tio n  even in  th e  vaccinées w ho in th e  
p rev io u s  years h ad  rece iv ed  4 to  10 tim es  in fluenza  vaccine p rep a red  b y  a p 
p ro x im a te ly  id en tica l techno logy . N e ith e r  P H A  an tibod ies specific  for egg 
p ro te in  were p roduced  n o r the  co n cen tra tio n  of p re -ex is ten t P H A  an tibod ies 
w as ra ised  b y  th e  v acc in a tio n .

T en  serum  p a irs  fro m  vaccinées w ere ex am in ed  b y  R IA  for changes in  th e  
ovalbum in-specific  Ig E  class an tibod ies. A n appreciab le  rise was observed  in a 
sing le  case: th e  p o stv acc in a tio n  sam ple  co n ta in ed  5 tim es as m u ch  of th is  
a n tib o d y  as did th e  p rev acc in a tio n  sam ple . I t  w ould  be of in te re s t to  know  th e  
freq u en cy  and  th e  possib le  clinical im p o rtan ce  o f such  increases in  a n tib o d y  
t i t r e ,  for the  p o stv acc in a tio n  titre s  of p a tie n ts  non-sensitive to  egg p ro te in  
w ere fa r lower th a n  th e  titre s  of th o se  p a tie n ts  w ho proved  to  be severely  
h ypersensitive  in  th e  case of oral p ro v o ca tio n  (T able V II).

T he fact th a t  we succeeded in  sensitiz ing  guinea-pigs b u t  n o t h u m an  
vaccinées m ay p a r t ly  be a ttr ib u te d  to  th e  species difference. B u t we have  to  
ta k e  in to  accoun t t h a t  our guinea-pigs w ere overim m unized , th e ir  dose/body 
w eig h t ra tio  being a b o u t 180 and  360 tim es as h igh  as th e  co rrespond ing  ra tio  
ap p lied  in m an.

The anim al ex p erim en ts  ca rried  ou t w ith  pu rified  o va lbum in  in d ica ted  
th a t  one hum an  dose o f the  vaccine m ig h t co n ta in  0 .1—1 ng residua l egg p ro te in , 
since  0.1 ng A1PO ,-adsorbed  ov a lb u m in , or even m ore, was necessary  for 
indu c in g  50%  o f th e  experim en ta l an im als to  produce  a d e tec tab le  am o u n t of 
specific  an tib o d y , w hereas th e  m in im um  anaph y lac to g en ic  dose w as found  to  
be ab o u t 1 ng (T able  I I ) .

The titre s  fo u n d  in p rev acc in atio n  serum  sam ples called ou r a t te n tio n  to  
th e  occurrence o f “ n a tu ra l” an tib o d ies  to  ovalbum in . A fter we h a d  observed  
t h a t  th e  titre s  w ere in d ep en d en t o f th e  n u m b er of previous in flu en za  v acc in a 
tio n s, we ex am in ed  th e ir  frequency  in d ifferen t age groups. T he d a ta  in T ab le  
V I suggest th a t  th e  existence of an tib o d ies  to  ovalbum in  is a  general p h en o 
m enon, and  th e ir  presence m ay be re la te d  to  th e  age of th e  in d iv id u a l an d  to  
h is d iet. O valbum in-specific  an tib o d ies  occur a t  a  su rp rising ly  h igh  freq u en cy  
in  children  u n d e r 2 years of age, i.e. w hen  egg an d  foods co n ta in in g  egg are 
g iv en  liberally . R a t n e r  et al. [8 ], w hile exam in ing  th e  im p o rtan ce  of th e  sk in  
te s t  w ith  egg p ro te in , a rrived  a t a sim ilar conclusion. O bviously , th e  specific
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P H A  an tibod ies to  ovalbum in  have no p a tho log ica l im p o rtan ce , for none o f the. 
seropositive su b jec ts  suffered from  m an ifest h y p e rsen sitiv ity . F u rth e rm o re , 
we failed  to  fin d  a n y  re la tionsh ip  b e tw een  th e  P H A  ti tre  and  th e  ovalbum in - 
-specific Ig E  c o n te n t of th e  sera (T able V II) .
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Lipopolysaccharide of the Salmonella minnesota Re m utant R595 was irradiated with  
60Co gam m a doses o f 50, 100, 150 and 200 kGy. The irradiated preparations were less toxic, 
less active in the Shw artzm an reaction and as activators of the com plem ent system , but they  
had retained the protection  activ ity  against the lethal action of endotoxin. The irradiation  
resulted  in a dose-dependent decrease in the am ounts of constituents (glucosam ine, K DO , fatty  
acids) o f the original lipopolysaccharide. W ith increasing irradiation doses increasing am ounts 
o f the irradiated m aterial becam e dialysable (up to 21% in the 200 kGy sample). Only 50%  
of to ta l fa tty  acids were present in the 200 kGy preparation compared to the parent lipopoly
saccharide. The degradation products formed during irradiation have not been identified.

V arious a t te m p ts  have been m ade to  m odify en d o to x in s  chem ically  or 
physicochem ically  in  o rd er to  decrease th e ir  tox ic  (u n w an ted ) effects w ith o u t 
a ffec tin g  th e ir  b en ific ia l (w an ted) p roperties [1—6].

T hus, d e to x ified  p ro d u c ts  h av e  been o b ta ined  from  Escherichia coli 0 8 9  
en d o to x in  a fte r g am m a-irrad ia tio n  u n d e r defined cond itions [6 ]. Such p re p a ra 
tio n s , depending on th e  dose o f irrad ia tio n , were show n to  ex h ib it low le tha l 
to x ic i ty  and  S h w artzm an  re a c tiv ity , an d  to  induce on ly  m inor changes in  
b lood  pressure a n d  w h ite  blood cell coun ts. On th e  o th e r  h an d , th e y  were still 
e ffec tive  in p re v e n tin g  shock an d  conferring  endo tox in  to le ran ce  [6-13].

Since th e  lip id  A com ponen t of endo tox ins rep re sen ts  th e  biologically  
ac tiv e  p a r t  of th e  en d o to x in  m olecule [14], it could be ex p ec ted  th a t ,  as a 
re su lt o f irra d ia tio n , th e  lip id  A s tru c tu re  w ould undergo  chem ical m odifi
ca tio n s  lead ing  to  th e  observed  changes in  biological a c tiv ity . T he p resen t p ap e r 
describes co m p ara tiv e  chem ical an d  biological analyses o f  p a re n t and  irra d ia te d  
en d o to x in . The core-defective  en d o to x in  of a Salm onella m innesota  R e m u ta n t 
has b een  selected fo r th e se  stud ies, since it  contains only  K D O  and  lip id  A [14]. 
D ue to  th e  high c o n te n t of lip id  A , even sm all chem ical changes w ould  be 
d e tec tab le .

M ateria l and  m ethod

Endotoxin. S. m innesota  Re m utant R595 was cultivated [15] and the Re lipopolysac
charide isolated by use o f the phenol: chloroform: petroleum ether m ethod [15]. I t  was sub
jected  to  electrodialysis and converted to the uniform triethylam ine salt form [16]. In some 
cases, the lipopolysaccharide of E. coli 0 8 9  was used.
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Irradiation  o f endotoxin. Sam ples (150 mg/5 ml) of the Re m utant lipopolysaccharide 
R595 in the form of its triethylam ine salt were irradiated w ith  60Co doses o f  50, 100, 150 and 
200 kG y [6]. A brown coloration developed which increased w ith the dose o f irradiation. The 
sam ples were freeze-dried.

Chemical analyses. 2 -K eto-3-deoxyoctonate (dOclA, K DO ) was determ ined by the 
thiobarbituric acid reaction [17], glucosam ine by the M organ-Elson m ethod [18], and phospha
te according to L o w r y  et al. [19]. 4-Am ino-4-deoxyarabinose was estim ated qualitatively  after 
paper electrophoresis [20]. F a tty  acids were liberated as m ethylesters by boron trifluoride- 
-m ethanol and estim ated by gas liquid chrom atography as described earlier [21].

Biological tests. Lethal tox ic ity  o f the preparations was tested  in fem ale W istar R/Ax  
Long E vans (hooded) Fj hybrid rats ( l  10 ± 5  g, LATI, Laboratory Anim al In stitu te , Gödöllő, 
H ungary) which had been hypersensitized w ith  lead acetate [22]. The L D 50 values were calcu
lated  according to R e e d  and M u e n c h  [23].

The local Shwartzm an reaction was tested  in male albino rabbits (3500 g), whose back 
was depilated . They received a preparative dose intracutaneously, and 24 h later, the provo
ca tive  dose intravenously. The haemorrhagic and necrotic areas were recorded after 24 h.

The activ ity  of the preparations to interact w ith the com plem ent system  was tested as 
described previously [6].

The capacity o f the preparations to induce tolerance was tested  in the sam e rat strain 
as used for the lethal to x ic ity  test. The anim als were injected intravenously w ith  the minimal 
tolerance-dose (50 /rg/rat) o f parent endotoxin or same dose of irradiated preparations and 
challenged 24 h later by an intravenous injection of lead acetate (5 m g/rat) and a minute 
am ount (0.5 /rg/rat) of endotoxin.

R esults

Chemical analyses. On dialysis o f th e  200 kG y sam ple, a b o u t 21%  of the  
m a te r ia l was d ia lysab le . T his low  m olecular w eigh t frac tio n  co n ta in ed  abou t 
24 %  o f th e  p h o sp h a te  p resen t in  th e  orig inal p re p a ra tio n  b u t  only  sm all 
a m o u n ts  of g lucosam ine and  K D O . A ll sam ples were d ia ly sed  an d  the  high 
m olecu lar w eight frac tio n s analysed  for glucosam ine, K D O , phosphate , 
4 -am ino-arab inose  an d  f a t ty  acids. T he resu lts , w hich are  sum m arized  in 
T ab le  I , show th a t  ir ra d ia tio n  re su lted  in  a dose-dependen t decrease in  the  
am o u n ts  of co n s titu e n ts  o f th e  p rep a ra tio n s . W ith  th e  low est dose (50 kGy) 
g lucosam ine decreased b y  9 %  an d  w ith  th e  h ighest dose (200 kG y) by  37%  
of th e  value d e te rm in ed  in th e  n o n -irrad ia ted  orig inal lipopo lysaccharide. 
I n  th e  case of K D O , th e  above doses caused  a decrease o f 16 an d  54% , while 
th e  corresponding losses of p h o sp h a te  were 8 an d  24% , resp ec tiv e ly . 4-Am ino- 
a rab inose , d e tec tab le  in  th e  orig inal lipopo lysaccharide  as a p ro m in en t spot, 
cou ld  ju s t  be id en tified  in  th e  200 kG y  sam ple.

The con ten ts o f in d iv id u a l f a t ty  acids in  th e  irra d ia te d  p rep a ra tio n s  also 
decreased  w ith  th e  increasing  dose of irrad ia tio n . O nly  5 0 %  of to ta l  f a t ty  
acids were p resen t in  th e  200 kG y p re p a ra tio n  com pared  to  th e  original lipo 
polysaccharide.

The resu lts  o f th e se  analyses show ed th a t  in  th e  n o n -irra d ia te d  lipopo
lysaccharides th e  d e te rm in ed  co n stitu en ts  accoun t for a b o u t 87%  of th e  p ro d 
u c t. In  the  200 k G y  p re p a ra tio n  th is  value is ab o u t 4 6 % . Since th e  non- 
-d ia lysab le  frac tions o f  th e  ir ra d ia te d  sam ples have  been an a ly sed , i t  is conclud
ed  th a t  p a r t o f th e  d eg rad a tio n  p ro d u c ts  of orig inal co n s titu e n ts  are still
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Table I

Chemical analysis o f untreated and irradiated lipopolysaccharide R595. Analyses were performed
after dialysis o f  the samples

Yield 4- Fatty Acids Sum of

Lip°p°lysaccharide
preparation

after
dialysis

Glucos
amine KDO Phos

phate
Amino- 
arabino' 

se C12 C14 C16 3-онC14
fatty
acids

consti
tuents

per cent of analysed samplies

Untreated (parent) 100 10 16.6 7.5 4 + 9.0 6.7 7.0 30.0 52.7 86.8
50 kGy 95 9.1 13.9 6.9 4 + 8.5 6.4 5.3 24.0 44.2 74.0
100 kGy 91 7.6 11.0 6.6 3 + 7.8 6.1 4.4 20.5 38.8 58.0
150 kGy 81 7.5 9.5 6.0 2 + 6.2 5.1 4.0 19.4 34.7 54.7
200 kGy 79 6.3 7.7 5.7 1 + 4.7 4.0 3.1 14.4 26.2 45.9

M aximal loss after 21 37 54 24 48 40 55 52 50 47.0
irradiation

b o u n d  in  th e  m odified  p ro d u c t. A n o th e r p a r t  of th e  d eg rad a tio n  p ro d u c ts  is 
l ib e ra te d  and  ap p ears  in th e  d ia lysa tes.

Biological analyses. L e th a l to x ic ity  of th e  p re p a ra tio n s  was te s te d  in  ra ts  
p re tre a te d  w ith  le ad  ace ta te . T he resu lts  o f T ab le  I I  show  th a t  th e  L D 50 
dose increased  w ith  th e  dose of ir ra d ia tio n  app lied  to  th e  endo tox in . A bou t 
120 tim es  as m uch o f th e  200 kG y sam ple w as needed  for th e  L D 50 as com pared  
w ith  th e  original en d o to x in .

T h e  local S h w artzm an  reac tio n  w as s tu d ied  in  ra b b its  p rep ared  in tra -  
c u tan eo u sly  w ith  e ith e r  th e  p a re n t or ir ra d ia te d  sam ples, an d  challenged 24 h 
la te r  in tra v e n o u s ly  w ith  th e  p a re n t lipopo lysaccharide. T ables I I I  an d  IV  show 
th a t  th e  S h w artzm an -in d u c in g  c a p ac ity  of th e  ir ra d ia te d  p rep a ra tio n s  w as 
s ig n ifican tly  decreased.

T he a n ti-co m p lem cn tary  a c tiv ity  w as te s te d  w ith  h u m an  serum . The 
resu lts  (F ig . 1) show ed a dose-dependen t in a c tiv a tio n  of th e  sam ples, th e  200 
kG y p re p a ra tio n  b e ing  h a rd ly  active.

Table II

Lethal toxicity o f  parent and irradiated lipopolysaccharide R595 in lead acetate sensitized
rats (L D S0 values)

Lipopolysaccharide prepa
rations LDso /<g/kg

Parent (untreated) 0.6
50 kGy-treated 9.8
100 kGy-treated 34.8
150 kGy-treated 56.6

200 kGy-treated 73.0
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Fig. 1. Consumption of com plem ent a ctiv ity  from normal hum an serum by untreated and 
irradiated lipopolysaccharide R595. Com plem ent activ ity  available: 7.0 CH5(J. U ntreated lipo

polysaccharide: ■  —■ ; irradiated lipopolysaccharide: 50 kGy О — о, 100 kG y a  A.
150 k G y n — □ , 200 kGy Д — д

Table 1П

A ctiv ity  o f parent and irradiated lipopolysaccharides R595 in the local Shwartzman reaction (  rabbits)

Shwartzman reactivity
Preparation Provocation after 24h maximal/minimal

diameter in mm

Physiological NaCl i. c. 0/0
Parent-LPS 50 fig i. c. LPS 27/24

50 kG y-L PS 50 fig i. c. (E. coli 0 8 9 ) 17/16
100 kG y-L PS 50 fig i. c. 200 fig 15/15
150 kG y-L PS 50 fig i. c. i. v. 14/12
200 kG y-LPS 50 fig i. c. 10/10

Table IV

A ctiv ity  o f parent and irradiated (200 kG y) lipopolysaccharides R595 in the local Shwartzman
reaction ( rabbits)

( Dose dependence)

Preparation Provocation after
24 h

Shwartzman reactivity 
maximal/minimal 
diameter in mm

Physiological NaCl i. c. 0/0
Parent-LPS 5 fig i. c. Parent-LPS 12/12
Parent-LPS 10 fig i. c. R595 16/12
Parent-LPS 20 fig i. c. 50 fig 20/20
200 kG y-L P S 5 fig i. c. i. V. 6/4
200 kG y-L PS 10 fig i. c. 8/8
200 kG y-L PS 20 fig i. c. 10/8
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In d u c tio n  of to le ran ce  to w ard s an  o therw ise le th a l dose of orig inal en d o 
to x in  was te s te d  in  ra ts  tre a te d  w ith  lead  ace ta te . As show n in T able Y , all 
an im als were p ro te c te d  to  th e  challenge w h e th e r or n o t th e y  had  been p r e t r e a t 
ed w ith  original or irra d ia te d  en d o to x in .

Table V

Endotoxin tolerance-inducing capacity o f parent and irradiated lipopolysaccharide R595 (  in the rat )

Pretreatment Challenge 
after 24 h

Mortality
dead/total

Nil 10/10
Parent-LPS 50 fig i. v. Lead acetate 0/5

50 kG y-L PS 50 /ig i. v. 5 fig i. v. 0/5
100 kG y-L PS 50 pg  i. v. + 0/5
150 kG y-LPS 50 fig i. v. Parent-LPS 0/5
200 kG y-L PS 50 fig i. v. R595 0/5

0.5 jug i. v.

D iscussion

P revious w ork  on th e  eoC o -irrad ia ted  E . coli 0 8 9  en d o to x in  show ed th a t  
th is  tre a tm e n t re su lted  in  a ch a ra c te ris tic  change in  b io logical ac tiv ity  o f th e  
en do tox in : some ty p ic a l effects h ad  b een  abolished  w hile  others h ad  been  
re ta in e d  [6, 13]. T he pu rpose  of th e  p re se n t in v es tig a tio n  was to  s tu d y  th e  
chem ical changes in  th e  endo tox in  m olecule  b ro u g h t a b o u t b y  irrad ia tio n  a n d  
causing  th e  a lte red  biological p ro p erties . Since lip id  A has been recognized as 
th e  en d o tox ica lly  ac tiv e  cen tre  of en d o to x in s  [14], it  w as an tic ip a ted  th a t  
irrad ia tio n  w ould a ffec t th e  lipid A co m p o n en t of th e  lipopo lysaccharide. 
We therefo re  selected  fo r th e  chem ical analyses th e  core-defective lip o p o ly 
saccharide R595 of a S . m innesota  R e m u ta n t  [14]. w h ich  consists of a b o u t 
70%  lip id  A an d  co n ta in s  K D O  as th e  o n ly  ad d itio n a l c o n s titu e n t.

Sam ples of th is  en d o to x in  were ir ra d ia te d  w ith  50, 100, 150 and  200 k G y . 
Biological te s ts  perfo rm ed  w ith  these p re p a ra tio n s  show ed th a t  the  Re e n d o 
to x in  was detox ified  to  a degree d ep en d in g  on th e  dose o f  irrad ia tio n  in  an  
analogous w ay  as th e  p rev iously  in v e s tig a te d  ir ra d ia te d  S form  lip o p o ly 
saccharide of E . coli 0 8 9  [6, 13]. The ir ra d ia te d  p re p a ra tio n s  were less to x ic , 
less active in  th e  S h w artzm an  reac tion  an d  as ac tiv a to rs  o f th e  com plem ent 
system , h u t  th e y  h ad  re ta in e d  the  p ro te c tio n  a c tiv ity  a g a in s t th e  le tha l a c tio n  
o f endotoxin .

The sam e sam ples th a t  had  been  te s te d  b io logically  w ere sub jec ted  to  
chem ical analyses. I t  w as found th a t  w ith  increasing  doses of irrad ia tio n  
increasing am oun ts of th e  irrad ia ted  m a te r ia l  becam e d ia ly sab le  (up to  21 %
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in  th e  200 kG y sam ple). I n  th ese  low m olecu la r w eight d e g ra d a tio n  p ro d u c ts  
p h o sp h a te  could be d e tec ted  in  appreciab le  am o u n ts  (abou t 2 4 %  in  th e  200 kG y 
sam ple), w hile o ther c o n s itu en ts  of th e  o rig in a l endotoxin  w ere o n ly  p resen t in  
tra c e  am oun ts.

T he non-d ialysable , b row nish  m ateria ls  co n ta ined  th e  c o n s titu e n ts  know n 
to  be p resen t in  R595 lip opo lysaccharide , i.e. K D O , g lucosam ine, p h o sp h a te , 
4 -am inoarab inose  and  f a t ty  acids. D ep en d in g  on the  ra d ia tio n  dose app lied  
th e ir  am o u n ts  were, h ow ever, sign ifican tly  decreased. In  th e  200 kG y sam ple 
som e of th e  co n stitu en ts  w ere  p resen t on ly  to  50%  as co m p ared  to  th e  o rig inal 
lipopo lysaccharide. As a consequence, th e  to ta l  am oun t of kn o w n  c o n stitu en ts  
in  th e  200 kG y sam ple acco u n ted  for o n ly  4 6 % , as co m p ared  to  87%  in th e  
u n tre a te d  lipopo lysaccharide. T herefore, an  appreciab le  fra c tio n  o f th e  ir r a d ia t
ed sam ples m ust consist o f  original c o n s titu e n ts  in chem ically  a lte red  form  
w h ich  are  n o t de tec ted  b y  th e  ana ly tica l m e th o d  applied.

T he resu lts  of th is  in v es tig a tio n  d e m o n s tra te  th e  com plex  com position  o f 
th e  irra d ia te d  p rep a ra tio n s , and  it is a t p re se n t no t possible to  corre la te  b e 
tw een  s tru c tu re  and  p resence  or absence o f endo tox ic  ac tiv itie s . W e know  th a t  
en d o to x ic  a c tiv ity  is lin k e d  to  lipid A. T herefo re , th e  loss o f K D O  b y  itse lf  
w o u ld  n o t a lte r th e  sp e c tru m  of ac tiv ities. W e have also show n th a t  th e  ac tiv e  
s tru c tu re  in  th e  lip id  A  m olecule is rep re sen ted  by  th e  a c y la te d  an d  phos- 
p h o ry la te d  glucosam ine d isaccharide b ack b o n e  of lipid A [24]. F u rth e rm o re , 
th e  analysis of a lip id  A  precursor m olecule has p rov ided  ev idence th a t  th e  
p resence of four m oles o f  |3 -hydroxym yristic  acid on th e  b a ck b o n e  is su ffic ien t 
to  ren d e r th e  m olecule an  endo tox in  [24]. In  o ther w ords, th e  th ree  non- 
-h y d ro x y la te d  fa t ty  acids can  be lacking w ith o u t an ap p reciab le  loss of a c tiv ity . 
W e can speculate th a t  su c h  sim ple chem ica lly  m odified s tru c tu re s  occur in  th e  
ir ra d ia te d  sam ples, a n d  endow  the  p re p a ra tio n s  w ith  som e o f th e  o rig inal 
a c tiv itie s . The iso lation  a n d  chem ical ch a rac te riza tio n  of su ch  m odified  m ole
cules w ill, how ever, be d ifficu lt as long  as the  d eg rad a tio n  p ro d u c ts  fo rm ed  
d u rin g  irrad ia tio n  have  n o t been id en tified .
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EPIDEMIC PULMONARY INFECTION ASSOCIATED WITH 
MYCOBACTERIUM XENOPI  

INDIGENOUS IN SEWAGE-SLUDGE

I.  S zabó , K a t a l in  K i s h i n d i  K iss  and I l o n a  V á r n a i

K orán yi National Institute fo r  Tuberculosis and Pulmonology, Budapest and M unicipal D epart
ment fo r  Pulm onary Diseases, Pécs

(R eceived January, 21, 1982)

Mycobacterium xenopi was isolated from  th e  sputum  of 21 p atien ts w ith clinical signs 
o f  pulm onary disease and of 52 asym ptom atic subjects living in the environm ent of a sludge  
pool. M . xenopi was cultured in high numbers from  sludge samples. The infections were assum ed  
to  occur partly via dry sludge particles scattered by the wind in sum m er, and partly by sludge 
used  as fertilizer.

R o u tin e  X -ray  screening of th e  p o p u la tio n  of P écs, H u n g a ry , rev ea led  
p u lm o n a ry  changes w hich, as a re su lt o f  m icroscopic an d  c u ltu ra l ex am in a tio n  
o f  sp u tu m  specim ens, w ere assum ed to  be associated  w ith  n o n -tu b ercu lo u s 
m y co b ac te ria . F rom  th e  y ea r 1978 o n w ard s, these  m icroorganism s were iso la ted  
fro m  97 sub jec ts  liv ing  in  one d is tric t o f  th e  to w n . This p a p e r  gives an  acco u n t 
o f clinical, bacterio log ical and epidem iological in v estig a tio n s in  connec tion  
w ith  th is  unu su a l o b serva tion .

M aterials an d  m ethods

Bacteriological examinations. The sam ples (sputum , sewage inflow , fresh and old sed i
m ented sludge, soil) were pretreated with 0.125%  chlorhexidine gluconate for 16 h. The sam ples 
were then inoculated into L öw enstein-J ensen slants containing lincom ycin, nystatin , nalidixic  
acid  and clotrimazole (10 ^g/m l each). The cultures were examined several tim es during 8 w eeks 
incubation at 25, 37 and 45 °C. Identification o f the isolates was perform ed as recom m ended  
b y  international standard m ethods. The follow ing characteristics were determined: Z ieh l- 
N eelsen staining, colony m orphology, tim e and tem perature of growth, photo- or scotochrom o- 
geny, niacin production, catalase activ ity  (sem iquantitative test at room tem perature and 
68 °C), amidases on Boenicke’s series, nitrate reduction , Tween 80 hydrolysis, beta-galactosid- 
ase, arylsulphatase, 5% sodium  chloride tolerance, iron uptake, resistance in L öw enstein— 
Jensen m edium  to isoniazid (10 ^g/m l), thiophene-2-carboxylic acid hydrazide (1 ^tg/ml), hydro- 
xylam ine (250 /ug/ml) and para-nitrobenzoate (500 ^g/m l).

Skin tests were performed w ith preparations obtained from the State Serum In stitu te , 
Copenhagen (sensitin: M . xenopi RS 631; tuberculin: P P D  RT 23).

In  environmental examinations the follow ing was considered: average weekly tem pera
ture, direction of prevailing wind, location of bu ild ings, time of staying in the incrim inated  
district and housing situation of the inhabitants, presence or absence of indoor plants and 
place of purchasing vegetables.

Clinical examinations were repeated several tim es especially of patients showing a pro
gression or regression of the disease.
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R esu lts and d iscussion

Environm ental investigation

F igure 1 show s th e  d is tric t o f P écs w here m ost o f th e  m y co b ac te ria l 
in fec tions occurred . C onsidering th e  d is tr ib u tio n  of cases in  th e  area, th e  sludge  
pool w as suspected  as th e  m ost p robab le  source of th e  in fec tions. This a ssu m p 
tio n  w as su p p o rted  b y  th e  resu lts o f th e  follow ing en v iro n m en ta l in v estiga tions.

In  th e  p a rk s  o f th e  new b u ild ing  e s ta te  th e  e x c a v a ted  con ten ts o f th e  
sludge pool were used  as fertilizer. Som e in h a b ita n ts  carried  hom e th is  m a te ria l 
for m anuring  th e ir  in d o o r p lan ts . P a r t  o f th e  in h a b ita n ts  p u rch ased  vege tab les  
from  a local garden  m an u red  w ith  th e  c o n ten ts  of th e  sludge pool. The p re v a il
ing  w ind  blows to  th e  d irection  of th e  b u ild in g  e sta te  w ith o u t any  h in d ran ce  
from  th e  sludge pool, w hich  is a t a d is tan ce  o f  500-1000 m etres  from  th e  b u ild 
ings. In  sum m er th e  sludge pool dries u p  an d  becom es d u s ty .

M . xenopi w as cu ltu red  from  th e  fresh  sewage inflow . Sam ples ta k e n  
from  d ifferen t sites an d  dep ths of th e  sludge pool y ielded  a n u m b er of m y co 
b ac te ria l isolates, n am e ly  43 M . xenopi, 2 M .fo r tu itu m , 7 M . terrae, 6 M .chelonei, 
1 M .ph le i and  4 M .sm egm atis. In  ad d itio n , 25 iso lates rem ain ed  u n id en tified , as 
th e y  failed to  grow  on subcu ltu res.

Bacteriological and clinical fin d in g s

Table I
Incidence o f M . xenopi and M . avium  infections in the town o f Pécs, 1978— 1981 

Total number of strains isolated, M . xenopi 237, M . avium  41. All strains were cultured from
sputum specimens

P o s itiv e  fo r  M . xenopi P o s itiv e  for M . avium

on single on re p e a te d  
iso lations iso la tio n s  to ta l

o n  single  on  rep ea ted  
iso la tio n s  iso lations to ta l

No. o f asym ptom atic persons 36 16 52 16 5 21

No. of ill persons 5 16 21 2 1 3

Total no. of persons 41 32 73 18 6 24

The resu lts  o f clinical and  bac te rio log ical ex am in a tio n s  are  su m m arized  
in  T ab le  I. A to ta l  o f 97 sub jec ts was p o sitive  for n o n tu b ercu lo u s m y co b ac te ria  
(73 for M . xenop i a n d  24 for M . avium ). C linical changes w ere p resen t in  24 
su b jec ts  (21 m ales a n d  3 fem ales) be tw een  32-72 years o f age; 21 ou t o f th e m  
w ere positive for M . xenopi. I t  w as s tr ik in g  th a t  excep t fo r tw o sub jec ts  th e y  
all lived so u th -east from  th e  sludge pool. One p a tie n t w as reg u la rly  w ork ing  in  
th e  v e ry  n e ighbourhood  o f th e  sew age p la n t. Several o f  th e  p a tie n ts  w ere 
alcohol addicts.

The m y co b ac te ria  were show n on rep e a te d  ex am in a tio n s  in m a n y  p a 
tie n ts , especially  in  th o se  w ith  ex tensive  X -ra y  changes. Som e of th e  b ac te rio lo -
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person positive  for M . xenopi
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gically  positive su b jec ts  who h a d  been asy m p to m a tic  a t th e  tim e  of th e  la b o ra 
to ry  ex am in a tio n , developed clin ica l changes in 1 -4  years. Illness was d iagnosed 
on  th e  basis o f  com plain ts in  12, and  on ro u tin e  screening in  15 persons.

In  th e  h is to ry  there  w ere d ifferen t lu n g  diseases (10 bacterio log ically  
con tro lled , h ea led  tubercu losis , 1 aspergillom a, 1 re lapsing  p n e u m o th o ra x , 
1 bronchial a s th m a  an d  4 silicoses). As d o cu m en ted  by  p rev ious X -ra y  screen
ings, 7 p a tien ts  h a d  h ad  no p u lm o n a ry  changes.

X -ray  a lte ra tio n s  in th e  lu n g  varied  in  size. In  one p a tie n t a sm all 
( l X l  cm) u n ila te ra l, in 13 p a tie n ts  som ew hat la rg e r u n ila te ra l, in  8 p a tie n ts  
ex tensive  u n ila te ra l changes w ere d em o n stra ted . In  2 p a tie n ts  w ith  gross 
b ila te ra l changes th e  disease h a d  a severe course; one of these  p a tie n ts  died. 
E x c e p t in  th e  p a t ie n t  w ith  m in im al change, th e  fo rm atio n  of cav ities was 
ch a rac te ris tic . T h e y  differed in size an d  in th e  th ick n ess  of th e ir  w all; betw een  
th e m  a norm al lu n g  tissue w as o n ly  occasionally  visible. The X -ra y  find ings 
w ere ch a rac teris tic .

R ecovery  h as  been  recorded  a fte r  a course o f an titu b e rcu lo u s t r e a tm e n t 
(6 p a tien ts), an d  a f te r  com bined a n titu b e rcu lo u s  -j- e ry th ro m y c in  -|- su lphon- 
am ide  th e ra p y  (1 p a tie n t) . Seven o u t of 8 p a tie n ts  w ho are s till rece iv ing  a n t i 
tubercu lous drugs, a re  im proving . One p a tie n t show s no im p ro v em en t a fte r  
8 m o n th s a n titu b e rcu lo u s  tre a tm e n t. A t p resen t on ly  4 p a tie n ts  can  be consid 
e red  to  have reco v ered  com pletely . A th e ra p e u tic  response usual in  tu b e r 
culosis was o bserved  in  2 p a tie n ts ; th e  re s t im p ro v ed  considerab ly  slow er.

F ifteen  p a tie n ts  w ere sk in -te s ted  w ith  M . xenop i sensitin  (xenopin) an d  
w ith  P P D . R esu lts w ere as follows: p ositive  xen o p in , nega tive  P P D  4 p a tie n ts ;  
positive  xenopin , w eak ly  positive P P D  4 p a tie n ts ; positive xenop in , positive  
P P D  4 p a tien ts ; n eg a tiv e  xenopin , n eg a tiv e  P P D  2 p a tie n ts ; negative  xenop in , 
positive  P P D  1 p a tie n t .  A ccordingly , th e  xenop in  sk in -te s t m ay  be considered  
usefu l as an  in d ic a to r  o f M . xenopi in fec tion .

Few  d a ta  are  av a ilab le  on th e  in cu b a tio n  tim e , course an d  th e ra p y  of 
M . xenopi in fections [1]. There are even  less observ a tio n s on h u m an  m yco
b a c te ria l infections conveyed  by  w a te r  an d  sewage. A n endem ic occurrence of 
M . kansasii in w a te r su p p ly  system s h as  been described  [2].

I t  m ay  be con c lu d ed  th a t  sew age-borne m y co b ac te ria l in fections can  be 
p rev en ted  by  e n v iro n m en ta l sa n ita tio n  an d  by  h ea tin g  of th e  sludge before use 
as fertilizer. The tim e  a n d  te m p e ra tu re  o f tre a tm e n t is c ritica l, since M . xenop i 
is re s is tan t to  m o d era te  hea tin g  an d  su rv ives in soil for several years.
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(R eceived January 21, 1982)

Six different vaccines were prepared, each containing the soluble, practically lipopoly- 
saccharide-free protein extract of 2 or 3 Pseudomonas aeruginosa strains. In active mouse pro
tection tests the vaccines were shown to give protection against both hom ologous and hetero
logous serotype strains, and against strain PA-103 producing exotoxin  A. In rabbits the v a c
cines were found to stim ulate the production of protective antibodies dem onstrable in a passive  
mouse protection test. The im m une serum had a protective effect against the exotoxin A-pro- 
ducing strain PA-103, too. T oxicity o f  the vaccines was studied in m ice (m ouse weight gain test) 
and in rabbits (intracutaneous skin test and pyrogenicity). The vaccines were not or only sligthy  
toxic.

In  recen t years th e  p re p a ra tio n  of various Pseudom onas aeruginosa 
vaccines has been  described (i) w hole-cell vaccines [1—5], (ii) cell-free vaccines 
[6-13], an d  (iii) ribosom al vaccines [14-16]. All vaccines h av e  been tested  in  
anim als an d  som e in  a  few v o lu n tee rs  and  p a tie n ts  w ith  b u rn s , b u t th e ir  e f
fectiveness has n o t been p ro p erly  p roved . Som e recom m ended  vaccines have  
tu rn e d  ou t to  be stro n g ly  reac tiv e  [17].

The p resen t experim en ts w ere u n d e rta k e n  to  p rep are  a  vaccine su itab le  
for active im m u n iza tio n  ag a in s t P. aeruginosa in fection . T he p rep ara tio n  
con ta ined  p a r tia lly  pu rified  p ro tec tiv e  antigen(s) of ce llu la r p ro te in  n a tu re  
w ith o u t c o n ta m in a tio n  or w ith  m in im um  lipopo lysaccharide  (L PS) co n ten t. 
P re lim in ary  ex p erim en ts  h av e  show n th e  soluble an tigen(s) o b ta ined  from  
a ce to n e -in ac tiv a ted  b ac te ria , to  confer sign ifican t p ro te c tio n  to  anim als, as 
in d ica ted  b y  th e  m ouse p ro te c tio n  te s t  [18] an d  th e  ra t-sep sis  m odel [19].

In  th is  p a p e r th e  effectiveness of th e  bi- an d  tr iv a le n t vaccines in active 
and  passive m ouse p ro tec tio n  an d  to x ic ity  te s ts  w ill be re p o rte d .

M aterials and m ethods

Pseudomonas aeruginosa strains. (1) Strains 170004, 170008, 170011, 170014, 170015, 
170016, 170017, 170019 and 170023 were obtained from the H ungarian N ational Collection o f  
Medical Bacteria [20]. Table I shows their serotypes and those of the other strains according 
to  LÁn y i’s serogrouping system  [21, 22]. (2) Strains Nos 8 and 868 were freshly isolated from  
patients (Vishnevski In stitu te  of Surgery, Soviet Academ y of M edical Sciences). (3) An exotoxin  
A producing strain, designated PA-103 [23].
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Cultivation. The strains were grown on agar media containing trypsin-digested casein 
at 37 °C in a Shesterenko culture apparatus [18] for a period of 18 h.

Preparation o f the cell-free extract vaccines. The cultures were washed off isotonic saline, 
the suspension was centrifuged, the supernatant discarded and the sedim ent was washed 3 
tim es w ith  acetone and then dried. The starting w et extract (SW E ) was prepared as follows. 
A  10% suspension was m ade from  the dried bacteria w ith distilled water and then homogenized  
in  an L K B  mechanical disintegrator at 8000 rpm  for 5-8  min. The suspension was centrifuged, 
the supernatant was decanted, the sedim ent extracted  3 tim es as described above, and the 
supernatants were pooled. The m ixture was centrifuged first at 1000 g  for 60 min then the 
supernatant was ultracentrifuged (Spinco L ultracentrifuge) at 300 000 g twice for 8 h [18]. 
T he supernatant fluid thus obtained was a partially  purified aqueous extract (P PW E ). The 
substances were filtered through Millipore filters (0.22 fim) and were used either in fluid or in 
lyophilized  form.

A nim als. Swiss mice and Chinchilla rabbits were used.
Active mouse protection test. Mice weighing 18-20 g were used. The anim als were im m u

nized intraperitoneally w ith  different doses o f the vaccines (cp. results) and then challenged  
intraperitoneally 7 days later. For challenge 16-18-hour-old agar cultures suspended in isotonic  
saline were used. The anim als were under observation for 3 days. The L D -0 and E D 50 values 
were calculated from the rate o f survival.

Passive mouse protection test. R abbits w eighing 2000-2500 g were repeatedly im m unized  
intravenously and the sera obtained during and after the im m unizations were tested . Mouse 
groups were immunized intraperitoneally w ith  different am ounts o f the im m une sera, then  
2 h later were challenged intraperitoneally. The E D 50 values o f the sera and the L D 50 values 
o f  the challenge strains were determ ined.

Determination o f  the L D -0 o f the vaccines. Mice weighing 18—22 g were injected intrape
ritoneally  w ith different am ounts o f the vaccines. Observing them  for 3 days, L D 50 values were 
calculated from the survival rates.

Mouse weight gain test. Groups of 5-10  m ice of 18-20 g w eight were injected intraperito
neally  w ith  a vaccine containing either 250 or 25 fig protein. One group received isotonic saline. 
The anim als were observed for 10 days and their body weight was measured daily before and 
after the vaccination.

Intracutaneous test in  rabbits. R abbits weighing 2000-2500 g were injected intracuta- 
neously w ith a vaccine containing 1000, 100, 10 or 1 fig protein. Isotonic saline served as control. 
T he skin reactions were evaluated 24 and 48 h later.

Pyrogen test in rabbits. Groups of 3 rabbits were injected intravenously w ith  a vaccine 
containing 200,100 and 40 fig protein, respectively. The rectal tem perature of the anim als was 
taken  first before the injection and then 30 m in, 1, 2, 6 and 24 h later.

Germ counts of the vaccine and challenge cultures were determ ined visually  by com pa
ring to the International Reference Preparation for Opacity. The num ber of viable bacteria 
was determined by the spread plate m ethod, counting the colony form ing units.

Chemical assays. P rotein  was determ ined by the method of L o w ry  et al [24], carbohyd
rates (hexoses) by anthrone reagent [25]. H eptoses [26] and 2-keto-desoxy-octanates (K DO ) 
were assayed as desribed in [27].

Statistical evaluation. The L D 50 and E D 5C values and fiducial lim its were determ ined by 
Y a n -D e r -W a r d e n ’s m ethod [28].

R esu lts

Composition fo  the pseudom onas vaccines ( P V ) .  T he  vaccines (see T a b le ll)  
w ere p rep ared  b y  m ix in g  th e  P P W E -s  on th e  basis of th e ir  d ry  w eigh t (РУ-2, 
PV -3) or p ro tein  c o n te n t (PV -4, РУ -5 and  РУ-20). T he chem ical analyses 
show ed th e  vaccines to  consist m a in ly  o f p ro teins, p re su m ab ly  o u te r m em brane 
p ro te in s . T heir m olecu lar w eight w as betw een 10 000 an d  100 000 daltons 
accord ing  to  u ltra f il tra tio n  on D iaflo  m em brane. T here  w as on ly  a sm all am o u n t 
o f heptoses in th e  vacc ines; w hile th e  s ta rtin g  w et e x tra c t  (SW E) co n ta ined  
4 .5 -6 %  heptose, th e  pu rified  p re p a ra tio n  con tained  on ly  0 .0 9 -1 .1 %  K D O , th e  
ch a rac te ris tic  c o n s titu e n t o f L P S , w as alm ost com plete ly  ab sen t.
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Table I

Strains used fo r the production o f  vaccines and fo r challenge

S tra in S erotype*

170004 0(3a),3c  : HI

170005 0 3 a ,3d : HI

170008 04a ,4b  : H2a,2b

170011 05a ,5b ,5c  : HI

170014 0 6  : H2a,2b

170015 07a ,7b  : H2a,2c

170016 07a ,7c  : H 2a,2c

170017 0 8  : H I

170019 OlOa : HI

170023 0 1 3  : H I

8 03a,3d ,3e : H?

868 03a,3d,(3e) : H ?

P A -103 0 7

*  Lá n y i’s serogrouping system  [21, 22]

A ctive mouse protecting capacity o f  the vaccines. T ab le  I I I  shows th e  su m 
m arized  results o f th e  ac tiv e  m ouse p ro te c tio n  te s t  re p e a te d  3 tim es w ith  4 
vaccines. Challenge w as perfo rm ed  w ith  6 d ifferen t s tra in s  o f various sero types. 
In  th e  case of PV-2, PV -3 an d  РУ-4, th e  im m unizing  dose w as 9 -10  pg  p ro te in , 
a n d  25 pg  in the  case o f  РУ-5. The o b ta in ed  d a ta  show  th a t  every  vaccine 
in d u ced  b o th  hom ologous an d  cross p ro tec tio n . I t  is w o rth  to  consider th a t  
th e  vaccines induced  p ro tec tio n  a g a in s t th e  ex o to x in  A p roducing  s tra in  
PA -103 , too . The vaccines d id  not d iffer considerab ly  in  efficiency.

T he efficacy of vacc ine  PV-5 w as s tu d ied  in d e ta il. T ab le  IV  sum m arizes 
th e  re su lts . The E D 30 d iffered only slig h tly  a fte r challenge w ith  s tra in s  of 
hom ologous (170008 a n d  170015) or hetero logous (170004, 170011) sero type . 
A d eq u a te  p ro tec tion  w as observed also  a fte r  challenge b y  s tra in s  170014, 
170017 and  PA-103. O n th e  o th e r h an d , less th a n  50%  (1 5 -4 5 % ) of th e  anim als 
su rv iv e d  challenge w ith  s tra in s  8, 170019 an d  170023. T ho u g h  s tra in s  8 and  
170004 belong to  serog roup  0 3 , th e ir  E D 50 values differed  sign ifican tly .

T he results of 3 m ouse p ro tec tion  te s ts  w ith  vaccine PV-5 are sum m arized  
in T ab le  V. The L D 50 v a lu es  were d e te rm in ed  in b o th  im m unized  an d  con tro l 
an im als. The im m unizing  dose was 100 p g  p ro te in . T he vaccine induced  p ro tec 
tio n  ag a in st bo th  hom ologous and hetero logous challenge. D e te rm in a tio n  o f th e  
L D 50 ind ica ted  a d e fin ite  dose effect, w hile th is  was n o t alw ays dem onstrab le  
in th e  case of E D 50 v a lu es . A pa rad o x ica l effect could  o ften  be observed: th e  
su rv iv a l ra te  was h ig h er a f te r  a sm aller im m unizing  dose th a n  a fte r  a h igher one 
(cp. T ab le  IV).
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Table II

Composition and characteristics o f  P . aeruginosa vaccines

V accine
S tra in s  used  

in  th e  v accin es
R a tio p ro te in :
ca rb o h y d ra te s

(hexoses)

H ep to ses , K D O ,
%

PV-2 (dried) 170008 

170015 

PA-103 

(1 : 1 : 0.5)*

8.0 l 0.007

PV-2 (fluid) 170008 

170015 

PA-103 

(1 : 1 : 0.15)

4.5 NT NT

P-V3 (dried) 170008

170015

PA-103

( 1 : 1 : 1 )

5.3 1.1 0

PV-4 (dried) 170008 

170015 

(1 : 3)

7.0 0.7 0

PV-5 (fluid) 170008 

170015 

(1 : 3)

16.7 0.09 traces

PV-20 (dried) 8

868

170015

( 1 : 1 : 1 )

14.2 0.6 0

* In brackets: proportion of the strains in the vaccines 
NT =  not tested

T able V I show s th e  resu lts  of 3 -4  ac tive  m ouse p ro tec tio n  te s ts  perfo rm ed  
w ith  vaccine PV -20. C om position  o f th e  s tra in s  form ing  th is  vaccine was d iffer
e n t  fro m  th a t  in  PV -5 (cp. T able I) . V accine PV -20 in d u ced  a h ig h  level p ro te c 
tio n . The im m u n o g en ic ity  index  (L D 50 value of th e  im m unized  g ro u p /L D 50 
v a lu e  o f th e  co n tro l group) w as 8 .5 -23 .8  in  th e  case of a 25 pg  im m uniz ing  
(p ro te in ) dose, 5 .9 -15  in  th e  case o f a 2.5 pg, an d  7.7 in  th e  case of 0.25 /xg.

Passive tyiouse protecting capacity o f  the vaccines. R esu lts  are show n in 
T ab le  V II. Pool I  consisted  of th e  sera  of 5 ra b b its  co llected  a f te r  th e  second 
im m u n iza tio n . P o o l I I  was co llected  a fte r  th e  fo u rth  an d  pool I I I  a f te r  th e  
n in th  im m unizing  in o cu la tio n . T h e  sera  collected a fte r th e  fo u r th  and  n in th
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Table III

Results o f  active mouse homologous and cross protection tests

Vaccine
Challenge strain

170015 PA-103 170004 170011 170014 170016

PV-2 220* > 2 0 0 346 525 282 288

PV-3

(183-264)**

240 > 2 0 0

(240-501)

NT

(380-724)

NT

(204-389)

NT

(209-318)

NT

PV-4

(200-289)

186 > 2 0 0 200 288 NT 263

PV-5

(162-214)

239 > 2 0 0

(159-251)

427

(229-363)

575 NT

(191-363)

372

Control

(165-345)

56 15

(295-617)

07

(417-794)

177 66

(269-513)

186
(not
immunized) (44-70) (11-20) (77-148) (129-246) (52-83) (135-257)

* LD50 values ( x  106 bacteria)
** Fiducial lim its of the LD50 values 
NT =  not tested

Table IV

Results o f  active mouse protection tests performed with vaccine P V -5

Challenge
strain

Challenge
dose
x io 6

bacteria

LD 5„ in 
challenge 

dose

Im m unizing do:se, //g
ED 50 value, 

M S

Fiducial
limits,

M S250 25 2.5 0.25 0.025

170015 200 6.9 19/20* 23/30 15/30 14/30 20/30 l . i 0.8— 1.6

180008 200 3.2 17/20 27/40 15/40 20/40 24/40 1.5

соo'

8 100 5.1 8/20 14/40 12/40 7/40 17/40 > 2 5 0 !
170004 200 3.2 16/20 24/40 18/40 19/40 16/40 2.7 1.2— 5.9

170011 250 3.2 20/20 11/20 9/20 5/20 11/20 2.3 1.1— 5.1

170014 400 3.9 28/40 10/40 7/40 8/40 11/40 25.1 12.6—50.1
170016 100 1.9 — 12/20 15/20 8/20 9/20 7.6 3.5— 16.6

170017 200 1.5 40/40 37/40 35/40 37/40 36/40 <0.025

170019 800 6.4 18/40 11/40 12/40 7/40 6/40 > 2 5 0 !
170023 400 4.6 — 9/20 9/20 8/20 8/20 > 2 5 0 !

PA -103 100 10.0 40/40 18/40 16/40 11/40 8/40 5.9 3.1 11.2

* Mice survived/total
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Table У

R esults o f  active mouse protection tests performed with vaccine P V -5  ; determination of the L D 50 values

Challenge strain
Immunized* Control

LD„o Fiducial limits LD,„ Fiducial lim its

170015 229** 174-302 46.8 32-68

170008 302 240-380 61.7 46.8-81.3

8 97 76-120 15 11-20

170004 168 132-209 31 23-41

170011 219 166-288 96 79-115

170014 398 302-525 132 96-182

170016 162 135-195 58 44-76

170017 346 276-437 54 37-78

170019 473 376-596 186 135-257

170023 372 295-468 174 107-251

* Im m unizing dose: 100 /ig protein 
** LD50 va lues ( x  106 bacteria)

Table VI

Results o f  active mouse protection tests performed with vaccine P V -2 0

Challenge Challenge Imm unizing dose, /<g

strain
b ac teria 25 2.5 0.25 Control

8 800 9/10* 10/10 10/10 _
400 26/40 37/40 10/10 —
200 10/40 15/40 9/10 20/20
100 3/40 7/40 5/10 19/20

50 0/40 1/40 1/10 20/20
25 — 0/10 0/10 9/20
12.5 — — — 1/20

L D 50 ( x  106 bacteria) 309 195 100 13
Fiducial limits 251.2-371.5 162-234 87-115 10-17

170015 800 8/10 10/10 _ _
400 18/30 21/30 — —
200 9/30 10/30 — 15/15
100 1/30 5/30 — 13/15

50 0/20 1/20 — 10/15
25 — 0/20 — 4/15

L D 50 ( x  106 bacteria) 
JFiducial limits

12.5
339

257-447
234

195-282

0/15
40

33-48

* Mice died/total
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Table VII

Results o f passive mouse protection tests performed with P V -2  immune sera

Im m une serum E D s„/ml F iducia l lim its Challenge strain Challenge dose 
( X 106 bacteria) in challenge dose

Pool I 0.04 0.03 -0 .0 6 170008 200 16

> 0 .1 170015 400 16

> 0 .1 PA-103 200 8

Pool II 0.02 0.01-0 .03 170008 200 16

0.05 0 .03-0 .08 170015 400 16

0.02 0 .01-0 .03 PA-103 200 8

Pool III 0.15 0.12-0.21 170008 200 16

0.05 0 .03-0 .08 170015 400 16

0.02 0.017-0.038 PA-103 200 8

0.1 0.07-0 .14 8 100 4

im m uniz ing  inocu la tion  were d e fin ite ly  p ro tec tin g . T he p ro te c tin g  effect was 
d em o n strab le  against th e  exo to x in  A  p ro duc ing  s tra in  PA -103 and , th o u g h  to  a 
lesser e x te n t, against th e  hetero logous s tra in  No. 8 .

The L D -0 value o f  the vaccines. T he  L D 30 of th e  vaccines w as found  to  
exceed  th e  2 mg p ro te in  value.

R esults o f the mouse weight g a in  test. T he PV -2, PV -5, an d  PV -20 vaccines 
w ere s tu d ied . One day  a fte r  in o cu la tio n  w ith  250 pg  p ro te in  a w eigh t loss could 
be observed , h u t a f te r  48 h th e  an im a ls  regained  th e ir  o rig inal w eigh t; la te r , 
th e ir  w eigh t increased an d  in  th is  re sp e c t th e re  was no d ifference betw een  
tre a te d  a n d  contro l groups. T here  w as no loss in  w eigh t am ong th e  an im als 
in o cu la ted  w ith  25 pg  p ro te in ; th e  d y n am ics  of w eight gain  w as essen tia lly  th e  
sam e in  th e  inocu lated  an d  th e  c o n tro l anim als.

R esults o f the intracutaneous test. T he vaccines PV-2 an d  PV-5 were 
s tu d ied . N one of th e  app lied  doses cau sed  skin necrosis o r in d u ra tio n  in  th e  
ra b b its . E ry th e m a  ap p eared  24 h a f te r  inocu la tion  w ith  a 1000 or 100 pg  
p ro te in  dose, b u t it van ish ed  a fte r 48 h.

R esults o f the pyrogen test. T he vacc ine  PV-2 was s tu d ed . T he increase in  
te m p e ra tu re  did n o t exceed 0.5 °C a f te r  inocu la tion  w ith  an y  of th e  doses.

T he above stud ies p roved  th e  p re p a ra tio n s  to  be n o t, or only  sligh tly ,
tox ic .

D iscussion

W a te r  soluble, p a r tia lly  p u rified  an tigen(s) (P P W E ) o f 2 -3  P . aeruginosa  
s tra in s  selec ted  in  p re lim in ary  e x p e rim e n ts  were iso la ted . V accines were p ro 
duced  from  th e  e x tra c t on th e  basis o f  th e  d ry  w eight or th e  p ro te in  co n ten t.
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D ete rm in in g  the  hep to se  an d  K D O  co n ten ts , we found  th a t  th e  vaccines p ra c 
tic a l ly  did no t co n ta in  L P S . A ctive im m u n ity  aga in st challenge w ith  P. aerugi
nosa  s tra in s  was in d u ced  in  mice b y  im m u n iza tio n . P ro te c tio n  ex tended  to  
a lm o s t every  s tra in  o f a hetero logous О an tigen ic  s tru c tu re . Im m u n iza tio n  
in d u c e d  in rab b its  th e  p ro d u c tio n  of passive m ouse p ro te c tin g  an tibod ies.

T he experim en ts led  to  th e  conclusion th a t  th e  b a c te ria l cell (p ro b ab ly  
tlie  o u te r cell m em brane) co n ta in s com m on p ro tec tiv e  an tigen(s) of p ro te in  
n a tu re  (m olecular w eig h t 10 000-100 000 daltons). The iso la ted  an tigens m ay  
h a v e  been iden tica l w ith  th e  orig inal end o to x in  p ro te in  (O E P ) described b y  
H o m m a  et al. [12].

O ur previous ex p erim en ts  [29] show ed th a t  tw o p ro te in  an tigens could  
be  iso la ted  from  th e  aqueous e x tra c t:  th e  p ro te in  A  (m olecu lar w eight 12 000— 
14 000 daltons) an d  p ro te in  R  (m olecular w eight 11 000-37 000 daltons), as 
d e te rm in ed  by  gel c h ro m a to g rap h y . B o th  an tigens w ere effective in th e  ac tive  
m ouse p ro tec tion  te s t  b u t  p ro te in  A  seem ed to  induce a s tro n g e r cross p ro tec 
t io n  [29]. We suppose th a t  th e  p roduced  vaccines co n ta in  th e  p ro te in  A  a n d  
В  an tigens of th e  s tra in s . E a rlie r re su lts  led  us to  conclude [29] th a t  th e  tw o  
p ro te in  antigens to g e th e r  induce p ro tec tio n . T h a t has been confirm ed by  th e  
p re se n t experim en ts.

W e have a t te m p te d  to  p roduce a vaccine w hich co n ta in s  no or only  v e ry  
l i t t le  LPS because th e  h e p ta v a le n t L P S  vaccine [6, 7] is know n to  induce  
severe  reactions [17].

O E P  an tigen  as w ell as m u ltico m p o n en t vaccines co n ta in in g  p ro tease  
a n d  elastase toxo ids h a v e  successfully  been applied  for p re v e n tin g  severe h a e m 
orrhag ic  p neum on ia  epidem ics caused  by  P . aeruginosa  in m ink  farm s [13]. 
A n  effective p ro te c tio n  req u ired , how ever, rep ea ted  v acc in a tio n s . This vaccine  
h as  n o t been tr ie d  in  h u m an s. T he p o ly v a len t vaccine, p ro d u ced  from  th e  s u r 
face antigens of 16 P . aeruginosa  sero types was effective in  m ice and  in  h u m a n s  
d u rin g  clinical te s ts  [9 -11 ].

The use of 16 d iffe ren t sero types of s tra in s  seem s p o in tless if  an  effective 
vaccine  can be p ro d u ced  from  2 or 3 su itab ly  selected  s tra in s . O ur w a te r-e x trac 
tio n  procedure allow ed th e  iso lation  of th e  active ce llu lar com ponen ts of P . 
aeruginosa. The vaccines w ere h igh ly  p u rified  b y  se p a ra tin g  th e  cell wall L P S  
b y  rep ea ted  u ltra c e n tr ifu g a tio n . T h u s our vaccines w ere p rac tica lly  n o n -to x ic  
fo r  th e  exp erim en ta l an im als. A dso rp tion  of P P W E  to  a lum in iu m  h y d ro x id e  
gel m igh t increase th e  efficiency.

D eterm in a tio n  o f th e  real efficacy  of th e  vaccines requ ires fu r th e r  carefu l 
im m unological an d  clinical stud ies.

Acknowledgements. The authors are indebted to Dr. B. L á n y i (N ational Institu te o f  
H ygiene, Budapest) for bacterial strains and valuable advice, and to Dr. P. Y. L iu (D epartm ent 
of Microbiology and Im m unology, U niversity  o f Louisville School o f  Medicine, L ouisville, 
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CYTOTOXIC MATERIAL RELEASED FROM 
STAPHYLOCOCCUS EPIDERMIDIS

II. FRACTIO NATION A N D  SOME E F FE C T S OF T H E  FRACTIO NS ON LYM PHOCYTES
AN D  HEPATOCYTES*

Ma g d a  S o ly m o ssy , J .  Ma n d l , Zs . N a g y  ímd F . A nt o ni

F irst In stitu te  o f  Biochemistry,
Semmelweis U n iversity  M edical School, Budapest

(R eceived February 5, 1982)

Cytotoxic substance(s) o f about 4 X  103 molecular weight, containing 9.5%  peptide and 
73%  carbohydrate was released from Staphylococcus epiderm idis in phosphate buffered saline. 
The m aterial was soluble in ethanol and w as heat-resistant. It blocked amino acid uptake and 
E -rosette formation of hum an tonsillar and blood lym phocytes. In isolated  m ouse hepatocytes 
the to x in  inhibited protein synthesis, but on ly  in  the presence of calcium  ions. The results sug
gest th at eukaryotic cell membranes are dam aged by the coccal agent.

Staphylococci h av e  been show n to  produce a b o u t 30 d iffe ren t ex trace l
lu la r  to x in s  and  enzym es [1]. B eside secreted  substances, su rface  com ponents 
o f b a c te r ia  are lib e ra ted  an d  elicit d iverse  biological effects. T h u s, pep tidog ly - 
cans from  th e  cell w all in h ib it th e  m ig ra tio n  of leu k o cy tes  [2 ]; lipoteichoic 
acid  is m itogenic in ly m p h o cy te  c u ltu re s  [3] an d  induces lysosom al enzym e 
release of m acrophages [4].

D a ta  repo rted  in  an  earlier p a p e r  [5] show ed th a t  a cy to to x ic  agen t is 
re leased  from  S. epiderm idis  in p h o sp h a te  buffered  saline (P B S ) a t 4 °C. T he 
m a te ria l inh ib ited  [3H ]th y m id in e  (T d R ) inco rpo ra tion  in to  D N A  of ly m p h o 
cy tes a n d  decreased th e ir  v iab ility  as d e te rm ined  by  try p a n  b lue  exclusion.

T h e  p resen t p ap e r describes th e  p a r tia l  pu rifica tio n  an d  physicochem ical 
c h a rac te riza tio n  of th e  agen t. Some fe a tu re s  of th e  tox ic  effect on lym p h o cy tes  
a n d  iso la ted  liver p a ren ch y m al cells (hepa tocy tes) are also rep o rted .

M aterials an d  m ethods

Preparation  of lym phocytes and of the crude bacterial supernatant (SN ), and [3H ]thym i- 
dine incorporation were performed as described earlier [5]. Amino acid (37 M Bq/m l [14C]valine, 
spec, activ ity : 7.4 GBq/m m ol) incorporation in to  hot TCA insoluble m aterial of lym phocytes 
and hepatocytes was m easured as described [6].

Isolated  hepatocytes were prepared from  CFLP mice w ith the collagenase perfusion 
m ethod [7, 8] and incubated as detailed previously  [6]. In cases when calcium  was om itted from  
the incubation m ixture, 0.2 т м  ethyleneglycol bis (2-am inoethyl ether)-N ,N -tetraacetic  acid 
(EGTA) w as added [9].

* This work was partly supported by grant K-05/25/1979/80 from the Hungarian Min
istry of H ealth.
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Uptake o f labelled compounds. L ym phocytes (4 X 10G cells/m l) were suspended in Hanks 
m edium  supplem ented w ith  SN  or its fractions and 37 M Bq/m l [14C]valine, [3H ]thym idine  
(9 .9  X 105 MBq/mmol). A t 1 -5  m in intervals aliquots were w ithdraw n and passed through  
W hatm an GF/C glass fibre filter. After washing w ith  PB S, rad ioactiv ity  was measured in a 
B eck m an  liquid scintillation spectrom eter.

E-rosette test was p e rfo rm ed  b y  th e  m eth o d  o f Gu pt a  et al. [10].
Other assays. Protein and carbohydrate were determ ined according to L o w ry  et al. [11] 

and N elso n  [12], respectively.
Ethanol extraction. One o f the Sephadex gel filtration  fractions o f SN  (f2) was lyophilized  

and the residue was extracted  w ith  80% ethanol. The ethanol-soluble and insoluble fractions 
w ere dried and re-suspended in P B S.

R esu lts

Fractionation and characterization o f  the crude supernatant. Lyophilized  
S N  pow der consisted  o f b a c te ria l p ro d u c ts  (16% ) an d  sa lts  from  PB S. The 
b a c te r ia l p roducts in c lu d ed  18%  p ro te in , 3%  c a rb o h y d ra te  (hexose, pentose) 
a n d  un iden tified  o rganic  m a te ria l. SN w as fra c tio n a ted  an d  desa lted  b y  S epha
d ex  G-25 gel f iltra tio n . T h ree  m ain  frac tio n s (f15 f 2, f3) w ere o b ta in ed  b y  m easu r
in g  OD 280 nm  (F ig . 1). T he la rg es t fra c tio n  (fx) w as ex c lu d ed  from  th e  gel. 
T h e  re s t of th e  m a te ria l a p p ea red  as tw o  d is tin c t peaks co rrespond ing  to  m ole
c u la r  w eights of 4 x l 0 3 fo r f 2 an d  2 X 103 for f3. T he lig h t ab so rb tio n  of SN 
a n d  of its frac tions w as in v e s tig a te d  betw een  220 an d  310 nm . W e found  a sig
n if ic a n t ex tin c tio n  o n ly  a ro u n d  260 nm . F igure  2 show s th e  UV abso rh tion  
sp ec tru m  of SN an d  its  frac tio n s.

12 24 36 48

Fraction number

Fig. 1. Sephadex G-25 filtration  of crude supernatant (SN) of S. epiderm idis. Column, 1 x 4 5  
cm; eluant, distilled water. Fractions of 3 ml were collected. Ribonucléase (mol w t 13 600) 

and insulin chain B (m ol w t 3480) were 
used as markers
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1.2

2A0 260 280 300

Wavelenght (nm)

Fig. 2. Absorption spectra of SN  from S. epiderm idis  and of gel filtration fractions. Concent
ration, 37.5 fig protein/m l each. SN  ■  ^ —  ■ ; f, * ----------a ; fa о -----------о; f3 □ ----------- □

T he com position  of th e  frac tio n s d iffered  sign ifican tly  from  th a t  o f SN . 
T ab le  I  show s th e  resu lts  of analysis o f th e  SN  frac tions. F ra c tio n  2 was re la 
tiv e ly  rich  in  ca rb o h y d ra te .

F u r th e r  p u rifica tio n  of f 2 w as perfo rm ed  by  e th an o l e x tra c tio n ; 84%  o f 
f 2 p ro te in  w as recovered  in  th e  e th an o l e x tra c t  w hich co n ta in ed  m ost o f th e  
UY abso rb in g  m ateria l.

E ffec t o f S N  and o f  its fractions on precursor uptake and incorporation o f  
lym phocytes. W e com pared  th e  effects o f  th e  SN  frac tions on [3H ]T d R  in c o r
p o ra tio n  of ton silla r ly m p h o cy tes  w ith  th a t  o f SN. F rac tio n  1 (fx) an d  f3 d id

Table I

Analytical data o f gel filtra tion  fractions o f S N

Approx.
molecular weight

OD
260/280

Per cent of organic material

peptide pentose,
hexose other

SN 3.3 18 3 79
f, > 1 0 4 1.7 12 15 73
f- 4 x  103 3.2 9.5 73 19u 2 X 1 0 3 4.7 1.4 ND ND
ethanol-extract N D 2.8 7.6 51 N D

o f f -

ND =  N ot determined
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10 60  90  120 180

Time (min)

F ig . 3. Kinetics o f [3H ] thym idine incorporation of tonsillar lym phocytes in the presence of
SN  and its fractions. Control • ---------- • ;  f3 85 fig protein /m l □ ------------□; f„  110 /tg/m l

a ----------a : f 2, 20 /tg/m l ■ -----------■ ; f 2, 60 /tg/m l д  ———  д  ; f 2, 105 /tg/m l ▼ ------------ ▼ ;
SN, 80 /tg/m l о ---------О

F ig . 4. Kinetics o f [l4C]-valine incorporation of tonsillar lym phocytes in the presence o f various
concentrations o f fraction  2 of SN. Control •  ----------  •  ; f 2, 20 fig protein/m l ■ ---------- ■ ;

f 2, 60 fig!ml A --------- - Д ; f 2, 105 g/i/'nil ▼  ---------- ▼
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Fig. 5. K inetics of [ l4]-valine uptake of tonsillar lym phocytes in the presence of various con
centrations of fraction 2 of SN . Control •  • ;  f„, 20 //g protein/m l ■  ■:

f ,,  60 /(g/rnl л ---------- a ; f 2, 105 /tg/rnl T ----------- ▼

n o t cause sign ifican t in h ib itio n . T he in co rp o ra tio n  of [3H ]T tlR  in to  ly m phocy tes 
was decreased  b y  f 2 to  a b o u t th e  sam e e x te n t as it w as b y  SN (F ig . 3). The 
in h ib ito ry  effect of f 2 becam e m an ifest a f te r  a lag period  o f 45 -90  m in (dep en d 
ing on th e  dose), sim ilarly  as it was fo u n d  w ith  SN. A m ino acid  in co rp o ra tio n  
of to n silla r lym phocy tes w as also in h ib ite d  b y  f„. H ow ever, [14C ]valine inco r
p o ra tio n  o f lym phocy tes w as p ro m p tly  in h ib ite d  by f„ (F ig. 4).

In  o rd e r to  explain  th e  difference betw een  th e  onse t o f th e  effects o f 
f 2, we ex am in ed  the  p recu rso r u p ta k e  b y  to n s illa r ly m p h o cy tes . T he u p ta k e  of 
[3H ]T d R  an d  also of [:îH ]g lucose rem ain ed  u n d is tu rb ed  for 10 m in  (no t show n), 
w hile a p ro m p t, dose-dependen t in h ib itio n  of [14C ]valine u p ta k e  of ly m p h o 
cy tes was caused  by  f 2 (Fig. 5). T he u p ta k e  o f [3H ]leucine and  [3H ]g lu tam ic  acid 
was also in h ib ited  im m ed ia te ly  b y  f 2 (no t show n). This fin d in g  was in good 
ag reem en t w ith  th e  p ro m p t in h ib itio n  of am ino  acid in co rp o ra tio n  (Fig. 4).

H e a t tre a tm e n t of f 2 (100 °C for 30 m in) did no t a lte r  its  in h ib ito ry  effect 
on u p ta k e  an d  inco rpo ra tion  o f labelled  precursors.

T he b io logically  active com ponen ts o f f 2 were recovered  in th e  e thano l- 
-soluble frac tio n  of f2 (see above). In h ib itio n  of precursor u p ta k e  and  in co rp o ra 
tio n  was d em o n stra ted  w ith  th e  ethano l-so lub le  frac tion  of f„ w hile th e  e thano l- 
-insoluble p a r t  did no t show7 an y  in h ib ito ry  effect.

T hese experim ents w ere rep ea ted  using  periphera l b lood  lym phocy tes 
in s tead  of ton silla r ly m p h o cy tes , w ith  sim ilar results.

In fluence  on amino acid incorporation o f  hepatocytes. T he biological effects 
o f f„ were investiga ted  in  ad d itio n  to  lym p h o cy tes  in iso la ted  m ouse liver
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Fig. 6. E ffect of fraction 2 of SN  on [14C]-valine incorporation into hcpatocytes in the presence
(A) and absence (B) of calcium  ions. Control •  ----------  •  ; f 2, 20 fig protein/m l ■  — ■:

f 2, 60 fig protein/m l л ----------Л

cells. F rac tio n  2 cau sed  a m arked , dose d ep en d en t in h ib itio n  of am ino acid  
in co rp o ra tio n  in to  th e  p ro te in  of h ep a to cy te s  (F ig. 6A ) .  In  th e  experim en ts 
show n in Fig. 6Л  an d  В  th e  significance of Ca + + ions is d em o n stra ted . W hen  
C a ++ was o m itted  fro m  th e  in cu b a tio n  m edium  (F ig . 6 B )  th e  ra te  of inco rpo 
ra tio n  was considerab ly  reduced  in  th e  absence of in h ib ito r , too  [9]. A dd ition  
f,, caused  a negligible decrease of [14C ]valine in co rp o ra tio n . T hus, th e  in h ib i
to ry  effect of f2 on p ro te in  syn thesis  w as fu lly  m an ifest on ly  in  the  presence of 
C a + + ions.

Tabic II

Inhibition o f spontaneous rosette form ation

Substance eg/ml E-binding lympho
cytes, per cent of total

None 13.5

f . 34 5.9

f , 68 3.3

F 135 1.7

H eat-treated f . 79 0.6

SN 35 8.0

SN 70 5.5

SN 140 4.9

H eat-treated SN 80 0.5

Acta Microbiologica Academiae Scientiarum Hungaricae 29, 1982



CYTOTOXIC M ATERIAL IN STAPHYLOCOCCUS 283

Inh ib ition  o f  rosette fo rm a tion . The d is tu rb an ce  o f p recu rso r u p ta k e  of 
ly m p h o cy tes  can  be regarded  as an  ind ica tio n  o f a surface effect o f f.,. E -ro se tte  
fo rm atio n  of ly m p h o cy tes  is know n to  be d ep en d en t on an  in ta c t cell surface. 
G enerally , 1 0 -1 5 %  of to n silla r lym phocy tes are able to  fo rm  E -rose ttes. T he 
n u m b e r of ro se tte s  stro n g ly  decreased  in  th e  presence of f„. The in h ib itio n  o f 
E -ro se tte  fo rm a tio n  w as even m ore expressed  in  th e  presence of h e a t- tre a te d  
f 2 (T able I I ) .

D iscussion

W e have d em o n stra ted  a new , b io logically  ac tive  substance  w hich  is 
easily  released from  restin g  S . epiderm idis  [5]. T he biological effects o f th is  
ag en t are an  in h ib itio n  of D N A  an d  of p ro te in  syn thesis  o f euk ary o tic  cells 
(lym phocy tes a n d  h ep a to cy tes), an d  in h ib ition  o f E -ro se tte  fo rm ation .

Several ch a rac te ris tic s  d istingu ish  our m a te ria l from  those described  
earlier. L o s n e g a r d  an d  Oe d i n g  113 a, b ], H a u k e n e s  [14 a f] and  G row  
[15] have re p o rte d  on th e  release o f po lysaccharide  A (a teichoic acid-m ucopep- 
tid e  com plex) fro m  S. aureus an d  S . epiderm idis. I t  p ro v ed  to  he an inso luble, 
8000 m olecular w eigh t frag m en t o f th e  cell Avail show ing an tigenic  p roperties. 
O ur m ateria l m ig h t be sim ilar in  some respects , a lth o u g h  h e a t- tre a tm e n t of 
cocci p rev en ted  th e  release of po lysaccharide  A b u t no t o f f„ (it can n o t be ex c lu d 
ed th a t  a h e a t-s ta b le  w all ly tic  enzym e 'w as p resen t in  our stra in ). I t  should  
he n o ted  th a t  lipo teichoic  acid (LTA ) is one of th e  surface an tigens [16], and 
it is co n tin u o u sly  released  in  a soluble form  from  b a c te ria  in to  th e  m ed ium  
[17-20]. Ion  exchange c h ro m a to g ra p h y  of po lysaccharide  A yielded an  an ti-  
gen ically  ac tive  su b stan ce  w hich d id  no t abso rb  UV lig h t a t 260 nm  [21]. T he 
b io logically  ac tiv e  agen t in our m a te ria l was soluble in  e th an o l and  ex h ib ited  
UV light a b so rb tio n . T his Mas p ro b ab ly  due to  th e  presence of nucleic acid. 
I t  is know n th a t  D N A  is a tta c h e d  to  a d is tin c t site  o f b ac te ria l m em brane 
(m esosom e) Mliich a t  th e  sam e tim e  is th e  exclusive site  fo r th e  occurrence of 
LT A  in G rain -positive  b ac te ria  [18].

E arlie r re p o rts  on surface com ponen ts of cocci described  the  m itogenic , 
s tim u la to ry  effect o f p ro te in  A [22] LTA [3] an d  o th e r u n id en tified  m ateria ls  
[23]. In  c o n tra s t, ou r agen t Avas to x ic  in b o th  ly m p h o cy te  an d  h ep a to cy te  cu l
tu res .

T he resu lts  show ed th a t  th e  agen t causes d is tu rb an ces in th e  s tru c tu re  
an d  fu nc tion  o f th e  eu k ary o tic  cell m em brane. T his w as in d ica ted  by  th e  re 
duced  ro se ttin g  o f ly m p h o cy tes  an d  by  th e  in h ib itio n  of am ino acid tra n s p o r t .  
T he agen t m ay  b in d  to  m em b ran e  pro te ins responsib le  for ro se tte  fo rm atio n  
an d  am ino acid  u p ta k e . A com plete  desorgan iza tion  of th e  m em brane can , 
how ever, be excluded , since th e  u p ta k e  ( tra n sp o rt)  of glucose and th y m id in e  
Mas no t in h ib ited . T he decrease of D N A  syn thesis  w hich  developed la te r  
(F ig . 3) m ight be a secondary  effect.
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A  series o f m em b ran e  active ag en ts  (lyso lecith in , m e littin , C a ++ iono- 
p lio re  A23187, ph a llo id in , etc.) lias been  show n to  act on iso la ted  h ep a to cy tes  
in  th e  presence of ca lc ium  ion only. T h is has led  S c h a n n e  et al. [24] to  suggest 
th a t  C a ++ in flu x  is th e  fin a l com m on p a th w a y  of cell d ea th . S im ilarly , th e  
m a rk e d  to x ic  effect o f  f 2 on h e p a to cy te s  developed only  in  th e  presence of 
ca lc ium  ion. W e th e re fo re  suggest th a t  f 2 is a m em brane ac tiv e  agen t.

O ur find ings seem  to  lie im p o rta n t w ith  respect to  coccal in fec tions, w here 
a n tib a c te r ia l th e ra p y  genera lly  re su lts  in  b acterio stasis . In  such s itu a tio n s  
re s tin g  b ac te ria  m ay  release agents s im ila r to  th e  one described  here w hich m ay 
cause tissue  dam age.

Acknowledgement. W e thank Mrs T. K a jt o r  and Mrs G. F e r e n c z  for excellent technical 
assistance.
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THE MICROSCOPICAL PATTERN OF GROWTH OF 
M  Y  СО В ACT ERI UM LEPRA E-MURI UM 

“DOUGLAS” IN MICROCOLONIES

L . S u l a , M . M a t ë j k a , J . M á l k o v á  and J .  P r im u s o v á

Institu te o f H ygiene and Epidem iology , Prague , Czechoslovakia 

(R eceived February 17, 1982)

A thin section  technique of Ogawa egg yolk culture m edium  inoculated w ith M ycobac
terium leprae-m urium  was found to reveal microscopical growth o f the strain which could not 
be demonstrated by m acroscopical exam ination. A peculiar structure of the growth, characte
rized by many ly tic  spots different in size, was observed indicating the possible presence of a 
temperate phage w hich m ay interfere w ith the synthesis of nucleic acids needed for the active  
m ultiplication of M . leprae-m urium .

In  sy s tem a tic  s tu d ies  o f colony sections of d iffe ren t m ycobacteria  [1—3], 
profound differences w ere fo u n d  in th e ir  m icrom orpho log ical tex tu re , in  p a r 
tic u la r  in th e  A rg en tin ian  bov ine  stra in s iso la ted  fro m  a b b a to ir  specim ens in  
R am os M ejia B uenos A ires, in  w hich phage m icrolysis inside th e  colonies w as 
observed, w h ich  could  n e v e r be found in h u m a n  s tra in s  o f m ycobacteria  [4].

In  s tra in s  of M ycobacterium  a fricanum , w hich  are m ain ly  charac terized  
b y  dysgonic colonies, we fo u n d  a subcolonial m esh-like g row th  w hich w as n o t 
visible on gross in spec tion  o f  th e  cu ltu re  tu b es . F o r th is  reason  we app lied  th e  
sam e tech n iq u e  o f th in  co lony  sections for cu ltu re  m ed ia  of M ycobacterium  
leprae-m urium  in  w hich m acroscop ically  visib le g ro w th  w as n o t observed.

M aterials and m ethods

In the D ouglas strain of M . leprae-murim  m aintained in  w h ite mice (ICR-Velaz SPF  
strain) for many years we could dem onstrate by using a continuous culture technique in liquid  
medium, active fissions of the m ycobacterial cells, w ithout any production of macroscopic colo
nies [5]. The inoculum  was prepared from a liver specim en taken from  a mouse inoculated six 
months before. The suspension contained approxim ately 5.2 X 10e per m l of acid-fast bacilli and 
was inoculated in  an am ount of 0.1 ml following the technique of P a t t y n  and P o r t a e l s  [6] 
on Ogawa yolk m edium  incubated in 5% C 0 2 at 33 °C. After 5 m onths incubation the culture 
tubes were regularly checked for v isible growth and some of those suspicious of growth were 
examined in th in  sections by the following technique. The m edia w ith  suspected microcolonies 
were first treated w ith  10% form ol solution for 2 h. After pouring o ff the disinfectant, selected  
parts of the m edium  were cut ou t in the form of tin y  blocks and transferred in Petri dishes 
containing a th in  layer of m elted 2% agar. A second layer of th is agar covering the whole 
surface of culture m edium  was then  added to fix  any m icrocolonies. A fter dehydration in alco
hol, acetone and benzene the blocks were embedded in paraffin and thin sections were cut w ith  
a Reichert horizontal m icrotom e.

For staining, Ziehl—Neelsen^and the PAS technique were used throughout and the 
sections were exam ined at 400-1000 X m agnification. Colour pictures were made on ORWO  
film  and copies on K odak colour paper.
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R esu lts

A m ong a p p ro x im a te ly  tw o h u n d re d  sections p rep ared  fro m  severa l cu l
tu re  m edia  e igh t w ere found  to  co n ta in  m icrocolonies. On Z ieh l-N ee lsen  s ta in 
in g  th e  colonies w ere m a in ly  no t ac id -fa s t (F ig . 1, 2) b u t w ith  P A S  th e y  p roved  
a lm o st en tire ly  acid  fa s t w ith  th e  ex cep tio n  of sm all superfic ia l an d  basa l 
lay e rs  (F ig. 3) an d  sm all regions in th e  u p p e r  p a r t  of th e  co lony  (F ig . 4). In  
c o n tra s t  to  o b serv a tio n s m ade in M . a fr ica n u m , in deeper s t r a ta  o f  th e  m ed ium  
no g row th  s tr ic tly  confined  to  th e  su rface of the  m edium  wras en co u n te red . In  
th e  M . leprae-m urium  “ D ouglas”  s tra in  th e  g row th  had  th e  ap p earan ce  of 
th in  m icroscopical layers p ro p ag a ted  on th e  surface of th e  m ed ium  w hich 
m a in ta in ed  its  green co lour in all th e  tu b e s  exam ined , th u s  m acroscop ically  
th e re  w as no d ifference betw een  p o sitiv e  an d  negative  tu b es . O nly  b y  chance 
cou ld  a few sections positive  for m icroscopical grow th  be found .

The inner s tru c tu re  of th e  g ro w th  w as peculiar, d isp lay in g  a net-like 
p a t te rn  w ith  m an y  sm all, m edium -size an d  big holes of reg u la r  an d  irregu lar 
shape , resem bling  th e  phage ly tic  sp o ts  in  th e  advanced  stage  o f developm ent 
lead in g  in ce rta in  regions of th e  colony to  its  com plete d isso lu tion . T he beg in 
n ing  of th is  ly tic  p rocess is seen in  F ig . 3, w here on th e  left side th e  acid-fast 
s tru c tu re  and  its  d en sity  are w ell-p reserved , while on th e  r ig h t side of the  
colony in th is  in itia l phase of lysis m a n y  t in y  ly tic  spots are  a lread y  visible 
su rro u n d ed  b y  e m p ty  spaces; th e y  are  w eak ly  acid-fast w ith  t in y  n o t acid- 
-fa s t cords on th e  surface of th e  co lony . Som e o ther de ta ils  o f a n o th e r  colony 
are  show n a t 1000 X m agn ifica tion  in F ig . 4. E ven  a t th is  m ag n ifica tio n  no 
d is tin c t ac id -fast rods ty p ica l o f m y co b ac te ria  were seen ow ing p ro b a b ly  to  
th e  d e tr im e n ta l e ffect of th e  o rganic  so lven ts used for d e h y d ra tio n  on the  
m orphological s tru c tu re  of th e  rods.

Fig. 1. Membraneous microcolony of M . leprae-m urium  Douglas strain covering partly the 
surface of Ogawa egg-yolk medium. The culture was incubated in 5% C 0 2 at 33 °C for 5.5 
m onths. On Ziehl-N eelsen staining the m icrocolony is not acid-fast except for a small region 
in the upper strata of the colony. Its m icrotexture is characterized by sm all and large lytic

spots X 400

Fig. 2. W eb-like not acid-fast m icrocolony of the same strain processed in  the sam e way as in 
Fig. 1. Contrary to the colony depicted in Fig. I the growth of this colony penetrates partly  
into the surface strata of the egg-yolk m edium . N ote the larger size o f this colony X 400

F ig. 3. Another colony o f M . leprae-m urim  stained w ith PAS technique. A ccum ulation of many  
tiny lytic  spots on the left side and protuberant not acid-fast cords on the right side of the

colony X 400

Fig. 4. Details o f another M . leprae-m urium  colony stained with PAS. The colony is permeated 
by m any different ly tic  spots of irregular cavities destroying major parts o f the whole body

of the colony XlOOO
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D iscussion

M . lepnie as well as M . leprae-m urium  belong  to  the  g roup  o f ' ‘d ifficu lt” 
ac id -fast organism s w h ich  can only  be grow n in vivo in w hite  mice by  using 
th e  foo t-pad  in o cu la tio n  tech n iq u e  developed  b y  S h e p a r d  [7] or in th e  nine- 
-b an d ed  arm adillo  [8]. R ecen t rep o rts  on th e  successful cu ltiv a tio n  of M . 
leprae in a special m ed iu m  [9] have no t been confirm ed  and  th e  cu ltu red  acid- 
-fa s t m icroorganism  w as id en tified  as M ycobacterium  scrophulaceum. B etter 
re s id ts  Mere ach ieved  w ith  in  vitro cu ltu res  o f M . leprae-m urium . Ogaw a  and  
H  irak i  [10] o b ta in ed  in  1%  egg yolk m ed ium  a buff-coloured m em braneous 
g ro w th  and  single yellow ish  colonies a p p ro x im a te ly  4 m m  in d iam ete r w hich 
could  be p ro p ag a ted  on th e  sam e m edium  up  to  8 generations. S im ilar resu lts 
w ine o b ta ined  b y  P a t t a n  an d  P ortaf.ls [6] on th e  sam e egg yo lk  m edium  
in c u b a te d  a t 33 °C in  5 %  CO., a tm o sp h ere . T h is tech n iq u e  was follow ed by  us, 
b u t  in 5.5 m on ths no m acroscopieally  v isib le  colonies Mere observed , and  the  
p ositive  m icroscopic g ro w th  was confirm ed  on ly  in  a few sections of th e  O gaw a 
m edium . The m icroscopical te x tu re  of th is  g ro w th  has never been in v estig a ted  
b y  an y  a u th o r an d  o u r o b se rv a tio n  a long  these  lines is th e  f irs t one rep o rted  
in th e  lite ra tu re . T h e  pecu liar p ic tu re  of th is  g row th  ch arac te rized  by  the  
ap p earan ce  of m a n y  tin y , m edium -sized and  con flu en t ly tic  spo ts, seems to  
in d ica te  the presence of a te m p e ra te  phage w hich could p ro found ly  in terfere  
w ith  th e  m u ltip lica tio n  of M . leprae-m urium  m ark ing  th u s  th is  s tra in  as a 
“ difficu lt m y co b ac te riu m ” .

R E F E R E N C E S

1. H e n n e b e r g , G.: B ildatlas der pathogenen Microorganismen. G. Fischer Verlag, Stuttgart
1969.

2. Su la , L.: Bull. W ld H lth  Org. 43, 699 (1970).
3. èuLA, L., Cv e jn o v á , Z.: J. H yg. Epidem . (Praha) 16, 28 (1972).
4. S u la , L., Sulová , J ., Sp u r n á , M.: Zbl. B akt. I. A bt. Orig. A, 223, 520 (1973).
5. S u la , L„ D u b in a , ,).: Bull. Wld Hlth Org. 45, 209 (1971).
6. P a tty n , S. R ., P o r t a e l s , F.: Int. J. Leprosy 48, 7 (1980).
7. Sh e p a r d , C. C.: J. exp. Med. —, 445 (1960).
8. K ir c h h e im e r , W. F ., Sto rrs , E. E.: Int. J . Leprosy 39, 693 (1971).
9. Sk in s n e s , O. K .. Ma tsu o , E ., Ch an g . P. H. C., A n d e r so n , B.: Int. J. Leprosy 43, 193

(1975).
10. Ogaw a , T., H ir a k i, M.: K itasato Arch. exp. Med. 45, 147 (1972).

I ,. S u l a , M. Ma t e jk a , J. M á i,k o v a , J. P him usová  
Institute of Hygiene and Epidemiology 
Srobárova 48, Prague, Czechoslovakia

Acta Microbiologica Acaderniae Sdentiari 11 ungaricac 29, 1982



NOTE

A NEW SALMONELLA SEROTYPE SALMONELLA 
AR1ZONAE  (47:/, v:z) WITH DELCITOL POSITIVE AND 

H2S NEGATIVE VARIANTS
M á r i a  M . Á dám  and M . K ádár

National in stitu te  o f  H ygiene , Budapest 

(R eceived March 11, 1982)

A new Salmonella  subgenus III serotype: Salmonella arizonae 47 : /, v : z and its dulcitol 
positive and H..S negative variants isolated from tw o sampling points o f a lake are described.

Acta Microbiol. Acad. Sei. Hung. 29, 289 291, 1982

In th e  course of ro u tin e  su rv ey  of th e  w a te r  of L ake B ala to n  in M ay an d  
Ju n e , 1981, th re e  isolates of a new  sero ty p e  of S. arizonae ( Salmonella  subgenus
I I I . )  w ere found  in tw o d is ta n t b a th in g  reso rts  (R évfülöp an d  K eszthely ).

M aterials and methods. Iso la tio n  of cu ltu res  was perfo rm ed  by  passing
I litre  o f lake w a te r  th ro u g h  m em b ran e  f i l te r  [1].

T he f ilte r  w as th en  tran sfe rred  to  100 m l buffered  p ep to n e-w a te r [2] 
an d  in c u b a te d  a t  37 °C for 20 h. T en  m l o f th e  p ep to n e-w a te r cu ltu re  w ere 
th e n  tra n sfe rre d  to  100 ml M ü lle r-K au ffm an n  [3] and  P reuss [6, 7] e n rich m en t 
b ro th  an d  in c u b a te d  for 20 h a t  43° an d  37 °C, respectively . Iso la tio n  w as 
ca rried  ou t on W ilso n -B la ir b ism u th  su lp h ite  an d  on b rillian t green agar. T he 
M ü lle r-K a u ffm a n n  enrichm ent b ro th  w as cu ltu red  for a fu r th e r  d ay  a t  th e  
sam e te m p e ra tu re  an d  streak ed  ou t again . F ro m  th e  P reuss b ro th  1 m l w as 
tra n sfe rre d  to  5 m l of the  fresh en rich m en t m ed ium . B iochem ical and serological 
m e th o d s w ere as described in K a u f f m a n n  [4] a n d  L e  Mino r  [5].

Results. A ccord ing  to  b iochem ical fea tu re s  th e  th ree  iso lates be longed  to 
Salm onella  subgenus I I I  (see T ab le  I). S tra in  No. 3041 iso la ted  in M ay a t  th e  
f irs t sam pling  p o in t (R évfülöp) did n o t sp lit du lcito l. S tra in  No. 3155 fo u n d  in 
M ay a t  th e  second sam pling place (K esz the ly ) was b iochem ically  ty p ica l b u t 
s tra in  No. 3734 iso la ted  th ere  in  Ju n e  d id  n o t produce H.,S.

All th ree  iso lates belonged to  serogroup  X  (47), th e y  absorbed  com ple te ly  
serum  0  of S . bergen (47j, 47„). F u r th e r  ex am in a tio n s in  th e  In te rn a tio n a l 
Salm onella  C entre  (Paris) show ed th em  to  have  473, 474 an tigens, too .

All th ree  iso lates possessed H  an tigens Z, v  and  z. The cu ltu res in  th e  
co rrespond ing  phases absorbed  serum  H  l, v  (S .  london phase 1) an d  serum
II z (S .  poona  ph ase  1).

Iso la tes  of th e  sam e sero type  could n o t be show n in fu r th e r  sam plings. 
T he th re e  iso lates of th e  new sero type  have  been included  in th e  H u n g a ria n  
Collection of M edical B acteria , B u d ap est, u n d e r accession Nos 40044, 40045 
an d  40046.
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Table I

Biochemical properties o f S. arizonae 47 v: z

Reaction 4044 40045 40046

Adonitol — — —

L-Arabinose + + +
Cellobiose — — —

Dulcitol + — —
n-Fructose + + +
D-Galactose +
D-Glucose + + 4-

Glycerol (gas) — — —
m-Inositol — — —
Lactose + - f

D-Maltose + +
D-Mannitol 4" + 4-

D-Mannose + + +
Melibiose 4* + +
Raffinose — — —

L-Rhanmose ! +
Salicin — — -

D-Sorbitol -f- + +
Sucrose — - —

D-Trehalose 1 + 4-
D-Xylose + 4_

ONPG + 4-
Methyl red 37 °C + + +
Yoges-Proskauer 37 °C — — —
Urea — — —

Indole — — —

H 2S + + —

Gelatin (film ) +  2 + 2 + 2
Ammonium citrate + - f

D-Tartrate — — —

Malonate +
Lysine decarboxylase + + +
Ornithine decarboxylase + 2 + 2 + 2
Arginine dihyrolase + 2 + 2 +
Tryptophan deam inase — — —
KCN — — —

Acknowledgement. The authors are indebted to Professor L. L e  M in o r , International 
Salm onella Centre, Paris, for checking and com pleting the results.
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