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MOTION PICTURE STUDY OF THE 
RESPONSE OF CUUTURED PERITONEAU 

MACROPHAGES TO THE INVASION OF 
ENDOZOITS OF TOXOPLASMA GONDII, RH

STRAIN

Y u. V .  B o g a t c h e v , T. N .  K h a v k i n , A .  K .  S h u s t r o v  

and I .  S .  F r EID LIN

Institu te  o f  E xperim ental M edicine o f  the U S S R  A cadem y o f  M edical Sciences and F irst 
M edical In stitu te  I . P. Pavlov, Leningrad, U S S R

(R eceived Ju n e  20, 1978)

A m otion  p ic tu re  s tu d y  of m acrophage cu ltu re  in fec ted  w ith  th e  endozoits of Toxo
plasm a gondii revealed  an enhanced  locom otor a c tiv ity  in  affected  cells: reg u la r co n trac tio n s 
o f th e  cell re su lting  in  an incom plete  ex trusion  of th e  p a rasito p h o ro u s vacuole  or host-cell 
d e stru c tio n , fo rm atio n  of excessive u n d u la tin g  m em b ran es and  p ino cy to tic  vesicles.

The m orphological aspects of th e  in te rac tio n s  of to x o p lasm as and m ono
n u c lea r phagocy tes have been stud ied  m ain ly  b y  m eans of cy tochem ical and  
e lectron  m icroscopic in v estig a tio n s of in fec ted  cu ltu res of p erito n ea l m acro
phages [1 -6 ]. V ital s tud ies of in fec ted  m acrophages suggest th a t  th e  cell layer is 
qu ick ly  dam aged  b y  th e  to x ic  p roduc ts of th e  to xop lasm as con ta ined  in th e  
p erito n ea l ex u d a te  [5]. A pplica tion  of m ed ium  doses allows to  observe th e  
cells during  several days [4, 5]. T here are no d a ta  in  th e  l i te ra tu re  on th e  loco
m o to r reactions of liv ing  m ononuclear phagocy tes involved in  challenge. T he 
aim  of th e  p resen t s tu d y  was to  follow th e  response of liv ing  m ononuclear 
phagocy tes to  th e  e n try  and  m u ltip lica tion  of to x o p lasm a endozoits in  th em . 
T im e-lapse m otion  p ic tu res  were em ployed to  s tu d y  th e  locom otor a c tiv ity  of 
cells.

M aterials and m ethods

A suspension of endozoits o f Toxoplasma gondii, R H  s tra in , was used  for challenging 
a 48 h r  cu ltu re  o f m ouse p e rito n ea l m acrophages in  a K a rre l flask. The challenging dose was 
one parasite  per m acrophage [5]. An inverted  m icroscope M BI-12 (LOM O, L eningrad , U S SR ) 
w ith  a 90X /1 .25  o b jec tiv e  was used  for o bservation  a n d  film ing, a t  37°C co n stan t tem p e ra 
tu re . In te rv a ls  betw een  shots ran g ed  from  I to 5 s.

Results

A t th e  dosage used , all toxop lasm as w ere seen to  p e n e tra te  in to  m ac
rophages in 6 -8  h r. A t 12-15 h r, m any  cells co n ta ined  colonies consisting  of 
2 -8  to xop lasm as; la rger colonies were less freq u en t. A fter 20-24  h r, some cells 
filled w ith to x o p lasm as began  to  degrade. Some p a ras ite s  en te red  neighbouring

1 Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



2 BOGATCHEV et al.

F ig. 1. Successive stages o f to x o p la sm a  (arrow ) p e n e tra tin g  in to  a  m acrophage: (a) a t ta c h 
m en t; (b, c) e n try ,  24 h r p o stchallenge . In te rv a ls  b e tw een  p ictu res 5 s

non-in fec ted  m acrophages or those  c o n ta in in g  pa rasitic  colonies. B y 48 h r, the  
in fec ted  cells began to  die on a large scale and  by  day  3 th e  cell lay e r appeared  
to  be destroyed .

Locom otor a c tiv ity  w as a p p a re n t b o th  in  th e  m acrophages or in ta c t  cu l
tu re s  an d  in  in ta c t  cells of in fec ted  cu ltu res . I t  to o k  th e  form  of com bined  
am oeboid  an d  gliding m ov em en ts . I t  in v o lved  th e  fo rm a tio n  of m icrospikes by 
w hich  th e  cells becam e a tta c h e d  to  th e  glass, and  u n d u la tin g  m em branes. The 
la t te r  form ed th e  lead in g  edge of m oving  cells. P in o cy to tic  vesicles form ed 
n e a r  th e  u n d u la tin g  m em b ran es. In  in ta c t  m acrophages, u n d u la tin g  m em 
b ran es  h ad  form ed a long  th e  cell p e rip h e ry ; th e y  n ev er occurred  on th e  to p  
cell surface.

P en e tra tio n  of to x o p la sm as in to  m acrophages and  colony fo rm a tio n  was 
follow ed by  a sharp  in ten s ifica tio n  of all form s of locom oto r a c tiv ity  of th e  
cells. D uring  th e  e n try  o f v iab le  (i.e. cap ab le  of in d ep en d en t m ovem ent) to x o 
p lasm as, th e  stages o f a t ta c h m e n t a n d  p e n e tra tio n  p ro p e r could c learly  be 
d istingu ished . The d u ra tio n  of th e  a tta c h m e n t to  th e  cell of th e  a n te r io r  pole 
o f th e  p a ra s ite , v a ried  w ith in  a w ide ran g e . I t  ap p eared  to  be d e te rm in ed  by  
th e  fu n c tio n a l s ta te  o f th e  cell ra th e r  th a n  by  th e  a c tiv ity  of th e  p a ra s ite  
itse lf. I t  was th e  sh o r te s t, 1 to  5 s, w hen  to xop lasm as becam e a tta c h e d  to  
m obile cells w ith  a h igh ly  p ro n o u n ced  u n d u la tin g  m em b ran e  (Fig. 1). In  con
tra c te d  spherical cells w hich  becam e sm o o th  w ith o u t u n d u la tin g  m em branes, 
th e  a tta c h m e n t process to o k  som etim es as long as 20-30  m in  and even m ore (Fig. 
2). One toxop lasm a rem a in ed  a tta c h e d  to  th e  surface of a c o n trac ted  m acro 
phage for over an h o u r, co n tin u in g  to  sp in . S u b sequen tly , it  was d e tach ed  from

Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



PER ITO N EA L MACROPHAGE? 3

Fig. 2. A ttac h m en t and  e n try  of to xop lasm as in to  m acrophage  (A) and  a tta c h m e n t to  a 
co n trac ted  one (B). Successive stages o f p en e tra tio n  of tw o p a ra s ite s  (arrow ) in to  cell “ A” . 
The toxop lasm as w hich h ad  a tta c h e d  to cell “ B ” (double arrow ) con tinued  to sp in  b u t  could 

n o t en te r in to  th e  cell; 24 hr postchallenge

th is  cell and qu ick ly  en te red  a ne ighbouring  cell, w hich h ad  a v igorously  u n 
d u la tin g  m em brane.

P e n e tra tio n  o f to xop lasm as was com plete in  5-15  s. I t  invo lved  local 
p ro tu b eran ces  of th e  m acrophage ectoplasm , w hich  enveloped th e  p a ra s ite , 
th u s  form ing a p h ag o cy tic  vacuole . As th e  p a ra s ite  p e n e tra te d  fu r th e r  in to  
th e  cell, i t  becam e closely enveloped  by  th e  m em branes of th e  h ost cell (Figs 
lb ,  2c and  e).

1 * Acta Alicrobiologica Academiae Scientiarum Hunearicae 27, 1980



4 BOGATCHEV et al.

F ig . 3. In fected  m acrophage w ith  ad d itio n a l u n d u la tin g  m em branes (arrow s) n ear parasito - 
phorous v acu o le , co n ta in ing  toxop lasm as (T); 24 h r postchallenge

F ig . 4. In fec ted  m acrophages, 24 h r  postchallenge. D ifferen t m icroscope focussing: (a) para- 
s ito p h o ro u s  vacuole c o n ta in in g  to xop lasm ic  colony (arrow ); (b, c) surface of m acrophage 
w ith  u n d u la tin g  m em branes a n d  large  p in o cy to tic  vacuole  (double arrow ); 24 h r  postchallenge

T he infected cells d isp layed  th e  follow ing form s of locom oto r ac tiv ity  
w hich d id  no t occur in in ta c t  cells; fo rm atio n  of u n d u la tin g  m em branes in  the  
reg io n  of the phagocy tic  vacuo le  and  reg u la r co n trac tio n s of th e  m acrophage 
re su ltin g  in  the  ex tru sio n  o f th e  phagocy tic  vacuole . More u n d u la tin g  m em bra
nes fo rm ed  along th e  p e r ip h e ry  (Fig. 3) an d  on th e  surface of m acrophages 
(F ig . 4) so th a t  the  w hole surface con tinued  to  u n d u la te . N um erous p inocy to tic  
vesicles were also fo rm ed ; som e of th em  w ere large and  easily  d istingu ished  
u n d e r  th e  phase-co n trast m icroscope (Fig. 4b).

Acta Microbiologica Acaderniae Scientiarum Hungaricae 27, 1980
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Fig. 5. Successive stages of c o n trac tio n  o f in fec ted  m acrophage , 24 h r  postchallenge: (a) 
p a rasito p h o ro u s vacuole (arrow ) is seen d is tin c tly  w hen  th e  cell is ex p an d ed ; (b, c) ex tru s io n  

of p a rasito p h o ro u s vacuole (arrow ) during  cell c o n trac tio n ; (d) stage of re lax a tio n

W hen in fec ted  cells c o n tra c te d , th e y  becam e spherical an d  d e tach ed  
them selves p a r t ly  from  the  glass. C on trac tions la s ted  from  several m inu tes to  
2 -3  h r, and  th e  co lony-con ta in ing  vacuole w as ex tru d ed  from  th e  cell (F ig. 5), 
m a in ta in in g , how ever, its in te g r ity  and  c o n ta c t w ith  th e  cell due to  th e  fo r
m ation  of a n a rro w  cytoplasm ic b ridge . On re lax a tio n  of th e  cell, th e  colony- 
con ta in in g  v acuo le  re tu rn ed  in to  th e  cell.
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Fig. 6. Two successive co n trac tio n s of h eav ily  in fec ted  m acrophage , 48 hr postchallenge. 
H ern ia-like  bulges (a rrow s) o f pa rasito p h o ro u s vacuole fo rm ing  du rin g  each co n tra c tio n  (c 

and  e). Cell destru c tio n  a fte r  second co n trac tio n  (f)

D uring  th e  f irs t  24 hr postchallenge, i t  was possible to  observe 4—5 
co n trac tio n  w aves o f  th e  cell w hen th e  p a rasito p h o ro u s vacuole was e x tru d e d . 
W henever th e  v acuo le  w as large, it b ro k e  d u rin g  a co n trac tio n , w hich caused 
d e a th  of th e  host cell.

The locom otor a c tiv ity  of in fec ted  m acrophages w as n o ticeab ly  reduced  
48 h r  a fte r challenge. Cell m ovem ents becam e slow, co n trac tio n s occurred  
reg u la rly  and  in v o lv ed  th e  fo rm atio n  of sm all h e rn ia ted  bulges on th e  p a ra -
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sitop h o ro u s vacuo les (Fig. 6). As a ru le , cells filled  w ith  p a ras ite s  d is in teg ra ted  
d u rin g  one of th e  con trac tions. A fte r 48 h r, n ea rly  all th e  m acrophages were 
d estro y ed .

D iscussion

T he p e n e tra tio n  in to  m acrophages of to x o p la sm a  endozoits is a com p lica t
ed process. I t  is de te rm ined  hy  th e  a c tiv ity  o f b o th  th e  p a ra s ite  and  th e  h o s t
cell an d , p a r tic u la r ly , by  the  a b ility  of th e  la t te r  to  form  u n d u la tin g  m em 
b ran es  and  bulges w h ich  envelop th e  in tru d e r  [7, 8]. O ur v ita l investig a tio n s are 
in ag reem en t w ith  th e  electron m icroscopic find ings [9] w hich showed th a t  
befo re  en tering  th e  host-cell, v iab le  to x o p lasm as had  been a tta c h e d  to  i t  only  
b y  th e ir  an te rio r  pole. A ttach em en t b y  th e  poste rio r pole or by a la te ra l 
su rface  [10] occurs only w ith  d am ag ed  p a ra s ite s  deprived  of in d ep en d en t 
m o tility .

A n en h an ced  locom otor a c t iv i ty  of a ffec ted  cells shou ld  be considered  a 
sign of th e  a c tiv a tio n  of m ononuclear p h ag o cy tes , ty p ica l of toxop lasm ic  in v a 
sion [ I I ] .

The b io logical significance o f various form s of locom otion m ay  be d iffe r
en t. T he regu lar co n trac tio n s of th e  cell, e x tru d in g  th e  p a rasito p h o ro u s vacuole, 
seem  m ost likely  to  be a response in te n d e d  to  e lim ina te  th e  in tru d e r .

T he response , how ever, is useless as th e  p a rasito p h o ro u s vacuole is e ith e r  
p reserv ed  inside th e  cell or d estro y ed . In  th e  la t te r  case, th e  host cell, to o , is 
d estro y ed . W h a te v e r  its cause, th e  reac tio n  needs m uch energy . The o th e r 
ty p e  o f  locom otion , th e  vigorous m o vem en ts o f in fec ted  cells w ith  fo rm atio n  of 
excessive u n d u la tin g  m em branes, m ay  be reg a rd ed  as a form  of a d a p ta tio n  to  
com pensa te  for th e  spen t energy. T h is view  is su p p o rted  b y  th e  fo rm atio n  of 
n u m ero u s p in o cy to tic  vesicles in  th e  u n d u la tin g  m em branes, w hich po in ts to  
an  in ten siv e  u p ta k e  of m etabolites fro n t th e  n u tr ie n t m edium . T he high locom o- 
to ry  an d  p in o cy to tic  activ ities of th e  in fec ted  cells are observed  only a t  low  
challenge dosage (ra tio  of 1 p a ra s ite  per 1 m acrophage). Challenge w ith  h igh 
doses dam ages th e  m acrophages [12], and  in h ib its  th e ir  p in o cy to tic  a c tiv ity  
[13].

In  our ex p erim en ts  even a t an  op tim u m  parasite -cell challenge ra tio  th e  
su b seq u en t m u ltip lica tio n  of to x o p lasm as dep le tes th e  energy  reserves of m a c 
ro phages, as in d ic a te d  by the  slow ing dow n of th e ir  locom otor a c tiv ity  b y  th e  
end  of th e  ex p erim en t. Our d a ta ,  how ever, show  th a t  th e  decay  of m ac ro 
p hages filled w ith  toxop lasm as is due n o t on ly  to  th e  a c tiv ity  o f th e  p a ra s ite s  
b u t  also to  th e  con trac tions o f  th e  host cell, w hich m ake th e  vacuole to  
ru p tu re  an d  th u s  cause death  of th e  cell.
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VITAL FLUORESCENCE MICROSCOPY OF LYSOSOMES 
IN CULTURED MOUSE PERITONEAL MACROPHAGES 

DURING THEIR INTERACTIONS 
WITH MICROORGANISMS AND ACTIVE 

SURSTANCES

I I I .  IN T E R A C T IO N S  O F  M A C R O PH A G ES W IT H  E N D O Z O IT S O F T O X O PL A SM A  
G O N D II R H  ST R A IN  ANI )  T H E IR  S O L U B L E  SU BSTA N C E

T .  N. K h a v k i n , I. S. F r e i d l i n  a n d  A. K .  S h u s t r o v

Institu te  o f  E xperim enta l M edicine o f the U S S R  A cadem y o f  M edical Sciences and F irst 
M edical Institute I . P. Pavlov , Leningrad , U S S R

(R eceived Ju n e  20, 1978)

M acrophages w ith  lysosom es p in p o in ted  by  qu inacrine-induced  fluorescence were 
in fec ted  w ith  the  en dozo its of Toxoplasma gondii Й Н  s tra in  (peritonea l ex u d ate  of in fec ted  
m ouse), o r tre a te d  w ith  liq u id  (acellular) frac tio n  of th e  sam e ex u d ate . D ead to x o p lasm as 
ingested  by  m acrophages com e in to  co n tac t w ith  th e  sta in ed  lysosom es of th e  cell an d  acqu ire  
a diffuse fluorescence. V iable toxoplasm as do n o t give fluorescence, w hich m eans th a t  th ey  
do n o t com e in to  c o n ta c t w ith  lysosom es, e ith e r p rim ary  or secondary . This su p p o rts  th e  
h y p o th es is  th a t  to x o p la sm as can p rev en t lysosom es from  fusing  w ith  th e  phagosom es of th e  
host cell. M oderate doses o f soluble p ro d u c ts  o f  to x o p lasm as co n ta ined  in peritonea l e x u d a te  
cause an  excessive o u tp u t  of m acrophage lysosom es w hich p o in ts  to th e  a c tiv itio n  of m ac ro 
phages; h igh  doses of challenge inh ib it th e  phago cy to sis  of to x o p lasm as and  dam age m ac ro 
phages. T he p a th o g en ic ity  o f toxoplasm as due to  th e ir  ab ility  to  in h ib it the fusion of lysosom es 
an d  phagosom es and  th e  cellu lar action  of th e ir  soluble p ro d u c ts  is discussed.

In  acu te  to x o p lasm ic  invasion , b o th  n a tu ra l ami experim en ta l, th e  en d o 
zoits o f to x o p lasm as are know n to  p a ra s itiz e  in m ononuclear p h ag o cy tes: 
p e rito n ea l m acrophages, K upffer’s cells o f th e  liver, re ticu la r cells of lym p h o id  
tissue , and  h istio cy tes  [1, 2]. W hen to x o p lasm as m u ltip ly , th e y  d estro y  th ese  
cells causing  necrosis o f th e  su rro u n d in g  tissue and  general in to x ica tio n . This 
effect is a t tr ib u te d  to  th e  action  of th e  to x ic  p ro d u c ts  of th e  p a ras ite  [1, 3, 4]. 
T herefo re, e lu c ida tion  of th e  p a th o g e n ic ity  o f th e  endozo its of to xop lasm as calls 
for s tu d y  of th e ir  in te rac tio n s  w ith m ononuclear phagocy tes. P a r tic u la r  a t te n 
tio n  should  he g iven to  in v estiga tions in th e  m echanism  b y  w hich p a ra s ite s  
w ith s ta n d  th e  defences of these cells as well as th e  estab lish m en t of w h a t should  
he considered  th e  signs of the  ac tion  w hich th e  to x ic  p roduc ts of to x op lasm as 
are supposed  to  e x e rt on the  affected  cells.

T he p resen t s tu d y  is concerned w ith  th e  responses of the  lysosom al a p p a 
ra tu s  of cells to  th e  ac tion  of to x o p la sm as and th e ir  tox ic  p ro d u c ts , because 
lysosom es co n s titu te  th e  m ain effector a p p a ra tu s  on m ononuclear phagocy tes [5].

T he basic d a ta  on th e  in te rac tio n s betw een  toxop lasm as and th e  lysosom es 
of m ononuclear p h ag o cy tes  were o b ta in ed  in earlier experim en ts w ith  c u ltu red
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p e rito n ea l m acrophages w ith  th o ro tra s t- la b e lle d  lysosom es [6]. E lec tro n  
m icroscopy revealed  t h a t  th o ro tra s t- la b e lle d  lysosom es do n o t fuse w ith  p h a 
gosom es con ta in ing  v iab le  to x o p lasm as. It was there fo re  concluded  th a t  liv ing  
to x o p la sm as p re v e n t lysosom es from  fusing  w ith  phagosom es, th u s  avo id ing  
c o n ta c t w ith  lysosom al enzym es.

Such a te ch n iq u e  reveals, how ever, th e  in te rac tio n  of th e  p a ras ite  w ith  
seco n d ary  lysosom es on ly , because i t  is p recisely  in these  lysosom es th a t  tho ro - 
t r a s t  is accu m u la ted  [7].

T here is no ev idence in  th e  l i te ra tu re  concern ing  th e  im m ed ia te  ac tion  of 
th e  to x ic  p roduc ts of to x o p lasm as on cells.

C ultured  p e rito n ea l m acrophages w ere used in  th is s tu d y  w ith  cells of 
e s tab lish ed  ep ithe lia l H eL a  cell-line for com parison . Lysosom es w ere iden tified  
b y  v ita l fluorescen t am inoacrid ine  qu in acrin e  s ta in in g  [8]. A p re lim in ary  in 
v e s tig a tio n  [9] show ed t h a t  th e  com bined  ap p lica tio n  of fluorescence and  phase 
c o n tra s t  m icroscopy allow s to  id en tify  b o th  lysosom es an d  to x o p lasm as and  
to  assess th e  cond ition  o f lysosom es in  th e  w hole popu la tion  of m acrophages. 
I t  is also know n [10] t h a t  am inoacrid ines m ay  be effectively  used for id e n ti
f ic a tio n  of lysosom es in  liv ing  to x o p lasm as.

Materials and methods

Cell culture. T he p e rito n ea l m acrophages of non-elicited  mice were o b ta in ed  an d  cu l
tu re d  as described earlier [11].

Toxoplasmas and their soluble products. T he ab d o m in a l cav ity  of mice sacrificed  3 days 
a f te r  in tra p e rito n ea l challenge w ith  th e  endozo its o f s tra in  R H  toxop lasm as w as w ashed w ith  
m ed iu m  199. T oxoplasm as in  th e  suspension were coun ted  in  a glass cham ber. To id en tify  
lysosom es in th e  to x o p lasm as, a sam ple o f th e  suspension was in cu b a ted  in  qu inacrine-con- 
ta in in g  m edium  for 1 h r. A d ro p  of th e  suspension  was p laced un d er a coverslip  and  ex am ined  
in  th e  fluorescence m icroscope. Soluble p ro d u c ts  of to x o p lasm as were ob ta in ed  by  cen trifug ing  
th e  suspension a t  5000 g fo r 15 m in, and th e  su p e rn a ta n t was in jec ted  in trav en o u s ly  to  mice. 
M acrophages were in cu b a te d  in  the  presence of soluble p ro d u c ts  o f to x o p lasm as for 2-72  hr.

F luorescence p in p o in tin g  of lysosom es, an d  sta in in g  of p rep ara tio n s, reac tio n s to acid  
p h o sp h a ta se , and fluorescence m icroscopy w ere perfo rm ed  as described earlier [11]. E x a m i
n a tio n s  w ere carried o u t w ith in  30 m in  to 48-72  h r  a fte r  challenge. P rep a ra tio n s  to be e x am 
ined  w ith in  the  f irs t 6 h r  w ere tre a te d  w ith  q u inacrine  1 h r before challenge. P re p a ra tio n s  
to  be exam ined  a fte r 24 an d  48 h r were sta in ed  w ith  fluorochrom e either 1 h r  before challange  
or 1 h r  before ex am in atio n , a n d  th e  re su lts  w ere com pared .

F o r  a q u a n tita tiv e  assessm ent of th e  co n d itio n  of th e  lysosom es of m acrophages in  
each  p o p u la tio n , th e  n u m b ers  o f cells w ith  a h igh , m edium  and  low level of red  g ranules an d  
cells w ith o u t red g ranules w ere coun ted  [11].

Control. A 24 h r c u ltu re  o f H eL a cells was in fec ted  w ith  toxoplasm as. T he tech n iq u es 
of challenge and  e x am in a tio n  were id en tica l as those  used  in  th e  ex p erim en ts  w ith  in fec ted  
m acrophages [12].

Results

Quinacrine sta in ing  o f  toxoplasm a suspension. I t  appeared  th a t  th e  sam e 
co n cen tra tio n  of q u in ac rin e  (2 ^g/m l) is su ffic ien t for id en tifica tio n  o f ly so 
som es in  toxop lasm as an d  m acrophages [ I I ] .  The fluorescence of lysosom es (1 -2
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Fig. 1. F ree to x o p lasm as (centre) an d  a m acrophage in  peritoneal e x u d a te  o f infected m ouse 
tre a te d  b y  q u in acrine . E lective red  fluorescence of lysosom es of m acrophage  and p a ras ite s

X 120
Fig. 4. G reen an d  orange fluorescence of dead to x o p lasm as in m acrophages w ith  qu inacrine- 

p inpo in ted  lysosom es. Three h r a f te r  challenge X 120 
Fig. 8. M acrophage cu ltu re  a fte r a 48 h r in cu b a tio n  w ith  soluble p ro d u c ts  o f to x o p lasm as, 

1 h r  a f te r  s ta in ing  w ith  q u inacrine . E xcessive  o u tp u t of lysosom es Xl 2 0  
Fig. 9. C ontrol cu ltu re  o f m acrophages w ith  n o rm al lysosom es c o n te n t in cells X 120
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F ig. 2. T oxoplasm as iso la ted  from  q u in acrin e -sta in ed  suspension. F lu o rescen t p ic tu re  tak e n  
th ro u g h  filte rs selectively tra n s m ittin g  e ith e r g reen  (a) and  red  a n d  green (b) light. Lysosom es

(arrow s) fluoresce red  X 1200

Fig. 3. M acrophage cu ltu re  30 m in a fte r in fec tio n  w ith  a h igh  dose of toxop lasm as. Phase  
c o n tra s t  (a) and flu o rescen t p ic tu res  tak en  th ro u g h  filte rs se lectively  tran sm ittin g  e ith e r  red 
(b) or green (c) light. Som e m acrophages d eg rad ed ; red fluorescence o f lysosom es is seen only 
in one m acrophage (b) an d  tw o toxoplasm as (arrow s). B right g reen  fluorescence of cy to p lasm  
of m acrophages and  to x o p la sm as (c). T oxop lasm as are a tta ch e d  to  cell surfaces h u t  do no t

p en e tra te  th ro u g h  th em  X 800

red  inclusions a t one o f  th e  poles, F igs 1, 2) was observed  in 4 0 -6 0 %  o f the  
to xop lasm as of p e rito n ea l exuda te . A t a h igher co n cen tra tio n  of qu in acrin e  (5 
pg /m l), th e  cy to p lasm  o f parasites show ed red fluorescence and th e ir  nuclei 
fluoresced  green. S tru g g e r’s effect (diffuse red  fluorescence of the  p a ra s ite , its  
nucleus included), considered  a sign of cell dea th  [13] w as no t observed  u n til 
th e  concen tra tion  w as ra ised  to  10 pg /m l. I t  was reco rd ed  in 2 0 -3 0 %  o f the  
to x o p lasm as co n ta in ed  in th e  perito n ea l ex u d a te .

Infection o f  macrophages. W hen challenging, th e  following ra tio s  were 
used : 1 parasite  per m acrophage (low dose); 10 pa rasite s  p er m acrophage (m e
d i um dose); and 100 p a ras ite s  per m acrophage (high dose). Challenge w ith  
h igh  and  m edium  doses caused th e  loss o f lysosom es b o th  in in fec ted  an d  in
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Fig. 5. F lu o rescen t (a) an d  phase  co n tra st (b) p h o to m icro g rap h s ta k e n  3 h r postchallenge and 
4 h r  a fte r  sta in in g  w ith  q u in acrin e . F luorescence of lysosom es of a m acrophage  and  an  in g ested  
killed to x o p lasm a  (arrow ). D iv id ing  p a rasites in  th e  vacuole of m acrophage  (double arrow )

do no t show fluorescence X 600

in ta c t m acrophages (T able I). M edium  doses caused a considerab le  d estru c tio n  
of th e  cell lay e r a fte r 24 h r. Viable cells co n ta in ed  large colonies of the  p a ra s i
tes. W hen high doses w ere em ployed, th e  to x o p lasm as a tta c h e d  to  th e  m acro 
phage surface and  h a rd ly  p e n e tra ted  in to  th e m  (Fig. 3). Cell layer was d e s tro y 
ed in a few' hours. At low  dosage (1 : 1), toxop lasm as w ere found  to  p e n e tra te  
rap id ly  in to  th e  cells. A t 4 -6  h r some to x o p lasm as m u ltip lied  inside th e  cells, 
and  num erous p a ra s itic  colonies could be seen inside m acrophages w ith in  24 
hr. Some cells filled  w ith  toxop lasm as becam e d is in teg ra ted . The g rea te r p o r
tion  of th e  cell lay er ap p e a re d  to  he d es tro y ed  w ith in  48 hr.

W hen th e  fluorescence-phase c o n tra s t tech n iq u e  w as used for s tu d y in g  
liv ing cu ltu res , ex tra c e llu la r  toxop lasm as could be id en tified  by  m eans of 
phase c o n tra s t only. Som e toxop lasm as, w hich were inside m acrophages, show ed 
fluorescence (Fig. 4). T h is po in ts to  th e ir  c o n ta c t w ith  th e  labelled lysosom es 
of m acrophages. T hese parasites  fluo resced  green a t f ir s t  and th en  th e ir  
colour g rad u a lly  changed  to  red. F luorescing  pa rasite s  w ere observed m ain ly  
w ith in  th e  f irs t hours a fte r  challenge; th e y  did no t seem  to  divide and d isap 
peared  com pletely  a f te r  24 hr.
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D uring  th e  f ir s t  h o u r postcha llenge  som e in trace llu la r to x o p lasm as did 
n o t  fluoresce and  show ed division in  p a ras ito p h o ro u s  vacuoles (Fig. 5). A fter 
24 h r  nonfluorescing p a ras itic  colonies could  Ire observed  in nearly  4 0%  of 
th e  m acrophage p o p u la tio n .

Table I

Changes in content o f  cells with different red granule content in population  o f  macrophages
after toxoplasma infection

D u ra tio n  o f  J 
ce ll c u ltiv a-

t io n  a f te r  I M acrophage cu ltu res
in fe c tio n , h r

C o n te n t o f  cells w ith  d iffe ren t f luo rescence in te n s ity  
(co n v en tio n a l u n its) in m acro p h ag e  cu ltu res  (p er cent)*

H ig h  in te n -  j M edium  
s ity  in te n s ity

Low
in te n s ity

W ith o u t M ean
gran u les  in te n s ity

100 cells

W ithout in fection 46 41 13 0 593

Infected 10 p a rasites  per 1 8 24 62 6 214
2 m acrophage

Infected 1 pa rasite  per 1 19 45 36 0 361
m acrophage

33 47 20 0 491
W ithou t infection**

29 50 21 0 461

Infected 10 p a ras ite s  per 1
24 m acrophage Cell layc r was destroyed

Infected 1 parasite**  per 1 16 30 52 2 302
1 m acrophage 57 34 9 0 681

* Expressed in m ean  in ten sity  based on 6 detections in th ree  d ifferen t experim ents 
** N um erator in d ica tes  fluorescence in te n s ity  a fte r quinacrine tre a tm e n t before ch al
lenge, denom inator show s in ten sity  a fte r qu inacrine  trea tm e n t 1 h r  before exam ination

A few7 hours postchallenge th e  n u m b e r of red  granules (lysosom es) in 
m acro p h ag es w ith  and  w ith o u t pa rasite s  as well as th a t  o f m acrophages w ith  a 
h ig h  co n ten t of red  g ranu les show ed a sligh t decrease. A fter 24 h r  in  th e  cu ltu res  
s ta in e d  w ith  qu in acrin e  1 hr before challenge (i.e. 25 h r before ex am in a tio n ), 
th e  cells w ith  a h igh red  g ranule  c o n te n t w ere still few (Table I). In  some para- 
s ite -co n ta in in g  m acrophages, th e  n u m b e r of fluorescing granu les was p e rcep 
t ib ly  low er th a n  th a t  o f  phase-dense g ranu les (Figs 6a an d  b). S im ilar p re p a 
ra tio n s  sta ined  w ith  qu in acrin e  im m ed ia te ly  before ex am in a tio n  (i.e. 23 hr 
a f te r  challenge) co n ta in ed  generally  m ore lysosom es per p o p u la tio n  th a n  non- 
in fe c te d  cu ltu res (T able I I ) .  The f lu o rescen t p ictu res of in fec ted  cells in  such 
c u ltu re s  corresponded  to  those  o b ta in ed  b y  p h ase -co n tras t m icroscopy (Figs 
6c an d  d). This m eans th a t  th e  loss of lysosom es a t th e  tim e  of challenge was 
su b se q u e n tly  com p en sa ted  by th e  fo rm a tio n  of new lysosom es and  som etim es 
th e ir  num bers were excessive.
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In  all stages of cell cu ltu res, single m ésothélia l cells an d  groups of th e m  
w ere observed in a d d itio n  to  m acrophages. T oxoplasm as in v a ria b ly  p e n e tra ted  
in  m ésothélia l cells and  form ed th e re  colonies. L ysosom es, w hich are re la tiv e ly  
even ly  d is trib u ted  in  th e  cy to p lasm  of these  cells, su rro u n d ed  p a rasitophorous

Table II

Changes in content o f  cells with different red granule content in population o f  macrophages after 
inoculation o f  supernatant o f  toxoplasma exudate*

D u ra tio n
a f te r

in o cu la tio n
h r

M acrophage  cu ltu res

C o n ten t o f  cells w i 
(conven tiona l u n its

th  d iffe ren t f luo rescence  in ten sity  
in  m acrophage  cu ltu re  (per cent)

H igh
in te n s ity

M edium
in te n s ity

Low
in te n s ity

W ith o u t
g ranu les

M ean 
in te n s ity  

o f 100 cells

W ithout inocu lation 46 41 13 0 593

Inoculated  w ith  su p e rn a ta n t 8 50 40 2 277
4 1 : 10

Inoculated  w ith  su p e rn a tan t 12 41 42 5 260
1 : 1 0 0

W ithout inocu lation 25 45 30 0 413

Inoculated  w ith  su p e rn a tan t 38 33 29 0 508
48 1 : 1 0 53 36 11 0 649

Inoculated  w ith  su p e rn a tan t 22 48 30 0 395
1 : 1 0 0

* Sec footnote to T able  I

vacuoles. We never observed  th e  fluorescence of to x o p lasm as no r of th e ir  ly 
sosom es in  m ésothélia l cells (F ig. 7).

Action o f  soluble products o f  toxoplasm as on macrophages. The w asliing
ói' th e  abdom inal c a v ity  of in fec ted  mice were ac tu a lly  a tw ice-d ilu ted  peritos 
n ea l exuda te . A fte r an  in trav en o u s  in jec tion  of 0 .50-0 .20 m l, th e  su p e rn a ta n t 
o f  th e  w ashing killed mice w ith in  1 -2  m in. This p o in ted  to  th e  presence of toxo- 
to x in  in th e  w ashings [14]. S u p e rn a ta n t, w h e th e r u n d ilu ted  or d ilu ted  1 : 10 
o r 1 : 100, w hich co rresponded  to  in fec ted  e x u d a te  co n cen tra tio n s  involved in  
th e  challenge w ith  h igh  and  m ed iu m  doses, w as added  to  cu ltu re d  m acrophage 
m ed ium . Lysosom e co n ten t in m acrophages an d  th u s  th e  n u m b e r of cells w ith  
a h igh  red  granule c o n te n t p er p o p u la tio n  decreased  early  d u rin g  incub a tio n  
o f su p e rn a tan t-co n ta in in g  m edium  (Fig. 8, T able I I ) . This decrease was m ore 
p ro n o u n ced  w hen th e  su p e rn a ta n t co n cen tra tio n  increased . A fter 24 h r, th e  
lysosom e con ten t of th e  p re p a ra tio n s  tre a te d  w ith  fluo roch rom e before in cu 
b a tio n  differed slig h tly  from  th e  co n tro l level. T re a tm e n t w ith  fluorochrom e 1
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F ig. 6. M acrophages co n ta in in g  p a rasitic  colonies (arrow s) 24 h r postchallenge. In  th e  cell 
fluo roch ro m e-trea ted  before challenge (a ,b ) th e  n u m b er of fluorescing  granules (a) is low er 
th a n  t h a t  of granules d is tin g u ish ab le  by phase  c o n tra s t (b). In  th e  cell fluorochrom e trea ted  
1 h r  before  exam ination  (c, d ), th e  num ber o f  fluorescing  g ranules (c) corresponds to  t ha t  of 

phase dense ones (d). T oxoplasm as do not show fluorescence X 1000

h r  befo re  exam ina tion  (23 h r  of in cu b a tio n ) was, how ever, followed b y  a con
sid e rab le  rise in th e  n u m b e r  of lysosom es in m acrophages, as com pared  w ith  the  
c o n tro l (Fig. 9a and b).
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Fig. 7. F lu o rescen t (a) an d  p h ase -co n tras t (b) p h o to m icro g rap h s of th e  m ésothélial cell in  
m acrophage cu ltu re  24 h r  postchallenge a n d  1 h r a fte r  sta in in g  w ith  qu inacrine . F luorescence 

of lysosom es; toxop lasm as in  th e  m éso thé lium  (arrow s) do n o t show  fluorescence X 600

A c id  phosphatase reaction. The resu lts  o f th is  reac tio n  w ere close to  tho se  
of th e  fluorescence s tu d y . I t  was possible to  d istingu ish  3 groups of cells in  
m acrophage p o p u la tio n  in cu ltu re  on th e  hasis of th e  re a c tio n  ra te . T able  I I I  
shows th a t  th e  frac tio n  of cells w ith  th e  h ig h est enzym atic  a c tiv ity  ( + + +) in  
th e  m acrophage p o p u la tio n  decreased  24 h r  a fte r  low -dose challenge, th e  d e 
crease being  largely  due  to  th e  d im in ished  n u m b er of to x o p lasm a-co n ta in in g  
cells. T he decrease w as p a rtic u la r ly  a p p a re n t a t  th e  stage  of th e  large-scale 
d eg rad a tio n  of in fec ted  cells, i.e. 48 h r  a fte r  challenge w ith  a low  dose an d  24 
h r a fte r  challenge w ith  a m ed ium  dose, and  th e re  was h a rd ly  any  difference in  
th e  a spec t of m acrophages w ith  an d  w ith o u t parasites.
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Table III

Changes in acid phosphatase reaction in  population  o f  macrophages after infection with toxoplasma

D u ra tio n  o f  cell 
c u lt iv a t io n  

a f te r  in fec tio n  hr
Cells in  cu ltu res

C o n ten t o f  cells (p er cent) w ith  d iffe ren t a c tiv ity  o f  acid p h o sp h a t ase in 
p o p u la t io n  o f  m acrophages a f te r  in fe c tio n  w ith

1 p a ra s ite  p e r  1 m acro p h ag e 10 p a ra s i te s  p e r  1 m acrophage

H ig h
a c tiv ity

M edium
a c tiv ity

Low
ac tiv ity

H ig h  M edium  
a c tiv ity  a c tiv ity

Low
a c tiv ity

infected 3 1 5 5 1 4 1 2  7 0 1 8
2 4

uninfected 5 2 3 8 1 0 1 4  7 8 8

infected 1 0 6 0 3 0 Cell lay e r was destroyed
4 8

uninfected 4 6 7 2 9

W ith o u t infe ction 5 9 3 3 8 -  I  - -

Control: infection w ith  toxoplasmas o f  H eLa cells. T re a tm e n t w ith  2 /ig/in 1 
o f  q u inacrine  was follow ed b y  a selective red  fluorescence o f lysosom es, sim ilar 
to  th a t  in m acrophages an d  m éso thélium . A t a dose of 4 x  10e to x o p lasm as per 
1 m l, th e  en try  and  m u ltip lica tio n  of p a ras ite s  in H eL a  cells proceeded  as 
described  elsewhere [15]. F luorescence-phase co n tra s t ex am in a tio n  of th e  in 
fe c te d  cell cu ltu res t r e a te d  w ith  q u in ac rin e  showed th a t  to x o p lasm as inside 
p aras ito p h o ro u s  vacuoles do no t com e in  co n tac t w ith  th e  labelled  co n ten t of 
lysosom es and  do n o t fluo resce  (Fig. 10).

D iscussion

Q uinacrine a t  a c o n c e n tra tio n  of 2 /tg/m l p inpo in ts  lysosom es in  all ty p es  
o f  cells s tu d ied , to x o p la sm as inc luded . I t  m ay  be supposed  th a t  th is  te ch n iq u e  
allow s th e  id en tifica tio n  o f b o th  p rim ary  an d  secondary  lysosom es: (a) am i- 
noacrid in e  dyes p e n e tra te  in to  cells by  diffusion ra th e r  th a n  pino- or phag o cy 
to s is  as th o ro tra s t does [16]; (b) lysosom es are  d is tin c tly  seen no t only in  m ac
ro p h ag es and  m éso thé lium  b u t in  H eL a cells, too . I t  is kn o w n  th a t  p ra c tic a 'ly  
all lysosom es are seco n d ary  in  those  m acrophages w hich rev ea l a high p inocy- 
to t ic  a c tiv ity  [5]. T he m éso thé lium  ta k e s  an  active p a r t  in th e  vesicu lar t r a n s 
p o r t  of flu id  [17]. T herefo re , a considerab le  frac tio n  of m éso thélia l lysosom es 
m a y  con tain  exogenous m a te ria l, too . I t  is th e  H eL a cells alone th a t  arc  ch a 
ra c te rized  by a low p in o c y to tic  a c tiv ity  [18]. I t  m ay  he supposed  th a t  m any  
o f th e ir  lysosom es are  p r im a ry  ones. I t  follows th a t  to x o p lasm as in h ib it th e  
fu sio n  of b o th  secondary  [6] and  p rim a ry  lysosom es w ith  phagosom es. T his is 
fu r th e r  supp o rted  by  th e  absence of fluorescence and , hence, th e  co n tac t of 
v ia b le  toxop lasm as (i.e. th o se  capab le  o f form ing colonies) w ith  lysosom es.
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Fig. 10. P h ase -co n tra s t (a) an d  fluorescen t (b) pho tom icro g rap h s of th e  H ela cells, 24 h r  p o s t
challenge, 1 h r  a fte r s ta in in g  w ith  qu inacrine . Lysosom es fluoresce  red , th e  nucléoles o f in 
fected  cells green. T oxoplasm as (arrow s) are  co n ta in ed  in  th e  p a rasito p h o ro u s vacuole; th e y  
do n o t show  fluorescence (d ) an d  can  be d istin g u ish ed  by  p h ase -co n tras t (c) p h o to g rap h  on ly

X 1000

T herefo re, toxop lasm as can in h ib it th e  fusion o f lysosom es w ith  phagosom es in  
d ifferen t ty p es of cells an d  th is  ab ility  is no t lim ited  to  specialized p h agocy tes 
alone, b u t  is an im p o r ta n t fac to r of th e  p a th o g en ec ity  o f th e  parasite .

T he fluorescence o f some in gested  toxop lasm as w ith in  a few hours a fte r  
challenge ind ica tes th a t  th e y  are n on -v iab le  and  come in  co n tac t w ith  th e  la 
belled co n ten t of lysosom es. I f  th e  fluorescence of lysosom es in  to x o p lasm as is 
considered  to  he a sign of th e ir  v ia b ility  [10]. th e  p e rito n ea l exu d a te  used  in
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th is  s tu d y  for challen g in g  is supposed  to  have  con ta ined  60%  of viable p a ra 
s ites. This figure is close to  th e  elec tron  m icroscopic resu lts  o b ta in ed  by  J o n e s  

a n d  H i r s c h  [6].
The change o f th e  fluorescence fro m  green to  red  of p h agocy ted  dead  

to x o p lasm as p o in ts  to  a g rad u a l accu m u la tio n  of labelled  c o n ten ts  in  p arasite - 
co n ta in in g  phagosom es. This change in  fluorescence colour was observed in 
s im ila r experim en ts w ith  ingestion  o f y e a s ts  b y  m acrophages [19, 2 0 ] .  The red  
fluorescence of dead p a ra s ite s  should n o t he in te rp re te d  as S tru g g er’s effect, 
because  a h igher c o n c e n tra tio n  of fluo roch rom e w ould be req u ired  to  produce  
i t .  I t  is obvious fro m  th e  re p o rt o f J a n s s e n  [ 2 1 ]  th a t  high doses o f fluorochrom e 
shou ld  be used to  p ro d u ce  S tru g g er’s effect, w hen killed  toxop lasm as are 
tr e a te d  by  acrid ine o range .

H ighly  in fec tiv e  doses of to x o p lasm as in h ib it p a ra s ite  e n try  in m acro
p hages and cause a considerab le  dam age to  cells, involv ing  d es tru c tio n  of th e  
cell layer. M edium  a n d  low  doses cause a sligh t and  reversib le  dam age. In d u c 
tio n  o f these  effects b y  m eans of a cell-free frac tio n  of p e rito n ea l ex u d a te  in d i
ca tes  th a t  the  ac tu a l d am ag in g  agen t is one o f th e  soluble p ro d u c ts  of to x o p la s 
m as. The action  o f th is  ag en t is s im ilar to  th a t  of some p ro te in  to x in s  of ce rta in  
b a c te r ia ; it  destroys th e  en tire  cell lay e r, non -in fec ted  cells in c luded . This m ay  
be conven ien tly  d e m o n s tra te d  w ith  th e  acid p h o sp h a tase  reac tio n  a t  a tim e  
w h en  infected  m acro p h ag es begin to  d eg rad e  an d  to x op lasm as an d  th e  p ro d u c ts  
o f  th e ir  a c tiv ity  e n te r  th e  n u tr ie n t m ed ium . These d a ta  su p p o rt th e  h y po thesis  
t h a t  cells and  tissues a re  dam aged  by  th e  to x ic  p ro d u c ts  of to x o p la sm a  a c tiv ity  
[2—4]. I t  m ay he su p p o sed  th a t  in h ib itio n  of p inocytosis b y  m acrophages in 
th e  f irs t 120 m in  a f te r  to x o p lasm a  in fec tio n  [22] is due to  th e  to x ic ity  of th e  
in fec ted  suspension.

W hen th e  dam ag e  caused to  m acro p h ag es b y  a low dose o f to x o p lasm as 
o r th e ir  soluble p ro d u c ts  is sligh t, th e  decrease in  th e  n u m b e r of lysosom es is 
follow ed by a re s to ra tio n  of th e  n o rm al level, or even an  excessive o u tp u t of 
cells. The la tte r  p h en o m en o n  m ay he in te rp re te d  as a sign o f m ononuclear 
p h ag o cy te  a c tiv a tio n , ty p ic a l of to x o p lasm ic  invasion  [23]. T he agen t respon
sible for th is a c tiv a tio n  is p ro b ab ly  a so luble p ro d u c t o f to x o p lasm as. I t  is 
n o t  clear w hether ag e n ts  w hich a c tiv a te  m acrophages and  th o se  w hich dam age 
cells, are iden tica l. T h e  s tu d y  of th e ir  b e h a v io u r  is a su b jec t of fu r th e r  in v es
tig a tio n s .
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(R eceived J a n u a ry  5, 1979)

A com parison was m ade  of th e  lip id  y ield  o f tw o m o d ifications o f th e  lip id  e x tra c tin g  
m eth o d  of B lig h  and  D y e r  an d  of th a t  of Gould  an d  L en n a rz  m odified  by  us. L ip id  e x tra c 
tio n  was done from  8 h r  cu ltu res  o f Staphyloccus aureus s tra in  5814S as a re p re sen ta tiv e  of 
G ram -positive  b ac teria . E x tra c t io n  by  th e  m odified m eth o d  of Go uld  and  L ennarz  re su lted  
in  an  excess o f 7.5—8.1 m g p o lar lip id  per g d ry  w eigh t o f b ac te ria , com p ared  to  th e  y ield of 
th e  tw o m odifications o f th e  m eth o d  of B lig h  and D y e r . T he essence of ou r m od ification  is 
th a t  th e  enzym ic a c tiv ity  a n d  th e  fu r th e r  m u ltip lica tio n  of b a c te r ia  is sto p p ed  by  cooling th e  
cu ltu res ra p id ly  to 6 °C w ith  ice cones. A fter w ashing w ith  ice cold b u ffer, th e  pellet is e x tra c te d  
in  5 %  trich lo ro ace tic  acid a t  4 °C 2 tim es for 15 m in in o rder to  w ith d raw  non-lipid m ate ria ls  
th a t  can  be dissolved in  lip id  so lven ts. The e x tra c tio n  of lip ids from  th e  b ac teria l m ass occurs 
in  a m ix tu re  of w a te r-m e th a n o l-c h lo ro fo rm  0.2 : 1 : 2 (v /v), p H  2.0, fo r tw o hours a t  room  
tem p e ra tu re . The e x tra c tio n  system  is th o ro u g h ly  sh ak en  a t  q u a rte r  o f an  hour in te rv a ls . The 
sep a ra tio n  of o rganic phases is perform ed by  add ing  to  th e  sy s tem  0 .9 %  NaCl so lu tion , p H  
2.0. T he sep a ra tio n  becom es com plete  in  h a lf  an  hour if  th e  system  is le f t  to  s tan d  a fte r v igorous 
shak ing . In  th e  presence of Silica gel H , using  70%  perch loric  acid  fo r phospholip id  d igestion , 
p h osphorus d e te rm in a tio n  p roved  to  be of th e  sam e va lue  as w ith  th e  e lu a ted  phospho lip id , 
i. e. in  th e  absence of th e  gel. Phospho lip id  phosphorus e s tim a tio n  in  th e  presence of Silica gel 
H  to o k  1 or 2 days less, w as less w ork, so lven t an d  vessel-consum ing , and  the  recovery  of 
phospholip ids was b e tte r.

D ete rm in a tio n  of lip id  co n ten t in b ac te ria  as well as in  an im al and  h u m an  
tissues or organs, and  th e  s tu d y  of th e  com position  of lip ids m ay  be necessary  
for several d iagnostic  [1] an d  scientific  purposes [2].

Cell walls o f G ram -positive  b ac te ria  co n ta in  n e ith e r  phospholip ids n o r 
n e u tra l lipids in  considerab le  am oun ts. P hospho lip ids are  co n stitu en ts  of th e  
p lasm a m em branes an d  m esosom es, while th e  n eu tra ls  are  m ain ly  localised  
in th e  cy top lasm  [3]. T his c ircum stance  is ad v an tag eo u s as th e  exam in a tio n  
of phospholip ids of such b a c te ria  gives d irect in fo rm at ion on th e  phospholip id  
com position  of m em branes and  m esosom es. In  ad d itio n , i t  allows to  com bine 
such procedures fo r th e  com plete  ex trac tio n  of lip ids; in  th e  case of G ram -nega
tiv e  b a c te ria  th e y  can n o t be com bined  because of th e  p resence  of endo tox ins.

M ost of th e  m ethods fo r ex trac tin g  b ac te ria l lip ids h av e  been based  on 
th e  procedure  of B l i g h  an d  D y e r  [ 4 ]  described  fo r th e  e x tra c tio n  of tissu e  
lipids. The original m ethod  has been m odified  b y  severa l w orkers to  allow  
com plete  ex trac tio n  and  to  stab ilize  and  sim plify  th e  p rocedure . In  our labo-

* S u p ported  b y  th e  Scientific  R esearch  Council, H u n g a rian  M in istry  o f H e a lth  (2 — 
11 — 0305 — 01 -1/V ). '
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r a to ry  a m odification  w orked  o u t b y  R É d a i was used from  1967 to  1971 [5]. 
As th e  am o u n t of lipids o f Staphylococcus aureus e x tra c te d  b y  th is  m ethod  
seem ed to  be less th a n  th a t  p u b lish ed  b y  o th e r au tho rs [6, 7 ], we decided to  
co m p are  th e  lip id  yield o f th e  tw o  m odified  m ethods of B l i g h  and  D y e r  

[5, 7] w ith  th e  lipid yield o b ta in e d  b y  th e  m odified m ethod  [8] o f G o u l d  and 
L e i v n a r z  [6] using th e  cu ltu res  o f th e  sam e b ac te ria l s tra in  u n d e r th e  sam e 
cond itions.

The bu lk  of lip ids in  a n y  b a c te riu m  consists of phospho lip ids [2, 3, 5, 
7—10]. The procedures fo r d e te rm in in g  th e  q u a n tity  of its  in d iv id u a l com po
n e n ts  are tim e-consum ing  an d  expensive. T he essential s teps are , pu rifica tio n  
o f lip ids b y  colum n c h ro m a to g ra p h y , tw o-d im ensional th in  lay e r ch ro m ato g 
ra p h y  (TLC) on Silica gel, conversion  of phospholip id  p h o sp h o ru s  to  inorganic  
p h o sp h a te  and  m easuring  w ith  sp ec tro p h o to m e te r [11-15]. T he m ost w ork
consum ing  steps of lipid d e te rm in a tio n  are  th e  recovery  o f lip ids by  elu tion  
fro m  th e  gel a f te r  th e  TLC, e v a p o ra tio n  an d  dry ing .

Considering these  d ifficu lties , we decided to  com pare th e  phospholip id  
p h o sp h o ru s d e te rm in a tio n  p erfo rm ed  w ith  e lua ted  lipids (i. e. in  th e  absence 
o f Silica gel) an d  w ith  n o n -e lu a ted  lipids (i. e. in  th e  p resence of Silica gel) in 
o rd e r to  om it th e  elu tion  an d  th e  su b seq u en t steps.

Materials and methods

B acterial cultures. Two litre s  o f an  8 h r  cu ltu re  o f S. aureus 5814S as a rep re se n ta tiv e  of 
G ram -positive  b ac teria  [8] w ere used  fo r lipid ex tra c tio n . The m ed ium  w as a lip id-free Difco 
b ro th  [16] and th e  conditions o f c u ltiv a tio n  w ere iden tica l.

L ip id  extraction. The com p ared  lip id  e x tra c tin g  m ethods are g iven  in  T able  I. E ssen tia lly , 
ice cones of 400 ml volum e were ad d ed  to tw o litre s  o f th e  cu ltu re  to s to p  enzym e a c tiv ity  and 
g ro w th . W ashing was done a t  4 °C. N on-lip id  m ate ria ls  soluble in  lip id  so lv en ts  were ex tra c te d  
fro m  th e  b ac teria  by  5%  tr ich lo ro ace tic  acid (TCA) p rio r to lipid e x tra c tio n . E ach  non-lip id  
e x tra c tio n  was perform ed a t 4 °C fo r 15 m in  11 7 1. L ip id  e x tra c tio n  w as carried  o u t a t  room  
te m p e ra tu re  in a sep a ra to ry  funnel. A t th e  end of th e  p rocedure th e  ph ases were fu lly  sep a ra ted  
b y  cen trifu g a tio n . The up p er ph ase  w as d iscarded  an d  the  lower ch loroform  phase  con ta in ing  
th e  lip ids was ev ap o ra ted . On th e  n e x t d a y  th e  lip id  e x tra c tio n  was re p ea te d  from  th e  bac teria l 
m ass in  th e  sam e m anner. The lip ids fro m  th e  tw o ex tra c tio n s  were u n ite d  an d  th e n  s to red  a t 
— 20 °C u n til  fu r th e r  e x am in a tio n  [18].

Thin-layer and column chromatography. N e u tra l  lipids were se p a ra ted  from  phospholip ids 
on  Silica gel G (R eanal) by  one d im ensional TLC  according to  Sc iil ie r f  an d  W ood [19]. For 
th e  e lu tion  of lipids from  th e  gel th e  so lv en t system s described by  W h it e  an d  F rerm a n  were 
used  [7]. L ipids were purified  fro m  th e  Silica gel d u s t and from  o th e r  non-lip id  m ate ria ls  by  
co lu m n  ch ro m ato g rap h y  accord ing  to  W ells  and  D itt m e r  [15].

Determ ination o f  phospholip id  phosphorus. A fte r a previous com p ariso n  of a n u m b er of 
m e th o d s  [11, 12, 14, 20, 21] a n d  a d a p ta t io n  of ce rta in  p a r ts  of these  m eth o d s to ou r c ircum 
stan ces, phospholip id  p h osphorus d e te rm in a tio n  was carried  o u t as follow . S ep a ra tio n  of 
co m p onen ts of phospholip ids w as p e rfo rm ed  on n e u tra l Silica gel H (M erck, T ype 60) by  two 
d im ensional TLC [14]. In  o rder to  e lim in a te  im p u ritie s  from  th e  Silica gel H i t  was w ashed in 
m ethanol-ch loroform -form ic acid  2 : 1 : 1  (v /v /v ) p rio r to use [20]. A liquo ts of th e  sam e 
a m o u n t (0.5 mg) of phospholip ids w ere app lied  on th e  ch ro m ato p la tes , th e n  th e y  were sub jected  
to  ascending p rech ro m ato g rap h y  in  th e  so lven t system  of ace to n e-p e tro leu m  e th e r 1 : 3 (v/v) 
to  th e  to p  m arg in  of th e  p la te , to  w ash  o u t im p u ritie s  from  th e  lip ids an d  from  th e  gel. The 
lip ids rem ained  on th e  p la te  [13]. T w o-d im ensional TLC  took place f i r s t  in ch loroform -m etha- 
no l-acetic  acid 65 : 25 : 8 (v /v /v) [22] th e n , a f te r  d ry in g , a t  r ig h t angles to  th e  p la te  in  chloro
fo rm -m eth an o l-w a te r 65 : 25 : 4 (v /v /v ) [23]. B efore v isua lisa tion  of th e  com ponen ts, phospho-

Acta Microbiologica Acaderniae Scientiarurn Hungaricae 27, 1980



EVALUATION OF LIP ID  METHODS 25

ru s  s ta n d a rd s  of 50, 75 a n d  100 nm ole, re sp ec tiv e ly , were app lied  on th e  free area  of th e  p lates. 
To de te rm in e  th e  to ta l  phosphorus c o n ten t o f th e  phospholip ids, 0.1 m g of po lar lipid was also 
app lied . F o r the  analysis o f  phospholip id  ph o sp h o ru s , a n u m b er o f  p la te s  were exposed to  iodine 
v a p o u r and  th e  spo ts w ere im m edia te ly  o u tlin ed  w ith  th e  p o in t o f a needle. A fter th e  iodine 
h ad  e v ap o ra ted  from  th e  p la te , each o u tlin ed  sp o t was scraped  off, and  th e  phospholip id  was 
e lu ted  an d  th en  e v ap o ra te d  to  dryness. On an  o th e r p la te  th e  phospholip ids were visualised  
by  am m onium  m o lib d a te  sp ray  [24].

A fter th e  co m p o n en ts  had  becom e v isib le, each  phospholip id  sp o t and s ta n d a rd  as well 
as th e  to ta l  phospholip id  sp o t were ou tlined  th e n  scraped  d irec tly  in to  a 20 ml calib ra ted  p y rex  
te s t  tu b e . A d jacen t a rea s o f b lan k  Silica gel H  co rresponding  in  size an d  position  to  th e  areas 
co n ta in in g  phospholip id  w ere also scraped in to  te s t  tu bes. C onversion of phospholip id  p h o sp h o 
ru s to inorgan ic  p h o sp h a te  was perform ed by  70%  perch loric  acid  [12] in  th e  presence of Silica 
gel H [20]. Phospho lip ids e lu ted  from  th e  gel were also d igested . T he fu r th e r  steps occurred  
acco rd ing  to B a r tle tt’s p h o sp h a te  d e te rm in a tio n  [12]. A fter th e  colour had developed, th e  
vo lum es of th e  sam ples w ere checked and  m ad e  up  w ith  d istilled  w a te r to  the  orig inal volum e. 
The suspensions were cen trifu g ed  to sep ara te  th e  flu id  phase  fro m  th e  gel, th en  th e  ex tin c tio n  
of th e  su p e rn a ta n ts  w as re ad  a t  830 nm  in a Jo b in -Y v o n  sp ec tro p h o to m eter.

P rio r to th e  phospho lip id  p h osphorus d e te rm in a tio n  th e  se p a ra ted  com ponents were 
id en tified  by  th e ir R F v a lu es in several ch ro m a to g rap h ic  system s [3, 7, 9, 10, 13, 14, 22, 23, 25]. 
R ecen tly , phospholip id  s ta n d a rd s  of Serva h av e  been used.

Table I
Comparison o f  l ip id  extracting methods

M a te r iu ls  a n d  p ro c e d u re s

M e th o d s  o f

B l ig h  a n d  D y e r  [4 ] , m o d if ie d

b y  W h i t e  a n d  
b y  R e d a i  [5] F r e r m a n  [7]

G o u l d  a n d  
L e n n a r z  [6 ], 

m o d if ie d  b y  u s

Inh ib ition  of enzym e ac tiv ity  by HCl HCI ice,

pH 4 pH  2 6°C

W ashing w ith 0 .9%  NaCl buffer buffer

pH  5 p H  7.1 p ll 7.2

E x trac tio n  of non-lip ids by 5% once — two tim es

TCA

Lipid ex trac tio n

R eflux  in isopropanol ml - 50 -
buffer, ml - 60 -
w ater, ml 60 — 20
m ethanol, ml 150 50 100
chloroform , ml 60 75 200
p H 3 6.5 2
period, h r 2 2 2

buffer, ml — 75 —
w ater, ml 60 — -
chloroform , ml 60 75

0.9%  NaCl, p H  2, ml — — 125

period, hr 1 1 0.5
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Results

L ip id  extraction. T able I I  gives a com parison  of th e  lip id  y ie ld  of th e  d if
fe re n t lip id  e x tra c tin g  procedures. T he m odifications of th e  m eth o d  of B l i g h  

a n d  D y e r  e ith e r b y  R é d a i  [5] or b y  W h i t e  and  F r e r m a n  [7] re su lted  in 
e ssen tia lly  th e  sam e lip id  yields (P  =  0 .5 -0 .6 ). On th e  o th e r h a n d , our m odi
f ic a tio n  of th e  m e th o d  of G o u l d  an d  L e n n a r z  seem ed to  be s ig n ifican tly  m ore

Fig. 1. Phosphorus s t a n d a r d  curves w i th o u t  Silica gel and  in the  presence of Silica gel H. 
□ ---------- □  w ithou t  Silica gel H; a  a  w ith  Silica gel H: No =  n u m b er  of m easurem ents ;

P  p ro b ab il i ty  of  iden t i ty

fav o u rab le  th a n  th e  fo rm er tw o  m od ifica tions. The lipid excess o f 7 .5-8 .1  m g 
p e r  g of d ry  b a c te r ia , considering th e  d ev ia tions, derived  exclusively  from  th e  
b e t te r  ex trac tio n  o f po lar lip id  (P  <  0.001).

D eterm ination o f  phospholip id  phosphorus. Before co m p arin g  th e  p ro 
cedures for phosph o lip id  p h o sphorus de te rm in a tio n , p h o sp h o ru s s ta n d a rd  
cu rv es were p lo tte d  w ith  and  w ith o u t Silica gel H . F igure 1 show s th e  phosphorus 
s ta n d a rd  curves.

As can he seen, below a 100 nm ole phosphorus co n te n t th e  ex tin c tio n  
v a lu es  did n o t d iffe r s ign ifican tly  in  th e  tw o system s, in d ica tin g  th a t  th e  
co lou r was no t d is tu rb e d  b y  th e  p resence of Silica gel H . F u r th e r  d a ta  are no t 
g iven  in  Fig. 1 since over 100 nm ole phosphorus th e  ex tin c tio n  did n o t p ro 
p o rtio n a lly  increase w ith  th e  p h o sphorus co n ten t in e ith e r system .

N ext, th e  in fluence  of Silica gel H  on th e  digestion of phospholip ids by  
perch lo ric  acid, i. e. th e  conversion o f phospho lip id  phosphorus in to  inorganic  
p h o sp h a te , and  on th e  developm ent of th e  colour was stu d ied . The question  
w as w hether Silica gel H  inh ib ited  th e  d igestion  and th e  colour developm ent.
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Tabic II

Y ie ld  o f  lip ids fro m  eight-hour cultures o f S. aureus 5814S by d ifferent extraction procedures

M ethod
N o. o f m g lip id  p e r  g o f d ry  b ac te ria

e x tra c tio n s
to ta l  lip id p o lar  lipid n e u tra l  lip id

I R É D A I  [ 5 ] 4 2 8 .7 ± 2 .0 17.6 +  1.9 n . l ± l . l
I I  W h it e  and  F rerman  [7] 4 2 9 .3 ± 1 .9 17.4 +  1.9 1 1 .9 ± 1 .3

I I I  Gould  and  L ennarz [6] 

m odified by  us

4 36 .8 + 1 .5 25.1 +  1.5 1 1 .7 + 1 .2

Differences betw een

I and II 0.6 0.2 0.8

J Г and  III 7.5 7.7 0.2

I and III 8.1 7.5 0.6

R esu lts  o f these  ex p erim en ts  are show n in T able I I I .  I t  is seen th a t  th e  lip id  
phosphorus values o b ta in e d  in  the  p resence of Silica gel H  did no t differ sign if
ican tly  from  those o b ta in e d  w ith o u t Silica gel H. W ith o u t Silica gel H  th e  
dev ia tio n s were g rea te r  th a n  in its p resence.

Table III

Comparison o f  phosphorus liberation from  phospholipids by perchloric acid in  the presence and in

the absence o f  S ilica  gel H

P h ospho lip ids (in 1 m g 
o f  p o lar lipid)*

No. of 
m easure

m ents

N anom oles p h o sp h o ru s

in  p resen ce  o f  in  ab sen ce  of 
S ilica gel H  S ilica gel H difference

P

P ho sp h atid ic  acid 6 80 +  7 82 +  12 2 0.8-0.7

P liosphatidylg lycerol 5 672 +  128 5 2 8 + 9 6 144 0.2-0.1

L ysophosphatidylg lycerol 7 42 ±  4 48 +  9 6 0.2-0.1

D iphosphatidylg lycerol 6

O
'

ONCO 98 +  24 9 0.6-0.5

L ysy lphosphatidy lg lycero l 5 91 +  3 92 +  5 1 0.8-0 .7

C55-isoprenylphosphate 5 47 ±  3 4 5 +  3 2 0.3-0 .2

T o ta l 5 1023 +  133 899 +  100 124 0.2-0.1

* E x tra c te d  from  8 h o u r cu ltu re s  of S . aureus 5814S by  th e  p ro ced u re  of Gould and  L ennarz  (6) 
m odified  b y  us.
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D iscussion

We have m odified  and  sim plified  th e  lip id  ex trac tin g  p rocedure  of Go uld  
a n d  Lennauz [6]. T he lipid yield  o f th e  m odified  m ethod  p roved  sign ifican tly  
g re a te r  th a n  th a t  of th e  m odified m eth o d s of Bligh and Dyer [5, 7]. B esides, 
th e  p rocedure  developed  by  us has a n u m b er of advan tages. T he g rea te r y ield  
o f  lip ids derives p ro b ab ly  from  severa l fac to rs  of w hich th e  m ost im p o r ta n t 
are  th e  follow ing. T re a tm e n t w ith  TCA before lipid e x tra c tio n  resu lts  in  a 
w ith d ra w a l of non-lip id  m ateria ls  t h a t  can  be dissolved in lip id  so lvents. Con
seq u en tly , p a r t  o f th e  solvents rem ains for lipids. F u rth e rm o re , TCA t r e a t 
m e n t loosens th e  s tru c tu re  of b ac te ria . The p ro p er p H  value of th e  ex trac tio n  
sy s tem  seems to  be essential. The b e s t m ix tu re  of so lvents is o b ta in ed  a t p H  
2.0. In  th e  firs t sy stem , th e  2 to  1 ra tio  of chloroform  and m eth an o l increases 
th e  solving c a p ac ity  of th e  sy stem  to  p o la r lip ids. In  th e  second system  th e  
large  vo lum e of sa lt so lu tion  accelerates sep a ra tio n  of th e  o rganic  phases and  
th e  co n cen tra tio n  of lipids in to  th e  ch loroform  phase. D uring  one h a lf  h o u r 
s ta n d in g  th e  phases becom e sep a ra ted  so p e rfec tly  th a t  cen trifu g a tio n  m ay  be 
o m itte d . K eeping th e  p H  of th e  system s a t  2 resu lts  in an in h ib itio n  of th e  
a c t iv i ty  of phospholipases.

T he yield o f C55-isop reny lphospha te  can  considerably  be  increased  if  
th e  m ass of b a c te ria  is sub jec ted  to  fu r th e r  ex trac tio n  in n -b u ta n o l an d  6 M 
p y rid in e  ace ta te  4 : 1 (v/v) [9] or a  2 : 1 m ix tu re  of these so lven ts [26].

D e te rm in a tio n  o f phospholip id  phosphorus in th e  presence of Silica gel 
H  ta k e s  1-2 days less an d  is cheaper as th e  phospholip ids are f ir s t  e lu ted  from  
th e  gel. A t the  sam e tim e , th e  loss o f lip ids is also less. In  th e  case of th o se  
com ponen ts th a t  give diffuse spots on TLC , e.g. phosphatidy lg lycero l, th e  edges 
o f th e  spots can he v isualized  by  am m o n iu m  m olybdate  sp ray  [24] b e tte r  th a n  
b y  iod ine v apour, so i t  is easier to  ou tline  th e  spo ts a fte r sp ray ing .

W hen d igestion  b y  perchloric acid  ta k e s  p lace, a tte n tio n  m u st be focussed 
a t  ensuring  a p e rfec t suspension of Silica gel H  in  th e  reac tio n  system . F o r 
th is  v e ry  reason , th e  volum e of perch lo ric  acid solu tion  m u st be increased  
acco rd ing  to  th e  a m o u n t o f gel in th e  tu b e . On th e  o th e r hand , w hen  th e  am o u n t 
o f th e  gel is sm all, the  volum e of th e  d igesting  solution m ay  be decreased. 
O f course, changes in  th e  volum es h av e  to  be considered w hen ca lcu la tin g  th e  
p h o sp h o ru s c o n ten t. Before s ta r tin g  th e  d igestion , i t  is adv isab le  to  m ix th e  
re a c tio n  system  th o ro u g h ly  b u t carefu lly .

A n u m b er o f m eth o d s th a t  use su lphuric  acid for digestion  of phospho li
p ids [ I I ,  20, 21] was also te s ted . T hese procedures are m ore co m plica ted  th a n  
is th e  perchloric acid  digestion . M oreover, phosphorus s tan d a rd s  m ade up  w ith  
su lp h u ric  acid of d iffe ren t firm s excep t M erck, gave a line th a t  s ta r te d  above 
zero . In  o th e r w ords, th e  b lanks co n ta in ed  som e phosphorus, co n seq u en tly  
th e y  ex h ib ited  some ex tin c tio n .
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O ur results in d ica te  th a t  for lip id  ex trac tio n  from  G ram -positive  b a c te 
ria  i t  is advisable to  u tilize  our m odified  m ethod  o f G o ul d  and  L e n n a r z . 
On th e  o ther h an d , conversion of phospho lip id  p h o sphorus in to  inorgan ic  
p h o sp h a te  by  perch lo ric  acid d igestion  by  B a r t le t t’s p ro ced u re  in  th e  presence 
o f Silica gel H is a fa s t, cheap and  reliab le  m ethod  [8].

Acknowledgements. W e are in d eb ted  to  D r. P . J é k e l , C om puting  C entre o f L. K ossu th  
U n iv e rs ity , D ebrecen, fo r s ta tis tic a l e v a lu a tio n  of th e  da ta .
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EFFECT OF METHICILLIN ON THE PHOSPHOLIPTD 
CONTENT OF METHICILLIN SENSITIVE 

STAPHYLOCOCCUS AUREUS*
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(R eceived  J a n u a ry  15, 1979)

T he effects of m eth ic illin  a t  c o n ce n tra tio n s  o f 1 [лg/m l ( =  y2 X m in im u m  in h ib ito ry  
c o n ce n tra tio n )  an d  2 /ig /m l ( 1  X M IC ) on th e  phosp h o lip id  c o n te n t o f m eth ic illin -sensitive  
Staphylococcus aureus 5814S grow ing ex p o n en tia lly  were s tu d ied . D u rin g  2-hour tre a tm e n t 
У2 Х  M IC of m eth icillin  in d u ced  a s ig n ifican t in crease  in  th e  p h o sp h o lip id  co n te n t o f th e  cocci; 
a cc u m u la tio n  of acid p h o sp h o lip id s was p re v a le n t. In  co n tra s t, a d d itio n  of 1 X M IC of m e th i
cillin to  th e  cu ltu res re su lted  in sign ifican tly  less phospholip ids in  th e  cocci com pared  w ith  
th a t  o f th e  con tro l cu ltu res . T here  were som e a lte ra tio n s  in  th e  a m o u n ts  o f in d iv id u a l p h o s
ph o lip id s du rin g  t re a tm e n t. T he p h o sp h a tid ic  acid  (PA ) and d ip h o sp h a tid y lg ly c e ro l-c a rd io - 
lip in  (D P G ) co n ten ts  w ere sig n ifican tly  red u ced  in  th e  f irs t  h o u r  th e n  reach ed  th e  co n tro l 
v a lues b y  th e  end of th e  2nd  h r  o f exposure. A n  o p p osite  change w as fo u n d  in  th e  a m o u n t of 
ly sy lp h o sp h a tid y lg ly ce ro l (L P G ), w hereas th e  p h o sp h a tid y lg ly ce ro l (PG ) level w as sign ifi
c a n tly  low er in  th e  tre a te d  cu ltu res  th a n  in  th e  con tro ls of co rresp o n d in g  age. P h o sp h o lip id  
sy n th es is  seem s to be one of th e  sites of th e  ac tio n  of m eth ic illin  in  S. aureus.

Cells of Staphylococcus aureus g row n in th e  p resence of su b in h ib ito ry  
co n cen tra tio n s  of m e th ic illin  show7 irreg u la ritie s  in sh ap e , size and sta in ing . 
L arge sw ollen cocci w ere seen on film s [1]. O ur electron  m icroscopic ob serv a
tions an d  m orphom etric  stud ies rev ea led  th a t  g row th  o f th e  m eth ic illin -sensi
t iv e  cells of S. aureus  s tra in  5814S in  th e  presence of 0.5 pg  m eth icillin  p e r ml 
for 14 h r  resu lted  in a sign ifican t increase  in  b o th  cy to p lasm ic  and  w hole cell 
vo lum e [2, 3].

The effect o f m eth ic illin  on th e  p e rm eab ility  of S. aureus 524SC was 
m easu red  by  R ogers  who found a m ax im u m  increase o f p e rm eab ility  to  8- 
a n ilin o -l-n a p h th a le n e  su lphonic  acid a t  2 pg/ml,  and  th e  sam e co n cen tra tio n  
p roduced  th e  h ighest ra te  of d ea th  an d  lysis [4]. In  our ex p erim en ts , cells of
S. aureus  5814S w hich had grow n in th e  presence of m eth ic illin  (0.25 pg/ml)  
fo r 18 h r  show ed considerab le  changes in  th e  com position  of th e ir  phospho lip ids
[5]. T he resu lts  of th ese  ex perim en ts in d ica te  th a t  exposu re  to  th e  an tib io tic  
of m eth ic illin -sensitive  cocci renders th e m  osm otically  fragile .

I t  is know n th a t  th e  cell w all p lay s a passive ro le in  cell p e rm eab ility  
16 -8 ] w hile th e  cellu lar e lem ent responsib le  for th e  m a in ten an ce  and reg u la tio n  
of n o rm a l tra n sp o r t  is th e  cell m em b ran e . M oreover, th e re  is evidence th a t  en 
zym es in v o lved  in  w all syn thesis  are localized  in  th e  m em b ran e  and  m esosom es

* S u p p o rted  b y  th e  Scien tific  R esearch  Council, H u n g a ria n  M in istry  o f H e a lth  (2-11- 
-0305-01-1/V). This w ork  w as p resen ted  a t  th e  X l l t h  In te rn a tio n a l C ongress o f M icrobiology, 
M ünchen  1978, as a p o ste r. A b s tra c t K .7 , p. 205.
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[8—13], and th e  a c tiv ity  of som e o f th e  wall sy n th e tiz in g  enzym es are lip id- 
dependen t [11, 14]. and the  lip ids req u ired  fo r enzym e a c tiv ity  are essential 
s tru c tu ra l and  fu n c tio n in g  c o n s titu e n ts  of th e  m em brane an d  m esosom es [6,
7, 14-19].

Considering th e  s tru c tu re  an d  ro le o f th e  m em brane in  cell in teg rity , we 
h av e  assum ed th a t  th e  in h ib ition  o f lip id  syn thesis  b y  m eth ic illin  is invo lved  
in  th e  killing effect o f th e  an tib io tic , in  o th e r  w ords th a t  phospho lip id  syn thesis  
m a y  he a can d id a te  fo r m eth icillin  k illing  sites. I f  lipid syn th esis  is involved in  
th e  cell killing sites o f m eth icillin , th e  cells unab le  to  su rv ive  u n d e r th e  ac tion  
o f th e  an tib io tic  w ill con ta in  less lip ids th a n  those capab le  of surv iv ing  th e  
effect of m eth icillin  (5, 20].

In  th is  p a p e r  we describe th e  effect of m eth icillin  a t  co ncen tra tions of 
l/2 X  MIC and  1 X  M IC on th e  phosph o lip id  co n ten t of cells of th e  m ethicil- 
lin -sensitive s tra in  S. aureus 5814S grow ing ex p o n en tia lly .

Materials and methods

Strain. All th e  experim en ts  were carried  o u t w ith  th e  m eth icillin -sensitive  s tra in  
S . aureus 5814S [21].

M edium . Cells w ere grown in  lip id -free  D ifco -b ro th  co n ta in ing  1 %  glucose p H  7.2, 
in  w hich all c o n stitu e n ts  excep t casein h y d ro ly sa te  were defined chem ically  [22].

Antibiotic. M eth ic illin  was p u rch ased  from  Chinoin, B u d ap est.
Cultivation. In  ten - litre  re to r ts  7 l itre s  o f b ro th  were ino cu la ted  w ith  an ap p ro p ria te  

d ilu tio n  of 18 hr c u ltu re s  o f the  s tra in , so th a t  th e  final inocu lum  co n ta in ed  1 .2 -1 .5 x 1 0 ' 
o rgan ism s per ml. In c u b a tio n  was done a t  37°C. T he cu ltu res were s tir red  w ith  T eflon-covered 
m ag n e tic  stirrers for 5 m in  a t  h a lf h o u r in te rv a ls . W hen  th e  ex tin c tio n  of th e  cu ltu res h ad  
reach ed  the  value of 0 .65, equ iv a len t to  5 -7  X Ю8 b acteria  pe r m l, d e te rm in ed  w ith  a Spec- 
tro m o in  202 sp e c tro p h o to m ete r a t 650 n in , m eth ic illin  w as added  a t  co n cen tra tio n s in d ica ted  
in  th e  Figures. A t 0, 1 an d  2 h r  la te r  sam ples w ere ta k e n  for d e te rm in in g  th e  v iable  co u n ts  
a n d  d ry  weight, an d  fo r th e  e x tra c tio n  of lip ids.

L ip id  extraction. A m odified m eth o d  of Go uld  and  L en n a rz  [17] was used for th e  
e x tra c tio n  of to ta l lip id  [3, 23, 24]. C55-iso p ren y lp h o sp h ate  (C55-IP )  w as e x tra c te d  by  th e  p ro 
cedure  of An d er so n  et al. [25]. N on-lip ids w ere rem oved  on S ep h ad ex  G-25 fine colum n 
(P h a rm ac ia ) as described  by  W ells  a n d  D itt m e r  [26]. Polar lip ids w ere sep ara ted  from  
n e u tra ls  by  one-d im ensional th in  lay er c h ro m a to g ra p h y  (TLC) on Silica gel-G  p lates (M erck) 
in  th e  developing sy s tem  o f S c h lier f  and  W ood  [27].

Determination o f  phospholip id  phosphorus. S ep ara tio n  of th e  phospho lip id  com ponents 
w as perform ed on p u rif ied  n eu tra l Silica gel-H  p la tes  (M erck) by  tw o-d im ensional TLC [28 |, 
develop ing  first in ch lo ro fo rm -m eth an o l-ace tic  acid , 65 : 25 : 8, th e n  in  ch loroform -m ethanol- 
w a te r , 65 : 25 : 4 [29]. P hospholip ids w ere v isua lized  b y  spray ing  w ith  am m onium  m o ly b 
date-perch lo ric  acid [30]. T he spots w ere rem o v ed  in to  tu b es and  p h o spho lip id  phosphorus 
w as converted  in to  in o rg an ic  phosphate  by  70%  perch loric  acid in  th e  p resence  of Silica gel-H  
[3, 23, 24]. E stim a tio n  of p h o sphate  w as carried  o u t accord ing  to  B a r t le t t  [31].

Results

Figure 1 show s th e  effect o f m eth ic illin  on th e  v iab le  co u n ts  in cu ltu res o f
S .  aureus 5814S.

P rio r to  th e  ad d itio n  of m eth ic illin , th e  cells were grow ing exponen tia lly . 
A fte r  adding 1 /tg/m l ( =  l/^ x M lC ) to  th e  cu ltu res , m u ltip lica tio n  con tinued
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Fig. 1. S em ilogarithm ic re p re sen ta tio n  of th e  e ffec t o f m ethicillin  on  th e  g row th  k in e tics  in
th e  ex p o n en tia l phase o f m eth icillin -sensitive  S. aureus  5814S. О----О con tro l (6); 4)----О  1/íg
m eth icillin  per m l = %  X MIC (5): • — #  2/(g m eth icillin  per m l =  lx M I C  (5); figu res 

in p a ren theses in d ica te  th e  n u m b e r of experim en ts

an d  a sign ifican t gain  in  v iab le  co u n t o ccu rred  in th e  f irs t h o u r of m eth icillin  
exp o su re . B etw een  th e  f irs t and  second h ours of tre a tm e n t, th e  m u ltip lica tio n  
fa iled  to  proceed b u t  th ere  was no decrease in  v iab ility . T hus, u n d e r the  in fluence 
o f 1/2 X M IC o f m eth icillin  th e  m a jo rity  o f  th e  popu la tion  w as capable o f su r
v iv a l an d  o f doubling  for a certa in  perio d  o f tim e  b u t th e  cells m ultip lied  a t  a 
s ig n ifican tly  low er ra te . E xposure  of th e  ex p o nen tia lly  grow ing cells to  2 /tg/m l 
(1 X M IC) in h ib ited  fu r th e r  m u ltip lica tio n  a n d  caused a decrease in  viable co u n t 
for a perio d  of 2 h r.

T he changes in  op tical d ensity  o f  th e  cu ltu res tre a te d  w ith  m eth icillin  a t 
v a rio u s co n cen tra tio n s were m easured  sim u ltan eo u sly  w ith  th e  d e te rm in a tio n  
o f th e  v iab le  coun ts by  p la tin g . F igure  2 dem o n stra tes  th e  effect of m eth icillin  
on op tica l density .

T he resu lts  w ere som ew hat su rp rising . T he optical d en sity  of th e  cu ltu res  
tre a te d  w ith  ^  X MIC of m ethicillin  in creased  roughly  p a ra lle l w ith  th e  v iab le  
co u n ts . T he o p tica l d en sity  of th e  cu ltu re s  exposed to  l x M I C  of m eth icillin  
increased , how ever, during  th e  t re a tm e n t w hile the  v iab le  coun ts decreased 
s ig n ifican tly  (see F ig . 1). This co n trad ic tio n  m ight derive from  tw o fac ts. On 
th e  one h an d , m any  cells were a lread y  d ead  b u t  no t lysed, th e re fo re  th e  to ta l  
n u m b e r o f cocci was m uch h igher th a n  th e  n u m b er of th e  su rv iv ing  ones. On 
th e  o th e r h an d , w hen th in  sections w ere m ade of th e  cells from  th e  cu ltu res  
t re a te d  w ith  lx M I C  of m ethicillin , e lec tro n  m icroscopy rev ea led  g ran u la tio n
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Time of treatment, hr

F ig . 2. Changes in  th e  o p tica l d ensity  of ex p o n en tia lly  growing cu ltu res  of S. aureus 5814S
tre a te d  w ith m eth ic illin . О -----О contro l (6); ( ) — l//g  m ethicillin  per ml = %  X MIC (5);

• ---- •  2 fig m eth icillin  p e r m l 1 X MIC (5)

Time of treatment, hr

F ig . 3. Changes in th e  p h o sp h a tid ic  acid (PA ) c o n te n t of ex p o nen tia lly  growing S. aureus 5814S
tre a te d  w ith m eth icillin . О -----О contro l (4, 12); { ) -----J )  1/vg m eth ic illin  per ml - %  X M IC

(5, 15); •  —#  2 fig m ethicillin  p e r m l l x  M IC (5, 15)
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and  th e n  an  agg regation  of granules in  th e  cy to p lasm  o f m an y  cells. A few  cocci 
were only  lysed , and co n tam in a tio n  of th e  b ac te ria l pelle ts b y  m em brane ele
m ents w as poor [3]. T h u s, th e  d iscrepancy  betw een  th e  v iab le  counts and  th e  
op tical d en sity  of th e  cu ltu res tre a te d  w ith  1 X MIC of m eth icillin  was p a r t ly  
due to  th e  dead  cocci and  p a rtly  to  th e  agg rega tion . T he d ry  w eight o f th e  cu l
tu res co rresponded  w ith  th e  optical d en sity .

Fig. 4. C hanges in th e  phosphatidy lg lycero l (PG ) c o n te n t o f lo g arith m ica lly  grow ing S . aureus
5814S tre a te d  w ith  m eth ic illin . О -----О con tro l (4, 12); О -----1 /<g m ethicillin  pe r m l —

%  X M IC (5, 15); • ---- •  2 //g  m eth ic illin  p e r m l 1 X MIC (5,15)

F igu re  3 shows th e  effect of tw o co n cen tra tio n s  o f m eth icillin  on th e  PA  
co n ten t of th e  cocci d u rin g  a period of 2 h r. T he 1st figu re  in paren thesis  in d i
cates th e  n u m b er o f experim en ts and  th e  2nd figure in d ica tes  th e  n u m b er of 
m easu rem en ts. I t  can  be seen th a t  th e  P A  level o f th e  con tro l cells d id  n o t 
change d u rin g  th e  long-phase exam ined . A dd itio n  of 1/2 X MIC of m eth icillin  
to  th e  cu ltu res  caused  a continuous and  sig n ifican t increase in  th e  PA  co n ten t. 
In  c o n tra s t, u n d er th e  influence of 1 X M IC of m eth icillin , th e  PA c o n te n t of 
th e  cells fell rap id ly  in  th e  firs t hour th e n  re tu rn e d  to  th e  con tro l v a lue  b y  th e  
end of th e  second hour.

F igu re  4 shows th e  changes in th e  P G  c o n te n t of cocci tre a te d  w ith  m e th i
cillin. PG  w as th e  m a jo r com ponent of th e  phospho lip ids in  S. aureus 5814S. 
Since PG  h ad  been show n to  cata lyse  th e  a c tiv ity  of translocase , an  enzym e in 
volved in  p ep tid o g ly can  synthesis b y  S. aureus  [11], i t  seem ed of in te re s t to  
m easure th e  PG  level of th e  m e th ic illin -trea ted  cells. F igure  4 ind ica tes th a t  
the  PG  co n te n t of th e  con tro l cells increased  w ith  th e  d u ra tio n  of th e  log-phase. 
E xposure  o f th e  cu ltu re s  to  % X MIC of m eth ic illin  b ro u g h t abou t a n ear 2-fold
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F ig . 5. Changes in  th e  card io lip in  (D PG ) c o n te n t o f S. aureus 5814S grow ing  e x p o n en tia lly
ex p o se d  to  m eth icillin . О -----О  co n tro l (4, 12); О — О  1 /tg m eth ic illin  per m l =  % x M I C

(5, 15); •  •  2 /ig  m eth ic illin  p e r ml 1 x M IC  (5, 15)

F ig . 6. Changes in  th e  ly sy lp h o sp h a tid y lg ly ce ro l (L P G ) c o n te n t o f S. aureus  5814S grow ing
ex p o n en tia lly  exposed to  m eth ic illin . О -----О co n tro l (4, 12); 1 /<g m eth ic illin  per

ml =  1/2 X M IC  (5, 15); •  « 2  /tg  m eth ic illin  per m l =  1 x M IC  (5, 15)

increase  in  the  P G  c o n te n t o f th e  cells. T he increase teas s ig n ifican tly  h ig h er 
th a n  in  the con tro ls. In  co n tra s t, th e  a d d itio n  of 1 X MIC of m eth ic illin  to  th e  
c u ltu re s  in h ib ited  th e  syn thesis  of PG or enh an ced  g rea tly  its  hydro lysis . In  
fa c t,  a fte r g row th  w ith  2 /vg/ml for 2 h r, th e  PG level was as low  as it h ad  been 
a t  О-tim e, and d iffered  sign ifican tly  from  th e  contro l level.

F igure 5 d em o n stra te s  th e  effect of m eth icillin  on th e  D P G  c o n te n t of 
th e  exponen tia lly  g row ing  cocci. In  th e  co n tro l cu ltu res th e re  was a s ligh t 
in crease  in th e  a m o u n t of D P G  during  th e  log-phase. U nder th e  effect o f %  X 
M IC of m ethicillin  a sign ifican t accu m u la tio n  of D PG  occurred  in  th e  cells,
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while l x  MIC caused a sign ifican t decrease in  th e  D P G  c o n te n t of th e  cells in  
th e  f irs t ho u r of exposure, th e n  it in creased  to  the О-tim e value.

F igure 6 shows th e  LPG  c o n te n t o f th e  cells exposed to  m eth icillin . L P G  is 
one of th e  m ost im p o rta n t phospho lip ids since takes p a r t in  a n u m b er of m e ta b 
olic processes [32— 34]. As can he seen from  Fig. 6, th e  L PG  level of con tro l

Time of treatment , hr

Fig. 7. E ffec t o f m eth ic illin  on the  b o u n d  C 55iso p ren y lp h o sp h ate  (C 55-IP )  c o n te n t in  S.
uuereus 5814S grow ing exp o n en tia lly . О -----О  co n tro l (4. 12); { ) — О  1 /<g m eth ic illin  pe r

m l =  у2 X MIC (5, 15); •  •  2 /ig  m eth ic illin  per m l =  lx M I C  (5, 15)

cells increased  para lle l w ith th e  in c u b a tio n  tim e. The a d d itio n  of y2 X M IC of 
m eth icillin  induced  a sign ifican t accu m u la tio n  of L PG  in  th e  cocci.

In  c o n tra s t to  th e  o th e r phospho lip id s, u n d er th e  in fluence of 1 X MIC 
of m eth icillin  th e  L P G  level did n o t decrease, h u t was s ign ifican tly  enhanced  
by  th e  cells in th e  f irs t hour of th e  t re a tm e n t th en  it  fell to  th e  con tro l va lue .

F igure 7 d em o n stra te s  th e  effect of m ethicillin  on th e  C55-IP  co n te n t of 
ex p o n en tia lly  grow ing cocci. C55-IP  is know n to  he a ca rrie r in th e  p ep tid o - 
glycan syn thesis of S. aureus [25]. The co n tro l cells co n ta ined  th e  sam e am o u n t- 
o f C55-IP  d u ring  th e  course of th e  log-phase  stud ied . H a lf  th e  MIC of m e th ic il
lin  increased  sign ifican tly , while 1 X M IC reduced  sign ifican tly , th e  a m o u n t of 
C55-IP  in  th e  cells.

F igure  8 shows th e  am o u n t o f to ta l  phospholip id  in  cells tre a te d  w ith  
m eth icillin . The s tru c tu re  and  fu n c tio n s o f th e  lipid p a r t  o f th e  staphy lococcal 
m em brane are considerab ly  d e te rm in ed  b y  in teg ra tin g  th e  in d iv id u a l p h o s
pholip ids to  to ta l  phospholip id . F igu re  8 shows th a t  th e  to ta l  phospholip id  
co n ten t of th e  con tro l cells increased  s ign ifican tly  du ring  th e  log-phase s tu d 
ied . U nder th e  in fluence of 1/, X MIC o f m ethicillin , to ta l phospho lip id  sy n th e 
sis was s tim u la ted  or phospholip id  ca tab o lism  was in h ib ite d  resu ltin g  in  a sig 
n ifican tly  la rger am o u n t th a n  th a t  fo u n d  in  u n tre a te d  cells. In  c o n tra s t, ad-
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Fig. 8. E ffect of m e th ic illin  on  th e  phospho lip id  c o n te n t o f 8 . aureus 5814S growing ex p o n en 
tia lly  О -----О co n tro l (4, 12); О -----4) 1 //g m eth ic illin  pe r ml =  % X  M IC (5, 15); # ----- #  2 fig

m eth icillin  per m ] l x  M IC (5, 15)

d ition  of l x  M IC o f m eth icillin  to  th e  cu ltu res  seem ed to  stop  th e  fu r th e r  
synthesis of ph o sp h o lip id s . In  fac t, th e  a m o u n t of to ta l  phospholip id  in  th e  
cells trea ted  wi th  1 X M IC of m ethicillin  for 2 h r  w as sim ilar as th e  О-tim e va lue , 
an d  sign ifican tly  less th a n  th a t  in th e  con tro ls or in cells exposed to  %  X MIC 
of th e  an tib io tic .

D iscussion

The response  of lip id  m etabo lism  in  sensitive s taphy lococcal cells to  
an tib io tic  t r e a tm e n t w as unknow n before 1971. Since th e n  a num ber of a n t i 
bio tics has been show n to  in fluence lip id  syn thesis  and  m etabolism , in d ep en 
dence on th e  c o n c e n tra tio n  and  th e  k in d  of an tib io tic  [5, 35, 36]. O ur resu lts  
are in  accordance w ith  those  ob ta ined  w ith  an tib io tics in te rfe rin g  w ith  cell 
wall synthesis.

The m ost su rp ris in g  fact is th a t  m eth ic illin  s trong ly  influences the  p h o s
pholip id  co n ten t o f sen sitive  staphy lococcal cells grow ing exponen tia lly . L ip id  
synthesis seem s to  be v e ry  sensitive to  th e  ac tion  of m eth ic illin , th e  effect of 
w hich on th e  lip id  c o n te n t of cells g rea tly  depends on its  co n cen tra tion . W hen 
tre a tm e n t occurs w ith  1 //g/ml ( =  V2 x  M IC), th e  m a jo rity  o f cells has th e  p o s
sib ility  to  su rv iv e , an d  in  these  cells th e  a m o u n t of phospho lip ids increases
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sign ifican tly . L ip id  accum ula tion  o rig inates m ainly fro m  increase in  acid- 
phospholip ids. To increase th e  am o u n t of lipids hy  th e  su rv iv ing  cells m ay  
he ad v an tag eo u s in  severa l respects. I t  increases th e  com pactness of th e  m em 
b ran e  s tru c tu re . The excess of lipid increases the  im p erm eab ility  to  w a te r  by  
increasing  th e  h y d ro p h o b ic  n a tu re  of th e  m em brane. F u rth e rm o re , i t  increases 
th e  a c tiv ity  of enzym es th a t  requ ire  phospholip ids [10, 11, 14].

The resu lts  ra ise  th e  problem  of lip ids in the  su rv iv a l o f staphy lococcal 
cells a f te r  exposure to  %  X MIC of m eth ic illin . The role o f lipids is su p p o rted  
b y  th e  physico-chem ical stud ies on th e  in te rac tio n  of phospho lip ids w ith  
penicillins resu lting  in  various decreases in  th e  effectiv eness of penicillins [37, 
38].

On th e  o th e r h a n d , w hen cells are  tre a te d  w ith  2 /.tg/ml (1 X MIC) of m e th i
cillin inh ib itin g  th e ir  g row th  a b ru p tly , an  alm ost com plete  in h ib itio n  o f th e  
syn th esis  of acid phospho lip ids is observed . F a s t ca tab o lism  of these lip ids is 
un lik e ly  to  tak e  p lace b u t  th is  p o ssib ility  canno t be excluded . In  an y  case, 
m eth ic illin  a t g ro w th  in h ib ito ry  co n cen tra tio n s appears to  exert a d ram a tic  
effect on cells b y  p re v e n tin g  th e  n ecessary  increase in  th e  am o u n t o f acid 
phospho lip ids, som e o f w hich  are a c tiv a to rs  of enzym es. B esides, low ering of 
th e  lip id  co n ten t in th e  m em brane is accom panied  by  an  increase in th e  p e r
m eab ility  to  w a te r due to  th e  fall in h y d ro p h o b ic ity . This ran g e  of even ts w ith  
th e  increased  a c tiv ity  o f  wall h y d ro ly tic  enzym es [4] m ay  lead  to  th e  d ea th  
of cells b y  d isru p tio n  in th e  presence of m eth icillin  in g ro w th  in h ib ito ry  con
cen tra tio n s .

U n til now, m eth ic illin  and  th e  o th e r b e ta -lac tam  an tib io tic s  have been  
k n o w n  to  ac t only  on th e  cell wall syn th esis  of b ac te ria  [9, 13, 39, 40]. O ur 
re su lts  allow to  conclude th a t  m eth icillin  has a t  least tw o sites of ac tion  in  S. 
aureus. One is p ep tid o g ly can  syn thesis anil th e  o ther is p h ospho lip id  sy n thesis . 
As fa r as we are aw are, th e  earliest find ings concerning th e  effect of m eth icillin  
on phospho lip id  syn th esis  in S. aureus cam e from  our la b o ra to ry  [3, 5, 20].
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LYSOSOMAL ACRIDINE ORANGE UPTAKE 
IN FIBROBLASTS TRANSFORMED BY SY40 or 

HUMAN CYTOMEGALOVIRUS*

I .  RÉ D A I and MÁRTA H a LMY

In stitu te  o f  M icrobiology, U niversity M edical Sehol, Debrecen 

(R eceived  F e b ru a ry  15, 1979)

Lysosom es o f liv ing  h u m an  fib ro b lasts , S V 40-transform ed r a t  f ib ro b la sts  and h u m an  
CM V -transform ed h a m s te r  f ib ro b la sts  were exam ined  b y  fluorescene m icroscopy a fte r  p re 
tre a tm e n t w ith  acrid ine  orange a t  a  su p ra v ita l co n ce n tra tio n  (5 X 10г’ m). D ye u p tak e  by  h u m an  
p rim ary  f ib ro b la s t lysosom es was considerable and in d e p e n d e n t of th e  age of th e  cu ltu res . 
In  the  tran sfo rm ed  cu ltu res , cy to p lasm ic  g ran u la r red  fluorescence in d ica tin g  lysosom al 
acrid ine orange u p ta k e  could n o t be observed  in p a r t  o f  th e  cells; cells show ing no cy top lasm ic  
g ran u la r fluorescence ap p eared  as early  as a fte r 48 h r  in c u b a tio n  and  w ere growing in d ep en 
dence on the  age of th e  cu ltu re . S ta in in g  of living cells b y  acrid ine  orange  solu tions a t  su p ra 
v ita l co n cen tra tio n  is a p rac ticab le  m ethod  for th e  e x am in a tio n  of fu n c tio n al changes of 
lysosom es.

Z e l e n i n  an d  his cow orkers [1-3] were th e  f irs t  to  iden tify  w ith  lysosom es 
the  partic les fluo resc ing  in  a b rig h t red colour in th e  cy top lasm  of living cells 
p re tre a ted  w ith  an acrid ine o range solu tion  o f  su p rav ita l concen tra tio n . A cri
dine orange (2,8 -b is-d im ethy lam ine  acridine) m onom ers and  polym ers fluoresce 
in green and red colour, respective ly . A m ino-acrid ines show  a w ell-defined 
a ffin ity  for lysosom es. W hen th e ir  co n cen tra tio n  in  th e  lysosom es has reached  
a certa in  level, p o ly m eriza tio n  resu lts  in th e  ap p earan ce  o f red  fluo rescen t 
granules in th e  cy top lasm .

I t  was p ro v ed  soon a fte r  th e  discovery o f  lysosom es th a t  lysosom al e n 
zym es p lay  an im p o r ta n t p a r t  in  inducing  cell division. S im ilar observations 
were m ade in livers reg en era tin g  a fte r p a r tia l h ep a tec to m y  [4].

I t  is w ell-know n th a t  s tab ilizers of th e  lysosom e m em brane  in h ib it cell 
division. I t  is also obvious th a t  lysosom al enzym es are con tinuously  or g ra d 
ually  released b y  tu m o u r cells. Still, th e  ro le  o f lysosom al enzym es in th e  
con tinuous p ro life ra tio n  of tu m o u r  cells has n o t been clarified  satisfac to rily . 
Sylven [5], h av in g  exam ined  th e  enzym e c o n te n ts  of in te rs titia l tu m o u r flu id s, 
concluded th a t  lysosom al enzym es flow  in to  th e  ex trace llu lar space from  t u 
m our cells an d  from  cells of th e  tu m o u r-b e a rin g  organism . Carevic et al. [6] 
have show n th a t  acid p h o sp h a ta se  is re leased  from  cells in livers in filtra te d  
by  leukaem ia cells. A ccording to  Urban and  Unswort [7] th e  lysosom al acid

* This w ork  w as su p p o rted  b y  th e  H u n g a rian  M in istry  of H e a lth , G ran t No. 2-11- 
-0801-01-1.
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p h o sp h a ta se  a c tiv ity  of N ovikoff h e p a to m a  cells and  of cells of an im als b earin g  
th e  tu m o u r is d im in ished  an d  th e  lysosom es are decreased in  num ber.

In  th e  p resen t re p o rt fluorescence-m icroscopic lysosom al changes ob
served  in  cell lines c u ltiv a te d  in  vitro a n d  tran sfo rm ed  b y  D N A  v iruses are  de
scribed .

Materials and methods

Cell cultures, (i) P rim ary  h u m an  f ib ro b la s t cu ltu res; (ii) the  r a t  f ib ro b la s t SVfi8 C — 3Y1 — 1 
subclone  [8] tran sfo rm ed  by  a wild s tra in  o f sim ian  virus 40 (SV40); (iii) T R H  clone orig
in a tin g  in  h am ste r fib ro b lasts  tran sfo rm ed  b y  h u m an  cy tom egalov irus (CMV; (iv ) H E p-2  
e stab lish ed  cell line.

Cells were cu ltiv a ted  on  coverslips in  D u lbecco’s n u tr ie n t f lu id  con tain ing  10%  bovine 
serum . A fter in cu b a tio n  for 24, 48, 72, 96 an d  120 h r. coverslips w ere tran sfe rred  in to  a m ain 
ten a n ce  flu id  con ta in ing  5 x l 0 -6 M acrid ine  o ran g e, b u t no serum , and  in cu b a ted  fo r 15 m in 
a t  room  tem p era tu re . T he coverslip  cu ltu res  th u s  p repared  were w ashed in PB S , th e n  placed 
on  a slide an d  exam ined  in  an  O p ton  U n iv ersa l Fluorescence M icroscope a t  390 n m  wave 
len g th . P h o to g rap h s were ta k e n  on A gfacolor f ilm  w ith  1 to 2 m in  exposure  tim e. T h e  n u m er
ica l decrease of cells e lic iting  g ra n u la r  fluorescence were exam ined  in  coverslip cu ltu re s  in 
each  of w hich 100 cells were counted .

Results

T he cells w ashed  in  PB S  s ta in ed  well w ith  5 x l 0 ~ fiM acrid ine orange. 
T h e  little  s ta in  rem ain ing  in  th e  in te rs t i t ia l  substance  gives no fluorescence, 
th u s  th e  m icroscopic p ic tu re  is sh a rp  an d  can well be p h o to g rap h ed . It is 
also easy  to  d iffe ren tia te  liv ing  cells from  dead ones because th e  la t te r  have 
a diffuse red  fluorescence. The lysosom es o f th e  living cells, on th e  o th e r  han d , 
show  a g ran u la r red  fluorescence; th e  g ranu les are accu m u la ted  m ain ly  a round  
th e  nucleus and  only sca tte red  lysosom es occur elsew here in th e  cy to p lasm .

B righ t red g ran u la r fluorescence w as visible in every  living h u m a n  f ib ro 
b la s t, regardless of th e  age o f th e  c u ltu re ; a 120 h r cu ltu re  is show n in  F ig . 1.

E v ery  SV40 tran sfo rm ed  ra t  f ib ro b la s t  showed red  fluorescence in  th e  24 
h r  cu ltu res (Fig. 2), w hereas in 48 h r  cu ltu res some non-d iv id ing  cells were 
devoid  of red -fluorescing  g ranules, w hile o thers co n ta in ed  ju s t  a few  (Figs 3 
an d  4). D uring  pro longed  cu ltiv a tio n  non-fluorescing  cells were in c reasin g  in 
p e rcen tag e . The re la tio n sh ip  betw een  th e  decrease of lysosom al fluorescence 
an d  th e  age of th e  cu ltu re  is i l lu s tra te d  in  Fig. 5.

The cells show ing cy top lasm ic  d iffuse green fluorescence and w ell-visible 
nucleo li m ay he reg a rd ed  as liv ing cells even if  no g ran u la r red  fluorescence can 
be d e tec ted  in them .

The m orphological changes observed  in cu ltu res o f h am ste r f ib ro b la s ts  
tran sfo rm ed  by  h u m an  CMV were s im ila r to  those observed  in th e  S V 40-trans- 
fo rm ed  cell cu ltu res.

N ex t, lysosom al acrid ine-o range u p ta k e  of the estab lished  cell line  H E p-2 
w as exam ined . Only a p ro p o rtio n  o f th e  cells d isplayed a g ran u la r red  fluorés-
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Fig. 1. H u m an  fib ro b la s ts  in  120 h r p r im a ry  cu ltu re . A crid ine orange s ta in  (5 X 10 -(i m). A gfa- 
color film , exposure  tim e 1 m in  X 250

Fig. 2. T w en ty -fo u r-h o u r culture  of S V 40-transform ed r a t  fib rob lasts. E x p o su re  2 m in  X 400 
Figs 3 and 4. F o rty -e ig h t-h o u r cu ltu re  of SY 40-transform ed r a t  f ib ro b lasts . E xposure  tim e

2 m in  X 400
Fig. 6. Cells from  a 72-hr cu ltu re  of H E p -2  cells. T he cells were cu ltiv a ted  in  flasks, th en  try p -  
sinized and  th e  cell suspension th u s  o b ta in ed  was t r e a te d  w ith  acrid ine  orange. E x posure

tim e 2 m in X 400
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Fig. 5. A ge-dependent changes in the  n u m b er o f cells co n ta in in g  dem onstrab le  lysosom es 
du rin g  in cu b a tio n ; X h u m a n  fib ro b la s t cells; Д  r a t  f ib ro b la sts  cells transfo rm ed  b y  SV40

cence a fte r th e  above tre a tm e n t. F igu re  6 shows a 72 h r  cu ltu re  o f H E p-2  
cells.

The d is tr ib u tio n  o f cells giving lysosom al fluorescence in d ifferent 5- day 
cu ltu res  is p re sen ted  in T ab le  I.

Table I

Lysosomal acridine orange uptake by prim a ry  hum an fibroblasts and cultured tum our cells

C u ltu red  cells
N o. o f  experi

m en ts
P o sitiv e  cells in 
5 -d ay  c u ltu res , 

p e r  cen t

P rim ary  h u m an  fib ro b lasts 6 to o
Rat fib rob lasts line tran sfo rm ed  by SV40 6 3 8 ± 1 2

H am ster fib ro b last line tran sfo rm ed  by h u m an  CMY 5 4 3 ± 9
E hrlich  ascites tu m o u r cells 4 0

U sing th e  sam e tech n iq u e  we failed  to  observe g ran u la r  red fluorescence 
in E hrlich  ascites cells o f th e  m ouse.

Discussion

I t  has been k n o w n  since th e  p u b lica tio n s of Z e l e n i n  et al. [1-3] th a t  the 
lysosom es of liv ing  cells tak e  up  acrid ine  orange if  th e  dye is applied  a t  su p ra 
v ita l c o n cen tra tio n  (L0~5- 1 0 -e m ). T he dye u p ta k e  is th e  resu lt of an  ac tive  
cell function . P o ly m eriza tio n  of th e  dye m olecules req u ires  no active cell fu n c
tio n . A ggregation  an d  po ly m eriza tio n  of dye dipoles is assum ed to  occur w ith
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th e  co -operation  of w a te r  m olecules, if  th e  d is tan ce  betw een  neighbouring  
dipoles is less th a n  0.5 nra . T he re la tio n sh ip  betw een  th e  degree o f po lym eriza
tio n  of fluorochrom es and  th e ir  co lour has been discussed by  MÓdis [9].

The lack o f lysosom al g ra n u la r  red fluorescence in som e tu m o u r cells 
m ay  have tw o causes, an  in h ib itio n  of active u p ta k e  or else th e  dim inished 
enzym e co n ten t of lysosom es m ay  n o t be su ffic ien t for acrid ine orange poly
m eriza tion . We p refer th e  la t te r  a lte rn a tiv e  because in  vitro every  young  tu m o u r 
cell, except th e  d iv id ing  ones, d isp lays a g ran u la r red  fluorescence. In  48 
h r cu ltu res th e  ou tflow  o f enzym es from  th e  tu m o u r  cell lysosom es m ay he so 
in ten siv e  th a t  th e  dye m olecules th a t  have been ta k e n  up  c a n n o t be po lym er
ized in  th e  lysosom es. T his a ssu m p tio n  has been su p p o rted  b y  severa l investi
g a to rs . Nicholson [10], exam in in g  th e  enzym e co n ten t o f d im ethy lbenz- 
an th racen e-in d u ced  r a t  m am m ary  tu m o u rs , found  an increase in  lysosom al en
zym e ac tiv ity  du ring  th e  regression follow ing horm one tre a tm e n t. K a suk ab e  
et al. [11] rep o rted  th a t  g lucocortico id  tre a tm e n t of Ml m yelogenous leukaem ia 
cells o f SL m ouse s tra in  origin w as follow ed b y  cell d iffe ren tia tio n  and  th a t  
d u rin g  th is  d iffe ren tia tio n  lysosom al enzym es w ere induced .

F rom  our own ex perim en ts a n d  lite ra ry  d a ta  we th e re fo re  assum e th a t  
th e  lysosom es of tu m o u r  cells fu n c tio n  d iffe ren tly  from  th e  lysosom es of n o r
m al cells, in th a t  enzym es are co n tin u o u sly  released from  tu m o u r  cell ly so 
som es. The process m ay  be n ecessary  for av e rtin g  c o n ta c t in h ib itio n .

T he lysosom al changes in liv in g  cells can easily  be follow ed b y  fluores
cence m icroscopy a f te r  s ta in in g  w ith  acrid ine orange a t su p ra v ita l concen tra
tio n .

Acknowledgements. W e are in d eb te d  to  D r. D. R o b lin  (F red erick  C ancer R esearch 
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IN VITRO TRANSFER OF MULTIPLE RESISTANCE 
OBSERVED IN VIVO DURING A SALMONELLA 

LONDON EPIDEMIC

J u d it h  L a n t o s  and E l is a b e t h  Ma r ja i

P ublic  H ealth Station, Szeged 

(R ece ived  M arch 12, 1979)

B etw een  1976 and 1978, w aves o f Salm onella london  infections conveyed  by  raw  m ea t 
a n d  m ea t p ro d u c ts  were observed. T he s tra in s  iso la ted  du rin g  th e  ep idem ic  w ere f irs t suscep
tib le  th en  developed  m ultip le  a n tib io tic  resistance. T he iden tica l a n tib io tic  resistance  p a tte rn s  
o f th e  s tra in  an d  th e ir  m ore freq u e n t occurrence in  h o sp ita l en v iro n m en ts  in d ica ted  p lasm id- 
m ed ia ted  resistance. R -p lasm id  tra n s fe r , m in im um  in h ib itio n  co n ce n tra tio n  and resistance  
e lim in a tio n  w ere stu d ied  in  re p re se n ta tiv e  stra in s . T he re s is tan t S. london  s tra in  and  tran s-  
co n ju g an ts  o f Escherichia coli ren d ered  re s is ta n t w ere com pared. T he re su lts  p roved  th a t  
m u ltip le  resistance  w as p lasm id -m ed iated .

In  th e  p a s t 15 years a la rge  b o d y  of la b o ra to ry  and  epidem iological ev i
dence has accu m u la ted  on th e  sp read  of m u ltiré s is tan t b a c te ria  in h osp ita l en 
v iro n m en t. I t  has heen d em o n stra ted  th a t  an tib io tic  resistance  o f th e  s tra in s  
is linked  to  th e  D N A  sequences carried  b y  th e  p lasm ids. T he recen tly  recog
nized tran sp o so n s [1] possess th e  cap ac ity  to  m ove betw een th e  p lasm ids, th e re 
fore i t  can  be assum ed th a t  th e y  p lay  an im p o r ta n t p a r t in  th e  developm ent 
o f m u ltip le  resistance . B ac te ria  b earin g  R p lasm ids are p e rm a n e n t p o te n tia l 
donors of th e  carried  resistance . T ran sfe r of R plasm ids from  one en teric  
b ac te riu m  to  th e  o ther can easily  be assessed in experim en ts  in  vitro. I t  is 
m ore d ifficu lt to  prove th a t  tran sm issio n  has occurred in vivo. U sually , only  
a su b seq u en t analysis of th e  s tra in s  iso la ted  during  th e  o u tb re a k  [2], th e  
in  vitro te s ts  an d  th e  c larification  o f th e  epidem iologic b ack g ro u n d  can verify  
in  vivo tra n sfe r  [3]. I t  is because of these  d ifficu lties th a t  u su a lly  no ex am in a
tio n s  are m ade to  d em o n stra te  w h e th e r a p a tie n t excre ting  or carry ing  th e  
m u ltip le  re s is ta n t s tra in  did excre te  or c a rry  any  ap a th o g en ic  en teric  b a c te 
ria  serving as a vecto r for m u ltip le  resistance .

The p resen t s tu d y  was done (i) to  analyze  th e  changes in  an tib io tic  resis
ta n c e  of th e  s tra in s  in view of th e  epidem iological and  food bacterio log ical 
b ack g ro u n d ; (ii) to  te s t th e  tra n s fe ra b ility  o f th e  R  p lasm id  of th e  m u ltirés is
t a n t  s tra in s; and  (iii) to  in v es tig a te  resistance  tra n sfe r  b y  genetic  techn iques 
in  o rder to  su p p lem en t th e  epidem iological observations.
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M aterials and  m ethods

Strains. T h ree  re p re se n ta tiv e  s tra in s  w ere selected from  th o se  iso la ted  during  th e  ep i
dem ic. Salmonella london  1207 was iso la ted  in  th e  course of en v iro n m en ta l screening of food
stu ffs, s tra in s  S. london  11249 and  12641 w ere iso lated  from  th e  stoo l sam ples o f p a tie n ts  
w ith  en te ritis . As re c ip ie n t s tra in , Escherichia coli K12 H fr la c -  n a lr was used.

Culture media. In fu sio n  b ro th : B acto  p ep to n e  (D ifco), 1 g; L ab-L em co beef e x tra c t  
(O xoid), 10 g; NaCl, 5 g; d istilled  w a te r, 1000 m l; p H  7.4; 121°C 30 m in. The solid m ed ium  
w as p repared  by ad d in g  11 g o f O xoid ag ar No. 1 pe r 1000 m l b ro th . T he an tib io tic  re s is ta n t 
tran sco n ju g an ts  were se lected  on eosin m eth y len e  blue agar, to  w hich  te tracy c lin e  or k an am y - 
cin (50 /ig/m l) or am picillin  or ch loram phenico l (25 /ig/m \) was g iven. N alid ix ic  acid (50 /zg/ml) 
w as in co rp o ra ted  in  all m ed ia  supp lem en ted  w ith  an tib io tics.

Determ ination o f  antibiotic resistance. R esis te s t disks ( In s t i tu te  for Serobacterio logical 
P ro d u c tio n  and R esearch , H u m an , B u d ap es t) w ere used.

D eterm ination o f  m in im u m  inh ib ition  concentration (M IC ) .  T he tu b e  d ilu tion  tech n iq u e  
w as applied  using a p p ro x im a te ly  105 cell inocu la . T he cu ltu res w ere in cu b aed  a t  37°C fo r 24 hr. 
G row th  was exam ined  in  th e  presence of 20 to  2000 /ig/m l of th e  an tib io tic s .

R  p lasm id  transfer. F ro m  th e  fresh  cu ltu res  o f th e  donor a n d  rec ip ien t s tra in s  0.1 m l 
each  was given sep a ra te ly  to  4.5 ml b ro th . In c u b a tio n  a t  37°C fo r 4 h r  followed. A fte r s tre a k 
ing  th e  controls on  p la te s  co n ta in in g  th e  in d iv id u a l an tib io tic s , d o nor and  recip ien t s tra in s  
(ra tio  1 : 2) were in o cu la ted  in to  4.5 m l b ro th . T he cu ltu res w ere in cu b a ted  a t  37°C fo r 18 hr. 
T he colonies grow n in  th e  presence of th e  d iffe ren t an tib io tic s  w ere coun ted , p la te d , th e n  
an tib io tic  resistance  w as te s te d  by  th e  d isk  m eth o d . T ransfer f req u en cy  was re la ted  to the  
rec ip ien t stra ins . F i sp ec ific ity  of th e  R p lasm ids was exam ined  w ith  m ale spicific f 2 a n d  M S2 
phages.

Phage typ ing  o f  E . coli strains. S ta n d a rd  E . coli phage series [4] and T j-T 7 phages 
w ere used.

E lim in a tio n  o f  antibiotic resistance was ex am ined  in  th e  b ro th  cu ltu re  of th e  s tra in s  
u n d e r s tu d y  to  w hich ch lorp rom azine  (40 /ig /m l) was given. T he cu ltu res  were in cu b a ted  a t 
37°C for 24 to 48 hr.

Spontaneous loss o f  resistance was exam in ed  by  keeping th e  do n o r stra in s  and th e  t r a n s 
co n ju g an ts  a t  room  te m p e ra tu re  for 10 m o n th s  th e n  coun ting  th e  suscep tib le  colonies. D ilu 
tio n s were p repared  of w hich  0.1 ml y ielded a p p ro x im ate ly  100 colonies. A fter in cu b a tio n  
a t  37°C for 18 h r, re p lica -p la tin g  w ith  d iffe ren t an tib io tic s  was m ad e . T he sp o n taneous seg- 
re g a n t colonies were su b cu ltu red  several tim es an d  th en  checked b y  th e  disk  m ethod .

Results

S. london s tra in s  iso la ted  earlie r (from  1972 on) in C ounty  C songrád 
corresponded  in all th e ir  p ro p erties  to  those  described in th e  K au ffm a n n -W h ite  
schem e. B etw een 1976 and  1978 several o u tb reak s occu rred ; th e  iso lates had  
an  unchanged  an tigen ic  s tru c tu re  (3,10: 1, v : 1,6), h u t w ere inositol negative  
and  some of th em  even failed  to  fe rm en t dulcito l.

W hile th e  p h en o ty p e  of th e  epidem ic s tra in  rem ained  stab le  in its b iochem 
ical functions, th e  an tib io g ram  show ed considerable changes. U sing 10 a n t i 
b io tics (am picillin , carbenicillin , ch loram phenico l, te tracy c lin e , k an am y c in , 
s trep to m y c in , neom ycin , p o lym yx in  B, colistin  and  nalid ix ic  acid), the  orig inal 
s tra in  iso lated  before th e  1976 epidem ic proved  suscep tib le . A stra in  iso la ted  
th ree  m onths a fte r th e  o u tb reak  from  a child h osp ita lized  w ith  en te ritis  was 
re s is tan t to  3 an tib io tic s : ch lo ram phen ico l, te tracy c lin e  an d  s trep to m y c in ; no 
o th e r  stra in  d isp lay ing  a sim ilar resistance  p a tte rn  was found . A t th e  end  of 
th e  f irs t wave of th e  o u tb reak , several s tra in s  were iso la ted  from  th e  m edical
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Fig. 1. F req u en cy  of en te ritis-asso c ia ted  sensitive a n d  re s is tan t S. london  s tra in s  in h o sp ita l
env ironm en t

w ard  and  o th e r h ea lth  in s titu tio n s . These s tra in s , as com pared  to  the  original 
s tra in , developed resistance  to  7 an tib io tics : ainpicillin , carbenicillin , ch lo ram 
phenicol, s trep to m y c in , te tracy c lin e , k an am y c in  and  neom ycin  (Table I).

A to ta l of 87%  of th e  m u ltiré s is tan t S. london stra ins w ere isolated from  
th e  hosp ita l en v iro n m en t (Fig. 1). I t  is assum ed th a t th e  th e ra p e u tic  use of 
various an tib io tic s  fac ilita ted  th e  selection o f these  stra ins.

The b iochem ical ch arac teris tics , m u ltip le  resistance and  th e  freq u en t 
occurrence in  h o sp ita l en v ironm en t of th ese  stra ins suggested  a p lasm id- 
m ed ia ted  d rug  resistance . To prove th is , experim en ts w ere conducted  w ith  
th ree  d ifferen t s tra in s  using th re e  m ethods.

1. The resu lts  of R p lasm id  tran sfe r b y  con jugation  are  g iven in T able I I .  
I t  is seen th a t  th e  tra n sfe r  frequency  was b e tw een  1.10-3  an d  4 .10~4. T ran sfe r

Table I

Antibiogram o f  the epidemic S. london strains

S tra in Sm Cm Те Ap K m Cb N m P m Col N a l

S. london 5 0 5 3 s s s s s s s s 5 s
S. london 3 9 0 8 2 R R R s s s s s S s
S. london 1 1 2 4 9 R R R R R R R s s s

Sm =  strep tom ycin ; Cm =  chloram phenicol; Tc =  te tracy c lin e ; Ap ainpicillin ; K m  =  k a n a 

m ycin; Cb =  carbenicillin ; N in =  neom ycin; Pm  =  polym yxin ; Col colistine; Nal nala- 

dixic acid; S =  sensitive; R  =  re s is tan t
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Table II

Transfer o f antibiotic resistance from  S. london strains to E . coli K 12

D o n o r stra in R e c ip ien t s tra in T ran sfe rred  res is tan ce T ran sfe r  f req u en cy

S. london 1207 E. coli K 12N a l- A p, Cm, Sm, Tc, K m 3 .7  X  1 0  “ 4

S. london 1 1 2 4 9 E. coli K 12N a l- A p, Cm, Sm, Tc, K m 1 .5  X  1 0 “ 3

S. london 1 2 6 4 1 E. coli K 12N al~ Ap, Cm, Sm, Tc, K m 1 . 3 X  1 0 - 3

o f 5 an tib io tic  re sistances was exam ined  (am picillin, ch lo ram phen ico l, t e t 
racy c lin e , s trep to m y cin  and  k an am y cin ). The tra n sc o n ju g a n ts  had  becom e 
re s is ta n t to  all the  5 d rugs sim u ltan eo u sly ; th e ir phage p a tte rn  was th e  sam e 
as th a t  of the  rec ip ien t E .  coli K12 s tra in . The R p lasm id  p roved  to  be o f fi~  
ty p e .

2. The above m en tio n ed  5 an tib io tic s  were used to  estab lish  MIC values. 
M ICs of th e  original S. london s tra in  and  o f th e  E. coli tra n sc o n ju g a n ts  rendered  
re s is ta n t  were com pared . As can  he seen in  Table I I I  th e  values were largely  
id en tica l.

Table III

M inim um  inhibitory concentrations (fig/ml) fo r  the multirésistant donor and the transconjugant
strains

Strains Ap Cm Sm Tc K m

S. london 1207 2000 500 2000 500 2000

E. coli K 12 (R  1207) 2000 500 2000 500 2000

S. london 11249 2000 500 1000 500 2000

E. coli K 12 (R  11249) 2000 500 500 500 2000

S. london 12641 2000 500 1000 500 2000

E. coli K 12 (R 12641) 2000 500 1000 500 2000

F or abbreviations see T ab le  II

3. C hlorprom azine [5] was used to  elim inate a n tib io tic  resistance ; 100 
to  200 colonies were ex am in ed  in each case. A bout 3 .5%  o f th e  exam ined  colo
n ies of th e  S. london s tra in s  lost th e ir  res is tan ce  to  th e  an tib io tic s  ex cep t t e t 
racy c lin e . Among th e  tra n sc o n ju g a n ts  rendered  re s is ta n t, e lim ination  was 
successful in 3.8%  b u t th e se  colonies becam e sensitive to  te tracy c lin e . S p o n ta 
neous loss of resistance  w as s tu d ied  in  s tra in s  k ep t fo r 10 m onths a t  room  
te m p e ra tu re . Of th e  d o n o r s tra in s 12 to  87% , of th e  tra n sc o n ju g a n ts , 66 to  
8 8 %  yielded sensitive colonies. T e tracy clin e  resistance o f  th e  donor s tra in s  
w as stab le  in these ex p erim en ts , too  (T able IV).
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Table IV

R  plasm id  elim ination  in  the strains studied

S tra in s

C hlo rp rom azine S p o n tan eo u s

Colonies
exam ined

Colonies
suscep tib le Colonies

exam ined

Colonies
suscep tib le

No. % N o. %

S. london 1207 150 4 2.6 92 34 36.9

S. london 11249 125 6 4.8 150 18 12.0

S. london 12641 192 6 3.1 160 140 87.5

E. coli K 12 (R  1207) 242 7 2.8 136 120 88.2

E. coli K 12 (R  11249) 143 7 4.9 112 84 75.0

E. coli K I2 (R  12641) 243 8 3.3 180 120 66.6

D iscussion

P lasm ids can  be p resen t in  each  cell in  m ultip le  copies. D esp ite  th e ir  
sm all size [6], th e y  m ay co n stitu te  20%  of th e  to ta l  cell D N A . T he cell needs 
e x tra  energy  to  m a in ta in  th is  excess D N A , th u s  i t  is n o t su rp ris in g  th a t  it 
g rad u a lly  loses its  R plasm ids in  an tih io tic -free  m edium  [7]. W a t a n a b e  and  
L y a n g  [8] in v es tig a ted  th e  segregation  of re s is ta n t s tra in s in  Salmonella typhi-  
m urium .  S tu d y in g  th e  spon taneous loss of f i + an d  f i -  p lasm ids, i t  was found  
th a t  th e  f i -  R  plasm ids of th e  m icroorgan ism  were s tab le , w hereas th e  fi + 
ty p es becam e segregated  w ith  h igh freq u en cy  and  rem ained  s tab le  only  in  E. 
coli s tra in s  [9, 10]. Y osh ik aw a  et al. [11] in v es tig a ted  th e  re la tio n sh ip  b e t
w een th e  h ost cell an d  R p lasm ids in  Salmonella , Shigella and  E. coli s tra in s. 
T hey  found th a t  th e  R plasm ids iso la ted  from  salm onellae w ere m ostly  of th e  
f i -  ty p e .

O ur ex p erim en ts  seem to  have  p roved  th a t  th e  DNA genes responsib le 
fo r th e  m u ltip le  resistance of S. london  s tra in s  iso lated  d u rin g  th e  epidem ic 
w ere loca ted  on th e  p lasm id. R esistance  tra n s fe r  to  th e  tra n sc o n ju g a n ts  of 
th e  5 an tib io tic s  exam ined  occurred  in v a ria b ly  sim ultaneously  as d id  also th e  
loss of re s is tan ce . The s tab ility  o f te tra c y c lin e  resistance, in  ag reem en t w ith  
th e  o b se rv a tio n  of o th e r au th o rs  [10], m igh t he due to  th e  m ore in tensive  
a tta c h m e n t o f th e  te tracy c lin e  locus to  th e  h o st chrom osom e or to  its  location  
on a sep ara te  p lasm id .

Several p ap ers  have dealt w ith  th e  m u ltip le  resistance in  h u m an  an d  
an im al Salmonella  s tra in s. The use of an tib io tic s  as feed ad d itiv e s  and  for 
th e ra p e u tic  purposes in v e te rin a ry  p rac tice  ex e rt a selection on th e  m u ltiré 
s is ta n t s tra in s  carried  b y  th e  an im als. Since in tergeneric  p lasm id  tra n s fe r  is 
com m on, tra n s fe r  to  stra ins of h u m an  p a th o g en ic ity  rep resen ts a serious dan-
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ger. D uck  et al. [12] an a ly sed  th e  re sis tan ce  of d iffe ren t S. typh i-m urium  sero 
an d  p h ag e-v a rian ts  iso la ted  in  C anada in  1975 an d  1976. T hey  found th a t  61.7% 
of th e  equine, hov ine  an d  av ian  s tra in s  carried  resis tan ce  to  m ultip le  a n tib io 
tic s . N e u  et al. [13] exam ined  th e  an tib io g ram s an d  sero types of h u m an  and  
an im al Salmonella s tra in s  iso lated  in  th e  n o rth -e a s te rn  s ta te s  of the  USA. T hey , 
to o , found  th a t  m u ltip le  resistance was m ost f re q u e n t in  S. typ h i-m u r iu m , in 
58% of th e  h u m an  a n d  80% of th e  an im al s tra in s . In  1968 and  1969 only 
12.5% of th e  s tra in s  carried  te tracy c lin e  resis tan ce . In  general, th e  resistance  
to  6 drugs (am picillin , ch lo ram phen ico l, s trep to m y c in , te tracy c lin e , k an am y c in  
an d  su lphonam ide) w as tran sfe rab le . T im o n e y  [14] re p o rte d  th a t  only 12% of 
th e  iso lates from  d iseased  anim als (cow, calf, horse, dog, cat) were susceptib le . 
O f th e  re s is tan t s tra in s , 91% carried  m u ltip le  re s is tan ce  b u t one-th ird  of th e  
resistances was tra n s fe ra b le  only a t  28 °C. A n d e r s o n  [15] p repared  a m ap  of 
R p lasm ids re la te d  to  th e  te rr ito r ia l d is tr ib u tio n  of Salmonella  s tra in s , and 
found  th a t  specific R  p lasm id  groups w ere d o m in a tin g  a t  d ifferen t p a r ts  o f th e  
w orld. As S. ty p h i-m u r iu m  s tra in s c ircu la te , th e y  m ay  acquire  new R p lasm ids 
in  h u m an  or an im al h o sts  th ro u g h  reco m b in a tio n  w ith  o th e r en teric  b ac te ria . 
R ische  et al. [16] s tu d ie d  th e  m an n e r of th e  sp read  of in fection  from  an im al 
to  m an  and  vice v e rsa ; th e y  also d iscussed  th e  possib ilities of R p lasm id  selec
tio n  in  hosp ital, u rb a n  an d  ru ra l en v iro n m en ts , an im al h u sb an d ry , p la n t p ro 
d uc tion , am ong w orkers of th e  a n tib io tic s  in d u s try  an d  anim al feed p ro d u c 
tio n .

The p red o m in an ce  of Salmonella  sero types varies  from  y ear to  y e a r  all 
over th e  world. N everth e less , S. typh i-m urium  is u su a lly  listed  am ong th e  m ost 
com m on ones iso la ted  from  foodstu ffs of an im al orig in , w hereas S. london 
s tra in s  were n o t m en tio n ed  in th is  g roup  u n til  1975. T akács  [17] re p o rte d  on 
Salmonella  s tra in s  iso la ted  in H u n g a ry  in  1974 an d  1975; in  1974 S. london 
was n o t in the  g roup  o f th e  m ost fre q u e n t Salmonella  iso lates b u t in  1975 it 
a lread y  took  th e  f if th  p lace. Milch et al. [18] in v es tig a ted  th e  drug  sen s itiv ity  
o f  2400 S. typh i-m u r iu m  s tra in s iso la ted  in  H u n g a ry ; 4.5% were m u ltiré s is ta n t 
an d  of these th e  re s is tan ce  was p lasm id -m ed ia ted  in  80.5%.

In  th e  o u tb re a k s  described in  th is  p ap er, epidem iological evidence also 
su p p o rted  the  role o f  raw  m eat an d  m ea t p ro d u c ts  in  th e  spread  of th e  in fec
tio n . The s tra in s  d e riv ed  from  foodstu ffs  were, how ever, all d rug  sensitive 
excep t a single one iso la ted  in  th e  course of e n v iro n m en ta l screening. I t  was 
f irs t  in  a hosp ita l e n v iro n m en t th a t  a m u ltiré s is ta n t s tra in  was revealed ; th is  
w as th e n  followed b y  several o thers. A to ta l  of 83 %  of th e  h o sp ita l s tra in s  
carried  m ultip le  re s is tan ce . U n fo rtu n a te ly , a f te r  th e  appearance  of m u ltiré 
s is ta n t s tra ins, th e re  w as no possib ility  to  exam ine th e  in tes tin a l flo ra  o f th e  
p a tie n ts  for th e  p resen ce  of b ac te ria  w ith  sim ilar m u ltip le  resistance. T herefo re, 
p lasm id -m ed ia ted  res is tan ce  of th e  epidem ic s tra in  could  only be exam ined  in 
vitro.
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OF SOME TRICYCLIC COMPOUNDS
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(R eceived  M arch 28, 1979)

Som e tricy c lic  p sychotrop ic  d ru g s are know n to  hav e  plasm id curing  a c tiv ity . The in te r 
ac tio n  w ith  D N A  of th ree  plasm id curing  (ch lo rp rom azine, a m itrip ty lin e , im ip ram in e) and  
fo u r ineffective  (m ethy lene blue, 7 ,8 -d ioxo-ch lorprom azine, th iaz in am iu m , ch lorprom azine  
su lphoxide) com pounds was stu d ied  b y  fluorescence po lariza tio n  an d  c ircu la r d ichroism  m e th 
ods. A m ong th e  seven com pounds th ree , nam ely  ch lorprom azine, 7 ,8 -0 2-ch lo rporm azine, and  
m eth y len e  blue show ed an  in te rca la tio n  effect. O th e r pheno th iazines such as ch lorprom azine  
su lphoxide and  th iaz in am iu m  were n o t able to  in te rc a la te  in to  Escherichia coli D N A , n e ith e r 
d id  th e  p lasm id  cu ring  drugs am itr ip ty lin e  and  im ip ram in e . I t  is concluded th a t  th e  p lasm id  
cu ring  a b ility  is n o t necessarily  re la ted  to  th e  in te rc a la tio n  ability .

Several investiga to rs have  s tu d ied  th e  in te rac tio n  of DNA w ith  sm all 
m olecules an d  som e possib ilities of specific in te rac tio n  are know n. R ecen tly  
we have  been  in te res ted  in  th e  effect o f various pheno th iaz ine  de riv a tiv es  
on ce rta in  aspects  of DNA rep lica tio n  in b a c te r ia . P heno th iaz ines have a m u lti
focal action  on biological system s and  m a n y  of these com pounds are w idely 
used  in p sy ch ia tric  d isorders. M oreover, p h en o th iaz ine  d e riv a tiv es  ex e rt some 
an tib a c te ria l effect in several species [1—3]. D etailed  genetic  stud ies have 
show n th a t  R -fac to r and  F ’lac fac to rs in  Escherichia coli can  e ffic ien tly  be 
cured  by  ch lorporom azine [2 -4 ]. B esides, we have selected lo n -m u ta n ts  o f E. 
coli w ith  a ra th e r  high frequency  in the  p resence  of ch lorprom azine, p ro m e th 
azine [5] an d  im ipram ine [6]. These d a ta  in d ica te  th a t  th e  tricyclic  drugs m ay 
in te ra c t w ith  D N A  in vivo.

The b a c te ria l plasm ids are  responsib le  for the  po ly resistance  of b ac te ria  
to  an tib io tic s  an d  th e  elim ination  of th is  resistance  is an im p o r ta n t question  
in ch em o th erap y . One possible m eth o d  of p lasm id  elim ination  is th e  in h ib itio n  
of p lasm id  rep lica tion  by tricyclic  com pounds. A ccording to  recen t in v es tig a 
tions th e  in h ib ito ry  effect is p ro b ab ly  based  on in te rca la tio n  in to  th e  p lasm id  
D N A  (e. g. acrid ine orange [7-10]). The a im  of th e  p resen t s tu d y  was to  te s t  
th e  v a lid ity  o f th is  supposition . T herefo re, we in v estig a ted  th e  b in d in g  to  D N A  
of th ree  p lasm id  curing com pounds: ch lo rp rom azine  [2, 4 ]; im ip ram ine  [6, 11]; 
an d  am itr ip ty lin e  [11], and o f th e  four ineffective com pounds m ethy lene  blue 
|8 , 11]: ch lorprom azine su lphox ide [11, 12], 7 ,8-dioxo-chlorprom azine [13] 
and  th iaz in am iu m  [14] by fluorescence p o la riza tio n  and CD techn iques.
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M aterials and  m ethods

E. coli M R E  600 D N A  w as k ind ly  p rov ided  b y  D r. A. U d v a rd y  (In s ti tu te  of B io ch em 
is try , B iological R esearch  C en tre , Szeged); poly-A  p o tassiu m  sa lt was a Sigma (USA) p ro d 
u c t;  7 ,8 -d ioxo-ch lorprom azine HC1 was a g ift from  D r. A. A. Ma n ia n  (Psychopharm aco logy  
R esearch  B ranch , D e p a r tm e n t o f M ental H ealth , R ockville , Md. USA). C hlorprom azine su lph- 
oxide was p rep ared  acco rd in g  to  F ischm an  and  G o ld en b er g  [15]. C hlorprom azine HCl 
(H ib e rn a l® ), im ip ram in e  H C l (M elipram ine® ), a m itr ip ty lin e  HCl (T ep erin ® ) were o b ta in ed  
from  EG Y T P h a rm ac eu tica l W orks (B u d ap est, H u n g a ry ), m ethy lene  blue from  R eanal (B u d a 
pest, H u n g ary ) and  th ia z in a m iu m  m eth y lsu lp h ate  (M u lte rg an ® ) from  Specia (P aris, F rance). 
T heir chem ical s tru c tu re  is show n in Fig. 1. In  th e  spectroscopic  s tud ies th e  following concen
tra tio n s  were used: 1 .6 х Ю ~ 4 м  D N A -P and  po ly -A -P  (w here D N A -P  and  poly-A -P re fe r  to 
g ram -a to m s of phosp h o ru s p e r lite r), while th e  com pound  co n cen tra tio n  ranged from  1.0 X 10 ~5 
to  5.0 X 10 “ 5 M. The ra tio  r ,  defined  as

(com pound c o n cen tra tio n )r — — — —
D N A -P  or po ly-A -P  (co n cen tra tio n )

Compounds

Formula Name

ooa,
1

(CH2)3-N -(CH3)2

Chlorpromazine

о “  C ^ N ^ C í ^ - C l  
1

(CH2)3 - N -(CH3)2

7.8 - Dioxo- 

chloropromazine

aba,
(CH2)3-N-(CH3)2

Chlorpromazine
sulphoxide

CÜO
1 Ф 0  
CH2 -CH(CH3) N(CH3)3-HSOa

Thiazinamium

(СНзЮГ1>М(СНз)2 +cr Methylene blue

ooo
1

(CH2)3 -N(CH3)2
Imipramine

ceo
II
CH-(CH2)2-N(CH3 )2

Amitriptyline

Fig. 1. C hem ical s tru c tu re  of th e  com pounds te s te d

A d a  Microbiologica Academia eSeientiarum  Hungaricae 27,1980



INTERCALATION AND PLASM IC CURING A BILITY 57

corresp o n d ed  to 0.06, 0.13 and  0.31, re sp ec tiv e ly  in th is co n ce n tra tio n  region. W ith  these  
c o n cen tra tio n s  th e  e x tin c tio n  of sam ples w as E  <  2 in  a d  1 cm cu v e tte . All th e  chem icals 
w ere d issolved in a b u ffe r  so lu tion  co n ta in in g  5 X 10-:J м NaCl, 5 X 1 0 -3 м T ris and  5 X 10 -4 of 
E D T A . T he DNA ( ^ 1  m g/m l) was p rep ared  b y  th e  m ethod  of C ham bon (D) [1]. The p H  of th e  
so lu tions was 7.0 ;p  0.2.

Fluorescence polariza tion . F luorescence p o lariza tio n  m easu rem en ts  w ere carried  o u t on 
a P e rk in -E lm e r M PF-3 sp ec tro flu o rim ete r. T h e  ex c ita tio n  and  fluorescence m ax im a given in  
T ab le  I were selected fo r ex c ita tio n  and o b se rv a tio n . I f  two fluorescence m ax im a  were p re sen t, 
th e  m easu rem en ts w ere perfo rm ed  a t b o th  w ave-leng ths. The degree of fluorescence p o lariza 
tio n  (P ) is given by th e  expression

p  =  F "  ~  F |
F.l +  Fl

w here F j j and  Fj deno te  th e  observed fluorescence in tensities in  th e  p a ralle l and  p e rp en d icu la r 
d irec tions, respec tive ly . T h e  d a ta  were co rrec ted  fo r th e  in h ere n t p o la riza tio n  of th e  in s tru m e n t.

Circular dichroism . F o r  c ircular d ich ro ism  m easurem en ts a Jasco -40  C au to m a tic  reco rd 
ing sp ec tro p o larim ete r w as used . M olar e llip tic ities , defined as

в  =
0 ’

с X d
X100,

are expressed  in deg X cm 2 X decim ole-1 (c, d an d  0 ’ denote th e  co n ce n tra tio n  of D N A , th e  
p a th le n g th  and th e  o b se rv ed  e llip tic ity ). M easurem en ts were pe rfo rm ed  a t  room  tem p e ra tu re .

Table I

Absorption and fluorescence m axim a o f  the D N A -com pound  complexes 

in water at p H  7 .0 ^ 0 .2

C om pounds* A bsorbance 
m ax  (nm )

Fluorescence 
m a x  (nm)**

DNA 258 360

DNA - p  chlorprom azine 258 380; 455

DNA +  chlorprom azine sulphoxide 242; 267 380

DNA -f- 7,8-dioxochlorprom azine 264; 520 380

DN A  - p  th iaz in am iu m 253 375; 445

DNA - p  im ip ram ine 256 370

DNA - p  am itrip ty lin e 249 375

DNA +  m eth y len e  blue ~ 2 5 3 ; 270

607; 668 375; 695

* Solutions w ere 2 .5 X lO -5 м  fo r the com pounds and  1 .6 x 1 0  4 м for DNA 

** No co rrec tio n  was m ade

Results

As th e  a b so rp tio n  of th e  com pounds is rough ly  in  th e  range of th e  ab so rp 
tio n  of D N A , ab so rp tio n  and fluorescence m easu rem en ts do n o t give conclusive 
in fo rm atio n  ab o u t th e  in te rca la tio n  a b ility  of these m ateria ls . A more s tr a ig h t
fo rw ard  approach  is p rovided b y  fluorescence p o la riza tio n  (P) and  c ircu lar
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d ich ro ism  (CD). I f  a com p o u n d  in te rc a la te s  in to  the  D N A , th e  follow ing spec
t r a l  changes can be o bserved :

I. (a) A sign ifican t increase in th e  fluorescence p o la riza tio n  degree as 
c o m p ared  to  the po ly-A  b o u n d  one.

(b) A considerable decrease in  th e  fluorescence p o la riza tio n  degree above 
a  c e r ta in  co n cen tra tion  o f  th e  com pounds.

I I .  Changes in  th e  CD spectrum .
The difference in  th e  fluorescence po lariza tion  degree w hen th e  com 

p o u n d s  arc bound to  DINA and poly-A , respectively ,

=== ^DNA-t-compound P poly-A -f compound

is show n a t d ifferen t r  va lues in  Fig. 2. I f  r  7> 0.2, th e  in te rc a la tio n  sites m ay 
be s a tu ra te d  [17] an d , th u s  th e  possib ility  of ex ternal b in d in g  can sign ifican tly  
be increased , re su lting  in  a decrease of th e  fluorescence po lariza tio n  degree. 
T h e  curves in Fig. 2 could  be d iv ided  in to  tw o groups. T he f irs t group (curves 
1—4) gave a p ronounced  decrease w ith  th e  increase in  co n cen tra tio n . For each 
co m p o u n d  of group I  th e  difference in  /IP  betw een  th e  h ighest and  low est 
co n cen tra tio n  exceeded 0.1 in  every  in d ep en d en t re p e titio n  of th e  m easure
m e n ts . The b eh av io u r o f  these  com pounds is obviously d ifferen t from  th a t  of 
co m pounds in th e  second group (curves 5-7) since th e  sam e p a ra m e te r  was 
a lw ays sm aller th a n  0.04. The ex p erim en ta l e rro r in  de te rm in in g  /IP  was 
^ 0 .0 2 ,  therefore we te n d  to  conclude th a t  changes in  second group were no t 
s ig n ifican t. Changes in  f irs t  group w ere, how ever, b eyond  th e  experim en ta l 
e rro r . F o r the  /IP  v alues of th e  com plexes w hich have a n o th e r fluorescence 
m ax im u m  at higher w av e-len g th  (see T ab le  I), a sim ilar co n cen tra tio n  depen
dence  was found, a lth o u g h  th e  effect w as sm aller.

A ll the  com pounds absorb  in th e  sam e region as D N A , w hile 7,8-dioxo- 
ch lo rp rom azine  and m eth y len e  b lue also absorb  a t 520 n m  (b road  and w eak 
b a n d )  and  at 666 an d  617 nm , re spec tive ly ; n e ith e r th e  UY nor the  visible 
b a n d s  are, how ever, o p tica lly  active.

E. coli DNA has a positive  an d  a neg a tiv e  CD b an d  a t 275 nm  and  245 
n m , respectively . I f  th e  com pound  in te ra c te d  w ith  D N A  th e  resu lting  CD 
e x h ib ite d  sim ilar changes in  in te n s ity  a t  b o th  bands. No sig n ifican t w avelength  
sh if t (<7 5 nm) was o bserved  as com pared  to  th e  CD of D N A . M ethylene blue 
w h en  com plcxing w ith  D N A  show ed an ad d itio n a l induced  op tica l ac tiv ity  a t 
585 nm  (positive) and  670 nm  (negative). F o r an easier com parison  of th e  effect 
o f th e  com pounds, th e  m o la r e llip tic ity  va lues m easured  a t  275 nm  are given 
in  F ig . 3. On the  basis o f  th e  CD resu lts  th e re  is some evidence of th e  observed 
ch an g e  being due to  in te rc a la tio n  of com pounds; in the  case of ch lorprom azine 
7 ,8-d ioxo-chlorprom azine and m ethy lene  b lue, while o th e r  drugs such as 
a m itr ip ty lin e , im ip ram in e , ch lo rp rom azine  sulphoxide an d  th iaz inam ium  
fa iled  to  in te rca la te .
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F ig . 2. Fluorescence p o la riza tio n  degree d ifferences (. IP : D N A  -(- co m p o u n d  w ith  respect to 
poly-A  +  com pound) a t  d iffe ren t com pound/D N A  ra tio n s  (r)

1 DNAtChlorpromozine
2 DNA-t-Thizinamium
3 DNAt Methylene blue
A DNA<- 7,8-dioxo-chlorpromazine 
5 DNA+ Imipramine

Fig. 3. M olar ellip iticities ( 0 )  of DN A  -f- com pound  a t d ifferen t co m pound /D N A  ratios (r) 
m easu red  a t  275 nm  (full lines). F o r th e  sake of com parison th e  CD in te n s ity  o f DNA (r =  0)

is show n b y  dashed  line

Discussion

D N A -chlorprom azine com plexes have  been stu d ied  b y  a v a rie ty  of 
tech n iq u es. Such s tu d ies  are of im p o rtan ce  for a num ber of reaso n s. A principle 
bio logical in te rest cen tres  around th e  a t te m p t to  u n d e rs ta n d  th e  an tib ac te ria l, 
p lasm id  curing and possible m utagen ic  a c tiv ity  of ch lo rp rom azine  on bacteria . 
I t  has been suggested th a t  ch lo rp rom azine  m ight in te rc a la te  in to  bacteria l 
D N A  because its chem ical and  s tru c tu ra l sim ilarity  to  acrid in e  dyes.

N evertheless, i t  w as of in te re s t th a t  some ch lo rp rom azine  m etabolites 
(chlorprom azine su lphox ide  and  7,8-dioxo-chlorprom azine) are  n o t able to
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e lim in a te  the  F ’lac p lasm id  of E . coli 111 13]. On th e  o th e r  h an d  some a n ti
d ep ressan ts  (e.g. a m itr ip ty lin e  and  im ipram ine) w hich h av e  no p lanar s tru c 
tu r e ,  ex e rt a good p lasm id  cu ring  a c tiv ity  [11, 14].

E arlier stud ies on ch lo rp rom azine  [18-22] and  m e th y len e  blue [18. 20, 
23] rep o rted  on th e  in te rc a la tio n  o f these  com pounds. T he com bination  of 
fluorescence p o la riza tio n  degree and  CD d a ta  suggests th a t  7,8-dioxo-chlorpro- 
m azin e  m ost p ro b ab ly  in te rc a la te s  in to  DNA. In th e  case of am itrip ty lin e ,

Table II

Comparison o f intercalation and plasmid curing abilities o f some tricyclic compounds

C om pounds P lasm id  curing In te rca la tio n

Chlorprom azine + +
C hlorprom azine sulphoxide - -
7,8-D ioxochlorprom azine - +
T hiazinam ium - —

Im ipram ine + -
A m itrip ty line + -
M ethylene blue — 4 -

im ip ram ine  and ch lo rp rom azine  su lphox ide  the  changes are  too  sm all, suggest
in g  an ex ternal b in d in g  o f th e  com pounds to  D N A . T h iaz in am iu m  shows a 
d iffe ren t b ehav iou r: fluorescence po la riza tion  degree d ifferences (zlP) versus 
r  reveal in te rca la tio n ; no change in  th e  CD spec trum  w as, how ever, observed. 
T h is m ay be in te rp re te d  b y  supposing  a special and  s tro n g  ex te rn a l b ind ing  of 
th iaz in am iu m  to  D N A .

In  Table I I  th e  in te rc a la tio n  o f each com pound is show n w ith its F ’la c -  
p lasm id  curing a b ility  on E.coli. O n th e  basis of th ese  re su lts  i t  is supposed 
th a t  the  p lasm id cu rin g  effect o f th e  te s ted  p sy ch o ac tiv e  drugs differs from  
th a t  of acridine. W e suggest th a t  th e  m olecular basis o f p lasm id  elim ination  
b y  psycho trop ic  d rugs m ay  be due to  th e ir  in te rca la tio n  d irec tly  in to  th e  b ac 
te r ia l  m em brane on w hich th e  p lasm id  rep lica tion  occurs an d  the  a ltered  
m em b ran e  s tru c tu re s  do n o t allow  for plasm id rep lica tio n .

I t  is know n th a t  som e p o sitiv e ly  charged local an aes th e tic  molecules 
e.g. procaine, fu rth e rm o re  ch lo rp rom azine  and  m o rp h in e  w hich also have a 
local an aesthetic  effect, s tro n g ly  b in d  to  th e  cell m em b ran e  [24-28].

There is som e o th e r  evidence a g a in s t th e  exclusive ro le o f th e  in te rca la tio n  
in to  D N A : m ethy lene  b lue  an tagon izes th e  p lasm id e lim in a tio n  effect of ac ri
d ine [8] while it  increases th e  p lasm id  curing a c tiv ity  o f im ipram ine  [6]. The 
lack  of correlation  allow s th e  conclusion th a t  p lasm id  cu rin g  can n o t he sim ply  
exp la ined  b y  a d irec t in te ra c tio n  b e tw een  DNA and  th e  com pound.
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A c k n o w le d g e m e n t . The a u th o rs  wish to  th a n k  D r. A. U d v a rd y  for th e  DN A  and  P ro fe s
sor A. A. Ma n ia n  for 7 ,8-dioxochlorprom azine.
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ENTEROTOXIGENICITY OF AEROMONAS 
STRAINS IN SUCKLING MICE*

G i z e l l a  J á n o s s y  an d  V e r o n i k a  T a r j á n  

Institute o f Nutrition, Budapest 

(R eceived  A pril 12, 1979)

The en te ro to x ig en ic ity  of 170 Aeromonas s tra in s  iso lated  from  d iffe re n t sources (food 
po isoning, ran d o m  food sam pling , w a te r , faeces) w as exam ined  by  th e  suck ling  m ouse te s t. 
T he s tra in s  w ere grow n on Syncaye cu ltu re  m edium  covered w ith  ste rilized  m em brane  for 
K iil-k idney . The cu ltu re  su p e rn a ta n ts  were in o cu la ted  orally . Ileal loop  d ila ta tio n  was com 
p a red  to  th a t  p roduced  b y  th e  in te rn a tio n a l s ta n d a rd  en tero tox ic  Escherichia coli B 7 A (0 1 4 8  : 
H28) an d  B2C (0 6  : H 16) stra ins . O f th e  87 Aeromonas hydrophila s tra in s  69, of the  76 Aero
monas punctata subsp . caviae s tra in s  9, th e  6 Aeromonas punctata subsp. punctata  stra ins 5, and  
1 Aeromonas salmonicida subsp. achromogenes gave a positive  reac tion  in  th e  te s t.

Since th e  60s cases w ere observed  w here aerom onads h av e  been m ade 
responsib le  for m ild  or serious en teric  diseases in  adu lts an d  children  [1—8]. 
Som e of th e  illnesses resem bled  cholera. C o n tam ina ted  d rin k in g  w ater or b a th 
ing w a te r was often found to  be th e  source o f  infection.

I t  has been shown earlier th a t  aerom onads can he tra n s m itte d  by  fo o d 
stu ffs , too . In  food poisoning cases m ain ly  soups, fu rth e r p o ta to , rice or noodles 
bo iled  in w a te r con ta ined  aerom onads often  in alm ost pu re  cu ltu re , in an o rder 
of m ag n itu d e  of 107 to  109/g. N o o th e r en te ric  pathogens cou ld  be d e tec ted  in  
th e  food or stool specim ens [9].

D e an d  C h a t t e r j e e ’s ra b b i t  ileal loop m odel [10] has been used b y  
several in v estig a to rs  to  te s t  th e  en te ro to x ig en ic ity  of ae rom onads iso la ted  
from  p a tie n ts  w ith  en te ritis  [11—13]. Some of th e  s tra in s  p roduced  a loop 
d ila ta tio n  sim ilar as did th e  e n te ro to x in  of Vibrio cholerae.

In  our lab o ra to ry  th e  suckling  m ouse (SM) m odel describ ed  by  D e a n  et 
al. [14] is reg u la rly  applied  for te s tin g  en te ro to x ig en ic ity  o f Escherichia coli 
s tra in s . In  th e  experim en ts rep o rted  in  th is  p ap er th e  sam e m eth o d  was used 
fo r assay ing  aerom onads iso la ted  from  cases of food poisoning an d  o th e r sources.

Materials and methods

Strains. The in te rn a tio n a l s ta n d a rd . E. coli B7A (0148  : 1128), B2C (0 6  : H 16), 1624 
(0 1 4 4  : K ?  : H -) , 4608 (0143  : К ?  : H--) s tra in s  were a gift from  H . L. D u P ont (U n iv ers ity  
of M ary land , School of M edicine, B a ltim o re , M ary land , USA). Aeromonas s tra in s  derived from  
food sam ples causing  in to x ica tio n , ra n d o m  fo o d stu ff sam pling , d rik in g  w a te r , surface w a te r, 
sewage an d  faeces.

* T his w ork  was su p p o rted  by  th e  H u n g arian  M in istry  o f H ealth  (6 —12 — 0402 — 02 —1/0)
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Culture medium. S yncaye: S y n th e tic  B ro th  (AOAC, Difco) 1 .7 % , Casamino acid (Difco) 
1 % , Y east e x tra c t (D ifco) 0 .3 % , d ex trose  (R ean a l) 0 .1% , 1 m l sa lt  so lu tion  (FeC l3, 0.5 g; 
M n S O „ 3.6 g; N H 4C1, 11.4 g; Z n S 0 4, 0.22 g; C u S 0 4 • 5 H 20 ,  50 m g dissolved in  10 m l d istilled  
w a te r)  added  to  1000 m l cu ltu re  m edium . N oble ag ar (Difco) 1% , p H  7.5 ±  0.1; s te riliza tio n  
a t  115 °C for 20 m in.

Cultivation. T he Syncaye  p la te  m ed ium  (in P e tr i  dish 10 cm  in  d iam eter) was covered 
w ith  sterilized m em b ran e  fo r K iil-k idney  [15]. Two and  h a lf m l o f th e  b ac teria l suspension 
w ashed w ith  physio logical saline off a 18 h r s la n t cu ltu re  was in o cu la ted . The p la te s  were 
in cu b a ted  a t  32 °C fo r 24 h r . The cells in  2 m l to ta l  volum e, if  n ecessa ry  su p p lem en ted  w ith  
physiological saline, w ere p icked  fro m  th e  m em b ran e  and  cen trifu g ed  a t  15 000 g  a t  4 °C for 
30 m in. The pure  su p e rn a ta n ts  were s to red  a t  —25 °C u n til usage.

Suckling mouse test. T h ree  to  4 days old suck ling  Balh/C m ice w ere given th ro u g h  a gas
t r ic  tu b e , m illilitres o f th e  su p e rn a ta n ts  correspond ing  to  1/20 of th e ir  bodyw eigh t. A d ju stm en t 
o f th e  dose to b o d y w eig h t served  to  d im in ish  erro rs  due to  w e ig h t differences. The an im als 
w ere k ep t a t  room  te m p e ra tu re  for 3 h r  th e n  k illed  b y  chloroform . T he in testin a l t r a c t  was 
rem o v ed  and th e  ra tio  o f g u t w eigh t to  b o d y w eig h t was calcu la ted . In itia lly , 4 m ice w ere used 
fo r each  su p e rn a ta n t, la te r  o n ly  2 because th e  re su lts  were u su a lly  in  good agreem ent. I f  there  
w as a d iscrepancy exceed ing  15%  betw een  th e  re su lts  w ith  th e  2 a n im a ls , th e  te s ts  were re p e a t
ed. G u t w eight to  b o d y w e ig h t ra tio s  above 0.085 w ere considered p o sitive , those  below  th a t  
v a lu e , negative.

R esults

Before tr e a tin g  th e  d a ta  in d e ta il, th e  mouse g u t reac tio n  is illu s tra te d  
in  Fig. 1.

F irs t, Aerom onas  s tra in s  iso la ted  fron t food sam ples causing in to x ica tio n  
w ere exam ined. D is tr ib u tio n  o f th e  23 s tra in s  in re la tio n  to  th e  reac tio n  in 
th e  SM tes t an d  th e  species u n d e r s tu d y  is show n in T ab le  I.

Table I

Aeromonas strains causing food poisoning. Reaction in the S M  test

A e r o m o n a s  species SM tes t
T o ta l(B ergey  1974)

p o sitive n eg a tiv e

A. hydrophila subsp. hydrophila 9 l 10

A . punctata subsp. punctata 1 l 2

A . punctata subsp. caviae 1 10 11

T otal 11 12 23

E n tero tox igen ic  s tra in s  were p re sen t in th e  in c rim in a te d  food sam ples in 
ev e ry  case of food poisoning  b u t  s tra in s  giving a n eg a tiv e  reaction  were also 
fo u n d . The m ajo rity  o f A . hydrophila  subsp . hydrophila  s tra in s  proved  en tero- 
to x ic , while m ost o f th e  A . punctata  subsp . caviae s tra in s  gave a n egative  
response.

To clarify  th is  re la tio n sh ip , fu r th e r  147 Aerom onas s tra in s  iso lated  from  
foodstuffs, d rin k in g  w a te r, sew age, or faeces were assayed  b y  th e  SM te s t.
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Fig. 1. M ouse in te s tin a l reac tio n . A p o sitive ; В - negative. (E v an s  blue g iven to g e th e r 
w ith  th e  su p e rn a ta n t s tra in s  th e  gu t d arker)

T ab le  I I  shows th e  values of th e  SM te s t o b ta in ed  w ith  th e  in te rn a 
tio n a l s ta n d a rd  E . coli s tra in . The re su lts  agreed w ith  th o se  rep o rted  in  th e  
lite ra tu re . The non-en tero tox igen ic  c o n tro l E . coli s tra in s  causing  a shigellosis
like disease th a t  w ere n egative  in th e  rabb it-loop  te s t [16], gave n egative  
resu lts  in  mice.

T he resu lts of th e  SM te s ts  w ith  th e  170 Aerom onas s tra in s  are dem on
s tra te d  in deta il in Table I I I .  The 0.085 lim it value of th e  SM te s t  was de te rm ined  
on th e  basis of the  d a ta  of th e  67 A . p u n c ta ta  subsp. caviae s tra in s  neg a tiv e  in 
th e  SM te s t. The m ean  value was increased  by  th e  th reefo ld  d ev ia tion  in  order 
to  o b ta in  a reliable p ositive  gut w eight to  bodyw eiglit ra tio . This jjrac tica lly  
d id  n o t differ from  th e  0.083 value a c c e p ted  for E . coli s tra in s , above w hich 
th e  re su lts  are considered positive [17, 18].

In  our series, 79%  of th e  87 A . hydrophila  and 12%  of th e  76 A . punctata  
subsp . caviae stra ins p ro v ed  en te ro to x ig en ic  in the  m ouse. O nly 6 A . punctata

Table II

S M  test controls

C ontrols SM tes t*

Positive E . coli B7A (0148 : H28) 0 .113±0.01S

E . coli B2C (Об : H16) 0 .1 0 8 ± 0 .0 1 4

N egative E . coli 1624 (0144  : K ?  : IJ-) 0 .055± 0 .003

E . coli 4608 (0143 : К ?  : II-) 0 .058± 0 .005

Physiological saline 0 .0 5 8 ± 0 .0 0 6

* 4 parallels each
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Table III

Results o f SM  tests with aeromonads

A e r o m o n a s  species 
(B ergey 1974)

No. o f 
s tra in s

SM ; 
p o sitive

SM
n eg a tiv e X

A . hydrophila subsp. hydrophila 61 46 0 .105±0.011 15 0.069±0.010

A . hydrophila subsp. anaerogenes 26 23 0 .104±0 .012 3 0 .0 6 5 ^0 .0 0 9

A . punctata subsp. caviae 76 9 0 .101± 0 .009 67 0.061 ± 0 .0 0 8

A . punctata subsp. punctata 6 5 0.108 — 0.010 1 0.053

A . salmonicida subsp. achromogenes 1 1 0.105

T ota l 170 84 86

subsp . punctata  o ccu rred  in th e  m ateria l, nevertheless 5 of these  were e n te ro 
tox igenic as was th e  one A . salm onicida  subsp . achromogenes s tra in  tested .

While c a rry in g  o u t th e  experim en ts, tw o  h ighly  to x ic  s tra in s  were fo u n d . 
T he mice in o cu la ted  w ith  th e  su p e rn a ta n ts  of th e  tw o A . hydrophila  subsp . 
hydrophila  s tra in s , one iso la ted  from  a stool sam ple th e  o th e r from  a food 
sam ple, died in  a b o u t 30 m in. N ecropsy revealed  gross h aem orrhag ic  gu t n e c 
rosis, extensive in te s t in a l  and  p eritonea l flu id  accu m u la tio n . The in te s tin a l 
t r a c t  could no t be rem o v ed  because it d is in teg ra ted  on m an ip u la tio n . The SM 
te s t  was rep ea ted  w ith  tw o-scale d ilu tions of th e  su p e rn a ta n ts . The resu lts  
a re  show n in T ab le  IV .

Table IV

Titration o f the supernatants o f Aeromonas strains 30 and 119 by S M  test

S tra in SM values a t  s u p e rn a ta n t  d ilu tions
n u m b er

1 : 2 1 : 4 1 : 8 1 : 16 1 : 32 1 : 64

30 0.122 0.119 0.102 0.077 0.064 0.066

119 0.102 0.100 0.082 0.070 0.065 0.057

S u p e rn a tan ts  o f 1 : 2 d ilu tions no longer killed th e  m ice bu t in te s tin a l 
haem orrhages cou ld  still he observed; 1 : 4 d ilu tions did n o t p roduce h aem o r
rhage . The SM te s ts  w ith  th e  su p e rn a ta n ts  of s tra in  119 elic ited  gut d ila ta tio n  
w hen used up to  a  d ilu tio n  of 1 : 4, of s tra in  30 up  to  a d ilu tio n  of 1 : 8.

D istribu tion  acco rd ing  to  origin of th e  s tra in s  is g iven in  Table V. T bc 
d a ta  show7 th a t  am o n g  th e  s tra in s  iso lated  from  d rink ing  w a te r, en tero tox igen ic  
species had a h igher frequency .
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Table V

D istribution  o f  Aeromonas strains according to origin and species

A e r o m o n a s  species 
(B ergey  1974) F oodstu ffs

D rink ing
w a te r

Surface
w a te r

Sewage,
faeces T o ta l

A . hydrophila  subsp. hydrophila 20 34 4 2 60

A . hydrophila  subsp. anaerogenes 13 5 1 1 20

A . punctata  subsp. puncta ta 3 7 — — 10

A . punctata  subsp. caviae 65 1 3 10 79

A . salmonicida subsp. achromogenes 1 — 1

T o ta l 102 47 8 13 170

Discussion

Using our m e th o d  su itab le  fo r  serial ex am in a tio n s, th e  en te ro tox ic  effect 
o f  aerom onads iso la ted  from  foodstu ff, w ate r and  stoo l specim ens was inv es
tig a te d  by  the  SM te s t . O f th e  170 s tra in s u n d er s tu d y , 50%  produced  th e  
sam e loop d ila ta tio n  as did th e  in te rn a tio n a l s ta n d a rd  en te ro tox ic  E . colt 
s tra in s . O ut of th e  84 positive s tra in s  82%  were A . hydrophila , o f th e  86 negative  
ones 78%  A . p u n c ta ta  subsp. caviae. E n te ro to x ic ity  could  be d em o n stra ted  in 
74 %  of the  87 A . hydrophila  s tra in s . A n n a p u r a  an d  Sa n y a l  [11] o b ta in ed  
s im ila r results u s in g  th e  ra b b it  ilea l loop assay. T h ey  found  th a t  82%  o f th e ir  
57 h u m an  A . hydrophila  s tra in s  w ere en tero tox igen ic . I t  seems th a t  th e  ra b b it 
g u t and  th e  m ouse gu t m odel are o f th e  sam e v alue  fo r d em o n stra tin g  e n te ro 
to x ic ity  of aerom onads, d epend ing  n a tu ra lly  on th e  cu ltu re  m edia an d  th e  
te s tin g  procedures applied .

B o u l ang e r  et al. [19] also used th e  SM te s t  fo r th e  exam in a tio n  of 
aerom onads iso la ted  from  h e a lth y  and  diseased fish : 19 of th e  21 s tra in s  gave 
p o sitiv e  reactions. As to  th e  b a c te r ia l species, no com parison  can be m ade, 
because th e y  used  th e  id en tif ic a tio n  m ethod  of P o po ff  an d  VÉRON [20]. E n te r- 
ro to x ig en ic ity  o f  Aerom onas s tra in s  cu ltiv a ted  from  h e a lth y  fish  is of special 
in te re s t  in view  o f th e  rep o rt of K a l in a  [21] w ho described  A erom oim s-related 
tox ico in fection  su b seq u en t to  th e  consum ption  of fish .

I t  has been  show n th a t  aerom onads produce  in ad d itio n  to  en tero tox ic  
suhstance(s) o th e r  ex trace llu la r tox ic  substances (necro tox in , haem olysin). 
W adström  et al. [13] rep o rted  t h a t  th e  effect of th e  la t te r  can be e lim inated  b y  
h e a t tre a tm e n t a t  56 °C for 10 m in . In  th is  w ay e n te ro to x ic ity  can be d ifferen
t ia te d  since e n te ro to x in  becom es in a c tiv a te d  only a t  80 °C for 10 m in. In  con-
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t r a s t ,  o u r studies d e m o n s tra te d  th a t  en te ro to x ic  a c tiv ity  m easu rab le  in  th e  
SM te s t  was e lim inated  a t  56 °C for 10 m in.

O ur p re lim inary  ex p e rim en ts  on th e  presence of o th e r to x ic  substances 
t h a t  m a y  influence th e  re su lt o f th e  SM te s t  revealed  th a t  su p e rn a ta n ts  w ith 
an  en te ro to x ic  effect d id  n o t alw ays haem olyse sheep e ry th ro cy te s  or p ro 
du ced  a necrotoxic effect in  th e  sk in  te s t  of in fan tile  mice. W ith  th e  tw o highly 
to x ic  s tra in s , th e  ap p earan ce  of th e  necro tox ic  and  of th e  en te ro to x ic  ac tiv ity  
cou ld  he d istinguished  b y  seria l d ilu tions o f th e  su p e rn a ta n ts . D o n t a  and 
H a d d o w  [22] also observed  haem o rrh ag ic  necrosis from  som e A . hydrophila  
f i l t r a te s  in  ra b b it ileal loop s tu d ies , th o u g h  none of th e  f i l tra te s  d ila ted  the  
in te s tin e s . T hey found  th a t  m ost A . hydrophila  s tra in s  were cy to to x ic  in  t is 
sue cu ltu re . The cy to to x ic  su b stan ce  becam e in a c tiv a te d  a t  50 °C for 10 m in, 
as d id  th e  en tero tox igen ic  su b stan ce  d em o n stra ted  b y  us in  th e  m ouse model. 
C r a i g  [23] observed th a t  cho lera  e n te ro to x in  is ju s t  as sensitive  to  h ea t t r e a t 
m en t. C larification  of th e  p rob lem s requ ires a g rea t n u m b er of in v estiga tions.

T he present re su lts  an d  o th e r d a ta  [11-13] concerning th e  en te ro to x ig en 
ic effect of aerom onads su p p o rt th e  im p o rtan ce  of A . hydrophila  s tra in s  in 
h u m a n  enteric disease. T he fin d in g s in d ica te  th a t  en te ro tox igen ic  substances 
m ay  h av e  a role in  in fec tions caused  b y  aerom onads (a genus re la te d  to  vibrios), 
as is th e  case in  en te ro to x ic  en te ro p a th ie s  due to  V. cholerae, V. parahaem oly- 
ticus, E . coli, Clostridium perfringens  an d  Shigella  [5].

O ur resu lts also suggest t h a t  en tero tox igen ic  aerom onads a re  m ainly  
tra n s m it te d  by  w a te r an d  v ia  th e  w a te r  also by  food and  m ay  th u s  cause acute 
en te ric  disease.
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ASSOCIATION OF HUMAN ENTERIC 
PATHOGENICITY AND MOUSE LUNG TOXICITY 

OF ESCHERICHIA COLI*

É v a  C z i r ó k

National Institute o f Hygiene, Budapest 

(R eceived A pril 25, 1979)

M ouse lu n g  to x ic ity  of 439 s tra in s  (431 Escherichia coli, 1 Shigella dysenteriae 1, 1 E nte
robacter cloacae, 5 Vibrio sp ., 1 Klebsiella) w as co m p ared  to  o th er p a th o g e n ic ity  tests (m ouse 
v iru lence , e n te ro to x ic ity , guinea pig eye te s t) ,  to  serogroup  d is tr ib u tio n , loss of v iru lence on  
sto rag e , orig in  a n d  haem oly tic  a c tiv ity . M ouse le th a lity  was h ig h es t in  serogroup 0 4  
( p <  0.001), 0 1 8 a ,c  (p <  0.001); serogroups 0 6 , 0 2 0 , 0 7 5 , 0115 , 014 7  w ere n ex t in  o rder. 
E. coli serogroups 0 1 9 , 0 2 6 , 0 2 8 a ,b , 0 3 2 , 0 5 1 , 0 5 3 , 0 5 5 , 073 , 0 7 8 , 0 7 9 , 0 8 3 , 0105 , 0 1 1 1 , 
0 1 1 2 , 0114 , 0 1 1 7 , 0 1 1 9 , 0124 , 0129 , 01 3 6 , 0 1 4 2 , 0 1 4 8  failed to show  lu n g  tox ic ity . S tra in s  
0 4  an d  0 1 8  iso la ted  a t  d ifferen t periods o f tim e  d id  n o t  differ sig n ifican tly  in  th e  lung  te s t  
(p =  0.05, p =  0.01, p >  0.1, p =  0.05, p  > 0 .1 ) . T h ere  was no s ig n ifican t difference b e tw een  
s tra in s  iso lated  from  th e  stools of p a tie n ts  w i th  e n te r itis  and of h e a lth y  in d iv id u a ls  (p =  0 . 1, 
p >  0.99) and  b e tw een  those iso lated  from  all faecal specim ens an d  fro m  e x tra in te s tin a l 
sam ples (p =  0.05, p  >  0.3). T here was no co rre la tio n  betw een lung to x ic ity  and  o th er p a th o 
gen ic ity  tests . Since s tra in s  iso lated  from  h e a lth y  in d iv id u a ls  were also to x ic  for mice, a p o 
sitive  lung  te s t  c a n n o t be considered a c rite rio n  o f th e  aetiological role o f th e  agent.

In  th e  la s t  tw o decades, besides se ro ty p in g  [1-3] th e  im p o rtan ce  to  p ro v e  
th e  p a th o g en ic ity  of Escherichia coli has been  in the fo reg round . Mouse v iru 
lence of s tra in s  causing  e x tra in te s tin a l in fections [4-6], ep ith e lia l p e n e tra tio n  
[7 -9 ] and  e n te ro to x ic ity  [10-17] of th e  en tero p a th o g en ic  s tra in s , im m unochem 
ical p roperties o f th e  s tra in s [18] and  a n tib o d y  titre s  of p a tie n ts  [19, 20] 
have  been in v es tig a ted . In  sp ite  of th is  a tte m p ts  to  prove th e  p a th o g en ic ity  
of d ifferen t s tra in s  iso lated  during  o u tb re a k s  have failed.

In  view  o f th e  occasional presence of nosocom ial s tra in s  i t  is of m a jo r 
im p o rtan ce  to  p rove  th e ir  pathogen ic  ro le in th e  ou tb reak . P e rm a n e n t presence 
of E . coli in  th e  in te s tin a l flo ra  m ade i t  necessary  to  e lab o ra te  su itab le  new  
m ethods to  a sce rta in  th e  aetiological role of the  isolates in  en teric  diseases 
such as en te ritis  necro tisans, en teroco litis , e tc .

Y o i n o - Y a s e n e t s k y  and  K h a v k i n  [21] have show n b y  m eans of th e  
“ lung  te s t”  th a t  E . coli s tra in s causing  dysen te ry -like  diseases and  in o cu la ted  
in tran asa lly  p e n e tra te  in to  th e  b ron ch ia l an d  bronchio lar ep ith e liu m  of y oung  
m ice. A v d e e v a  et al. [22] found th a t  c e rta in  E . coli s tra in s  iso la ted  from  new 
borns w ith  acu te  d iarrhoeal disease belonging  to  none of th e  classical e n te ro 
pa thogen ic  g roups caused progressive h aem orrhag ic  lung oedem a in mice fol-

* S u p p o rted  b y  the  Scientific R esearch  C ouncil, H un g arian  M in istry  o f H ealth  (6 — 10 — 
0402 —0 5 —O/Sz)
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low ing in tra n a sa l in fe c tio n . P roperties o f th e  tox ic  m a te ria l produced  b y  these  
E . coli s tra in s  was s tu d ie d  b y  K é t y i  et al. [23].

O ur in v e s tig a tio n s  were aim ed a t  d em o n stra tin g  a co rrelation  betw een  
m ouse to x ic ity  and  h u m a n  p a th o g en ic ity .

Materials and methods

The strains te s ted  w ere  iso lated  in  o u r la b o ra to ry  be tw een  1974 and  1977 from  faecal 
sam ples of in fan ts  an d  a d u lts  who were e ith e r h e a lth y  (57) or suffering  from  e n te ritis  (296). 
F u r th e r  sources w ere: w o u n d  swab (27), c ereb ro sp in a l flu id  (11), u rin e  (6), th ro a t  sw ab (26), 
o th e r p a tho log ica l m a te ria ls  fro m  p a tien ts  w ith  e x tra in te s tin a l diseases (8). The diseases o ccu r
red  e ith e r in  h o sp ita lized  p a tie n ts  or am ong th e  p o p u la tio n . M ost o f th e  isolates were E. coli 
(431); o th e r b ac teria  w ere rep re sen ted  by  E. cloacae (1), Vibrio sp. (5), S. dysenteriae 1 (1) a n d  
Klebsiella (1). F u r th e r  s tra in s  tes ted  were: en te ro to x in -p ro d u c in g  E. coli reference s tra in s  P99, 
P105, B 7a (iso lated  b y  S m it h  an d  D u P ont, rece iv ed  from  S. Sta v r ic , H e a lth  W elfare C anada , 
O ttaw a); guinea p ig -ey e-p o sitiv e  E. coli s tra in s  6600, 6730 (“ se ro ty p e  792” iso lated  b y  T r if o 
nova  fro m  p a tie n ts  w ith  dy sen tery -lik e  disease, rece ived  from  H . MlLCH, N a tional In s t i tu te  of 
H ygiene, B u d ap est); E. coli s tra in s  (3 and 4) f ro m  in fan tile  e n te r itis  a n d  E. coli s tra in  K re k a  
show ing lung  to x ic ity  (I. K i: r Y l . In s titu te  o f M icrobiology, U n iv e rs ity  M edical School, Pécs).

Broth cultures. S to c k  cu ltu res were in o cu la te d  on to  blood ag ar p la tes . A fter in c u b a tio n  
a t  37 °C for 18 h r, th re e  colon ies were p icked u p , in o cu la ted  in to  b ro th  and  in cu b a ted  a t  37 °C 
fo r 18 hr.

Haemolysin producing  capacity  was te s te d  on  blood ag ar p la te s  con tain ing  5%  defi- 
b rin a ted  ox  blood.

Serotyping w as p e rfo rm e d  according to  th e  m eth o d  described earlie r [24].
Lung test. C F L P  a lb in o  mice weighing 12—14 g, un d er superfic ia l e th e r an aesthesia  w ere 

in fec ted  w ith  0.05 m l o f a  b ro th  culture in tra n a sa lly . E ach  group  co n ta in ed  5 mice.
Enterotoxin test w as perfo rm ed  according to  th e  m ethod  described  earlier [25].
Guinea pig eye test w as carried  ou t by  Se r e n y ’s m ethod  [26].
Statistical analysis. T h e  d a ta  were a n a ly sed  using  the  2 x 2  co n tingency  tab les a n d  e x a 

m ined fo r significance b y  th e  %- te s t [27].

Results

L ung  to x ic ity  o f  439 strains w as exam ined  in  2434 mice. F irs t o f all, 
th e  lung  to x ic ity  o f  40 s tra in s was te s te d  (Table I). T he s tra in s  w ere: E . coli 
belonging to  know n serogroups, E. cloacae, S . dysenteriae 1, Vibrio sp., Klebsiella, 
received  from  v ario u s sources. M ost o f th e  iso lates (28 o u t of 40) were e n te ro 
tox igen ic ; 4 of th e m  gave a positive g u in ea  pig eye te s t  and  15 am ong th e m  
w ere haem oly tic .

C orrelation  b e tw een  the  above-described  p ro p ertie s  of th e  s tra in s  an d  
m ouse to x ic ity  was s tu d ie d . R esults are  show n in T able I. T he following s tra in s  
iso la ted  e ith e r from  p a tie n ts  or h e a lth y  ind iv iduals un ifo rm ly  caused fa ta l 
haem orrhag ic  p n e u m o n ia  w ith in  24 h r  in  m ice: E. coli serogroups 0 4 , O l8 a ,c , 
(Lsz 14c, 17968, 47683, 59426, K reka, 27245, 27254, 27566/2, 1536), Vibrio  sp. 
w ith  haem oly tic  a c t iv i ty  (81938, 69521, 53371, 38246, 72473) and  non-haem o- 
ly tic  b u t gu inea p ig  eye positive E . coli n o t de te rm ined  serogroup, 0 2 8  an d  
0143 (887, 6600, 6730, 85170). Some en te ro tox igen ic  s tra in s  showed also lung  
to x ic ity  (M, 40116).
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Table I

Comparative study o f enterotoxicity, haemolytic activity, guinea pig eye pathogenicity and lung
toxicity o f strains

Strain Source Species (serogroup) Entero
toxicity

Guinea 
pig eye 

test
Haemo

lysis

Lung 
test* 
died / 

infected 
mice

Lsz 14c F , E E. coli 0 4 + . 6/10
67643/3 F , E E. coli 075 “Г — — 0/10
74971 F , E E. coli 0119 + — — 0/10
23473 C, M E. coli 078 — — — 0/10
M56899 F , E E. coli 011 4 - f — — 0/10
8013 F. E E. coli 0148 -f- — — 1/10
62268 F . E E. coli 0111 + — — 0/10
17968 C, M E. coli 0 1 8 a ,c 4- — — 1/10
27272 C. M E. coli 083 + — — 0/10
40116 F, E E. coli O l 11 — — 2/10
Lsz 463b/2 F. E E. coli 0 7 8 + — — 0/10
Lsz 233a F , E E. coli 0117 + — — 0/9
Lsz 326e F , E E. coli 075 + — — 0/9
47683 F , E E. coli 0 1 8 a ,c + — + 8/9
59426 F, E E. coli 0 1 8 a ,c + — + 10/10
85170 F , E E. coli 0143 + + — 6/10
887 F, E E. coli ND + + — 2/10
887/v F , E E. coli ND — — — 2/10
27245 F. E E. coli 0 4  : K12 — — + 4/10
27254 F , E E. coli 0 4  : К З — — ю /io
27566/1 F , E E. coli 0142 — — — 3/10
27566/2 F . E E. coli 0 4  : K12 — — + 8/10
1536 F. H E. coli 0 4  : K l 2 — — 8/10
56547 F , E E. coli 0 2 6 — — 0/10
3 KÉTYI, I. E. coli 0 2 6 + — — 0/10
4 KÉTYI. !. E. coli 0 2 6 + — — 0/10
K reka KÉTYI. 1. E. coli 0 4 • — -f 13/15
6600 (“ serotype 792” ) T r ifo n o v a , A. E. coli 0 2 8 + + — 8/10
6730 (“ serotype 792” ) T rifon o va , A. E. coli 028 + + — 7/9
P99 Sm ith , H . W. E. coli 0141 — + 3/10
P I 05 Sm ith , H . W E. coli 0138 + — + 5/10
137a D u P o nt . H . L. E. coli 0148 — — 1/10
M F. e S. dysenteriae 1 + — — 3/10
27247 F, E Klebsiella — — — 1/10
39017 F, E E. cloacae + — — 0/10
81938 F. E Vibrio sp. 4* — 4/9
69521 F, E Vibrio sp. + — + 5/9
53371 F, H Vibrio sp. — — 4/10
38246 F. 11 Vibrio sp. + — + 8/10
72473 W Vibrio sp. - + 8/10

F  =  Faeces; C — C erebrospinal flu id ; E  E n te ritis ; M =  M eningitis; I I  H ealthy  ind iv idual; 
W - -  Surface w a ter;
* 24-hour resu lts o f tw o experim ents
• no t tested
ND  О antigen n o t de term ined
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In  th e  second p a r t  of th e  ex p erim en ts  we s tud ied  th e  n u m b er o f mice 
dy ing  w ith in  th e  f irs t fo u r h ou rs a fte r  in o cu la tio n  w ith  399 s tra in s  from  clin i
cally  w ell-defined  m a te ria l rep resen tin g  32 serogroups. R esults are show n in 
T able I I .

W h e th e r a loss of v iru lence  occu rred  on storage, th e  d a ta  re la ted  to  E. 
coli 0 4  and  0 1 8 a ,c  were an a ly sed , as in  th e se  tw o serogropus was th e  incidence 
o f m ouse le th a lity  th e  h ighest.

M ouse to x ic ity  of s tra in s  iso la ted  earlie r com pared  to  th a t  o f s tra in s  iso
la te d  in  1977 did  no t d iffer essen tia lly  e ith e r  in  serogroup 0 4  (1974, p =  0.05; 
1975, p =  0.01) or in serogroup  0 1 8 a ,c  (1974, p > 0 .1 ;  1975, p =  0.05; 1976, 

P =  o .i) .
S u b seq u en tly , th e  p a th o g e n ic ity  o f s tra in s  from  en te ritis  p a tie n ts  and  

from  h ea lth y  in d iv idua ls w as exam ined  on th e  basis of th e  d a ta  o f E . coli 
0 4  and  0 1 8 a ,c  serogroups. T he resu lts  w ere p =  0.1 fo r serogroup 0 4  and 
p > 0 .9 9  for 0 1 8 a ,c .

L ung to x ic ity  of s tra in s  found  in stool sam ples and  o f those iso la ted  from  
e x tra in te s tin a l diseases w as com pared  fo r th e  sam e serogroups. T he resu lts  
w ere p =  0.05 an d  p >  0.3, respective ly .

As to  th e  m ouse le th a lity  o f  haem o ly tic  and  non-haem oly tic  s tra in s , d a ta  
of all th e  E . coli s tra in s  te s te d  show ed th a t  haem oly tic  s tra in s  were s ig n ifican t
ly  m ore freq u en tly  le th a l th a n  n o n -h aem o ly tic  ones (p <] 0.001).

C om parison of th e  a b ility  o f th e  d iffe ren t serogroups to  cause m ouse 
le th a lity  show ed a sig n ifican t d ifference betw een  E. coli 0 4  an d  0 1 8 a ,c : the  
fo rm er ex h ib ited  a s ig n ifican tly  h igher to x ic ity  (p 0.001). Mouse le th a lity  
o f all the  o th e r serogroups was s trik in g ly  low er th a n  th a t  o f E . coli 0 4  (0 2 0 , 
]» <  0.001; 0 7 5 , p <C 0.001; 0 1 1 5 , p. < T .0 1 ). The ab ility  to  cause m ouse le
th a li ty  in th e  d ifferen t serogroups decreased  as follows: 0 1 8 a ,c , 0 6 ;  0 1 1 5 ; 
0 1 4 7 , 0 7 5 , 020.

O u t of th e  158 s tra in s  th o se  belonging  to E. coli 0 1 9 , 0 2 5 , 0 2 6 , 0 2 8 a ,b , 
0 3 2 , 0 5 1 , 0 5 3 , 0 5 5 , 0 7 3 , 0 7 8 , 0 79 , 0 8 3 , 0105 , 0111 , 0 1 1 2 , 0114 , 0 1 1 7 , 
0 1 1 9 , 0124 , 0 1 3 6 , 0142 , 0 1 4 5 , an d  01 4 8  serogroups u n ifo rm ly  failed to  show  
lung  to x ic ity . N one of th e  n ine s tra in s  be longing  to  E. coli 0 1 4 3  serogroup killed 
th e  mice ex cep t s tra in  85170 w hich, as d em o n stra ted  in  T ab le  I , w as p a th o 
genic. In  T ab le  I I  th e  incidence  o f m ouse le th a lity  is also p resen ted . These d a ta  
revealed  th a t  m ouse le th a lity  w as low in  E .coli serogroups 0 2 0  and  0 7 5 . In  
th e  case of E.coli 0124  an d  01 4 3  th a t  are capab le  to  p e n e tra te  ep ithe lia l cells, 
guinea pig eye te s t  was also perfo rm ed . In  sp ite  of th e  fa c t th a t  6 o u t o f 12 
E.coli 0124  an d  5 ou t of 9 E.coli 0143  s tra in s  caused k e ra to c o n ju n c tiv itis , none 
of th ese  cu ltu res p roved  to  be path o g en ic  to  m ice.
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Table II

Lung toxicity o f  E . coli serogroups analysed by their year o f  isolation, origin and haemolytic activity

Year of isolation ! Origin of strains

E. coli serogroup(s) Total Faecal sample Extra-
1974 1975 1976

Enteritis Healthy infection Positive Negative

0 4 46/83* 5/11 11/30 0 30/42 26/49 1/7 19/27 46/65 0/18
111/450** 6/55 20/150 0 85/245 69/280 2/35 40/135 1 11/370 0/80

018 16/54 1/12 12/29 2/3 1/10 8/27 4/15 4/12 16/21 0/33
38/275 1/60 18/145 18/20 1/50 25/145 7/70 6/60 38/105 0/170

020 1/29 0/17 0/7 1/3 0/2 1/22 0/2 0/5 1/3 0/26
1/145 0/85 0/35 1/15 0/10 1/110 0/10 0/25 1/15 0/130

075 3/47 1/24 1/12 0/3 1/8 2/34 1/3 0/10 3/8 0/39
3/235 1/120 1/60 0/15 1/40 2/170 1/15 0/50 3/40 0/195

0115 3/13 2/10 1/3 0 0 3/11 0 0/2 3/3 0/10
4/65 3/50 1/15 0 0 4/55 0 0/10 4/15 0/50

0147 1/14 0 1/14 0 0 0/1 1/13 0 0 1/14
2/70 0 2/70 0 0 0/5 2/65 0 0 2/70

0 6 1/1 1/1 0 0 0 0 0 1/1 1/1 0
1/5 1/5 0 0 0 0 0 1/5 1/5 0

Other*** 0/158 0/52 0/59 0/25 0/22 0/127 0/14 0/17 0/2 0/156
0/790 0/260 0/295 0/125 0/110 0/635 0/70 0/85 0/10 0/780

T otal positive 71/241 10/75 26/95 3/9 32/62 40/144 7/40 24/57 70/101 1/140
160/1245 12/375 42/475 19/50 87/345 101/765 12/195 47/285 158/550 2/695

T o ta l exam ined 71/399 10/127 26/154 3/34 32/84 40/271 7/54 24/74 70/103 1/296
160/2035 12/635 42/770 19/175 87/455 101/1400 12/265 47/370 158/560 2/1475

* U pper row : No. of tox ic  s tra in s /to ta l No. o f stra ins 
** lower row : No. o f died m ice/No. of in fected  mice

*** 0 1 9 , 0 2 5 , 026 , 0 2 8 a , b , 0 3 2 , 0 5 1 , 0 5 3 , 0 5 5 , 0 7 3 , 0 7 8 , 0 7 9 , 0 8 3 , 0105 , 01 1 1 , 0112 , 0114 , 0117 , 0119 , 0124 , 01 2 9 , 01 3 6 , 
01 4 2 , 0143 , 0145 , 0148
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Discussion

R ecen tly  a new  m ethod  has been  described  based on early  d e a th  a fte r 
in tra n a sa l in o cu la tio n  o f albino mice for te s tin g  th e  p a th o g en ic ity  of ce rta in  
E.coli s tra in s  [22, 23]. In  some resp ec ts  th is  te s t  differs from  th a t  of V om o- 
Y a s e n e t s k y  and  K h a v k in  [21] show ing  th e  b ronchoep ithe lia l a ffin ity  of 
mice to  shigellae. T he le th a l effect o f b a c te r ia  is due to  th e ir  to x ic  m ateria l 
[22, 23].

In  a p re m a tu re  w ard  of one o f ou r hosp ita ls an  epidem ic o f en te ritis  
nec ro tisan s w ith  fa ta l  ou tcom e occurred . E.coli 0 4  : КЗ was iso la ted  from  th e  
stools and  um bilica l sw abs of p re m a tu re  in fan ts  an d  a t au to p sy . T he stra in s 
show ed th e  sam e a n tib io tic  sen sitiv ity  an d  phage p a tte rn ; th e y  failed  to  p ro 
duce en te ro to x in  an d  caused no k e ra to c o n ju n c tiv itis  of th e  gu inea  p ig  eye. 
The v iru lence  for a lb ino  mice was u su a lly  low  (L D 50 106), as com pared  to  th e  
m ore v iru le n t s tra in s  orig inating  fro m  sep tic  cases (L D 50 usu a lly  betw een  
104- 105 [6]).

L ung  to x ic ity  t e s t  was carried  o u t w ith  3 s tra in s  and  all of th em  caused 
w ith in  4 h r  fa ta l haem o rrh ag ic  p neum on ia  in  18 o u t of 25 mice.

KÉTYI et al. [23] called for fu r th e r  in v estig a tio n s to  e lucidate  th e  p a th o 
genic role of th e  to x in . E xam in ing  a la rg e  n u m b er of stra in s from  clinically  
w ell-defined m a te ria l rep resen tin g  d iffe ren t serogroups, our aim  w as to  de tec t
(i) loss of v iru lence on  sto rage; (ii) co rre la tio n  betw een  p a th o g en ic ity  and  se- 
ro g ro u p ; (iii) para lle lism  betw een lu n g  to x ic ity  and  o th e r te s ts  for p rov ing  th e  
p a th o g en ic ity ; (iv) re la tio n sh ip  betw een  lu n g  to x ic ity  and  h u m an  p a th o g en i
city .

(i) A lthough  s tra in s  recen tly  iso la ted  w ere m ore tox ic  for m ice th a n  lab o 
ra to ry  s tra in s , th e  tim e  o f m ain tenance  d id  n o t in fluence m ouse to x ic ity  signif
ican tly .

(ii) T h irty -tw o  E .co li stra ins an d  e ig h t o th e r facu lta tiv e ly  en te ro p a th o - 
genic s tra in s  were ex am ined . The incidence  of m ouse le th a lity  was th e  h ighest 
in  serogroup  E.coli 0 4  besides E.coli 0 1 8 a , c. In  serogroups 0 2 0 , 0 7 5 , 0115  and  
0147  m ouse le th a lity  w as less f req u en t or th e  n u m b er of s tra in s  exam ined
(06) w as n o t su ffic ien t for draw ing  u n eq u iv o ca l conclusions. T he d a ta  m en
tioned  above based  on 26 serogroups an d  72 s tra in s  were in  accordance w ith  
th  ose o f KÉTYI et al. [23].

(iii) There was no  correlation  b e tw een  cn te ro to x ic ity , ep ith e lia l p en e
tra tio n , m ouse v iru lence  an d  lung te s t. T hese resu lts  confirm ed tho se  of A v d e e v a  
et al. [22] who failed to  f in d  a paralle lism  b e tw een  shigella k e ra to co n ju n c tiv itis  
an d  lu n g  te s t. A ccord ing ly , the  lung  te s t  is n o t associa ted  w ith  ep ithelia l 
a ffin ity .

N evertheless, a close co rrelation  w as found  betw een  th e  h aem oly tic  
a c tiv ity  o f E.coli in  e x tra in te s tin a l in fec tio n s [2] an d  m ouse to x ic ity  of th e
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s tra in s , in  ag reem en t w ith  the re su lts  o f K Ét y i et «/. [23]. The d isc rep an cy  in 
haem o ly tic  a c tiv ity  o f  some stra ins m ig h t have been  due to  the  use o f d iffe ren t 
m ethods.

O ur resu lts w ere com pared w ith  th e  clin ical background , i. e., th e  source 
of th e  s tra in s  E .coli 0 4  and 0 1 8 a ,c  m ost f re q u e n tly  responsible fo r m ouse 
le th a lity . There w as no reliable re la tio n sh ip  b e tw een  th e  clinical course and 
m ouse p a th o g en ic ity .

I t  m ay be a ssu m ed  th a t,  a t th e  p re sen t stage  of our know ledge, a posi
tiv e  lung  te s t c a n n o t be considered a c rite rio n  of th e  aetiological role id’ s tra in s  
iso la ted  in  th e  course  of an epidem ic.
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THE ADHERENCE OF STAPHYLOCOCCUS 
EPIDERMIDIS TO HUMAN TONSIL 

LYMPHOCYTES*

Zs. N a g y , F. A n t o n i  and M agda  S o ly m o ssy

F irst Institute o f  B iochem istry, Sem m elw eis U niversity  M edical School, Budapest 

(R eceived M ay 2, 1979)

A ttac h m en t o f v a r io u s  bacteria  to  h u m a n , p e rip h era l b lood an d  tonsil ly m p h o cy tes  
was in v es tig a ted  in  vitro. A b o u t 20%  of to n sil ly m p h o cy tes  b o u n d  Staphylococcus epiderm idis, 
w hereas th e  b in d in g  of o th e r  stra ins was neglig ib le . T he influence on  cy toadherence  of h u m an  
serum , im m unog lobu lins (h u m an  IgM, IgG , IgA , as well as th e ir  re sp ec tiv e  a n ti- Ig ’s), and 
c a rb o h y d ra te s  (m ono a n d  polysaccharides) w as m easu red . I t  w as fo u n d  th a t  he terogeneous 
surface  s tru c tu re s  o f th e  lym phocy tes p a r tic ip a te  in  th e  a tta c h m e n t.

T he a tta c h m e n t of bacteria  to  ly m p h o id  cells has been observed  and  
ex p lo ited  for th e  d em o n stra tio n  o f a n tib o d y  p roducing  cells in  vitro [1—12]. 
C y toadherence is th e  re su lt of a specific  re a c tio n  w hich occurs betw een  th e  su r
face a n tib o d y  o f th e  lym pho id  cells a n d  th e  b ac te ria l su rface antigen .

L a te r, b ac te ria l adherence to  a v a r ie ty  of m am m alian  cells has been de
scribed  [13-21]. I t  h as been rep o rted  t h a t  cells of v a rious b ac te ria l species 
a t ta c h  to  В or T ly m phocy tes, w hile  o th e r  species a t ta c h  to  b o th ; Brucella 
m elitensis  a tta ch ed  to  В cells only, a n d  B acillus globigii w as b o u n d  exclusively  
b y  T  cells while Corynebacterium xerosis a tta c h e d  to  b o th  [22-24].

T he m echanism  b y  which b a c te r ia  b in d  to  an im al cells is n o t know n in 
deta il.

In  our ex p e rim en ts  bacteria l adhesion  to  h u m an  to n sil lym phocy tes was 
in v es tig a ted  using  d ifferen t h u m an  sap ro p h y tic  and  pa thogen ic  b ac te ria l 
s tra in s . The p e rcen tag e  of b ac te riu m -b in d in g  ly m p h o cy tes  was assessed b y  
lig h t m icroscopy. T h e  results suggested  th a t  in  ad d itio n  to  im m unoglobu lins, 
c e rta in  ca rb o h y d ra te  groups of th e  ly m p h o cy te  m em b ran e  p a rtic ip a te  in th e  
m ed ia tio n  of cy to ad h eren ce .

M aterials an d  m ethods

Preparation o f  lymphocytes. T onsilla r an d  p e rip h eral blood lym p h o cy tes were used . 
Surg ically  rem oved to n s ils  of children 3 to  6 y ears  old were m inced  in  cold TC 199 m edium . 
T he cells were w ashed 3 tim es  then  resu sp en d ed  in  th e  sam e m edium . P erip h era l blood ly m p h o 
cy tes were p repared  fro m  defib rinated  h u m a n  blood d ilu ted  w ith  p h ospha te  buffer saline

* This w ork w as su p p o rted  by  th e  H u n g a ria n  M inistry  o f H e a lth . G ran t No. 1 — 56 — 
0401 —0 3 -1 /C s .
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(P B S ). L ym p h o cy tes from  e ith e r source  w ere p u rified  b y  cen trifu g a tio n  on  F ico ll-U ro m iro  
g ra d ie n t. The cells w ere collected fro m  th e  in te rp h ase  th en  w ashed tw ice  w ith  TC 199. T he 
g ran u lo cy tes  w ere rem o v ed  w ith  carb o n y l iro n  pow der [25]. G rad ien t c en trifu g a tio n  w as re p e a t
ed  to  o b ta in  the  ly m p h o c y te  suspension  (5 X 106 cells/ml).

Separation o f T  and В  cells. T he m eth o d  of J u l iu s  et al. [26] w as ap p lied  using  ny lon  wool 
(L eu co -P ak ) colum n.

Bacterial stra ins. B acillus cereus 101004, Brucella abortus 93002, Escherichia coli 30156, 
Cory neb act er ium  xerosis 132006, Proteus vulgaris 60001, Staphylococcus aureus 110002, S ta p h y 
lococcus epiderm idis 110001, Streptococcus lactis 80146, were o b ta in ed  from  th e  H u n g a rian  
N a tio n a l Collection o f M edical B acteria , B u d a p es t, H u n g a ry . Escherichia coli 02, Staphylococcus 
epiderm id is  04, Staphylococcus aureus 06, Staphylococcus salivarius  05, w ere o b ta in ed  fro m  ro u 
t in e  specim ens of h u m a n  orig in  (th e  n u m b ers  a re  ou r own designations). Staphyloccus aureus 
C ow an I was a g ift b y  R . V a r r ó , H u m a n  In s t i tu te  for Serobacterio log ical P ro d u c tio n  an d  
R esearch , B udapest.

Preparation o f  bacterial suspension. T he b a c te ria  were grow n in  n u tr ie n t  b ro th  (D ifco) 
a t  37 °C, w ith shak ing . A fte r w ashing 3 tim e s  w ith  PB S , th e  b ac te ria  w ere suspended  in  P B S  
to  1010 organism s/m l. H e a t  in ac tiv a tio n  of staphy lococci was perfo rm ed  a t  56 °C for 4 h r. The 
loss o f v iab ility  w as con tro lled  on n u tr ie n t  ag ar p la te s . Some b a tch es  o f cocci were tre a te d  
w ith  try p sin  (50 jug/m l) a t  room  te m p e ra tu re  for 30 m in , followed by w ash ing  3 tim es w ith  PB S .

Preparation o f  antibody coated cells. D ifferen t classes of Ig, w ere b o u n d  by  g lu ta ra ld e - 
h y d e  to  bac teria  acco rd ing  to  the  m e th o d  of T eo d o rescu  et al. [22]. T he sam e Ig ’s w ere a d 
so rb ed  to  lym p h o cy tes b y  th e  p rocedure  o f KUMAGAI et al. [27].

A ssa y  o f  adherence. The cells w ere m ixed  to  a final co n cen tra tio n  of 5 X 10c ly m p h o cy tes / 
m l a n d  1 X 10s b a c te ria /m l, final vo lum e 4 m l. The suspension was k e p t a t  room  te m p e ra tu re  
fo r  15 m in  unless o therw ise  s ta ted , th e n  cen trifuged  a t  100 g for 6 m in . T he cells were w ashed  
5 tim e s  w ith TC 199, th e n  sm ears w ere p re p are d  and  sta ined  w ith  L öffle r’s m ethy lene  b lue. 
T h e  slides were ex am in ed  un d er a lig h t m icroscope. A  m in im um  of 400 ly m p h o cy tes  w ith  or 
w ith o u t  adhering  b a c te r ia  were co un ted .

M easurement o f  binding o f  im m unoglobulins to cocci. IgM , IgA  or IgG  (400 /иg/m l)  w as 
a d d e d  to  cocci (2 X 108/m l). T he m ix tu re  w as k e p t a t  room  tem p e ra tu re  fo r 20 m in  th en  c e n tr i
fu g e d . The am o u n t o f b o u n d  globulin  w as calcu la ted  from  th e  decrease in  th e  p ro te in  concen
t r a t io n  of the  s u p e rn a ta n t  [28].

Chemicals w ere o f th e  h ighest g rad e  avaib le. T he Ig ’s were p u rch ased  from  th e  H u m an  
I n s t i tu te  for Serobacterio log ical P ro d u c tio n  and  R esearch , B udapest.

R esults

B ind ing  o f  d ifferent bacteria to tonsil and peripheral blood lym phocytes. 
S ta tio n a ry  phase m icroorganism s w ere used in  th e  assay  o f adherence. P re 
lim in a ry  ex perim en ts show ed th a t  th e  co u n ting  of ro se ttes (lym phocy tes su r
ro u n d e d  hy  h o u n d  b ac te ria ) w as n o t d is tu rb e d  b y  free b a c te r ia  w hen th e  o rig i
n a l ra tio  of b a c te ria  to  ly m p h o cy tes  w as 30 : 1. R osettes co n ta in ed  up  to  50 
b a c te r ia ;  th e n  m ean  value w as 22 as de te rm in ed  b y  th e  ex am in a tio n  of 370 
ro se tte s . L y m phocy tes su rro u n d ed  b y  5 or less b ac te ria  w ere n o t reg a rd ed  
as ro se tte s . I t  w as possible to  d iffe ren tia te  betw een  lym p h o cy tes  and  o th e r cell 
ty p e s  (m onocyte, m acrophage, ep ith e lia l cell) in  sta ined  sm ears. This w as of 
spec ia l im portance  in  th e  case o f p e rip h era l b lood ly m p h o cy te  p rep a ra tio n s  
w h ich  also co n ta in ed  8 -1 5 %  p o ly m o rp h o n u c lea r cells capab le  of b ac te riu m  
b in d in g . L y m phocy tes were accom pan ied  b y  4 %  co n tam in a tin g  cells (m ono
c y te s , p lasm ocytes) [29, 30]. B ind in g  of cells of th e  exam ined  b ac te ria l species 
(cf. M ethods) to  to n s illa r  ly m p h o cy tes  w as as follows: E . coli 02, 4 % ; S. aureus 
110002, 6% ; S. aureus Cowan I, 11% ; and  S. epiderm idis 04, 19% . A t th e  sam e
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Fig. 1. A ttac h m en t o f S. epiderm idis 04 to  to n silla r lym p h o cy tes . X 1600. R : ro se tte ;  L:
lym phocy te  w ith o u t h o u n d  b a c te ria

Temperature (°C )

Fig. 2. E ffec t o f te m p e ra tu re  on cy toadhesion . T onsilla r ly m p h o cy tes  were m ixed w ith  n a tiv e  
(o) o r h e a t killed  (/I) S . epiderm idis 04 cells. C ytoadherence  was assay ed  as described in  M ethods

tim e , b ind ing  to  p erip h era l blood lym p h o cy tes  was 4 %  for S. aureus 110002, 
and  5%  for S. epiderm idis  04. The o th e r species did n o t a tta c h  to  e ith e r  ty p e  
of ly m p h o cy tes . T he adherence of S. epiderm idis  04 to  tonsil ly m p h o cy tes  
(Fig. 1) was in v e s tig a te d  in  detail.

Effect o f  temperature on the adherence o f  native and heat-killed cocci. A d h e 
rence of S. epiderm idis  04 to  tonsilla r ly m p h o cy tes  w as assayed a t d iffe ren t 
te m p e ra tu re s  (F ig . 2). The b ind ing  of n a tiv e  cocci w as p rac tica lly  u n a ffec ted
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b y  th e  te m p e ra tu re , w hereas th e  adherence  of heat-k illed  S. epiderm idis  04 
increased  w ith  th e  te m p e ra tu re . S ig n ifican tly  m ore ly m p h o cy tes  were form ing 
ro se tte s  w ith  n a tiv e  b a c te ria  th a n  w ith  k illed  cocci a t any  te m p e ra tu re .

The role o f  surface Ig 's. B ac te ria  w ere coated  chem ically  w ith  d ifferen t 
m onospecific  h u m an  Ig ’s and  a n ti- Ig ’s to  in v es tig a te  th e  role of th e  ly m p h o 
c y te  surface im m unoglobu lins (s lg ’s) in  th e  b ind ing  reac tio n  (Table I). I t  is 
know n  th a t  m an y  of th e  to nsil ly m p h o cy tes  (36-64% ) c a rry  s lg ’s; (IgG  13— 
3 9 % , IgM 1 7 -2 2 % , IgA  1 3 -3 7 %  [31-33]. T he values d e te rm in ed  in  th is  in s ti
tu te  were also in  th is  range [A nt o n i  et a l., in  p rep ara tio n ].

Covering th e  cocci w ith  Ig  p rev en ted  th e ir  adherence to  th e  ly m p h o cy tes , 
w hile coating  w ith  an ti-Ig G  or an ti-IgM  did  n o t reduce th e  n u m b e r of ro se tte s ; 
an ti-Ig A  was in h ib ito ry .

Table I

Attachm ent cocci to lym phocytes o f  Ig-coated cocci

Coating Ig
Percentage of 

bacterium-binding 
lymphocytes

N  ative 19

H u m an  IgG 0

H u m an  IgM 0

H u m an  IgA 0

A nti-h u m an  IgG 18

A n ti-hum an  IgM 16

A n ti-hum an  IgA 3

Table II

Attachm ent o f cocci to Ig-treated lymphocytes

Pretreatment with
Percentage of 

bacterium-binding 
lymphocytes

N ative 19

H u m an  IgG 12

H u m an  IgM 4

H u m an  IgA 14

A nti-h u m an  IgG 35

A n ti-hum an  IgM 34

A n ti-h u m an  IgA 7
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In  a n o th e r ex p erim en t the ly m p h o cy tes  were in c u b a te d  w ith  m onospe
cific Ig 's  an d  a n ti- Ig ’s (passive coating). A fter rem oval o f th e  non -bound  Ig, 
the  ly m p h o cy tes  were m ixed  w ith cocci (T able II) . IgM in h ib ite d  th e  adherence, 
while an ti-Ig G  and  an ti-IgM  increased th e  n u m b er of ro se tte s . A n ti-IgA  was 
in h ib ito ry .

Effect o f  hum an serum . Tim per c en t pooled  hum an  R h  + scrum  com pletely  
in h ib ited  tin ' fo rm atio n  of rosettes. P re tre a tm e n t of ly m p h o cy tes  w ith  serum  
(at 0 °C for 30 min) also p reven ted  th e  b in d in g  reaction .

Table I I I

A'tachment o f cocci to T  and В  cells

Percentage of bacterium-Cocci binding lymphocytes

T в

N ativ e 6 28

H eat-k illed 5 15

Adherence to T  and В  cells. T able II I show s th e  difference betw een  b ind ing  
ab ility  of T  and  B su b popu la tions se p a ra te d  b y  ny lon  wool. В cells were no t 
only m ore ac tive  in  th e  b ind ing  of n a tiv e  b ac te ria  b u t th e y  seem ed to  be re 
sponsible for th e  difference observed in th e  b ind ing  of n a tiv e  and  killed  cocci.

B in d in g  o f  Ig 's  to staphylococci. Ig ’s were to  in h ib it adherence, th ere fo re  
we in v es tig a ted  th e  b in d in g  of Ig ’s b y  b ac te ria . S. aureus Cowan I , know n to  
b ind  IgG  b y  surface p ro te in  A [34], w as used  as con tro l (Fig. 3). S. epiderm idis  
04 b o u n d  m uch IgM  b u t also IgA and  IgG . H e a t- tre a tm e n t reduced  th e  IgA  
b ind ing  b y  ab o u t 50% , w hereas it  in c reased  IgM  b in d in g  m arked ly . P re tr e a t
m en t w ith  try p s in  d id  n o t a lte r IgA an d  Ig G  b ind ing  b y  th e  cocci, b u t  increased  
th e  b ind ing  of IgM.

Fig. 3. B ind ing  of im m unog lobu lins to S. epiderm id is  04 (a) and  Staphylococcus aureus Cowan 
I (b). C lear colum ns: n a tiv e ; shaded  colum ns: beat-k illed : solid colum ns: try p sin  tre a te d  cocci
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The Cowan I s tra in  show ed a high IgG  b in d in g  a b ility ; IgA  and  IgM  
w ere also bound . H e a t- tre a tm e n t changed  th e  IgM  b in d ing  only . T rypsin  t r e a t 
m en t reduced  IgG  b ind ing  b y  ab o u t 90% , in  accordance w ith  th e  resu lts  of 
V irgilio  et al. [35]. T he b in d in g  o f IgA  and  IgM  was h a rd ly  affected ,

Inh ib ition  o f  cytoadherence by monosaccharides and materials used fo r  
preparation o f  lym phocytes. W ith  reg a rd  to  th e  possible in v o lv em en t of surface 
ca rb o h y d ra tes  in  adherence, we in v es tig a ted  th e  a tta c h m e n t in  th e  presence of 
d iffe ren t m onosaccharides and  com plex  ca rb o h y d ra tes  used fo r th e  p re p a ra tio n  
o f d ensity  g rad ien ts  ap p lied  in  th e  iso la tion  on lym phocy tes (T able IV).

The b ind ing  of b a c te ria  w as in h ib ited  b y  galactose (40 mg m l- 1) and  
m annose (20 m g m l-1 ); U rom iro  reduced  th e  adherence  d rastica lly .

Table IV

Cytoadherence in  the presence o f  monosaccharides and materials used fo r  preparation o f  lymphocytes

Agent Contrentration, 
mg ml- 1

Percentage of 
bacterium
binding 

lymphocytes

None _ 19

D-Glucose 5 18

40 19

D -Fructose 5 19

40 17

D-Galactose 5 18

20 17

40 14

D -G alactosam ine 5 17

40 19

D-M annose 5 18

10 17

20 14

40 8
E D T A 1 0-2% 18

Ficoll2 2% 16

U rom iro3 15% 2
L ym phoprep4 2% 17

1 e thylenediam ine te traa c e tic  acid, te traso d iu m  salt

2 Pharm acia  (sopolym er of sucrose an d  epichlorohydrine)

3 Bracco (so lu tion  of m ethy lg lucam ine and  sodium  d ia trizoa te)

4 Pharm acia  (m ix tu re  o f sodium  m etrizoa te  and Ficoll)
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Discussion

S. epiderm idis  04 w as show n to a t ta c h  in  vitro to  n ea rly  20%  of h u m an  
tonsil ly m phocy tes h u t n o t to  periphera l b lood  ly m p h o cy tes . M odification of 
th e  b ind ing  revealed  severa l charac teristics o f th e  cy to ad h eren ce  reaction .

1. The specific n a tu re  of the  b ind ing  reac tion  is su p p o rted  by  the  fin d in g  
th a t  th e  a tta c h m e n t w as n o t influenced b y  te m p e ra tu re s  betw een  0 and  37 °C.

2. H e a t- tre a tm e n t seem ed to  a lte r  o r dam age th e  surface s tru c tu re  of 
b ac te ria  re su lting  in a decreased , te m p e ra tu re  sensitive a tta c h m e n t. R esidual 
b ind ing  was p ro b ab ly  due to  some h e a t-re s is ta n t com ponen t.

3. Several, heterogeneous surface s tru c tu re s  of th e  cocci and lym phocy tes 
are involved  in  ro se tte  fo rm atio n , as suggested  b y  th e  effects of im m unog lobu
lins and  c a rb o h y d ra tes . S taphylococci h av e  been am p ly  in v estig a ted  from  th e  
im m unological p o in t o f view . Surface p ro te in s , po lysaccharides , m ucopep tides 
and  capsu lar m a te ria l h av e  been id en tified  as an tigen ic  d e te rm in an ts , an d  th e  
ac tiv a tio n  of p e rip h era l b lood  lym phocy tes b y  cocci has also been described  
[36-43]. T here is, how ever, no ind ica tion  th a t  som e a n tig e n -a n tib o d y  reac tio n  
is u n d erly ing  th e  p h enom enon  of ro se tte  fo rm atio n  of ly m p h o cy tes  w ith  cocci.

As regards th e  ly m phocy tes, d iffe ren t recep to rs are considered to  he 
responsible for th e  b in d in g  of antigens, a n tig e n -a n tib o d y  com plexes, com plc- 
m en t/im m une  com plex , heterologous red  blood cells an d  lectins [44]. Surface 
im m unoglobulins are like ly  cand idates fo r th e  b in d in g  o f b ac te ria . This is 
su p p o rted  b y  th e  p redom inance  of В cells an d  the  re la tiv e  in ac tiv ity  of T  cells 
in  cy toadherence  reac tio n s (Table I I I ) . H u m an  serum  inh ib ited  th e  a t ta c h 
m ent, sim ilarly  to  earlie r find ings [45]. T he p ercen tage  o f lym phocy tes reac tin g  
w ith  an ti-Ig G  and  an ti-IgM -covered  cocci was close to  th e  am ount of b a c te 
rium -b ind ing  ly m p h o cy tes . I t  is therefo re  supposed  th a t  surface IgG -likc and  
IgM -like s tru c tu re s  are responsible for th e  b in d ing  of cocci. I t  is likely t h a t  n o t 
only th e  n u m b er h u t  also th e  o rien ta tio n  of surface Ig ’s is im p o rta n t, since 
cocci arc know n to  c a rry  Fc receptors. A d d itio n  of a n ti  h u m an  IgG and  h u m an  
IgM  to  th e  ly m p h o cy tes  m ay  produce a surface rich  in  free Fc p a rts , w hich 
can reac t w ith  cocci, lead in g  to  enhanced  cy to ad h eren ce  (Table II) . A n o th e r 
in d ica tio n  of th e  im p o rtan ce  of the  o rien ta tio n  of Ig ’s is th a t  IgM adso rbed  
onto  th e  surface of ly m phocy tes in h ib ite d  th e  a tta c h m e n t. In  th is  case th e  
F c p a r t  of th e  m olecule w as connected  to  th e  surface o f lym phocy tes, and  it  
was n o t availab le  fo r th e  b ind ing  of b a c te ria , w hich w ere shown to  f ix  IgM  
(Fig. 3).

A com parison  o f  th e  Ig  b ind ing  o f S . epiderm idis  04 an d  S. aureus Cowan 
I  con ta in in g  p ro te in  A revealed  a m ark ed  difference (F ig . 3). The fo rm er b a c 
te ria  did no t show  h igh  IgG  binding abo lished  b y  try p s in  tre a tm e n t, as found  
w ith  th e  la t te r  s tra in . W e could no t ex p la in  th e  effect of h ea t on th e  b ind ing  
of Ig ’s by  S . epiderm idis  04. The b in d in g  of IgA an d  IgM  by  th e  Cowan I
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s t r a in  did n o t d issp p ear a fte r t ry p s in  tre a tm e n t. This f in d in g  su p p o rts  th e  
suggestion  of H a k b o e  and  F ö l l i n g  [46] th a t  p ro te in  A is n o t responsib le for 
th e  b ind ing  of IgM . T he ex istence o f severa l ty p es of recep to rs  for th e  b in d in g  
o f  d ifferen t Ig  classes h as  been assum ed  earlier [47-49]. T he resu lts  show n in 
T ab le  IV  suggest th a t ,  in  a d d itio n  to  im m unoglobulins, o th e r  su rface s tru c tu re s  
o f  th e  lym phocy tes also p a r tic ip a te  in  th e  b in d ing  of b ac te ria . T he b locking  ef
fec t o f d ifferen t c a rb o h y d ra tes  in d ica ted  th e  possible in v o lv em en t of c a rb o h y 
d ra te  co n ta in in g  m olecules. B ac te ria  have been shown to  a t ta c h  to  n o n -ly m 
p h o id  hum an cells, to o ; ce rta in  c a rb o h y d ra te  groups of su rface g lycopro teins 
p a r tic ip a te  in th is  linkage [50]. W e found  th a t  m annose s tro n g ly  in h ib ited  
cy to ad h eren ce , th e re fo re  i t  is supposed  th a t  a m annose-specific, lectin -like 
s tru c tu re  of th e  b a c te ria l surface m ay  re a c t w ith  some m annose  con ta in in g  
po lysaccharide  or g lycopro tein  of th e  ly m p h o cy te  surface.
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B y  E n zy m e-L in k ed  Im m u n o so rb en t A ssay  (E L IS A ) pu rified  cholera and  Escherichia coli 
en te ro to x in s can  be d e tec ted  as sensitively as b y  CHO cells. T here  is a lin ea r re la tio n sh ip  b e 
tw een  to x in  con cen tra tio n s a n d  extinction  v a lu e s . In  p la te s  sensitized  w ith  to x ins, a n tito x in s  
can  be t i t r a te d  w ith  h igh se n sitiv ity . ELISA  c ro ss - ti tra tio n  ex p erim en ts  d em o n stra te  th e  e x is t
ing  an tig en ic  re la tio n sh ip  b e tw een  cholera to x in  a n d  h e a t  lab ile  E . coli en te ro to x in . P la te s  
sensitized  w ith  e ith e r a n ti -E. coli-IgG  or an ti-ch o le ra-Ig G  are su itab le  fo r de tecting  b o th  cho lera  
to x in , a n d  E . coli LT. E L IS A  seem s to be a sim ple , sensitive  an d  econom ic m ethod  fo r q u a n ti ta 
tio n  of en te ro to x in s  and tox in -spec ific  an tibod ies .

In  th e  la s t few y ea rs  we have c o m p ared  d iffe ren t techn iques [I]  for 
ev a lu a tin g  en te ro to x in s , to  find  a sim ple, sensitive screening m ethod  for to x in  
detec tion . Since in th e  V irus L ab o ra to ry  o f th is  In s t i tu te  E L IS A  has success
fully  been  app lied  for d e tec tin g  both v ira l  an tibod ies [2] an d  a lp h a-fe to p ro te in
[3], we decided to  a d o p t th e  m ethod also  for q u a n tita tio n  of en te ro to x in s  and  
th e ir  an tito x in s .

The s tu d y  was a im ed  to  clarify th e  p a ra m e te rs  essen tia l for s tan d a rd iz in g  
th e  tech n iq u e . P u rified  or sem ipurified  to x in s  and  an tito x in s  were used  and  
th e ir  in te ra c tio n  was s tu d ie d  in hom ologous and  hetero logous co m bina tions.

M aterials a n d  m ethods

E nterotoxins. P u rified  cholera  toxin (CT) p re p a re d  by  D r. R . A. F i n k e l s t e i n  (L o t. No. 
4493) w as o b ta in ed  from  D r. I. Jo ó  (H um an, B u d a p e s t) ;  in  som e cases we used th e  W ellcom e 
Toxin  (YT 2210L5, W ellcom e L aboratories, B e ck e n h am , E n g lan d ). Sem ipurified h e a t  lab ile  
en te ro to x in  of E . coli (LT) w as k in d ly  provided b y  D r. F . D o r n e r  (Sandoz F o rsch u n g s in s titu t, 
W ien). S to ck  solu tions of to x in  p reparations w ere  k e p t a t  4 °C.

A n tito x in s. A n ti-ch o lera  to x in  (Swiss S e ru m  an d  V accine In s t i tu te ,  B ern) was p u rch ased  
i t  was of horse  orig in  h a v in g  th e  nom inal v a lu es 36 000 loop U /m l an d  10 000 P F  U /m l.

A n ti-E . coli-LT se ru m  a n d  anti-cholera  to x in  w ere ra ised  b y  im m unizing  ra b b its  w ith  
purified  D o rn er LT and F in k e ls te in  CT, resp ec tiv e ly , accord ing  to  C a l l a h a n  et al. [ 4 ] .  A m ix 
tu re  o f to x in  a n d  com plete F re u n d  ad ju v an t (v /v )  was in jec ted  subcu taneously . A t one w eek 
in te rv a ls  3 fu r th e r  doses w ere given, and one w eek  la te r  3 doses o f to x in  were g iven  in tra v e 
nously  a t  4 -d ay  in tervals .

* S u p p o rted  b y  th e  Sc ien tific  Research C ouncil, H u n g a rian  M in istry  of H e a lth  (3 — 10 — 
0305- 0 3 - 1 / K  and  3 - 1 0 - 0 8 0 1 - 0 3 -  1/P)
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Bleeding was done  one week a fte r  th e  la s t  in jec tio n . Sera were filte r-s terilized  and  k e p t  
a t  — 20 °C.

A ntitox ins w ere p u rif ied  for IgG  b y  th e  s ta n d a rd  m eth o d  [5]. IgG  frac tio n s and a lk a lin e  
p h o sp h a ta se  (Sigm a, ty p e  V II)  were coupled  b y  g lu ta ra ld eh y d e . R a b b it an ti-L T -Ig G , an ti-C T - 
Ig G , a n ti-rab b it-Ig G , a n d  an ti-h o rse -Ig G  w ere coupled  w ith  horse-radish  perox idase  by  D r. R . 
V a r r ó  (H um an, B u d ap es t).

Cell culture. C hinese h am ste r  o v a ry  (C H O ) cells w ere k in d ly  prov ided  b y  Dr. B. R o w e  
(C e n tra l Public H e a lth  L ab o ra to ry , L ondon). T h ey  w ere m ain ta in ed  in 50 cm 2 R oux  fla sk s  
in  M EM  m edium  co m p le ted  w ith  10%  new b o rn  calf se rum  and  tran sferred  w eekly by  t ry p s in -  
E D T A  d e tachm en t. F o r  te s tin g  to x ins, 2-or 3 -day-o ld  cu ltu res  were used.

CHO elongation test w as perform ed in  96-well L inh ro  tissue cu ltu re  p la te s . H epes-buff- 
e red  M EM  (50 /Л/w ell) w as added  to  each  well a n d  th e n  a 50 /Л a m o u n t o f to x in  so lu tion  w as 
g iv en  to  the  f irs t well a n d  tw ofold  d ilu tio n  was done. T h en  ab o u t 5000 cells in  50 /Л m ed iu m  
w ere  added  to each w ell, a n d  th e  p la tes w ere covered  an d  in cu b a ted  o v e rn ig h t a t  36 °C. T h e  
to x ic  effect was e v a lu a te d  by  m icroscopic ex am in a tio n . In s tead  of d e te rm in in g  th e  a c tu a l  
p e rcen tag e  of e longated  cells [6] we considered  as t i t r e  of th e  to x in  th e  h ig h est d ilu tio n  in  
w h ich  30 to 50%  of cells show ed ty p ica l e lo n g a tio n  reg ard ed  as 1 CHO e longation  u n it  (C H O - 

E >- Neutralization in  C H O  cells. In  these  ex p erim e n ts  2 -6  CH O -E u n its  o f to x in  were u sed . 
F ir s t ,  an tisera  were d ilu te d  in to  th e  wells, th e n  to every  d ilu tion  an equal vo lum e (50 /Л/w ell) 
o f  to x in  was added . T he m ix tu res  were in cu b a te d  a t  36 °C for 45 m in  w hen  cells were ad d ed  
to  th e  wells. A fter o v e rn ig h t in cu b a tio n  a t  36 °C, e v a lu a tio n  was done. T he h ighest d ilu tio n  
o f a g iven  an tiserum  w hich  still n eu tra liz ed  th e  e lo n g a tin g  effect of the  to x in  was accep ted  a s  
t i t r e .  On every p la te  se ru m  contro ls an d  to x in  co n tro ls  ( re titra tio n )  were se t up , th e  a c tu a l 
a m o u n t of tox in  was d e te rm in ed  according to  th e  re su lt o f re titra tio n .

E L IS A  Technique. 1. F o r to x in  d e tec tio n  D y n a tec h  Microelisa p la tes were coated  w ith  
a n tib o d ie s  : (anti-C T  d ilu te d  1 : 500 (horse) a n d  1 : 5000 (rab b it)  or an ti-L T  d ilu ted  1 : 30 000. 
F o r  an tito x in  t i t r a tio n , p la te s  were sensitized  w ith  an tig e n s  (CT d ilu ted  1 : 200 or LT d ilu ted  
1 : 300); 100 /Л of to x in  or a n tito x in  was ad d ed  to  each  well and th e  p la te s  were k e p t o v e r
n ig h t  a t  4 °C.

2. From  d iffe ren t d ilu tio n s of an tig en s o r an tib o d ies  100 /Л am o u n ts w ere ad ded  to  th e  
w ells o f th e  sensitized p la tes . In c u b a tio n  w as done for one h o u r a t  30 °C.

3. A fter in cu b a tio n , th e  p lates w ere w ashed  th ree  tim es w ith  PB S-Tw een (0.1 м of P B S  
p H  7.2, contain ing  0 .05%  T w een 20). T hen  a p p ro p ria te  con jugate  a t  the  p red eterm in ed  o p tim a l 
d ilu tio n  (100 /Л) was ad d ed  and  the  p la tes w ere in cu b a ted  as above.

4. A fter w ash ing , 150 //1 of th e  chrom ogens (p -n itro p h en y l-p h o sp h ate  for a lk a lin e  
p h o sp h a ta se  and 1 ,2 -ph en y len d iam in e-h y d ro ch lo rid e  fo r perox idase) were added . W ith  a lk a 
line  p h osphatase  su b s tra te  th e  reac tio n  tim e was one h o u r, while w ith  perox idase  i t  w as 30 
m in  a t  30 °C.

5. The enzym e re a c tio n  was sto p p ed  w ith  50 /Л/w ell of 3 м N aO H  for p h o sp h a tase  a n d  
w ith  50 /Л of 4 M H 2S 0 4 fo r peroxidase.

6. Evaluation. T he in te rac tio n  be tw een  enzym e an d  su b s tra te  resu lts  in  a yellow  co lour 
fo r p h osphatase  and  b row n  for perox idase . T he colour in te n s ity  m easured  by  a p h o to m e te r is 
p ro p o rtio n a l to th e  a m o u n t o f an tib o d y  (an tig en ) a tta c h e d  to  the  sensitized p la te . A D y n a tec h  
E L IS A  R eader was used  fo r reg is te ring  abso rb an ces: p h o sp h a tase  a c tiv ity  was read  a t  405 nm , 
p e ro x id ase  ac tiv ity  a t  492 nm .

Results

Detection o f  cholera tox in , E . coli L T  and their antitoxins in  homologous 
system . F irs t th e  effect of d ifferen t co n ju g a tes  was de term ined  on th e  re p ro 
d u c ib ility  of th e  te s t .  In  p la tes sensitized  w ith  anti-C T -IgG , b y  th e  use o f  
a n tib o d y  of a lkaline  p h o sp h a ta se -co n ju g a ted  an ti-C T -IgG  as second a n tib o d y , 
CT could be d e tec ted  w ith  high sen s itiv ity . R ep ea tin g  these  ex perim en ts f iv e  
tim e s , one m o n th  a p a r t  com parab le  re su lts  w ere o b ta ined  (Table I). E x tin c tio n  
(m easu red  a t  405 nm ) ^>0.15. was considered  a positive reaction . So, a 1 : 1600
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Table I
Detection o f  cholera toxin in  plates sensitized  with anti-cholera IgG ( horse)

R ec ip ro ca l d ilu tions 
o f  cholera  to x in

E x tin c tio n  v a lu e s , ex p erim en t M ean
ex tin c tio n

valueь 2. I 3. 4- 5.

20 1.50 1.50 1.50

40 1.20 1.30 1.25

80 1.00 1.10 1.05

100 1.00 1.00 1.00 1.00

160 0.84 0.93 0.88

200 0.68 0.86 0.84 0.79

320 0.58 0.66 0.62

400 0.48 0.60 0.58 0.55

640 0.39 0.41 0.40

800 0.35 0.41 0.31 0.35

1280 0.21 0.23 0.22

1600 0.16 0.21 0.18 0.18

3200 0.08 0.08 0.08

Cholera to x in : F in kelste in  L o t No. 4493. A n ti-cho lera-IgG  (horse) was d ilu ted  1 : 300; as second 

an tib o d y , alkaline phosphatase-con jugated  an ti-cho lera-IgG  w as used a t  1 : 300 d ilu tion . 

S u b s tra te  reac tion  tim e w as 1 h r a t 30 °C. E x tin c tio n  j>0.15 w ere considered specific (figures 

p rin ted  in  italics)

Fig. 1. R ela tionsh ip  b e tw een  concen tra tion  a n d  ex tin c tio n . T itra tio n  of cholera to x in  in  p la te s
sensitized w ith  anti-C T -IgG

d ilu tion  of CT (stock  solu tion) was a c c e p te d  as t i tre  of th e  tox in . Since th e  stock  
so lu tion  h ad  a n o m in a l value of 1800 L b , th e  sen s itiv ity  of th e  assay w as ab o u t 
1.12 L b/m l. The sam e stock so lu tion  gave a CHO t i t r e  of 1 : 512 (3.5 Lh/m l).
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T h u s , th e  re la tiv e  sen s itiv ity  of E L IS A  was com parable  to  th a t  of th e  CHO 
elon g a tio n  te s t.

R ep ro d u c ib ility  o f  E L IS A  w as in d ic a te d  by  th e  sim ilar ex tin c tio n  values 
o b ta in e d  a t d iffe ren t po in ts  o f tim e . T he re la tionsh ip  of e x tin c tio n s  and  d ilu 
tio n s  showed a lin e a r  dose-response cu rv e  (F ig. 1).

Sim ilar re su lts  could be o b ta in e d  w hen p la tes w ere sensitized  w ith  a 
1 : 30 000 d ilu tion  o f  an ti-L T -IgG . In  such  p la tes D orner LT could  be de tec ted  
a t  a  d ilu tion  of 1 : 80 000, in  acco rdance  w ith  the  1 : 76 800 t i t r e  in  th e  CHO 
te s t  (Table II) . In  th e se  experim en ts we com pared  tw o  ty p es  o f co n juga te . 
R esu lts  showed t h a t  th e  enzym e p a r t  o f th e  con jugate  had  no role in  th e  te s t ’s 
sen s itiv ity  (Table I I ) .

Table II

Detection o f coli L T  in plates sensitized with anti-LT-IgG by the use o f two conjugates

E x tin c tio n  v a lu es  o b tain ed  w ith
D ilu tio n  ol L I ' 

(D o rn e r)  (loglO) a n ti-L T -Ig G /A P  
(405 n m j

an ti-L T -Ig G /H R P O  
(495 nm j

io-2 1.95 >2.00
10-3 0.76 0.83
io-4 0.46 0.31

2 x  IO-4 0.28 0.27
4 x l 0 ~ 4 0.20 0.21
8 X IO1-4 0 .1 5 0 .1 6

I 6 x l 0 - 4 0.09 0.12

A n ti-Ig G  was dilu ted  1 : 30 000. A lkaline p h o sp h a tase  (AP)- and horse rad ish  peroxidase  (H R P O )- 

coupled  anti-L T-IgG  w ere used  a t 1 : 1000 d ilu tio n . E x tin c tio n  values > 0 .1 5  were considered 

specific  (figures p rin ted  in  ita lics)

N ext, p la te s  w ere sensitized  w ith  th e  tox ins to  t i t r a te  an tito x ic  a n ti
bod ies. W hen p la te s  w ere sensitized w ith  E.coli LT, th e  hom ologous an tib o d y  
t i t r e  w as 1 : 32 000, show ing a lin ear associa tion  betw een  co n cen tra tio n  (d ilu 
tio n ) an d  ex tin c tio n  (F ig . 2). In  th is  case, perox idase labelled  a n ti- ra b b it IgG  
(d ilu te d  1 : 1000) w as used as second a n tib o d y . R esults are p resen ted  in  T able
I I I .  I t  is d ifficult to  com pare th is  t i t r e  w ith  th a t  o f th e  CHO n eu tra liza tio n  
t e s t ;  in  the  la tte r , an ti-L T -se ru m  n eu tra lized  6 CH O -E a t a d ilu tion  of 1 : 1600.

The resid ts show ed  th a t  E L IS A  can  effectively he used for ev a lu a tin g  
p u r if ie d  en te ro to x in s , w ith  a sen s itiv ity  com parab le  to  th a t  of th e  CHO elon
g a tio n  te s t. The te c h n iq u e  is especially  ad v an tag eo u s  for t i t r a t in g  an tibod ies; 
d ep en d in g  on th e  to x in  dose used it  is a b o u t 20 tim es m ore sensitive  th a n  th e  
C H O  n eu tra liza tio n  te s t .
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Fig. 2. R e la tio n sh ip  b e tw een  concentra tion  a n d  ex tin c tio n . T itra tio n  of an ti-L T -se ru m  in
p la tes sensitized w ith  E . coli LT

Table III

T itra tion  o f  E . coli L T  antitoxin on p la tes  sensitized with E . coli L T  (Dorner)

D ilu tio n  o f a n titox in
(loglO)

E x tin c tio n  value 
(492 nm )

lO- 3 >2.00
2xl«-3 1.70

4 x l 0 - 3 1.30
8 x 1 0 -3 0.66

1.6 X io-4 0.33

3 .2 x 1 0 - “ 0.23

6 .4 x 1 0 - “ 0.09

E . coli L T  was diluted 1 : 300; as second an tib o d y , an ti-rab b it Ig G /H R P O  was used a t  1 : 1000 

d ilu tion . E x tin c tio n  > 0 .1 5  w as considered spec ific  (figures p rin ted  in  italics)

A ntigen ic  relationship between L T  a n d  CT. The a im  was to  clarify  w h e th e r 
th e  an tig en ic  re la tionsh ip  of cholera to x in  and  E.coli LT [7-12] could be u ti l i 
zed for t i t r a t in g  hetero logous toxins b y  E L IS A . In  o rd e r to  o b ta in  s ta n d a rd  
values, c ro ss-n eu tra liza tio n  tests were ca rr ied  ou t in CHO cell cu ltu res. R esu lts  
of a re p re se n ta tiv e  exp erim en t are show n  in Tahié IV . In  th e  te s t we app lied  
equal doses of tox ins (6 CHO-E), th ese  w ere n eu tra lized  w ith  hom ologous and  
hetero logous an tito x in s . Though hetero logous titre s  w ere low er th a n  th e  ho m o 
logous ones, th e  re su lts  ind icated  an  an tig en ic  re la tio n  betw een LT an d  CT.

To investig a te  cross-reactions b y  E L IS A , we sensitized  p lates f ir s t  w ith  
th e  an tig en s. Since a n t i -E.coli L T -serum  was raised  in  rab b its , perox idase-
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Table IV

Neutralization o f cholera and E . coli enterotoxin with homologous and heterologous antitoxins in
CHO cell culture

T o x in s CH O-E*
H ig h e s t d ilu tio n  o f  sera  
n e u tra liz in g  elongation

a n ti-L T anti-C T  (horse)

LT 6 1 : 1600 1 : 200

CT 6 1 : 400 1 : 400

* CHO elongation u n it

c o n ju g a ted  a n ti- ra b b it- Ig G  was used for d e tec tin g  an tibod ies. F o r m easu rin g  
cho lera  to x in  an tib o d ies  as th e  an ti-C T  seru m  was of horse origin, a lk a lin e  
p h o sp h a ta se -co n ju g a ted  an ti-h o rse-Ig G  w as used . R esu lts o b ta in ed  in  h o m o 
logous and  hetero logous com binations are show n in T able Y; th e y  agreed w ell 
w ith  those o b ta in ed  in  th e  CHO n e u tra liz a tio n  te s t  (Table IV ). H etero logous 
t i t r e s  reached  25 to  50 %  of th e  hom ologous ones, ind ica ting  again  th e  s tro n g  
an tig en ic  re la tio n sh ip  betw een  CT and  LT.

Table V

Homologous and heterologous titres o f anti-CT and anti-LT sera by E L IS A

Toxins
R eciproca tit re s  o f  a n tito x in s

an ti-L T an ti-C T

LT 32 000 1000

CT 16 000 4000

P la te s  were sensitized w ith  th e  toxins. F o r an ti-L T , as second an tibody , an ti-rab b it-Ig G /H R P O , 

for anti-C T , as second an tib o d y , an ti-h o rse -Ig G /H R P O  w as used a t  1 : 1000 d ilu tion

E L IS A  allows to  te s t  th e  an tigen ic  re la tio n  in a reverse w ay, too , w hen  
p la te s  are sensitized  w ith  th e  an tibod ies. In  th is  sy stem  LT an d  CT were t i t r a t 
ed  ag a in st hom ologous an d  heterologous an tib o d ies  (Table V I). In  p la tes sen si
t iz e d  w ith  an ti-L T -Ig G , CT could be d e tec ted  in  a t itre  reach in g  50%  o f th e  
hom ologous one. On th e  o th e r h an d , w hen th e  p la te  was sensitized  w ith  a n ti-  
C T -IgG  of ra b b it  se ru m , LT could only  be d e tec ted  a t an eq u a lly  h igh d ilu tio n  
(1 : 3200).
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Table VI

Homologous and heterologous titres o f  cholera and E. coli enterotoxin by E L IS A

Toxins
R ec ip ro ca l t it re s  o f to x in s

a n ti-L T an ti-C T  (ra b b it)

LT 2000 3200

CT 1000 3200

P la tes were sensitized w ith  th e  toxins. F o r a n ti-L T , as second a n tib o d y , an ti-rab b it-Ig G /H R P O  

was used

Discussion

S evera l E.coli s tra in s  [13, 14] as well as o th e r en te ric  b ac te ria  [15— 17] 
like salm onellae [18, 19], Shigella f le x n e r i  [20] etc. are capable  of p roducing  
en te ro to x in s . The en te ro to x in s  p ro d u ced  are fre q u e n tly  LT or an tigen ica lly  
re la te d  to  LT.

A ro u tin e  d iagnostic  m ethod  fo r d e tec tin g  en te ro to x in s  is lack ing , m a in ly  
because of th e  tech n ica l d ifficulties. T h e  m ajo rity  of th e  te s ts  used for d e tec tin g  
LT [6, 21 -25 ] is n o t applicab le  for ro u tin e  purposes. W e have  found th a t  th e  
b lueing  te s t  [1] m igh t be used ro u tin e ly , th ough  th e  sen s itiv ity  of anim als d if
fers w idely . Cell c u ltu re  techn iques are  prom ising too ls, b u t  th e y  are expensive, 
req u ire  a special la b o ra to ry  and  sterile  f iltra te s  w ith o u t p reservatives.

A n econom ic screening  tech n iq u e  would th ere fo re  be needed for b o th  
d iagnostic  and  research  w ork. The fo rm er w ork is com plica ted  by  th e  occurence 
of en tero tox igen ic  s tra in s  in h e a lth y  persons [26] and  b y  th e  fac t th a t  
th e  q u a n ti ty  of LT  p ro d u ced  varies g rea te ly  [27]. So, a p a r t from  th e  possible 
role of adhesion fac to rs , i t  is no t know n  w h a t LT level m ay  be accep ted  as in d i
ca tive  for p o te n tia l p a th o g en ic ity . T h u s, i t  w ould be im p o rta n t to  have  a 
screening  m ethod  of h igh  sen s itiv ity  an d  a rap id , sensitive  te s t for s tu d y in g  
im m une responses to  en te ro tox ins.

P u rified  CT an d  LT of good a n tig en ic ity  are now  availab le  an d  th e y  m ay  
be u tilized  for develop ing  sim ple serological tech n iq u es. F o r d e te rm in in g  cho l
e ra  to x in , passive im m uno-haem olysis [28] or th e  passive  reverse hacm agglu- 
tin a tio n  te s t  [29] can be used, b u t th e y  are no t recom m ended  for large scale 
screening.

Since E L IS A  h a d  been developed  [30] i t  w as used  in  cholera serology 
[31, 32] an d  recen tly  for de tec ting  LT. In  a s tu d y  [34], gangliosid Gmi, a 
recep to r for bo th  to x in s  [33], was u sed  as sensitizing  agen t. W ith  th is  Gm i* 
E L IS A , recep to r b o u n d  LT could be d e tec ted  w ith  a som ew hat low er sen s itiv 
ity  th a n  in  Y - l  ad ren a l cell cu ltu re . Y o l k e n  et al. [35] d e tec ted  LT w ith  th e
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use o f  E L ISA  in  p o ly s ty ro l p la tes. In  perfo rm ing  th e  te s t, th e y  u tilized  the  
an tig en ic  re la tionsh ip  betw een  CT an d  LT.

O ur experim en ts were aim ed p rim a rily  a t  s tu d y in g  th e  sen s itiv ity  and  
a p p licab ility  of M icro-E L ISA . F o r th is  tech n iq u e , i t  was im p o r ta n t to  have 
p u rif ie d  LT and  CT.

W ith  D y n a tech  M icroelisa p la te s  an d  E lisa R eader, i t  w as possible to  
u se  E L IS A  for m easu rem en t of en te ro to x in s  and an tito x in s .

In  a hom ologous system  E L IS A  d e tec ts  tox ins (LT or CT) w ith  a sensi
t iv i ty  equal to  th a t  o f  CHO cells. T he tech n iq u e  is especially  sensitive  in ev a l
u a t in g  an titox ins. W ith  ph o to m etric  ev a lu a tio n , E L IS A  can be s tan d ard ized  
fo r assay ing  crude to x in s  and  also fo r m easu rin g  an tito x ic  im m u n ity .

In  an tito x in  t i t r a t io n , E L IS A  p ro v ed  to  be m ore sensitive th a n  th e  CHO 
n e u tra liz a tio n  te s t . I t  d e tec ted  th e  an tig en ic  re la tionsh ip  b e tw een  CT and  LT 
a t  th e  sam e ra te  as d id  th e  CHO n e u tra liz a tio n  te s t. In  LT t i t r a t io n , p la tes 
sen sitized  w ith  hetero logous (CT) an d  w ith  hom ologous (LT) an tito x in s  showed 
th e  sam e degree of sen s itiv ity  for d e te c tin g  tox ins.

In  sum m ary , once E L ISA  has been  s tan d ard ized  w ith  p u rified  tox ins 
a n d  an tito x in s , th e  te s t  can effectively  be used for assay ing  to x in s  and tox in - 
specific  an tibodies. F o r reliable e v a lu a tio n , ph o to m etric  read in g  is req u ired .
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MEMBRANE CHARACTERISTICS OF THE hemA 
MUTANT OF BACILLUS SUBTILIS

A. M iczak , B. P rágai  and B. T a ró di

Institute o f Microbiology, University Medical School, Szeged 

(R eceived M ay 17, 1979)

T he m em b ran e  of th e  á -am inolaevulin ic  acid sy n th ase  (EC. 2.3.1.37) defic ien t m u ta n t  
of Bacillus subtilis grow ing in  th e  presence of (5-am inolaevulinic acid  differs on ly  to  a lim ited  
e x te n t from  th e  wild ty p e . In  haem in -co n ta in in g  m edium , how ever, sign ifican t differences are 
observed  as regards th e  o sm otic  s ta b ility  o f th e  p ro to p la s ts  an d  th e  m em brane  p ro te in  com po
sition.

In  b ac te ria l cell m em branes m an y  biochem ical and b iophysical even ts 
occur. T he m ost im p o r ta n t are th e  b iosyn thesis o f th e  cell wall an d  lip ids, 
e lectron  tra n sp o r t , an d  ox idative  p h o sp h o ry la tio n . The m em branes of th e  
p o rp h y rin  au x o tro p h s m ay  be d iffe ren t from  those  of th e  p ro to tro p h s . Some 
p ro te in s  are absen t in  Rhodopseudomonas sphéroïdes m u ta n ts  w ith  b locks in  
bacterio ch lo ro p h y ll syn th esis  [1].

One group of B acillus subtilis p o rp h y rin  m u ta n ts  (hem A ) are ô-am ino- 
laevu lin ic  acid (ALA) sy n th ase -d e fic ien t. These b a c te ria  are no t able to  produce  
ALA, th e  f irs t com pound  in th e  p o rp h y rin  b io sy n th e tic  p a th w ay . T hey  grow 
only  in  th e  presence o f A LA  or haem in  and  o th e r ad d itio n a l m ateria ls  [2].

T h is paper describes experim en ts ca rried  out to  de term ine  th e  p ro to p la s t 
s ta b ility  and  m em b ran e  p ro te in  co n te n t of th e  A LA  sy n th ase-d efic ien t s tra in  
grow ing in  tw o d iffe ren t m edia.

Materials and methods

Bacterial strain. Bacillus subtilis trp C2 hemAl [2].
Lysis curves. T he s tra in  was grow n in  НАС [3] m edium , or in  gGM [2] co n ta in in g  ALA  

(2 /ig /m l) a t  37 °C w ith  sh ak ing . A fter reach ing  OD 1.0, th e  cells were cen trifuged  and  w ashed, 
and grow n for 3 h r in  gGM supp lem en ted  w ith  t ry p to p h a n  (50 /ig /m l; s ta rv a tio n ). T h erea fte r 
th e  cu ltu re  was cen trifuged  and  w ashed w ith  0.7 M SP (0.7 м sucrose, 0.05 M N a» H P O j, 0.01 
M MgCL p H  7.0) buffer, an d  th e  pelle t w as resu sp en d ed  in  0.8 m l 0.7 M SP buffer an d  0.2 m l 
of lysozym e (10 m g/m l in  S P  buffer). T he suspension  of cells in  lysozym e was in cu b a ted  a t  
37 °C for 30 m in to c o n v ert the  cells to p ro to p la s ts . The conversion  was follow ed by  phase  
c o n tra s t m icroscopy. Sam ples o f p ro to p la s t suspensions were th e n  d ilu ted  tenfo ld  w ith  0.05 M 
N a 2H P O  ,-0 .01  M MgCL co n ta in in g  sucrose, so th a t  th e  final co n cen tra tio n  of sucrose ranged  
from  0 to  0.7 M. A fter in cu b a tio n  for 10 m in  a t  37 °C th e  o p tica l den sity  was d e te rm in ed  a t  
620 nm . T he m ethod  w as a sligh t m odification  of th a t  of K e n t  el al. [4].

Preparation o f membranes for gel electrophoresis. The m u ta n t  was grow n as described 
above. A t th e  la te  lo g arith m ic  phase  th e  cu ltu res  were h a rv este d  b y  cen trifugation . T he pelle ts

7* Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



1 0 0 MICZÂK et al.

w ere  w ashed tw ice w ith  0.6 M SP b u ffer a n d  resu sp en d ed  in 1 ml of 0.6 M SP buffer. The m em 
b ra n e  p rep ara tio n  w as carried  ou t as described  [4].

S D S-polyacrylam ide gel electrophoresis. T he m em b ran es were p rep ared  for e lectro p h o re 
sis b y  tre a tm e n t o f 150-250 fig  o f m em b ran e  p ro te in  w ith  a so lu tion  of 3%  (w /v) SDS. 2%  
(v /v ) 2 -m ercap to e th an o l, 2 0 %  (v/v) g lycero l, an d  40 m м T ris HCl (pH  8.0). T he m ix tu re  was 
h e a te d  in  boiling w a te r  fo r 1.5 m in  [1]. E lectrophoresis was carried  o u t b y  th e  m ethod  of 
L a e m m l i  [5].

Results

L ysis  curves. To determ ine  q u a n tita tiv e ly  th e  osm otic frag ility  o f th e  
m u ta n t  grow ing in  th e  m edia c o n ta in in g  A LA  or haem in , its  ly tic  b eh av io u r 
in  suspension was s tu d ied . A fter being  grow n in th e  presence o f haem in , p ro 
to p la s ts  of the  m u ta n t  were m uch  less s tab le  (F ig. 1). W hen b ac te ria  were

— I-----------J------------- 1________I________ I________I________I ,

0.1 0.3 0.5 0.7
Molarity sucrose

F ig . 1. Lysis curves o f p ro to p la s ts . T he hem A  m u ta n t  was grow n in  НАС (О ), or A L A -contain ing
( • )  m edia

gro w n  in the  presence  o f A LA , th e  p ro to p la s t s ta b ility  ap p ro x im a ted  th a t  of 
th e  w ild -type  s tra in .

M embrane pro tein  composition. T here w ere s ign ifican t d ifferences in  th e  
m em b ran e  p ro te in  com position , to o . As can be seen in Fig. 2, som e p ro te in  
b a n d s  are absen t or are p resen t in a v e ry  lim ited  q u a n tity  w hen  th e  m u ta n t 
is g row n w ithou t A LA . T he g row th  is slow er in HCA m edium . W e assum e th a t  
o th e r , more s ign ifican t, differences w ould  be observed on longer s ta rv a tio n , 
b u t  no  longer s ta rv a tio n  period w as app lied , because th e  sp o ru la tio n  of these  
m u ta n ts  is very  fa s t  u n d e r th e  g iven c ircum stances. In  th e  presence of ALA
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a b iosynthesis of corrins and p o rp h y rin s  takes p lace in  these  m u ta n ts . E v ery  
enzym e con ta in ing  corrin  or p o rp h y rin  s tru c tu re  is fo rm ed; hence, in ALA- 
co n ta in in g  m edium  only  a sm all difference can he observed  betw een  th e  m u 
ta n t  and w ild-type s tra in .

F ig . 2. SD S-polyacrylam ide gels o f m em b ran es of hem A  m u ta n t  grow n in  НАС (lower), or 
A L A -contain ing  m edia (u p p e r) , an d  densitom eter scans o f th e  sta in ed  gel

Discussion

M utation  in  p ro p h y rin  b io syn thesis  resu lts  in  changes in  th e  m em brane 
s tru c tu re . W hen th e  hem A  m u ta n t  is grown in th e  presence of A LA , m em brane 
s ta b ility  and p ro te in  com position  are sim ilar as in  th e  w ild ty p e , even a fte r 
s ta rv a tio n . In  h aem in -co n ta in in g  m edium  m ore d ifferences occur (Figs 1, 2). 
In  th is  case m ore m em b ran e  p ro te in  com ponents are  ab sen t or m odified. The 
enzym es con ta in ing  p ro p h y rin s  and  m ainly corrins are  p resen t a t  low concen t
ra tio n s  [6].

Taber et al. [7] found some differences in the membrane protein compo
sition of the menaquinone-deficient B . subtilis mutants, which were cytochrome- 
deficient, too.

More deta iled  com parisons are  p rem atu re  since, to  ou r know ledge, no 
fu r th e r  in fo rm ation  is av a ilab le  concerning m em b ran e  p ro te in  p a tte rn s  in 
energy-deficien t m u ta n ts  o f B . subtilis.
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YERSINIA ENTEROCOLITICA INFECTION OF 
ANIMALS AND HUMAN CONTACTS

J. S z it a , A n n a  Sv id r ó , Má r t a  K u b i n y i , I ldikó  N yo m á rk a  y 
and I r é n  M ih á l y f i

N a tiona l Institu te  o f  H ygiene, Budapest, Pest County Public H ealth Station, Budapest a n d  
M u nicipa l Public H ealth S ta tion , B udapest

(R eceived  M ay 15, 1978)

In fec tiv e  an im a l sources and persons in  c o n ta c t w ith  an im als w ere in v estig a ted  fo r 
Y ers in ia  enterocolilica. T he 68 iso lates fro m  3115 an im als be longed  to  four serogroups. T h e  
m o st f req u e n t w as serogroup  0 3  (62 s tra in s )  fo u n d  m ain ly  in  pigs (41 stra ins). The sam e sero- 
g ro u p  w as iso la ted  from  dogs (9 stra ins), c a ts  (6 s tra in s) an d  from  o th e r  anim als (6 s tra in s). 
A to ta l  o f 556 an im als  liv in g  in  the  B u d a p es t Zoo w ere exam ined . Y . enterocolitica was iso la te d  
from  th e  faecal specim ens of one ch im panzee  a n d  one g ibbon. U sing th e  W idal-type  a g g lu tin a 
tio n , o u t of sera o f 877 persons in  c o n ta c t w ith  an im als , 4 .56%  w ere p ositive  w ith  an tig e n s  
0 3  an d  0 9 , com p ared  to  0 .33%  in  h e a lth y  co n tro ls . T he s tu d y  in d ica te s  th a t  beside th e  o c ca 
s io n a l ro le of o th e r an im al species, pigs shou ld  be  reg ard ed  as th e  m ain  source of h u m an  e n te ric  
yersiniosis.

The increase o f Y ersin ia  enterocolitica iso lations from  hum an  clin ica l 
m a te ria l has d irec ted  a tte n tio n  to  th e  obscure ep idem iological ch a rac te ris tic s  
o f yersin iosis. Y ers in ia  infection  can cause  m an ifest disease in  m an and an im als 
o r th e y  can becom e sym ptom less ca rrie rs . A m ong th e  possib le sources of h u m a n  
in fec tio n , m ain ly  th e  role of dom estic  an im als , sm all ro d e n ts  and  o th e r free- 
liv in g  an im als has been sub jec t to  in v e s tig a tio n .

In  1970, in  th e  N eth erlan d s E s s e v e l d  and  G o u d z w a a r d  [1] iso la te d  
53 Y . enterocolitica s tra in s  from  feacal specim ens o f 641 pigs w ith  d ia rrh o e a  
k e p t a t 223 fa rm s o f which 15 p ro v ed  to  be in fec ted . In  a n o th e r series th e y  
iso la ted  19 Y .  enterocolitica s tra in s fro m  138 h e a lth y  pigs b red  a t 4 fa rm s. In  
1972, in B elg ium , 14 of th e  28 an im al s tra in s  iso la ted  b y  V a n d e p it t e  et al. [2] 
o rig in a ted  from  pigs, th e  o thers from  cow s, hares, ch inch illas and can arie s . 
In  1976, in D en m ark , P e d e r s e n  [3] c u ltiv a te d  17 s tra in s  (7 belonging to  
serogroup  0 3 ) from  th e  bowel c o n ten ts  o f 100 pigs a t th e  slaugh terhouse . In  
a n o th e r  series, th e  m icroorganism  w as iso la ted  from  12 of 222 pigs w ith  v a rio u s  
diseases and  from  3 o f 40 d iseased dogs. In  1973, in  J a p a n , T sobo k ura  et al.
[4] rep o rted  on th e  cu ltiv a tio n  o f 13 s tra in s  from  th e  bow el co n ten ts  o f 299 
h e a lth y  pigs. In  1974, th e  Jap an ese  a u th o rs  Z e n  Y o ji  et al. [5] exam ined  faecal 
a n d  ly m p h  node specim ens of h e a lth y  s lau g h te rh o u se  pigs and  ca ttle . Iso la tio n  
o f Y . enterocolitica wras successful from  231 of th e  2173 pigs b u t from  none o f  
th e  c a ttle . R a ts  tra p p e d  a t th e  s lau g h te rh o u se  also p ro v ed  to  be in fec ted  
th o u g h  th e  se rog roups of th e  iso la tes d iffered  from  th o se  causing h u m an  or
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p o rc in e  infections. B e f e k a d u  et al. [6] iso la ted  Y . enterocolitica o f a d iffe ren t 
se ro g ro u p  from  th e  p e t  dog of a d iseased ch ild . In  1973, in F in la n d  and  Sw eden, 
A i i v o n e n  et al. [7] ex am in ed  faecal an d  necropsy  specim ens from  3057 h e a lth y  
or d iseased  dom estic an im als. Of th e  7 s tra in s , 4 were iso la ted  from  dogs, 
2 from  pigs and I  f ro m  ca ts . In 1974, in  C anada  (O ntario , A lb e rta  and  B ritish  
C o lum bia) T oma a n d  L a f l e u r  [8] iso la te d  22 s tra in s  from  dom estic  an im als  
(dog, c a t)  and o th e r  an im a l species (b e a v e r, w ashbear, cam el, C anada goose, 
ch in ch illa , oyster). In  1974, A ldova  a n d  L im [9] collected  104 sam ples from  
446 ro d en ts  tra p p e d  in  th ree  areas o f B ohem ia. T hey  iso la ted  60 s tra in s , th e  
sero g ro u p s differed f ro m  area  to  area . I n  1975, in  F rance  A lonso  an d  B e r c o - 
v i e r  [10] iso lated  4 s tra in s  from  ro d en ts  c a p tu re d  in tw o regions o f th e  c o u n try  
ly in g  d is ta n t from  each  o th e r. In 1976, A lonso  et al. [11] re p o rte d  on in v e s tig a 
tio n s  inc lud ing  1906 sm all rodents (m ouse , field  m ouse, wood m ouse, shrew , 
m ole). T hey  iso la ted  70 s tra in s  and som e o th ers  from  fish  c a u g h t in  fish  pon d s 
w ith in  th e  tra p p in g  a re a . In  the  stud ies o f  K a p p e r u d  [12] co n d u c ted  in  1975 in  
N o rw ay  and Sw eden, 25 Y. enterocolitica s tra in s  were iso la ted  from  551 sm all 
ro d e n ts  (6 species) t r a p p e d  a t six lo ca litie s . The isolates w ere o f d ifferen t sero 
g ro u p s. The sam e a u th o r  [13] exam ined  ro d en ts  and m am m als in  N orw ay an d  
D en m ark . Y ersin ia  w as iso lated  from  th e  faeces of 31 of 305 sm all ro d en ts  and  
from  5 o f 31 shrew s. T h ree  of 25 red  foxes h arb o u red  Y . enterocolitica. K a p p e 
r u d  an d  J onsson  [14] iso lated  3 s tra in s  from  3 of th e  20 exam ined  brow n 
t ro u ts .  In  1977, P o k o r n á  and A ldová  [15] iso la ted  from  sew er ra ts  Y . entero
colitica  0 3 . In 1972, O l á h  et al. [16] in  H u n g a ry  in v estig a ted  dom estic  an im als 
liv in g  in  th e  en v iro n m en t of persons w ith  various diseases an d  iso la ted  Y e rs in ia  
on sev era l occasions. I n  1973, K u b i n y i  (unpub lished  d a ta )  iso la ted  from  th e  
faeces o f  22 pigs, an d  S zita  and Sv id r ó  [17] from  th e  faeces o f 2 pigs an d  o f  a 
hen  Y . enterocolitica in  th e  course o f an  in v es tig a tio n  m ade because of a fam ily  
o u tb re a k .

T he studies h av e  d em o n stra ted  t h a t  d ifferen t serogroups o f Y . enterocoli
tica s tra in s  can be iso la te d  from  v arious an im al species [18] b u t  th e re  has been  
no d o cum en ted  ev id en ce  w hether re g u la r  co n tac t w ith an im al reservoirs can  
be m ad e  responsible fo r  hum an  disease o r  la te n t  infection .

T he present p a p e r  rep o rts  on s tu d ie s  aim ed a t es tab lish in g  th e  occurrence  
o f Y . enterocolitica in fe c tio n  am ong v a rio u s  dom estic an im al species an d  am ong  
w ild an im als k ep t in  th e  zoo, fu r th e r  am o n g  persons in reg u la r  c o n ta c t w ith  
d o m estic  anim als.

M aterials an d  m ethods

A to ta l of 2559 fa ec a l specimens fro m  th e  an im al stock  of d ifferen t coopera tive  fa rm s , 
fro m  slaugh terhouses a n d  sm all p riv a te  fa rm s w as exam ined. T he n u m b er o f m am m als an d  
b ird  s tu d ie d  in the  B u d a p e s t  Zoo am ounted  to  556. O nly a m inority  o f th e  m ate ria l o rig in a ted  
fro m  an im a ls  living in  th e  en v iro n m en t of d iseased  persons, since Oláh  et al. [16] hav e  a lre a d y  
re p o rte d  on  th is k ind  o f obse rv a tio n s. T he ly m p h  nodes of 69 pigs, 30 ch icken  em bryos an d
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30 b a tc h e s  of feed w ere cu ltu red  on deso x y ch o la te  c itra te  ag ar p la te s . P a r t  o f th e  m a te ria l 
was en rich ed  in W au te rs ’s m ed iu m ; la te r  in  th e  course of th e  s tu d y  e n ric h m e n t w as n o t applied .

T h e  stra ins grow n in  cu ltu re  were id en tif ie d  biochem ically  a n d  serologically  as described 
in  a  p rev io u s pap er [19]. W id a l-ty p e  ag g lu tin a tio n  w ith  0 3  a n d  0 9  an tig en s as rep o rte d  
earlie r [20] was pe rfo rm ed  using  th e  sera  o f 1500 blood donors, se ra  o f 877 persons liv ing  in  
c o n ta c t w ith  anim als, a n d  2192 p a tie n ts ’ sera  sen t to th e  la b o ra to ry  fo r  d iagnostic  purposes. 
The m ean  titre s  of th e  sera  w ere com pared.

R esults

T ab le  I show s th e  d is tr ib u tio n  o f  Y . enterocolitica s tra in s  accord ing  to  th e  
an im al species and  th e  p e rcen tu a l occurrence of the  serogroups. F o u r serogroups: 
0 3 , 0 4 , 0 5  and  OlO w ere d iffe ren tia ted . A to ta l o f 68 s tra in s  could he ob 
ta in e d  b y  cu ltu re  from  th e  3115 specim ens. Most of th e m  o rig in a ted  from  pigs 
(41 s tra in s) , dogs (9 s tra in s)  and  ca ts  (6 stra in s). The c a ts  lived  in th e  en v iro n 
m en t o f  diseased p e rsons and  were sym ptom -free  accord ing  to th e  d a ta  availab le . 
Y .  enterocolitica could  be iso la ted  from  o th e r anim als to o , as show n in  T able I. 
In  th e  faeces of th e  sym ptom less ch im panzee  and g ibbon , th e  m icroorganism  
was p re sen t in p u re  cu ltu re . M ost (91 .1% ) of th e  s tra in s  belonged  to  serogroup 
0 3  responsib le  in H u n g a ry  for m ost o f th e  hum an in fec tio n s. No s tra in s  could 
be c u ltu re d  from  ly m p h  node, ch icken  em bryo  and an im al feed specim ens.

Table I

Incidence o f  Y . enterocolitica in  animals in  H ungary*

Animal
species

Number of 
samples

Serogroups, number of strains Total 
number 

of strains03 04 05 OlO

pig 1209 41 41
Cat 13 6 6
Dog 50 9 9
Fowls 314 3 (hen) 1 (duck) 2 (hen, 6

duck)

C attle 330 1 1 2
Sheep 463 1 1

H are 4 1 1
A nim als in  zoo 556 1 (chim panzee) 1 (gibbon) 2
O ther 176 — —

T ota l 3115 62 1 4 1 68

Per cen t 91.1 1.5 5.9 1.5 100.0

T able I I  show s th e  re su lts  o f serological ex am in a tio n s . T he sera gave a 
p o sitiv e  reaction  w ith  th e  tw o an tig en s (0 3  and  09) in 0 .33%  o f th e  donors, in  
4 .5 6 %  o f th e  persons in  reg u la r c o n ta c t w ith  an im als, an d  in  26.6%  of those
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su sp ec ted  of suffering  fro m  en te ric  yersin iosis. In  th e  sam e o rd e r of succession 
th e  m ean  titre s  for a n tig e n  0 3  w ere 1:15.4, 1:31.9, 1:214.8, an d  for an tigen  0 9  
1 :15 .3 , 1:18.5, 1:76.4. T h e  h ig h er t i t re s  w ith  an tig en  0 3  an d  th e  lower ones 
w ith  an tigen  0 9  are in  ag reem en t w ith  th e  h igher an d  low er incidence of these  
serog roups in m an  a n d  an im als [21].

Table II

Titre o f  sera fr o m  different groups o f  persons against Y .  enterocolitica  
antigens 0 3  and 09

Reciprocal serum 
dilutions

Healthy persons Persons in contact 
with animals Patients

03 09 03 09 03 09

< 1 0 1348 1445 723 822 1391 2163

10 78 32 29 18 47 2

20 57 15 50 28 71 5

40 15 5 37 7 96 6

80 1 3 20 1 106 7

160 1 0 16 1 112 5

320 0 0 2 0 97 4

640 0 0 0 0 75 0

1280 0 0 0 0 68 0

2560 0 0 0 0 64 0

5120 0 0 0 0 63 0

10240 0 0 0 0 3 1

M ean titre* 15.4 14.3 31.9 18.5 214.8 76.4

P o s itiv e  sera, per cent 0.33 4.56 26.60

T o ta l num ber of sera 1500 877 2193

* M ean titre  =  [Ad]11 • d §2 . . . dj]“ 
d[ d 2 . . . dn =  rec ip ro ca ls  o f se ru m  d ilu tions 
П; n 2 . . . nn =  n u m b er o f sera g iv ing  th e  corresponding  t i t r e  

N =  to ta l  n u m b e r  o f sera

D iscussion

Epizootics caused  b y  Y . enterocolitica were re p o rte d  in  1961-1963 in 
ch in ch illa  farm s in  S w itze rlan d , th e  N e th e rlan d s an d  th e  G erm an F ederal 
R ep u b lic  [22], follow ed b y  th e  f ir s t  diagnosed h u m an  en te ric  yersiniosis cases 
in  E u ro p e . Mo llaret  [23] m a in ta in s  th a t  th e  d a te  is so im p o r ta n t  th a t  tw o
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periods shou ld  be d istingu ished  in th e  h is to ry  of yersin iosis, one before an d  one 
a fte r  1962. I t  seems th a t  th e  in fec tion  w as im p o rted  to  E urope  from  N o rth  
A m erica. T he f irs t tw o  У . enterocolitica s tra in s  o rig in a ted  from  ch inch illas 
dead while sh ipped  from  C anada to  D en m ark , th e  o th e r  from  a ch inch illa  dead  
in  F in lan d  severa l m o n ths a fte r  i t  h ad  been im p o rted  from  th e  USA. Subse
q u e n tly  epizootics b roke  ou t in th e  ch in ch illa  farm s o f  D enm ark  and  Z urich  
and  becom e w idesp read  in th e  G erm an  F ed era l R ep u b lic , th e  N e th e rlan d s and  
B elgium ; sm aller o u tb reak s  were re p o rte d  from  Sw eden and  F rance. N ev e r
theless, T h al  [24] believes th a t  Y . enter ocolitica as an  an im al p a th o g en  is of 
lim ited  im p o rtan ce . A lonso  et al. [18] have listed  severa l an im al species serv ing  
as reservo irs  fo r th e  m icroorganism . In  o u r m a te ria l, th e  iso lates from  ch im 
panzee and  gibbon com plem ent th e ir  d a ta .

The m a jo rity  o f our iso lates w ere o b ta in ed  from  pigs. A tra n s p o r t  o f a 
coopera tive  fa rm  to  th e  slau g h te rh o u se  y ie lded  positive cu ltu res  in  50% . Beside 
th e  3 s tra in s  o b ta in ed  from  anim als liv ing  in  th e  zoo, 7 Salm onella  s tra in s  w ere 
iso la ted . In  a series inc lud ing  398 p igs, beside th e  10 Y . enterocolitica s tra in s , 
15 Salm onella  ty p es  were d em o n stra ted  using selenite en rich m en t. O ur find ings 
are in ag reem en t w ith  tho se  of E s s e v e l d  and  Go u d z w a a r d  [1], fu r th e r  w ith  
those o f Ze n  Y oji  et al. [5] who also suggest th a t  pigs h av e  an  im p o rta n t role 
in h u m an  y e rs in ia  e n te ritis . This is su p p o rted  no t on ly  b y  th e  id en tica l sero- 
groups d o m in a tin g  in h u m an  in fec tions, b u t  also b y  th e  seasonal incidence of 
iso lations as rep o rted  by Z e n  Y oji et al. [21]. We suppose th a t  seasonality  m ay 
he re la ted  to  th e  period  w hen p ig-k illing  is cu sto m ary . V a n  Oy e  [25] em p h a 
sizes th e  connex ion  betw een  pig h reed in g in  W est F lan d e rs  an d  hum an  yersin iosis 
cases in  c o n tra s t to  N o rth  F rance  w here p ig-killing is n o t a custom  th u s  no 
h u m an  diseases occur. Mollaret  et al. [26] an a ly sin g  th e  sam e fa c t found  
th a t  in fec tio n  w ith  Y . enterocolitica is 200 tim es m ore com m on in B elgium  th a n  
in F rance  an d  th is  is th e  case also in  th e  bo rder area . W hereas betw een  1967  
and  1974, 153 s tra in s  were iso la ted  in B elgium  m ain ly  from  pigs, on ly  60 were 
iden tified  in  F rance  m ain ly  from  h ares . T he border b e tw een  th e  tw o cou n tries  
is po litic ia l an d  no t ecological th ere fo re  i t  is h a rd  to  fin d  an  ex p lan a tio n  to  th is  
p a rad o x , especially  because th e  dem ograph ic  and  n u tr i t io n a l factors are sim i
la r. No n o tab le  d ifferences were fo u n d  as concerns th e  incidence of salm onellae 
in th e  b o rd e r area.

T he W id a l-ty p e  reac tio n  in tro d u ced  by  W i n d b l a d  et al. [27] and recom 
m ended by o thers [28] proved  to  be well su ited  in th e  d iagnostics of Y . entero
colitica an d  in  th e  d e tec tio n  of la te n t  in fection  of p ersons in  co n tac t w ith  in 
fective sources. Serum  specim ens from  persons in c o n ta c t w ith  anim als (m ain ly  
pigs) w ere positive  in  4 .56% , w hereas from  h ea lth y  persons only in  0 .33%  th a t  
is 13.8 tim es  of th e  con tro ls . O ur m a te ria l does no t inc lu d e  th e 8 0  slaugh terhouse  
w orkers w hose sera w ere exam ined  every  3 m onths an d  w ere positive in  15.0% . 
The h igh positive  titre s  are su p p o rted  by  th e  fact th a t  2 of th e  10 persons w ith
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l a te n t  in fection  suffered from  g a s tro e n te ritis  a t  th e  tim e  o f th e  ex am in a tio n . 
H u m a n s  can becom e in fec ted  th ro u g h  c o n ta c t w ith  ca ts  an d  dogs, too . N ine 
s tra in s  belonging to  th e  serog roup  0 3  w ere iso la ted  from  dogs, 6 s tra in s  from  
c a ts . As keeping dogs as p e ts  is com m on, a connexion w ith  th e  in fec tion  of 
ch ild ren  can ju s tly  be su sp ec ted .

O ur resu lts and l i te ra ry  d a ta  in d ica te  th a t  in fection  w ith  Y . enterocolitica 
occu rs in  m an and  an im als . V arious an im al species (fish, b ird s , w ild m am m als, 
ro d e n ts , dom estic an im als) can  excre te  d iffe ren t serogroups o f th e  m icroor
g an ism  and  be sym ptom free . S tra in s o f v a ry in g  an tigen ic  s tru c tu re  can be dem 
o n s tra te d  also from  su rface  w aters. M an liv ing  in close c o n ta c t w ith  th e  a n i
m al reservo irs are easily  in fec ted  and  h a rb o u rin g  th e  s tra in s  can excrete  th e  
a g e n ts  w ith o u t being a c tu a lly  ill. The questio n  arises w h e th e r yersin iosis can 
be reg a rd ed  as an an th ropozoonosis . The question  is no t easy  to  answ er. I f  we 
th in k  o f th e  Y . enterocolitica s tra in s  belonging  to  a n u m b er o f serogroups and 
c a rr ie d  b y  various an im als , i t  seem s p lausib le  th a t  in fection  w ith  Y . enterocoli
tica  is a c tu a lly  a saprozoonosis, i.e. th e  com m on disease of m an  an d  an im als, th e  
re se rv o ir  o f which is th e  en v iro n m en t [22].

F rom  am ong th e  an im al reservo irs, a special ep idem iological re la tionsh ip  
e x is ts  betw een  pig and  m an . The frequency  of th e  serogroup  0 3  in hum an  and 
a n im a l (m ain ly  porcine) specim ens, th e  a n tib o d y  ti tre s  in d ica tin g  la te n t in fec
tio n  o f persons in c o n ta c t w ith  an im als (m ain ly  pigs) suggest th a t  dom estic 
a n im a ls , p rim arily  pigs, p la y  an im p o rta n t p a r t  as sources o f h u m an  in fection , 
th e re fo re  th e  ep idem iological role of pigs m ay  regarded  as o rthozoonostic .
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ECOPHYSIOLOGICAL ANALYSIS OF A 
BACILLUS MEGATERIUM POPULATION 

IN A BROWN FOREST SOIL

K a t al in  S chmidt

D epartment o f  Microbiology, Eötvös Loránd U niversity , Budapest 

(R eceived N o v em b er 25, 1978)

F ro m  th e  Ap, A H a n d  В horizons of a b ro w n  fo res t soil in  H u n g a ry , 447 b ac teria l s tra in s  
were iso la ted  on a non-selective  basis. One h u n d re d  an d  six ty  (3 6 % ) of th e  iso la ted  s tra in s  
p ro v ed  to  be  B acillus, a n d  of these 143 (3 2 % ) w ere iden tified  as B acillus megaterium . T he 
occurrence of th is  species is m ore or less re s tr ic te d  to  th e  Ap and  Apj horizons, w here i ts  local 
p o p u la tio n  is considerab ly  hom ogeneous fro m  th e  d iagnostic  p o in t of view. T h ir ty - th re e  
re p re se n ta tiv e s  of th is  B . megaterium  p o p u la tio n  w ere exam ined  in  d e ta il. All of these  s tra in s  
are sim ilar in  som e m ark ers  d ifferen t from  th e  ty p ic a l B . m egaterium . This local p o p u la tio n  is 
described as B acillus megaterium  var. thermotolerans va r. nov. Som e ac tual prob lem s of th e  
ecology of B . megaterium  are discussed in  th e  l ig h t o f th e  p resen t find ings.

Species of th e  genus Bacillus are w idesp read  in ev e ry  geographical reg ion , 
and in a lm ost every  horizon of d iffe ren t soil ty p es. T h ey  are rep resen ted  hy 
species o f h igh ly  d iffe ren t b iotic p o te n tia ls  in  te rre s tr ic  soils as well as in  m uds 
and  su b h y d ric  soils o f th e  coastal a rea  o f  riv e rs  and  lak es . In  th e  la s t decade 
th is  genus has becom e th e  focus of m u ltis id ed  eco log ica l-taxonom ical re sea rch  
w ork [1—7]. Special a tte n tio n  has been p a id  to  B . m egaterium , a species reg a rd ed  
as an  in d ic a to r  organism  o f favourab le  soil p roperties. M i s h u s t in  and M ir z o e - 
va  [2] suggested  th a t  in m any  soils th e  degree of m inera liz ing  ac tiv ity  an d  o f th e  
energe tica l d eg rad a tio n  o f organic m a te r ia ls  in n a tu ra l soils is co rre la ted  p r i
m arily  w ith  th e  local p o pu la tion  d en sity  o f B. megaterium. The sam e a u th o rs  
believe t h a t  th is  species m ight be used as an  in d ica to r  organ ism  of the  f e r t i l i t i ty  
of ag ricu ltu ra l soils. U n fo rtu n a te ly , l i t t le  is know n o f th e  soil-geographical 
occurrence of th e  d iffe ren t species o f  th e  genus B acillus  includ ing  B. m egateri
um . B esides, som e p u b lica tions are b ased  on u n sa tis fa c to ry  d iagnostic  id e n ti
fica tio n s.

In  th e  p resen t re p o rt, the  B acillus  p o p u la tio n  o f  th e  A F , A H a n d  ß  
horizons of a brow n fo rest soil (M an an d  B iosphere M odel Area) is described . 
W e in v e s tig a te d  th e  taxonom ica l co m position , th e  ecophysiological c h a ra c te r 
istics an d  th e  to ta l  p la tab le  counts o f  th e  bacilli in  d iffe ren t soil ho rizons. 
F in a lly , we describe a new  v arie ty  o f th e  o n ly  p red o m in an t species o f th e  B a 
cillus p o p u la tio n  of th is  m odel area, d en o m in a ted  B. megaterium  var. therm oto
lerans v a r. nov.
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M aterials and  m ethods

Isolation o f  bacterial strains. Soil sam ples w ere collected u n d e r a sep tic  conditions fro m  
th e  M AB m odel a rea  n ea r S ík fo k ú t (H u ngary ). S am p les were tak e n  from  th e  Ap, A H a n d  В 
h o rizo n s of the  b row n fo res t soil. T he sam ples w ere cooled and processed w ith in  24 hr. S ep a 
ra te ly -g ro w in g  colonies w ere o b ta in ed  on n u tr ie n t a g a r an d  sy n th e tic  a g a r p la tes a fte r  in c u b a 
t io n  a t  28 °C for 2—4 d ay s. Colonies were tra n s fe rre d  w ith o u t selection  on to  n u tr ie n t  ag ar 
s la n ts .

Composition o f  culture media. N u tr ie n t agar: m e a t e x tra c t (O xoid), 3 g; pep tone  (D ifco), 
5 g ; agar, 15 g; d is tilled  w a te r, 1000 m l; p H  7.0. S y n th e tic  m ed iu m  [8 ]: glucose, 10 g; 
(N H  ,)2H P O ,, 4 g; N aC l, 5 g; K .H P O , • 3 H 20 ,  2 g; M gS04 • 7 H .,0 , 1 g; CaCl2 0.4 g; 
F e S 0 4 - 7 H 20  0.02 g; M n S 0 4 • 7 H 20 ,  0.01 g; ag a r, 15 g; distilled w a te r , 1000 m l; p H  7.0. 
T h e  s tra in s  were m a in ta in e d  e ith e r on n u tr ie n t  a g a r o r on a y eas t e x tr a c t—glucose ag ar [9]. 
C om position  of th e  la t te r :  y e a s t e x tra c t,  5 g; p e p to n e , 5 g; glucose, 10 g; agar, 20 g; d is tilled  
w a te r , 1000 ml; pH  7.2.

The diagnostic and  écologie—physiologic characteristics s tudied  w ere as follows.

(1) Cell shape an d  size in s ta in ed  sm ears p re p a re d  from  24 hr cu ltu res  grown on y e a s t  
e x tr a c t—glucose ag ar m ed ium .

(2) G ram  s ta in . T w en ty -fo u r-h o u r cu ltu res g row n on y eas t e x tr a c t—glucose ag ar w ere 
s ta in e d ; decoloration  in  9 6 %  e thano l.

( 3 )  S ta in ing  of spores. M alachite  green s team in g  as described b y  S c h a e f f e r  an d  
F u l t o n  [ 1 0 ] .

(4) G row th a t  p H  5. T he degree of tu rb id i ty  in  n u tr ie n t b ro th  w as read  a fte r 2 w eeks 
in cu b a tio n .

(5) G row th on sy n th e tic  m edium  in the  p resen ce  of (N H 4) 2H P O , as th e  sole n itro g en
source .

(6) U tiliza tio n  of c itra te  on Difco S im m on’s C itra te  Agar.
(7) H ydrogen  su lph ide  p ro d u c tio n  tes ted  w ith  th e  lead ace ta te  in d ica to r p a p e r d e 

scribed  by  M o r s e  and  W e a v e r  [11].
(8) M ethyl red  an d  Yoges—P ro sk au e r tes ts . C u ltiv a tio n  in glucose—p h o sp h a te  m ed ium , 

d e m o n s tra tio n  of ace to in  acco rd ing  to  B a r r it t  [12].
(9) C atalase a c tiv ity . T en pe r cen t H 20 2 w as d ro p p ed  onto 48 h r  cu ltu res and  th e  in 

te n s i ty  and  the  speed of gas p ro d u c tio n  was observed .
( 1 0 )  O xidase a c tiv ity , te s ted  according to  K o v á c s  [ 1 3 ] .
(11) A ctive m o tility . T w en ty -fo u r-h o u r cu ltu re s  grown on y eas t e x tra c t  agar [14] a n d  

36 to  48 hr cu ltu res g row n in  sem isolid B acto  M o tility  T e s t M edium  w ere observed  for m o tility .
(12) G row th on n u tr ie n t  agar a t tem p e ra tu re s  3—5 °C, 9—11 °C, 37 °C, 45 °C and  50 °C.
(13) T h erm al d e a th  p o in t. T w en ty -fo u r-h o u r cu ltu res  grown in  n u tr ie n t  b ro th  w ere 

k e p t fo r 10 min in a w a te r  b a th  o f 40 °C, 50 °C or 60 °C. T hen a liquots o f th e  suspensions w ere 
s p re a d  on the  surface  of n u tr ie n t  agar p lates. A p p earan ce  of colonies a f te r  an in cu b a tio n  of 
24—48 h r  ind icates th e  su rv iv a l of h e a t- tre a te d  cells.

(14) G row th in  B a c to  A naerob ic  A gar in  th e  course of one-w eek in cu b a tio n  period .
(15) NaCl to le ran ce . N u tr ie n t b ro th  m edia  co n ta in ing  0, 3, 7 an d  10%  NaCl w ere 

in o cu la ted .
(16) S en sitiv ity  to  lysozym e. T he effect o f 0 .001%  and 0.04%  lysozym e so lu tions w as 

reco rd ed  ( S c h l e i f e r  an d  K loos [15]).
(17) G row th on n u tr ie n t  agar p la tes co n ta in in g  5 %  or 10%  bile sa lts  (Difco Bile S a lts ) 

d u rin g  one week in cu b a tio n .
(18) G row th d u rin g  6 days on B acto  M acC onkey agar.
(19) N itra te  re d u c tio n  du rin g  6 days in B acto  N itra te  B ro th . D e tec tio n  acco rd ing  to  

C o w a n  and  S t e e l  [ 1 6 ] .
(20) R ed u ctio n  of m e th y len e  blue in a n u tr ie n t  b ro th  con tain ing  0 .002%  m ethy lene  b lue.
(21) S en sitiv ity  to  a n tib io tic s  and an tim ic ro b ia l substances. F o r th is  purpose R e sis tes t 

d isk s (H u m an , B u d a p es t)  w ere app lied  on p la ted  cu ltu res . The rad ius o f th e  in h ib itio n  zone 
w as m easu red  a fte r 24 h r  in cu b a tio n .

( 2 2 )  O x ida tive  or fe rm e n ta tiv e  d eg rad a tio n  of c a rb o h y d ra te s  ( H u g h  an d  L e i f s o n  [ 1 7 ] ) .
(23) U tiliza tio n  of ca rb o h y d ra te s  as sole c a rb o n  source on K o ser’s c itra te  m ed iu m  

m o d ified  by  G o r d o n  an d  M ih m  [18]. The resu lts  w ere follow ed up for 3 weeks.
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(24) Indole p ro d u c tio n  in p ep to n e  w a te r, in  n u tr ie n t  b ro th  an d  in  n u tr ie n t  b ro th  con
ta in in g  try p to p h a n  1 g /litre . R eag en t: K o v á cs’s reag en t or B acto  Ind o le  T es t S trips.

(25) A m m onia p ro d u c tio n  in  6-day  p ep to n e -w a te r  cu ltu res . D e m o n stra tio n  of am m onia  
w ith  N essler’s reag en t.

(26) a-A m ylase  ac tiv ity . D e m o n s tra ted  w ith  L ugol’s iod ine so lu tio n  in  5-day  cu ltu res 
g row n on n u tr ie n t ag ar p la te s  co n ta in in g  soluble s ta rch  (Difco).

(27) Casease a c tiv ity . T ested  in  n u tr ie n t  ag ar p la tes  co n ta in in g  B acto  Skim  Milk.
( 2 8 )  L iquefaction  of gela tin  in to  B acto  N u tr ie n t G elatin  M edium  ( C o w a n  and  S t e e l  [ 1 6 ] ) .
(29) L ipo ly tic  a c tiv ity : S ie r r a  [19].
(30) L ecith inase  ac tiv ity : G o r d o n  e l  a l .  [6 ].
(31) A rginine hydro lysis. A m m onia  p ro d u c tio n  was d e te c te d  w ith  N essler’s reag en t in 

5 -d a y  cu ltu res grow n in  a rg in ine—glucose n u tr ie n t  b ro th .
(32) Aesculin h y d ro lysis: Co w a n  and  St e e l  [16].
(33) D etec tion  of u rease: Ch r is t e n s e n  [20].
(34) H ip p u ra te  hydro lysis: T h ir s t  [21], and  H a r e  and Co l e b r o o k  [22].
(35) D etection  of D N ase and R N ase: J e f f r ie s  e t a l .  [23].
(36) P h en y la lan in e  deam in atio n . T he m eth o d  described in  [ 2 4 ]  was app lied  for the  

p h en y la lan in e—y east m ed ium  recom m ended  by  E w i n g  e t  a l .  [ 2 5 ] .
(37) P h o sp h a ta se  p ro d u c tio n . N u tr ie n t  agar p la te s  co n ta in in g  sodium  p h en o lp h th a le in  

p h o sp h a te  were used as described b y  Co w a n  and  St e e l  [16].
(38) C hitinase ac tiv ity . Colloidal ch itin  was p repared  as described by  L in g a p p a  and  L o c k , 

w o o d  [26]. D eg rad a tio n  of ch itin  w as exam in ed  on n u tr ie n t ag ar p la te s  co n ta in in g  ch itin  
(G r im o n t  e t  al. [27]).

( 3 9 )  D eg rad a tio n  of cellulose. M odified W a k s m a n ’ s  [ 8 ]  s ta rc h —N a N 0 3 ag ar was used 
as b asa l m edium . B asal m edium  p la te s  w ere o verlayered  w ith  b asa l m ed iu m  co n ta in in g  5%  
cellulose. T he cu ltu res were observed over 4 weeks.

(40) H aem olysin  a c tiv ity . N u tr ie n t ag ar p la tes co n ta in in g  sterile  b o v ine  b lood  were used.
N ote. M ainly Difco, O xoid an d  M erck p rep ara tio n s  w ere used  as in g red ien ts  in th e

vario u s m edia.

R esults

F o u r h u n d red  and  fo rty -sev en  s tra in s  were iso la ted  from  th e  A F, A H and  
В horizons. Of th ese  160 iso lates (36% ) proved  to  be B acillu s , an d  am ong  th e  
la t te r ,  143 (32% ) o f th e  to ta l ,  w ere id en tif ied  as B . m egaterium  (T able I).

Table I
D istribution  o f  the isolates

Isolates B a c i l l u s  spp. j B .  m e g a te r iu m
Genetic soil isolates isolates

horizon
No. per cent No. per cent No. per cent

A F 1 7 0 3 8 3 6 8 3 4 8

A H 1 7 0 3 8 1 0 6 24 1 0 0 22

В 107 2 4 18 4 9 2

T otal 4 4 7 1 0 0 1 6 0 36 1 4 3 32

T h irty -th re e  B . megaterium  iso la tes were exam ined  in  d e ta il. A ccording 
to  th ese  rep re sen ta tiv e  d a ta , th e  local popu la tio n  o f B . m egaterium  is ch a rac 
te rized  as follows (Tables I I ,  I I I ,  IV  and  V).
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Table II

M arkers shared by 143 В . megaterium strains  
(D iag n o stic  m arkers used in p rim ary  grouping)

Shape of cells rodlike
Cell diam eter 1.05—1.40 jum
Cell length 2.49-8.06 f tm

Gram staining variable

Shape of spore oval

Spore diam eter 1.23 /on

Spore length 1.56—2.16 /im

Citrate u tiliza tion negative 70% , positive  30%

Growth on sy n th e tic  m edium positive

H 2S production negative 70% , w eakly  positive  30%
Catalase positive

Oxidase positive
Y oges-Proskauer reac tio n negative

M ethyl red te s t negative
Growth at pH  5 positive 53% , negative  47%

The cells are la rg e , 1.05 1.4 /mi in d iam e te r an d  2.49 -8 .0 6  /an  in len g th . 
T h e  oval spore is in  c e n tra l  p osition . The spore w all is th in , th e  sporang ium  is 
n o t  swollen. F if ty -sev en  p er cen t o f th e  s tra in s  show  ac tiv e  m o tility . The s tra in s 
a re  G ram -variab le, c a ta la se  positive , do n o t fo rm  in do le ; V oges-P ro sk au er 
re a c tio n  negative. G ro w th  on sy n th e tic  m ed ium  c o n ta in in g  glucose -)- am m o
n iu m  salt : positive; s ta rc h  hydro lysis: positive ; ge la tin  liq u e fac tio n : positive; 
ac id  form ation  from  glucose and  m an n ito l: positive . C itra te  u tiliz a tio n  is n eg a
tiv e  in  70% of th e  iso la te s . M inim um  grow th te m p e ra tu re : 3 -5  °C. M axim um  
g ro w th  te m p e ra tu re : 50 °C. H aem oly tic  a c tiv ity : n eg a tiv e ; n i tra te  reduc tion  to  
n i t r i te :  positive. In  genera l, g row th  can be observed  in th e  presence o f 3%  
N aC l; urease a c tiv ity  is positive  in  50%  of th e  s tra in s . H ydrogen  su lphide p ro 
d u c tio n : weakly p o s itiv e  in  30%  o f th e  iso la tes; casein  h y d ro lysis  positive in  
6 0 % ; there  is no a n a e ro b ic  g row th ; lec ith inase a c tiv ity :  n eg a tiv e ; all s tra in s  are 
sen sitiv e  to 0.04%  ly so zy m e; in th e  presence of 0 .001%  lysozym e, some colonies 
w ere developing fro m  severa l re s is tan t cells; oxidase te s t :  p o sitive ; MR te s t :  
n eg a tiv e ; 53% o f th e  iso la tes  show  w eak g row th  a t p H  5. T h erm oto le rance : 
8 0 %  of the s tra in s  su rv iv e  h ea tin g  a t 60 °C for 10 m in ; all s tra in s  grow in th e  
p resence  of 5%  b ile  s a lt and  54%  also in th e  presence o f 10% ; no g row th  on 
B ac to  M acConkey a g a r ;  m ethy lene  b lue red u c tio n : n eg a tiv e . S en sitiv ity  to  th e  
in d ica ted  co n cen tra tio n s  of an tib io tic s  and an tim ic ro b ia l agen ts is p resen ted  in 
d e ta il in Table V. A ll s tra in s  form  acid from  glucose, m an n ito l, sucrose, fru c 
to se , trehalose and  g lycero l; 70%  of th e  s tra in s  form  acid from  in u lin , 85%  from
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Table III

Properties o f  33 representative stra ins o f  B . m egaterium  var. thermotolerans. 1. 
Morphological and physiological-biochem ical markers

Markers
No. of 
strains 
tested

Positive Negative Variable or 
ambiguous

No. per cent No. per cent No. per cent

L ipo ly tic  activ ity

T w een 40 33 33 100 0 0 0 0
T w een 60 33 31 94 0 0 2 6

Tw een 80 33 32 97 1 3 0 0

U rease a c tiv ity 33 16 48.5 7 21.2 10 30.3

G elatin  liquefaction 33 30 90.9 3 9.1 0 0
A rginine hydrolysis 33 0 0 33 100 0 0
S ta rch  hydrolysis 33 33 100 0 0 0 0
NaCl to lerance 3% 33 33 100 0 0 0 0

7% 33 0 0 33 100 0 0

Casease production 33 20 60.6 13 39.4 0 0
A esculin  hydrolysis 33 26 78.8 4 12.1 3 9.1

Indole  fo rm ation 33 0 0 33 100 0 0
A m m onia  p roduction  from  peptone

w a te r 33 0 0 31 94 2 6

H aem olysin  p roduction 33 0 0 33 100 0 0
G row th  on M acConkey agar 33 0 0 33 100 0 0
G row th  in th e  presence of

5 %  bile salt 33 31 94 2 6 0 0
10%  bile sa lt 33 18 54.5 15 45.5 0 0

R ed u ctio n  of m ethy lene blue 33 0 0 33 100 0 0
N itra te  reduction  to  n itr i te 33 33 100 0 0 0 0
G row th  a t  3—5 °C 10 10 100 0 0 0 0

a t 50 °C 33 33 100 0 0 0 0

T olerance to 60 °C 33 26 78.8 7 21.2 0 0
Cellulase activ ity 33 0 0 33 100 0 0
C hitinase  activ ity 33 0 0 33 100 0 0
P hen y lalan in e  deam inase 33 0 0 33 100 0 0
F o rm a tio n  of chains 33 33 100 0 0 0 0
M otility 33 19 57.6 13 39.4 1 3
D N ase ac tiv ity 33 31 94 1 3 1 3
R N ase activ ity 33 33 100 0 0 0 0
H ip p u ra te  hydrolysis 33 33 100 0 0 0 0
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Table I I I  (con tinued)

Markers
No. of 
strains 
tested

Positive Negative Variable or 
ambiguous

No. per cent No. per cent No. per cent

S ensitiv ity  to lysozym e

0.04% 33 33 100 0 0 0 0
0.001% 10 10* 100 0 0 0 0

Phosphatase 33 33 100 0 0 0 0
L ecith inase 10 0 0 10 100 0 0
G row th  in anaerobic ag ar 33 0 0 33 100 0 0

U tilizatio n  of carbon sources

glucose 33 32 97 1 3 0 0
lactose 33 0 0 33 100 0 0
m annito l 33 32 97 1 3 0 0
L-arabinose 33 1 3 32 97 0 0
sucrose 33 33 100 0 0 0 0
rham nose 33 19 57.6 14 42.4 0 0
D-fructose 33 33 100 0 0 0 0
D-galactose 33 5 15.2 27 81.8 1 3

l( — )-sorbose 33 0 0 33 100 0 0
D-mannose 33 15 45.5 17 51.5 1 3

m altose 33 32 97 1 3 0 0
melibiose 33 0 0 33 100 0 0
raffinose 33 22 66.7 9 27.3 2 6
D-sorbitol 33 28 84.8 5 15.2 0 0
d ex trin 33 33 100 0 0 0 0
D-fucose 33 3 9.1 23 69.7 7 21.2
adonito l 33 2 6 31 94 0 0
inositol 33 5 15.2 28 84.8 0 0
taga tose 33 0 0 33 100 0 0
dulcitol 33 1 3 32 97 0 0
inu lin 33 30 90.9 3 9.1 0 0
salicin 33 30 90.9 3 9.1 0 0
glycerol 33 33 100 0 0 0 0

* A few colonies fo rm ed  by  re s is tan t cells
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Table IV

Properties o f  33 representative strains o f B . megaterium var. thermotolerans. I I .  
A cid  fo rm ation  fro m  carbohydrates

Substrate*
Positive strains Weakly positive 

strains Negative strains

No. per cent No. per cent No. per cent

Glucose 4 12* 27 82 2 6

Lactose 0 0 0 0 33 100

M annitol 21 64 8 24 4 12

L-Arabinose 0 0 1 3 32 97

D-Xylose 0 0 7 21 26 79

Sucrose 10 30 20 61 3 9

D -Fructose 9 27 22 67 2 6

D extrin 0 0 11 33 22 67

Dulcitol 0 0 1 3 32 97

D-Galactose 0 0 0 0 33 100

Inulin 2 6 20 61 11 33

Inosito l 0 0 1 3 32 97

D-Sorbitol 0 0 19 58 14 42

R ham nose 0 0 10 30 23 70

R affinose 7 21 22 67 4 12

D-Mannose 0 o 0 0 33 100

l( — )-Sorbose 0 0 0 0 33 100

M altose 4 12 2 6 27 82

Melibiose 0 0 0 0 33 100

Trehalose 13 39 18 55 2 6

Cellobiose 1 3 16 48 16 49

Glycerol 5 15 25 76 3 9

Salicin 0 0 0 0 33 100

* H ugh a n d  L eifson’s tes t

raffinose and  a h a lf  of th em  from  so rb ito l and  cellobiose. In  th e  presence o f  
(N H 4)2H P 0 4 as n itro g en  source each of glucose, m a n n ito l, sucrose, fru c to se , 
m altose, d e x tr in , salicin , glycerol and  inu lin  w as u tilized  as sole carbon so u rce ; 
sorbitol was u tiliz ed  by  85% , rham nose  and  raffinose b y  6 0 %  and  m annose b y  
50%  of th e  s tra in s . A rginine h y d ro lysis: n eg a tiv e . A esculin  hydro lysis was p osi
tiv e  for 80%  o f th e  s tra in s . A m m onia w as n o t fo rm ed  from  pep tone w a te r ;  
lipolytic  a c t iv i ty :  positive. P h en y la lan in e-d eam in ase  p ro d u c tio n : n eg a tiv e . 
N either cellulose n o r ch itin  w as degraded  b y  an y  of th e  s tra in s . D N ase an d  
RN ase p ro d u c tio n , h ip p u ra te  a c tiv ity  and  th e  p h o sp h a tase  te s t  were u n ifo rm ly  
positive.
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Table V

Properties o f  33 representative strains o f  B . megaterium var. thermotolerans. I I I .  
Sensitiv ity  to antibiotics

Antibiotic
Resistant 
(0 mm)*

Slightly sensitive 
(0.1-12 mm)*

Moderately 
sensitive 

(12-20 mm)*
Very sentitive 
(20—32 mm)*

No. p er cent No. per cent No. per cent No. per cent

Penicillin  (3 IU) 0 0 20 61 8 24 5 15

O xacillin  (10 f i g ) 0 0 21 64 11 33 1 3

S trep tom ycin  (30 f i g ) 0 0 27 82 6 18 o 0

Chloram phenicol (30 f i g ) 0 0 0 0 31 94 2 6

M ethicillin  (20 f i g ) 0 0 0 0 22 67 11 33
O leandom ycin (20 jug ) 0 0 6 18 27 82 0 0

T etracy c lin e  (30 f ig ) 0 0 0 0 21 64 12 36

N eom ycin  (100 jug) 0 0 33 100 0 0 0 0
G en tam icin  (20 f i g ) 0 0 32 97 1 3 0 0

A m picillin  (20 f ig ) 0 0 0 0 15 45 18 55

L incom ycin  (10 f i g ) 1 3 32 97 0 0 0 0

C ephalosporin (10 f i g ) 0 0 7 21 21 64 5 15

Polym yxin-B  (15 f i g ) 0 0 33 100 0 0 0 0

E ry th ro m y cin  (10 jug ) 0 0 0 0 26 79 7 21

Sulfad im id ine (400 f i g ) 31 94 2 6 0 0 0 0

N itro fu ran to in  (300 jug ) 0 0 0 0 30 91 3 9

C hlortetracycline (30 f i g ) 0 0 0 0 28 85 5 15

C olistin  (20 f ig ) 0 0 33 100 0 0 0 0

Spiram ycin  (30 jug) 0 0 21 64 11 33 1 3

K an am y cin  (30 f i g ) 0 0 30 91 3 9 0 0

O xyte tracycline  (30 f i g ) 0 0 0 0 32 97 1 3

P ris tin am y cin  (10 jug ) 0 0 28 85 5 15 0 0

Carbenicillin (50 f i g ) 0 0 9 27 19 58 5 15

Co-trim oxazole (25 f i g ) 29 88 2 6 2 6 0 0

V ancom ycin  (50 f ig ) 0 0 16 48 16 48 1 3

N y s ta tin  (100 IU) 33 100 0 0 0 0 0 0

P arom om ycin  (50 f i g ) 0 0 33 100 0 0 0 0

N ovobiocin  (30 f ig ) 0 0 22 67 11 33 0 0

N alid ix ic  acid (30 /(g) 2 6 31 94 0 0 0 0

* R ad ius of in h ib ito ry  zone m inus R esis tes t d isk  radius
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Discussion

The p re sen t re su lts  c learly  show th a t  th e  Bacillus  s tra in s  dom in an t am ong  
o u r iso la tes are  id en tica l w ith  th e  species B . megaterium. H ow ever, as reg a rd s  
som e m ark ers , our iso lates are d ifferen t from  th e  ty p ica l rep re sen ta tiv es  of th a t  
species, e.g. 70%  o f th e  p o p u la tio n  of our m odel a rea  are c itra te  negative , a p ro p 
e r ty  occurring  in freq u en tly  in o ther p o p u la tio n s.

T he descrip tion  in  B ergey’s M anual [28] as well as b y  G ordon  et al. [6] 
a n d  Szabó [29] qualify  th e  acid p ro d u c tio n  from  arab inose  as variab le . O f o u r 
iso la tes, 97%  do n o t form  acid from  arab inose .

The h ighest te m p e ra tu re  a t w hich B . megaterium  is ab le  to  grow is u n e 
qu iv o ca lly  in d ica ted  as b e ing  betw een  35 °C an d  45 °C. O u r iso lates, th o u g h  
w eak ly , do m u ltip ly  even a t  50 °C.

U nlike ty p ic a l B . megaterium  s tra in s , none o f th e  s tra in s  iso la ted  in  Síkfő- 
k ú t  grew  in th e  presence o f  7%  NaCl.

B . megaterium  in g enera l does n o t fo rm  hydrogen  su lp h id e  under la b o ra 
to ry  cond itions, w hereas some of our s tra in s  proved  to  be w eak p roducers. 
A ccord ing  to  K n i g h t  an d  P room [30] an d  Go r d o n  et al. [6], В . megaterium  
in  general is casease-positive. O f our iso la tes  only  60%  show ed th is  a c tiv ity .

G o r d o n  et al. [6] reg a rd  th is  species as G ram -p o sitiv e , th o u g h  tw o s tra in s  
in  th e ir  lis t are in d ica ted  as G ram -variab le . W hite  [31] q u a lified  th e  m a jo rity  
o f  his a u th e n tic  B . megaterium  s tra in s as G ram -v ariab le . S zabó  [29] found  th e  
NCTC 7581 and  th e  R I P P  A-112 s tra in s  o f B . megaterium  G ram -variab le . 
G ram -v ariab le  s tra in s  occurred  am ong P r ie t o ’s [32] iso la tes as well. S everal 
au th o rs  h av e  s tu d ied  th e  G ram  sta in in g  o f  B . megaterium  [33—35]; accord ing  
to  Smith  [35], 59%  of h is B . megaterium  s tra in s  were G ram -p o sitiv e  in  c o n tra s t  
to  Staphylococcus aureus w hich is reg a rd ed  un ifo rm ly  G ram -positive . T h e  
s tra in s  o f th e  S íkfőkút В . megaterium  p o p u la tio n  all p ro v ed  to  be G ram -v ari
able.

T he u rease a c tiv ity  o f th e  species was qua lified  v a ria b le  b y  K night  an d  
P room [30] and  d e fin ite ly  positive by  Otto w  [3]. The la t te r  a u th o r  recom m end
ed th e  use of th is  p ro p e r ty  as a key  m ark e r in  species d iffe ren tia tio n . In  c o n 
t r a s t ,  50%  o f th e  s tra in s  iso la ted  in our m odel a rea  proved  to  be u rease-negative .

I t  w as a lread y  p o in ted  ou t b y  M i s h u s t i n  and  M irz o ev a  [2] th a t  like 
o th e r species o f th e  Bacillus  genus, B . megaterium  h as  d iffe ren t eco types. 
T he S ík főkú t p o p u la tio n  m ay  rep resen t such  an  eco type. T he G ram -v ariab le , 
in  th e ir  m a jo r ity  c itra te -n eg a tiv e , m em bers o f  th is  p o p u la tio n  which do n o t 
m u ltip ly  in  th e  presence o f high sa lt co n cen tra tio n s  b u t  grow  even a t  50 °C 
m ay  be sep a ra ted  from  th e  ty p ic a l m em bers o f th e  species an d  d esigna ted  as 
B . megaterium  var. thermotolerans var. nov .

A ccording to  Mi s h u s t i n  and  Mir z o ev a  [2], large am o u n ts  of B. megate
rium  m a in ly  occur in  th e  soil horizons n e a r  th e  surface, n am ely , in  th e  u p p e r
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re g io n  o f th e  h u m u s horizon . The sam e d is tr ib u tio n  is show n b y  ou r B . mega- 
te r iu m  p o p u la tio n ; 2 4%  o f  th e  iso la tes o rig in a ted  in  A p, 7 0 %  in A H, an d  on ly  
6 %  in  th e  В horizon . W e suppose th a t  in  th e  В horizon  B. megaterium  is a 
fo re ig n  elem ent, passiv e ly  in tro d u ced  fro m  u p p er horizons.

B . megaterium  is la ck in g  in  m ost o f  th e  n o rth e rn  soils. In  Mi s h u s t i n ’s 
o p in io n  [36], its  p a r tic u la r  p a tte rn  o f d is tr ib u tio n  is co rre la ted  w ith  th e  p h y sico 
ch em ica l and  bio logical dynam ics o f th e  soil. H e assum es t h a t  B. m egaterium  
c a n n o t  a d a p t itse lf  to  th e  c lim atic  co n d itio n s o f n o rth e rn  reg ions. A t th e  L iv e r
p o o l so il-bacterio log ical sym posium , W olf  [37] po in ted  o u t t h a t  th e  a c tiv a tin g  
a n d  in itia tin g  co n d itions necessary  fo r th e  germ ination  o f  spores of d iffe ren t 
species are very  v a riab le  w ith in  th e  B acillus  genus, e.g. B . megaterium  req u ires  
g lucose for g e rm ina tion . T he v a rious soil ty p e s  offer d iffe ren t ecological co n d i
t io n s  fo r th e  g e rm in a tio n  o f spores. On th e  o th e r h an d , a B acillus  species m ay  
d ie  o u t  in  a soil o r in  a m ilieu  in  w hich  i t  c an n o t sp o ru la te . In  th e  d iscussion  
co n cern in g  th is  su b je c t, B a r k e r  [38] p o in te d  ou t th a t  a t  u n fav o u rab le  te m 
p e ra tu re s  some species o f th e  Bacillus  genus are p resen t in  th e  form  o f spores 
w h ile  th e ir  v eg e ta tiv e  form s are lack in g . I f  under such  cond itions g e rm in a 
t io n  is in itia te d  b y  som e stim u lu s, th e  v eg e ta tiv e  cells w ill soon die. T h is m ay  
cau se  th e  d isap p earan ce  of B . m egaterium  in  n o rth e rn  soils, e.g. in soils o f  th e  
tu n d r a .

The p ecu liar dy n am ics of th e  d isp e rsa l and  occurrence of B . m egaterium  
is  m u c h  m ore com plica ted . T his view  is su p p o rte d  b y  SzabÓ’s observa tions [29].  
H e fo u n d  p rac tica lly  no B . m egaterium  in  a rendzina soil (H u n g ary ) th e  p la n t 
co v e r of w hich co n ta in ed  m ed ite rran ean  e lem ents. In  th e  b a c te r ia l p o p u la tio n  
o f  th is  ren d z in a , a n o th e r  B acillus, B . sub tilis , was p re se n t as a p red o m in an t 
m e m b e r of th e  co m m u n ity .

U n fo rtu n a te ly , tax o n o m ica l id e n tif ic a tio n s  are o ften  based  on d iagnostic  
m a rk e rs  in su ffic ien t in  n u m b er. Such u n ce rta in tie s  have  led  to  d ifficu lties in  
th e  ev a lu a tio n  of li te ra ry  d a ta  concern ing  th e  ecology o f B . megaterium .

This th e rm o to le ra n t p o p u la tio n  o f  B . megaterium  is ch a rac te rized  b y  an 
in te n s iv e  ex trace llu la r p ro teo ly tic  a c t iv i ty  (gelatinase, casease), a p ro p e rty  
m a k in g  able for p rim a ry  co lon ization  o f p ro te in -co n ta in in g  n a tiv e  o rganic  
su b s ta n c e s , in co rp o ra ted  in to  th e  soil. U rea  is degraded b y  h a lf  of th e  s tra in s . 
A ll iso la tes have an  enzym e a p p a ra tu s  fo r lip id  d eg rad a tio n , an  im p o rta n t p ro p 
e r ty  o f th e  p ioneer species o f zym ogenic m icrofloras. T h ey  also u tilize  a w ide 
sca le  o f  c a rb o h y d ra tes  an d  sugar alcohols, a fac t conv incing ly  p rov in g  th e  
en h a n c e d  b iochem ical p o te n tia l of B . m egaterium , w hich in  tu r n ,  leads to  a h igh  
p o p u la tio n  d en sity  o f th is  species in  th e  soil. As sole ca rb o n  source, h ip p u ra te  
is  u tiliz ed  b y  all of our s tra in s  and c i tr a te  b y  p a r t  of th e m . T hese d a ta  suggest 
t h a t  B . megaterium  does n o t req u ire  special grow th fa c to rs , th u s  i t  m ay  
re m a in  com petitive  in  th e  soil a f te r  th e  com plex  carbon  sources have been  e x 
h a u s te d .
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An ecologically  o u ts ta n d in g ly  ad v an tag eo u s  p ro p e r ty  of our iso la tes is 
th e i r  grow th in  th e  presence of inorganic n itrogen  (am m onium  salt) as th e  sole 
n itrogen  source.

Owing to  th e ir  D N ase an d  R N ase a c tiv ity , th e y  are  p resu m ab ly  cap ab le  
o f  covering th e ir  ow n n u c leo tid  dem ands from  th e  nucle ic  acids of m icrob ia l 
cells d is in teg ra tin g  in  th e  soil and  those  being  a d so rb ed  to  soil partic les  o f 
colloidal size.

Their p h o sp h a ta se  a c tiv ity  rep resen ts a fu r th e r  ecological ad v an tag e  i f  th e  
inorgan ic  p h o sp h a te  pool o f  th e  soil ten d s to  be e x h a u s te d . In  th is  case p h o s 
p h a ta se  positive s tra in s  can  m obilize organic phosp h o ro u s com pounds.

Our B . m egaterium  s tra in s  sp lit n e ith e r  ch itin  n o r  cellulose. This is also 
ch a rac te ris tic  o f  th e  m em bers o f th e  zym ogenic m ic ro flo ras; a f te r  th e  p r im a ry  
invasio n  and th e  co lon iza tion  o f  organic su b stances, an d  a f te r  th e  ex h austion  o f 
th e  easily deg rad ab le  m a te ria ls , ch itin  an d  cellulose rem a in  accessible fo r 
au to ch th o n o u s m icro flo ra  e lem ents possessing m ore specialized  d eg rad a tiv e  
capacities .

The p a tte rn  o f v e rtic a l d is tr ib u tio n  of B . m egaterium  v a r . thermotolerans 
in  th e  brow n fo re s t soil o f th e  m odel area  of S ík fő k ú t is in  accordance w ith  its  
ob lig a to rily  aerob ic  n a tu re , w hich  has been p ro v ed  b y  th e  com plete lack  of i ts  
g ro w th  in B acto  A naerobic  A gar.

More th a n  50%  of th e  iso la tes grew m o d e ra te ly  or w eakly  even a t  p H  
5 .0 . This to lerance  is a sig n ifican t ecological t r a i t  from  th e  asp ec t of th e  e lu tion  
p rocess in th e  hum u s horizon  of fo rest soils. T he p e n e tra tin g  acidic ra in  w a te r , 
b e in g  rich in hum ic  acids tra n sp o r te d  from  th e  u p p e rm o s t soil layers, a tta c k s  
th e  free C aC 03 in  th e  A H horizon , th u s  decalcifies th e  soil m a tr ix  and  tra n sp o rts  
ca lc ium  into deeper horizons. M oreover, tin- Ca ions ad so rb ed  in  the  colloidal 
com plex  are exchanged  for h y d ro g en  ions. T hus, th e  h u m u s ho rizon  m ay acid ify  
e ith e r  in several loci or in toto. an d  m em bers of th e  m icro flo ra  m u st to le ra te  th e  
a c id ity  to  surv ive. In  th e  soil p ro file  from  w hich our iso la tes  orig inate , Ca ions 
are  p red o m in a tin g  in  th e  a d so rp tio n  com plex of every  ho rizo n , th o u g h , owing to  
th e  leaching processes, some degree of u n d e rsa tu ra tio n  w as observed in  th e  
com plexes of A a n d  В horizons. T he co n cen tra tio n  o f free C aC 0 3 is e.g. on ly  
a b o u t 0.5%  in th e  u p p e r horizons in  co n tra s t to  th e  3 4 .1%  found  in C horizon . 
T h u s , éluviation  ac ts  in ten se ly  an d  rep resen ts a decisive ecological fac to r [39].

O ur iso lates are  to le ra n t to , i. e. are n o t in h ib ite d  in  g row th  by , surface- 
ac tiv e  agents. T h ey  are  capab le  o f m u ltip ly ing  w ith in  a v e ry  wide range  o f 
te m p e ra tu re  (3—50 °C) and n o ta b ly  to le ra te  d ry  h ea t. In  th e  hum us horizon o f 
th e  forest soil, covered  b y  le a f- litte r , soil te m p e ra tu re  v a lu es  exceed 20-25 °C 
ra re ly  if  a t all. C onsequen tly , th e  th e rm o to le ra n t p o p u la tio n  o f B . megaterium  
easily  to le ra tes even  th e  h ighest te m p era tu res  occu rring  in  th e  soil.

The in tensive  g row th  o f ou r iso lates a t te m p e ra tu re s  as low as 3 -5  °C 
in d ic a te s  th a t  low  te m p e ra tu re  is n o t th e  exclusive re g u la tin g  fac to r in  th e
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d is tr ib u tio n  of В. megaterium  in  d iffe ren t geographical reg ions. T he occurrence 
and  c o m m u n ity  position  o f  th is  species m ay  be in fluenced  b y  severa l fac to rs , 
o ften  in  a com plex wray  m an ifes tin g  i tse lf  in  th e  p roperties o f  th e  ty p e  o f soil. 
T he  in te n s iv e  m o tility  o f B . megaterium  v a r . thermotolerans is a fu r th e r  p ro p e rty  
th a t  ex p la in s  th e  high local p o p u la tio n  d e n s ity  o f th is  v a r ia n t  in  th e  fo rest soil 
of S ík fő k ú t. S ix ty  p er c en t o f th e  iso la tes show ed an ac tive  f la g e lla r  m o tility . 
U n fo rtu n a te ly , a t p resen t th e re  are no accu ra te  d a ta  on th e  c o rre la tio n  betw een 
th e  sp eed  o f th e  active m o tio n  o f B acillus  cells in  vivo, th e  th ic k n e ss  o f  th e  w a te r 
film  co vering  soil partic les  an d  th e  p F  values of th e  soil.

O bviously , th e  c h a ra c te ris tic  w a te r  regim e of th e  soil o f  o u r m odel area 
[39] sup p lies  th e  o p tim um  m ilieu for th e  ra p id  local d issem in a tio n  o f  B . megate
r ium . T h e  sa lt to le ran ce  o f  th is  B . m egaterium  v a rie ty  is low  (3% ) b u t  still 
co n sid e rab le  if we ta k e  in to  accoun t th a t  th e  u p p erm o st h o rizons (A F an d  A H) 
o f  th e  b ro w n  forest soils a re  h igh ly  perm eab le  and  exposed to  e lu tio n .

T h e  overw helm ing m a jo rity  o f th e  iso la tes te s te d  in  th e  p re se n t w ork  are 
sen s itiv e  to  num erous an tib io tic s  an d  an tim icro b ia l ag en ts  (T ab le  V). Such a 
h igh  se n s itiv ity  is c h a ra c te ris tic  o f th e  genus Bacillus in  g enera l. I t  m ay  be 
a t t r ib u te d  to  he high a n tib io tic  se n s itiv ity  o f th e  m em bers o f  th is  genus th a t ,  
a f te r  th e  organic su b stan ces  th a t  h ad  su p p o rted  th e ir  ra p id  g ro w th  h av e  been 
e x h a u s te d , th e y  can n o t co n cu r even w ith  slow ly-grow ing seco n d ary  in v ad ers , 
viz. th e  an tib io tic -p ro d u c in g  ac tin o m y cètes .

T h e  dom inance o r  codom inance o f  B . megaterium  in  th e  A F an d  A H 
h o rizo n s o f th e  soil u n d e r  s tu d y  suggests t h a t  th e  b io d y n am ics o f th is  soil is 
v e ry  favourab le . This v iew  is su p p o rted  b y  th e  p a rticu la r  m ic ro s tru c tu re  o f th e  
A H horizo n , which rep re sen ts  a ty p ic a l “ m ull” -s tru c tu re  com posed  of accu m u 
la te d  earthw orm  excrem en ts of h igh agg rega te  s tab ility  w ith  a w ell ae ra ted  ex 
te n s iv e  m icro-cave sy s tem . I t  seems th a t  th e  to ta l  co u n t o f B . m egaterium  is 
g row ing  n o t only in  a g ric u ltu ra l soils b u t  also in  certa in  fo re s t soil (eu troph ic  
or m eso troph ic) ty p e s . Supposed ly , th e re  is some re la tio n sh ip  be tw een  e a r th 
w orm  a c tiv ity  and th e  p o p u la tio n  d e n s ity  of bacilli. L ittle  is know n of th e  
b e h a v io u r  of B. megaterium  in  th e  d igestive  tr a c t  of e a rth w o rm s, th o u g h  in  th is  
m ilieu  th e  soil m icroflora  undergoes considerab le  changes b o th  a t  th e  species 
level an d  in the  to ta l  p o p u la tio n  d e n s ity  [40].

F in a lly , i t  deserves m en tion ing  th a t  th e  l ite ra ry  d a ta  o f th e  p lasm id- 
h o u n d  therm ophilism  o f  som e B . m egaterium  popu la tions [41] need  co n firm a
tio n .
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INDUCTION OF STABLE L-FORMS OF 
STAPHYLOCOCCUS AUREUS AND 

STREPTOCOCCUS FAECALIS

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

D epartm ent o f  M icrobiology , College o f  M ed ic ine , M osul U niversity , M osul, Iraq 

(R eceived F e b ru a ry  5, 1979)

S tab le  L-form s w ere in d u ced  from  Staphylococcus aureus  and  Streptococcus faecalis. 
T hese fo rm ed  ty p ica l fo am y  L-colonies and  show ed large an d  sm all ro u n d  bodies. T h ey  grew 
con tin u o u sly  on ro u tin e  an tib io tic -free  n u tr ie n t b ro th  and  b lood  ag ar m edia  for 12 passages 
w ith o u t reversion  to  th e ir  p a re n ta l  form s. A t d iffe ren t co n cen tra tio n s  of penicillin  various 
m orphological form s were observed . E ffec t of sucrose, n o rm al horse  serum  an d  penicillin  on 
th e ir  a d a p ta tio n  and  sta b iliza tio n  is discussed.

L-form s, being considered  p o ten tia l p a th o g en s , are  gain ing considerab le  
im p o rtan ce  as on th e  basis of ex p erim en ta l s tud ies [ 1 -3 ] th e y  m ay p la y  a role 
in  th e  pathogenesis o f ce r ta in  diseases [4 -10 ]. T h ey  m ay  be induced  in  vivo  [11] 
as u n s tab le  o r stab le  L -form s, and , depend ing  up o n  th e ir  ty p e , th e y  m ay  rev e rt 
hack  to  th e ir  p a re n ta l form  or, produce to x in s  or o th e r  m e tabo lites th a t  induce  
diseases [12-141.

The p resen t s tu d y  was designed to  ind u ce  s tab le  L -form s o f Staphylococ
cus aureus and  Streptococcus faecalis, using  penicillin  as an  in d u cer, an d  to  in 
v es tig a te  th e  effect o f inducers and  s tab ilize rs on th e ir  a d a p ta tio n  an d  s ta b ili
za tion .

Materials and methods

Bacterial strains. One s t r a in  each of S. aureus a n d  S. fa eca lis  w as used. S. aureus was 
iso lated  in th e  lab o ra to ry  fro m  an abscess, S. faeca lis  (B -45-1) w as o b ta in ed  from  th e  C entra l 
R esearch  In s t i tu te ,  K asau li, In d ia .

Induction  process. T h e  m ed ium  of N im m o  a n d  B l a z e v ic  [15] w as used ; 100 m l o f liqu id  
m edium  (LM ) consisted of b ra in  h e a r th  infusion (D ifco), 3.7 g; y e a s t e x tra c t (D ifco), 10 g; 
sucrose (P fizer), 15 g; m ag n esiu m  su lp h a te , 0.2 g; no rm al in a c tiv a te d  m ycop lasm a-free  horse 
serum , 10 m l; th e  p H  was a d ju s te d  to  7.5. The solid m ed iu m  (SM ) w as th e  sam e b u t  1.4 g of 
ag ar (Difco) was ad ded  to  i t .  As an  inducer, pen ic illin  G w as u sed  a t  v a ry in g  co n cen tra tio n s .

To induce  L-form s, 0.2 m l o f a 24 h r b ro th  cu ltu re  of th e  p a re n t  b ac teriu m  was ad ded  
to 4.5 ml o f LM and  in cu b a ted  fo r 24-48 h r a t  37 °C. A fte r a few  b lin d  passages a t  48 h r  in te r
va ls , 0.2 m l was in o cu la ted  on  SM and  in cu b a ted  a t  37 °C fo r 48 h r. T he p lates w ere th en  
period ically  exam ined  for th e  p resence of L -form s b y  lig h t a n d  p h ase  c o n tra s t m icroscopy. 
R eversion  or th e  ab ility  to  grow  in  th e  absence of horse  serum , sucrose and  penicillin  was 
s tu d ied  follow ing th e  schem e of M a d o f f  [16]. A t d iffe ren t passage levels, sm ears w ere p rep ared  
from  b ro th  cu ltu res , s ta in ed  w ith  G iem sa and G ram  s ta in s  an d  ex am in ed  u n d e r oil im m ersio n  
fo r colonial m orphology.
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Results

S. aureus L -fo rm s, a fte r 10 passages in  LM (penicillin  1000 u n its /m l) , 
e x h ib ite d  large an d  sm all round  bod ies w ith  f ilam en ts  (Fig. 1). A fte r  fu r th e r  
7 passag es (penicillin  1500 u n its /m l), th e se  fo rm ed  ty p ic a l L -colonies w ith  long  
f ila m e n ts  and ro u n d  bodies. A fte r 11 passages, large and  sm all ro u n d  bodies 
w ith  ce n tra l conden sa tio n s were p re se n t. In  th e  cen tre  of th e  co lony , on ly  large  
b o d ie s  were seen w ith  few filam en ts  (Fig. 2). T hese, how ever, in  pen icillin -free 
m e d iu m  rev erted  in  a single passage  to  th e  p a re n ta l  form , an d  w ere th e re fo re  
f u r th e r  passaged a t  increased  pen ic illin  co n cen tra tio n s (3500 u n its /m l) an d  
a f te r  9 m ore passages ( to ta l 26) th e y  re v e rte d  b ack  in  4 passages. R eversion  w as 
g ra d u a l. In  th e  passages f irs t G ram -n eg a tiv e , th in  filam en ts  a p p ea red , th e n  
G ram -n eg a tiv e  th in  rods, G ram -positive  cocci in  chains and  f in a lly  G ram -posi
t iv e  cocci arranged  in  c lusters like b u n ch es  o f g rapes.T hese w ere fu r th e r  passaged  
a t  4000 u n its /m l penicillin  and a f te r  5 su b seq u en t passages th e ir  reversion  a n d  
th e  effect of sucrose an d  horse serum  were s tu d ied  on th e ir  s ta b iliz a tio n  a n d  
a d a p ta tio n , and  th e ir  ab ility  to  grow . D uring  th e  passages, th e se  in g red ien ts  
w ere  g radually  d ecreased . The o rgan ism s could s till grow in a m ed ium  c o n ta in 
in g  25%  of th e  o rig in a l am o u n t o f  sucrose an d  serum  fo r tw o  passages, an d  
re v e r te d  in th e  3rd  passage. W hen  th e y  were fu r th e r  passaged  a t  4500 u n its /m l 
p en ic illin , a fte r 19 m ore passages (a to ta l  of 49) th e y  could n o t re v e r t  h ack  even 
a f te r  12 fu r th e r  passages in sucrose, serum  an d  penicillin-free n u tr ie n t  b ro th  an d  
n u tr ie n t  blood ag a r m edia.

S . faecalis. A fte r 10 passages (penicillin  1000 u n its /m l) , th e  L -form s 
show ed  large an d  sm all round  bodies w ith  f ilam en ts . The f ila m e n ts  becam e less

Fig. 1. L-form s of S. aureus; f ilam en ts  and ro u n d  bodies
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an d  less as th e  penicillin  co n cen tra tio n  лгав increased . A t 2000 u n its /m l o f p e n 
ic illin , large an d  sm all round  bodies ap p ea red  and  form ed ty p ic a l fo am y  
L-colonies. In  penicillin-free m ed ium  th e y  rev e rted  back to  p a re n ta l fo rm s. 
A fte r  16 a d d itio n a l passages (penicillin  3500 un its/m l) th e y  rev erted  h ack  in  5 
passages. W hen th e se  were fu r th e r  passaged  a t  4000 un its /m l penicillin , a f te r  
4 passages th e  L -form s form ed foam y  colonies (F ig. 3), w ith  sm all an d  large  
ro u n d  bodies w ith  coccobacillary fo rm s. These were te s ted  for s ta b ili ty  and

F ig. 2. L-form s of S. aureus; large  bodies and few filam en ts

Fig. 3. L -form s of S . faecalis
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a d a p ta b ili ty . T hey  co u ld  grow for 2 passages in  a m edium  co n ta in in g  25 %  of 
th e  o rig inal am o u n t o f  sucrose and serum , a n d  up  to  th e  4 th  passage in  sucrose, 
se ru m  an d  pen ic illin -free  m edium . T hey  re v e r te d  in  th e  3rd  an d  5 th  passage, 
re sp ec tiv e ly . I f  th e y  w ere fu rth e r  passaged  a t  4500 u n its /m l penicillin , a f te r  
19 m ore  passages ( to ta l  48) th e y  form ed ty p ic a l  colonies revealing  m o stly  large 
bod ies. A fter an a d d itio n a l 4 passages ( to ta l  52) th e y  could grow in  sucrose, 
se ru m  an d  penic illin -free  n u tr ie n t b ro th  a n d  blood ag ar m edia , w ith o u t re v e r
sion even  up to  12 passag es. The stab le  L -fo rm s form ed ty p ic a l colonies, th u s  
th e y  w ere stable L -fo rm s.

D iscussion

In  th e  p resen t s tu d y , S. aureus an d  S . faecalis  were used to  induce  L- 
fo rm s. Several a u th o rs  app lied  d ifferen t in d u cers  inc lud ing  penicillin  to  p roduce  
L -fo rm s of G ram -p o sitiv e  and G ram -n eg a tiv e  organism s [9, 18-28]. In  th e  
p re se n t s tu d y , p en ic illin  was used as th e  in d u ce r, and  sucrose, horse serum  and  
M gT+ were app lied  as stab iliz ing  agen ts. I t  w as no ticed  th a t  500 u n its /m l of 
pen ic illin  did n o t in i t ia te  induction  and  th e  co n cen tra tio n  was increased  to  
4500 u n its/m l. O th ers  [15, 29-34] rep o rted  t h a t  th e  op tim u m  co n cen tra tio n  of 
in d u c e r  varied  from  species to  species to  in d u ce  these  form s from  G ram -positive  
a n d  G ram -negative  o rgan ism s, while o th e rs  [11] no ticed  v a ria tio n s w ith in  th e  
species. Some a u th o rs  [35] used high co n cen tra tio n s  o f sodium  chloride to  
in d u ce  L-form s from  staphy lococci and  p ro d u ce  fou r ty p es  o f stab le  L -form s. 
E ach  o f  these had  an  o p tim u m  co n cen tra tio n  o f sodium  chloride for its  g row th  
an d  failed  to  grow a t  h ig h e r or lower co n cen tra tio n s .

T he s ta b ility  o f  L -form s depended  u p o n  th e  co n cen tra tio n  of inducer and  
s tab ilize rs . L -form s p ro d u ced  a t 2000 u n its /m l, rev e rted  back  to  th e ir  p a re n ta l 
fo rm  in th e  firs t pen icillin -free passage, th u s  th e  reversion  was sp on taneous. 
A t 3500 un its/m l pen ic illin , reversion w as g rad u a l and  n o t sp o n tan eo u s; th e  
o rg an ism s rev e rted  g ra d u a lly  th ro u g h  4 p assages in  th e  case of S. aureus, an d  
th ro u g h  5 passages in  th e  case of S. faeca lis  in  penicillin-free m edium . L -form s 
p assag ed  w ith  4500 u n its /m l penicillin, on  th e  o th e r h an d , no t o n ly  grew 
on penicillin-free m ed iu m  b u t also in m ed ium  free from  penicillin , horse serum , 
sucrose and  M g+ + .

The s tab ility  o f  L -form s depended besides th e  penicillin co n cen tra tio n  also 
on th e  ho ise  serum  a n d  sucrose. V arious co n cen tra tio n s  of sucrose an d  serum  
w ere used  to  s tu d y  th e ir  effect on th e  s ta b il i ty  and  a d a p ta b ility  of L -form s. 
T h e y  d id  no t re v e r t  b a c k  when th e  a m o u n t o f  serum  was decreased to  50, 25 
an d  zero per cen t, k e ep in g  th e  o ther in g red ien ts  co n s tan t. Sucrose had  a sim ilar 
e ffec t w hen reduced  g rad u a lly . The L-form s s till rev e rted  back  in  th e  absence of 
all th e  th ree  in g re d ie n ts . M a d o f f  [16], s tu d y in g  th e  effect o f horse serum , 
p en ic illin  and sod ium  chloride on th e  s ta b il i ty  o f L-form s of th ree  s tra in s  of
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Streptococcus MG, rep o rted  sim ilar o b se rv a tio n s , th o u g h , th e  basic  m ed ium  
used was n u tr ie n t agar, w hereas we used b ra in  h e a r t in fusion  agar.

The n u m b e r of passages needed to  o b ta in  stab le  L -fo rm s also varied . 
M a k a m a  and  T a k a y o s h i  [35] applied  229—333 passages to  g roup  A h aem oly tic  
strep tococci to  produce  th e ir  L -form s. In  o th e r  s tu d y  A s n a n i  (unpub lished) 
used  56 an d  100 passages fo r Listeria monocytogenes an d  Salm onella typ h i, 
re spec tive ly , to  p roduce  th e ir  L -form s. T herefo re , th e  n u m b e r o f passages n e e d 
ed to  produce th e se  form s, also varied  from  species to  species.

As th e  penicillin  co n cen tra tio n  was increased , th e  filam en to u s form s 
decreased  and  sm all and  large  bodies p red o m in a ted . These w ere sta in ed  d ark er. 
S im ilar m orphological form s were also re p o rte d  [36-39] a n d  th ese  were in f lu 
enced b y  th e  co n cen tra tio n  o f agar and g e la tin  in  th e  m ed ium .
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BIOLOGICAL PROPERTIES 
OF L-FORMS AND THEIR PARENT BACTERIA
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L -form s of Staphylococcus aureus, Streptococcus faeca lis, L isteria  monocytogenes a n d  Sa l
monella typ h y  and  th e ir  p a re n t  bac teria  were exam in ed  for biological p roperties a n d  co m pared  
w ith  th e ir  p a re n ta l  fo rm s. Som e L-form s d iffered  from  th e ir  p a re n t  b acteria  a n d  req u ired  a 
longer in c u b a tio n  period.

L -form s have been  iso lated  from  various c lin ica l conditions [1—9], and  
som e ex p e rim en ta l s tu d ies  even suggested  th e ir  role in  various diseases [1, 10, 
11]. D a ta  are scarce concern ing  th e ir  biological p ro p e rtie s  [10-13], especially  
in com parison  w ith  th e ir  p a ren ta l form s. T he p re sen t p ro jec t, th e re fo re , was 
designed  to  s tu d y  th e  biological p roperties o f in d u ced  L-form s and to  com pare 
th e m  w ith  th e ir  p a re n t b ac te ria  so th a t  th e se  could be iden tified  from  clin ical 
specim ens.

Materials and methods

Source o f  L-form s. S tab le  L-form s of 4 p a th o g en ic  o rg an ism s nam ely  Staphylococcus 
aureus, Streptococcus faeca lis, Listeria  monocytogenes and  Salm onella  typh i were in duced .

Biological properties. T he p roperties s tu d ied  in c luded  ca rb o h y d ra te  u tiliza tio n  in  1%  
(w /v) p ep to n e  w a te r  [14]. T o th is  phenol red  in d ic a to r (0 .2 % ) and  ca rb o h y d ra te s  a t  1%  
c o n ce n tra tio n  were ad d ed , ad ju s tin g  th e  p H  to  7.2. T he ca rb o h y d ra te s  used are  p re sen te d  in  
T ab le  I. O th e r p ro p erties  s tu d ied  included ca ta la se , oxidase, u rease , acety l m e th y l carb ino l 
a n d  indole  p ro d u c tio n , c itra te  u tiliza tio n , p h en y la lan in e  d e am in a tio n  and  red u ctio n  of n itra te s  
a n d  p o tass iu m  te llu rite  [14]. P ho sp h atase  a c t iv ity  an d  arg in ine  hydro lysis were also s tu d ied  
[15]. H aem o ly tic  a c tiv ity  w as stud ied  in  b lood ag ar m edium . T hese were also exam in ed  for 

m o tility  w herever necessary.

Results

R esu lts  are p re se n te d  in T able I. T he L-form s o f th e  te s t o rganism s did  
n o t d iffer s ig n ifican tly  from  the  p a re n t b a c te riu m  ex cep t in  urease a c tiv ity , 
n i tr a te  red u c tio n , haem olysin  p ro d u c tio n  and u tiliz a tio n  of ce rta in  c a rb o h y 
d ra te s , n am ely  m an n ito l, sucrose, g lycerol, rham nose  an d  d ex trin , b e ing  n eg a
tiv e . T hese d id  no t show  a n y  v a ria tio n  in  re sp ec t o f  o th e r  biochem ical p ro p e rtie s  
ex cep t t h a t  th e  in c u b a tio n  period needed  w as m ore th a n  th a t  o f th e  p a re n t 
b a c te riu m  nam ely  48 h r  fo r ca talase p ro d u c tio n , an d  u tiliza tio n  o f  c itra te , 
glucose, fru c to se , lac to se , sucrose and  m annose and  72 h r  for xylose.
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Table 1

Biological properties o f  paren t organism s and  their L-form s

Charact eristics
S .  a u r e u s S . f a e c a l i s L. monocytogenes S .  t y p h i

P L P L P L P L

1. G ram  staining — + — + — — —

2. M otility - - — - + + + +
3. H aem olysis + — + — + — —

4. O xidase activ ity - — - — - — -

5. C ata lase  activ ity + + + + + + +
6. P h o sp h atase  a c tiv ity + ND ND ND ND ND ND

7. Coagulase a c tiv ity + + ND ND ND ND ND ND

8. U rease activ ity + —  ; ND ND ND ND ND ND

9. N itra te  reduction + — — — + — —

10. T ellu rite  reduction — — — — — — — —

11. P h en y l alanine red u ctio n — — — — — — — —

12. Indo le  p roduction

13. A cety l m ethyl carbinol
— — — — — — — —

production - — — - - - - -

14. A rginine u tiliza tion + + + + + + + +
15. Glucose + + + + + + + +
16. M annitol + - -L - + — + +
17. M annose + + + + + + + +
18. X ylose + + + + + + + +
19. F ructose + -J- — - + + +
20. Sucrose + — + + - + - -
21. L actose + + — — - — - —

22. D ex trin + — — _ + — —

23. In u lin — — - — - — — —

24. Sorbose — — — — — — — —

25. R ham nose + — — - H- — — —

26. Glycerol + — + - + — + +
27. G alactose + + + + + + + +
28. Salicin + — + + - — - —
29. C itra te  u tiliza tion + + — - + + + +
30. M ethyl red test

31. Phospholipids (/Jg/g),
— — — — '— — + —

cell wall fraction 

32. Phospholipids (^g /g),

24.5 0 29.5 0 23.0 0 19.5 0

cytoplasm ic fraction 9.5 12.0 11.5 16.0 18.5 21.0 19.5 22.0

N D  =  no t done; P  =  p a ren t b ac te riu m ; L =  L-form s
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Discussion

L-form s o f S. aureus differed from  th e ir  p a re n t b a c te r iu m  in u rease an d  
haem olysin p ro d u c tio n , n itra te  red u c tio n  an d  u tiliz a tio n  o f m ann ito l, sucrose, 
glycerol, rh am n o se , an d  d ex trin . T hey  h ad  no h aem o ly tic  a c tiv ity  and  one o f 
these  s tra in s  w as n eg a tiv e  an d  w eakly  p o sitive  in  u rease  p ro d u c tio n  and  a rg i
nine hyd ro lysis , as a lread y  described [13]. In  resp ec t o f  ace ty l m ethy l ca rb in o l 
p roduction , th e  p a re n t s tra in s  were w eak ly  po sitiv e , w hereas th e ir  L -fo rm s 
were com plete ly  nega tive .

The L -form s o f S . faecalis  d id  n o t d iffer from  th e  p a re n t  stra in s ex cep t in  
haem olysin  p ro d u c tio n , u tiliza tio n  o f m an n ito l and  g lycero l, being n eg a tiv e  fo r 
these reac tio n s , w hereas th e  p a re n t b a c te r iu m  w as p o sitiv e  for th e  ab o v e  
p roperties. T h ey  also req u ired  a longer in c u b a tio n  period  ran g in g  from  48 to  96 
h r as com pared  to  th e ir  p a re n t b ac te riu m . O th e r a u th o rs  [12] rep o rted  s tra in  
varia tio n s am ong  th e  s tra in s  of S. faecalis  in  re sp ec t o f  th e  biochem ical p ro p e r 
ties. T hey  s tu d ied  3 s tra in s  an d  found  th a t  2 o f th ese  show ed a w eak re a c tio n . 
All th e  3 s tra in s  red u ced  po tassium  te llu r ite , w hereas th e ir  L-form s were w eak ly  
positive in  re sp ec t of th is  p ro p e rty . Tw o o f these  s tra in s  oxidized xy lose  
w hereas th e  rem ain in g  one d id  n o t, w hereas we fo u n d  th a t  L-form s d id  n o t  
v a ry  from  th e  p a re n t  b ac te riu m  and  show ed s im ila r b iochem ical p roperties.

L -form s o f S . typ h i d iffered from  th e  p a re n t b a c te r iu m  as th e  fo rm er 
n e ith e r reduced  n itra te s  no r oxidized d e x tr in , w hereas th e  p a re n t b a c te r iu m  
did so.

The L -form s o f L . monocytogenes d iffered  from  th e ir  p a re n t b ac te riu m  as 
th e  fo rm er d id  n o t show  an y  a c tiv ity  in  h aem olysin , n i t r a te  reduc tion  an d  
u tiliza tion  o f m an n ito l, glycerol and rham nose .

F lagellar an tig en  w as rep o rted  to  be a b se n t in  th e  L-form s of Vibrio  
cholerae and  Proteus vulgaris  [16, 17], w hereas o th e rs  [18] rep o rted  its  p resence. 
In  th e  p resen t s tu d y , L -form s of S . typ h i an d  L . monocytogenes were m o tile  
w hich suggested  th e  presence o f flagella , th u s  th e  p resence  of H  an tigen . I t  is 
well know n th a t  th e  origin o f th e  flagellum  is th e  cy to p lasm ic  m em brane o f  th e  
cell and  th e  cell w all p lay s no role in  its  o rig in , th e re fo re  th e  presence o f f l a 
gellum  in L -form s shou ld , in fac t, n o t be a ffec ted . I t  is ev id en t th a t  p ro b a b ly  
th ere  is in a d e q u a te  l i te ra tu re  on th e  co m p ara tiv e  s tu d y  o f  v a rious b iochem ical 
p roperties of L -form s of th ese  tw o o rgan ism s. W c observed  th a t  except few  
varia tio n s in  some o f th e ir  biological p ro p e rtie s , th ese  d id  n o t differ from  th e ir  
p a ren t b ac te ria  s ig n ifican tly .
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PRODUCTION AND ANTIGENIC EFFECT OF 
EXPERIMENTAL SHEEP ADENOVIRUS VACCINES
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(R eceived A pril 24, 1979)

A denov irus vacc ines in ac tiv a te d  an d  a d so rb ed  w ith  d iffe ren t m ethods were p re p a re d  
fo r th e  specific  con tro l o f  pneu m o en teritis  o f  lam bs. B e ta -p ro p io lac to n e  an d  fo rm alin  as in 
a c tiv a tin g  agen ts and a lu m in iu m  hydroxide gel an d  D E A E  d e x tra n  as a d ju v a n ts  w ere com 
p a red . V accines in a c tiv a te d  a n d  adsorbed in  d iffe re n t w ays p ro v o k ed  p rac tica lly  th e  sam e im 
m uno log ical response. Seronegative  lam bs dev elo p ed  a h igher leve l o f an tibodies a f te r  th e  
a d m in is tra tio n  of m o n o v a le n t vaccines, th a n  in  th e  case of a b iv a le n t one. I t  is concluded  th a t  
in a c t iv a te d  and  adso rb ed  adenovirus vaccines p ro v o k e  a s ig n ifican t p ro d u c tio n  of a n tib o d ies  
in  sheep.

P rev iously , we h av e  rep o rted  on  th e  occurrence o f  p n eu m o en te ritis  o f 
lam b s caused  h y  adenov iruses and  on th e  econom ical im p o rtan ce  of th e  disease 
[1—3]. T he p a th o g e n ic ity  of several loca l adenov irus s tra in s  in  ex p erim en ta l 
in fec tio n s was also show n [4-6]. Serological surveys rev ea led  a wide occurrence 
in  la rge  farm s of a ll know n ovine a d en o v iru s  sero ty p es [7]. These f in d in g s 
called  fo r an  active im m u n iza tio n  p ro ced u re  against th e  d isease. In  th e  p re se n t 
p a p e r  we re p o rt on th e  p roduction  o f  v a rio u s  m ono- a n d  b iv a le n t vaccines an d  
on  th e  im m unological response of lam b s to  vacc in a tio n .

Materials and methods

1. Production o f  vaccines

(a) Viruses. V irus s tra in s  ORT/111, a  loca l iso late  of b o v ine  adenov irus ty p e  2 fro m  
sheep, a n d  GY/14, a local iso la te  of ovine ad en o v iru s  ty p e  1, w ere in v o lv ed  in  th e  ex p erim e n t.

(b ) M ultip lica tion  o f  the virus strains. V iruses were m u ltip lic a ted  in  fe ta l lam b  k id n ey  
cu ltu re s  g row n in  E agle’s m in im um  essential m ed iu m  (M EM , D ifco) supp lem en ted  w ith  0 .5 %  
la c ta lb u m in  h y d ro ly sa te  a n d  15%  feta l calf se ru m . As m ain ten an ce  m ed ium  E arle ’s so lu tio n  
(D ifco) w as used. The in fec te d  2000 ml R o u x  b o ttle  cu ltu res w ere in cu b a ted  a t  37 °C a f te r  
one h o u r  o f  adsorp tion . G ro w th  curves of d iffe re n t s tra in s  were p re lim in a ry  tes ted  [8] a n d  th e  
c u ltu re s  h a rv es te d  a t  o p tim u m  tim e. O p tim u m  v iru s y ield  was seen  a f te r  40 h r in cu b a tio n  in  
th e  case o f  ORT/111 s tra in  a n d  64 h r in th e  case o f GY/14 [8]. To re lease  th e  in trace llu la r  v iru s, 
th e  cu ltu res  were frozen a t  —20 °C and th aw ed  th re e  tim es. S u b seq u e n tly  th e  v irus suspension  
was t i t r a te d  and  cu ltu res  exceeding 105 T C ID 50/m l w ere used fo r vacc ine  production .

(c) M ethods o f  inactivation. Two m eth o d s  of in ac tiv a tio n  w ere  com pared. Cell-free 
v iru s suspensions were m ix ed  w ith  serial d ilu tio n s  o f fo rm alin  a n d  b e ta -p ro p io lac to n e  (B P L ) 
to  o b ta in  a  fin a l c o n ce n tra tio n  from  0.05 u p  to  0 .25% . T he sam ples w ere m ixed and  s to red  a t  
room  te m p e ra tu re  in  th e  case  of form alin  a n d  a t  4 °C in  th e  case o f  B P L , for 24 hr. To check  
in a c tiv a tio n , 6 tubes o f fe ta l  lam b  kidney  cu ltu re s  o f each  d ilu tio n  w ere inocu lated . R esid u al
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fo rm a lin  w as neu tra lized  w ith  sodium  m e ta b isu lp h ite  an d  sam ples w ere d ia lyzed  against m a in 
te n a n c e  m ed ium  a t 4 °C fo r 24 h r  [9].

(d ) A djuvan ts. T he p o ten c y  of a lhydrogel (0 .7 5 %  end co n cen tra tio n  A120 3, pH  7.7) an d  
D E A E  d e x tra n  (7 .5% ) ad so rb ed  vaccines in a c tiv a te d  w ith  fo rm alin  o r B P L  was com pared .

(e) Preparation o f  vaccines. F ive  ex p erim en ta l vaccines w ere p ro d u ced . M onovalen t 
v a cc in e s  (N os 1-4) w ere p re p a re d  from  v iru s s tra in  O RT/111 and  a b iv a le n t one (No. 5) from  
v iru s  s tra in s  ORT/111 an d  GY/14.

Vaccine 1Vo. 1. T h e  v iru s  suspension w as m ix e d  w ith  a lum in ium  h y d ro x id e  p H  7.8 a t  
ro o m  te m p e ra tu re  for 20 m in , th e n  in a c tiv a te d  w ith  fo rm alin  pH  7.25 fo r 24 h r.

Vaccine No. 2. V iru s suspension  w as in a c tiv a te d  w ith  fo rm alin  fo r 24 h r, th en  m ixed  
w ith  D E A E  d ex tran  fo r a fu r th e r  hour.

Vaccine No. 3. V iru s suspension  B P L  t r e a te d  a t  4 °C for 24 h r  w as sim ilarly  adsorbed  
o n  D E A E  dex tran .

Vaccine No. 4. B P L  in a c tiv a te d  v iru s w as ad so rb ed  on a lu m in iu m  hydrox ide.
Vaccine No. 5. A  b iv a le n t vaccine (m eth o d  of vacc ine  No. 1) w as p re p a re d  from  a  1 : 1 

m ix tu re  o f th e  two v iru s stra in s .

2. Experim entaf^anim als

C om m ercial lam b s w ere  used  in  th e  ex p erim en ts .
E xperim ent N o. 1. F o u r  groups, each  of 8 lam b s aged four m o n th s  w ere v acc in a ted  

w ith  v acc ines Nos 1, 2, 3 a n d  4, app lied  in tra m u sc u la r ly  in th e  neck (2 m l dose). The v a cc in a 
t io n  w as rep ea ted  3 w eeks la te r . B lood sam ples w ere collected  on th e  d ay  o f th e  f irs t and  second 
v a c c in a tio n  and on days 8, 42 and  56 a fte r  th e  f i r s t  vacc ina tion .

E xperim ent N o. 2. F iv e  lam bs aged 8 w eeks w ere vacc in a ted  w ith  vacc in e  No. 1 tw ice in  
a n  in te rv a l  of 14 days. B lood  sam ples were ta k e n  on d ay s 0, 10, 24, 42 a n d  56.

E xperim ent N o. 3. F if te e n  lam bs aged 3 m o n th s  were v a cc in a ted  w ith  vaccine No. 5 
o n  a  single occasion. B lood sam ples w ere co llected  on  d ay s 0, 14, 28 an d  35.

Serum  sam ples w ere te s te d  ag a in st 100 T C ID 5o/0.1 m l v irus in  th e  n eu tra liza tio n  te s t.

Results

T he experim en ts rev ea led  th a t  fo rm a lin  and  B P L  in a c tiv a te d  th e  v iru s  
in  a  co n cen tra tio n  o f 0.05 an d  0 .1% , resp ec tiv e ly . A ccording to  th ese  fin d in g s 
a n d  fo r  safe ty , fo rm alin  an d  B P L  w ere u sed  fo r vaccine p ro d u c tio n  a t concen 
t r a t io n s  of 0.1 and  0 .1 5 % , respective ly .

weeks

F ig . 1. D ynam ics o f sero logical responses fo llow ing vacc in a tio n  w ith  d iffe ren t m o n o v a len t
vaccines (geom etric  m ean  titres)
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T ig . 2. Serological response  a f te r  re p e a te d  ad m in is tra tio n  of m o n o v a le n t vaccine (geom etric
m ean  titres)

T itres of c ircu la tin g  an tib o d ies  d u ring  ex p e rim en t N o .l  are show n in  
F ig . 1. S ign ifican t a n tib o d y  t i t r e s  (1 : 64-1 : 128) developed  in  response to  all 
vaccines before th e  21st d ay  a f te r  th e  f irs t vacc in a tio n .

E x p erim en t N o .2 show ed th a t  rev acc in a tio n  on th e  1 4 th  day  provokes 
p ro d u c tio n  of h igh  t i t r e  v iru s-n eu tra liz in g  an tib o d ies  (F ig . 2).

E x p e rim en t N o.3 show ed th a t  14 days a f te r  a  single dose o f b iv a le n t 
vaccine 1 : 32-1  : 64 t i t r e  v iru s  n eu tra liz in g  an tib o d ies  a p p e a r  against b o th  
v iru s  ty p es (F ig. 3).

Fig. 3. Serological re sponse  a f te r  v a cc in a tio n  w ith  b iv a le n t vacc in e  (geom etric  m ean  titre s )
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Discussion

A denovirus-induced  p n e u m o e n tc iitis  o f  lam bs h as  so fa r  been rep o rted  
o n ly  in  H u n g ary  and  no d a ta  are av a ilab le  on th e  specific co n tro l o f th e  disease. 
D a ta  on  vaccines a g a in s t s im ila r d iseases o f  calves show  t h a t  im m u n iza tio n  
w ith  vaccines w ithou t a d ju v a n t  low  t i t r e s  (1 : 4 -1  : 8) o f  an tib o d ies  ap p ear 
[10], w hile T r i b e  et al. [9] d e m o n s tra te d  h igher t i t re s  (1 : 6 4 -1  : 384) a fte r 
a d m in is tra tio n  of vaccines adso rbed  in  d iffe ren t w ays. A cco rd ing ly , we de
v e lo p ed  on ly  vaccines w ith  a d ju v a n ts . T he experim en ts p ro v ed  th a t  vaccines 
c o n ta in in g  in ac tiv a ted  a n d  a d ju v a te d  aden o v iru s  can s tim u la te  a p ro p e r a n ti
b o d y  response also in  sheep .

T he d a ta  of e x p e rim e n t N o .I show  th a t  co m b in a tio n s  o f m eth o d s of 
in a c tiv a tio n  and d iffe ren t a d ju v a n ts  in d u ced  a com parab le  a n tib o d y  response. 
F o r  econom y, form alin  a n d  a lu m in iu m  h y d rox ide  gel w as used  in  th e  subse
q u e n t experim en ta l v acc ines.

T h e  d a ta  of e x p e rim e n t N o .l  also show  th a t  a second  v acc in a tio n  on d ay  
21 does n o t increase s ig n if ic a n tly  th e  t i t r e  of v irus n e u tra liz in g  an tibod ies. 
In  e x p e rim en t No.2, fo rm a lin  in a c tiv a te d  an d  a lum in ium  h y d ro x id e  adso rbed  
v acc in es  induced good a n tib o d y  t i tre s . R ev acc in a tio n  on th e  14 th  d a y  sign ifi
c a n tly  increased  th e  t i t r e  v a lu es . D ue to  th e  lim ited  n u m b e r  o f an im als used 
in  th e se  te s ts , fu rth e r ex p e rim en ts  are  needed  to  d e te rm in e  th e  o p tim u m  tim e 
fo r rev acc in atio n .

A ccording to  e x p e rim e n t N o.3, a f te r  ad m in is tra tio n  o f  a b iv a le n t vaccine 
in  se ronega tive  lam bs g en era lly  1 : 32-1  : 64 t i t re  v irus n e u tra liz in g  an tibod ies 
a p p e a r  in  21 days. T hese t i t r e  values are  s ig n ifican tly  low er th a n  tho se  found  
in  ex p e rim en t N o .l.

In  field  experim en ts, ewes w ith  n a tu ra l  active im m u n ity  w ere v acc in a ted ; 
b o th  m ono- and b iv a le n t v acc in a tio n  s ig n ifican tly  in c rea sed  th e ir  level o f 
v iru s  n eu tra liz in g  an tib o d ie s  [11]. B iv a le n t vaccines in d u ced  sim ilar an tib o d y  
levels as did m onovalen t vaccines. T he serological response  o f seronegative  
f a t te n in g  lam bs was, h o w ev er, d iffe ren t w hen  th e y  w ere in je c te d  w ith  mono- 
a n d  b iv a le n t vaccines.

I t  has been conc luded  th a t  in  p rev io u sly  in fec ted  sheep  even a sm all 
dose o f  an tigen  can s tim u la te  a d y n am ic  secondary  a n tib o d y  response. L am bs 
n o t in fec ted  before show ed h ig h er a n tib o d y  levels to  m o n o v a len t th a n  to  b i
v a le n t  vaccines.

Sum m arizing th e  re su lts , ad en o v iru s  vaccines in d u ced  a h igh  level o f 
v iru s  neu tra liz in g  a n tib o d ie s  in  sheep. R esu lts  o f challenge te s ts  to  de te rm ine  
th e  p ro te c tiv e  value o f o u r  vaccines h av e  been  rep o rted  se p a ra te ly  [11, 12].
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NEW SELECTIVE MEDIUM FOR THE ISOLATION OF 
HAEMOPHILUS SPECIES

Z s u z s a n n a  C s u k á s

Institu te  o f  M icrobiology, Sem m elw eis U niversity M edical School, Budapest 

(R eceived M ay 23, 1979)

C hocolate ag ar co n ta in in g  lincom ycin  (5/<g/ml) was used  fo r th e  iso la tion  of h aem o p h ilu s 
s tra in s . O ne-hundred  h aem oph ilus stra in s  o f 3 species grew w ell on  selective p la tes , w hereas 
G ram -positive  b ac te ria l fa iled  to  form  colonies on  th em . The selec tive  cu ltu re  p roved  especially  
ad v an tag e o u s  w hen th r o a t  sw abs were ex am in ed .

H aem ophilus influenzae, H aem ophilus p  arainflu en za e  an d  H aem ophilus  
parahaem olyticus  s tra in s  are freq u en t p a th o g en s of u p p e r  re sp ira to ry  in fec tions. 
T h e ir  aetio log ical ro le is especially s ig n ifican t in  ch ron ic  b ronch itis  [1, 2]. 
Iso la tio n  o f th e  p a th o g en ic  agent an d  d e te rm in a tio n  o f  i ts  an tib io tic  se n s itiv ity  
is th e  basic  co n d itio n  o f ad eq u a te  tr e a tm e n t,  b u t th e ir  iso la tio n  is d ifficu lt 
because  th e  m ixed f lo ra  o f th e  u p p e r re sp ira to ry  t r a c t  and  o f th e  buccal c a v ity  
overgrow s th e  haem o p h ilu s  colonies. T herefo re , w ash ing  o f th e  sp u tu m  w ith  
physio logical saline w as recom m ended [1]. V ancom ycin  or b a c itra c in -c o n ta in 
ing  chocolate  agar fac ilita te s  th e  cu ltiv a tio n  of haem ophilus s tra in s  from  m ixed  
flo ra  [3 -8 ]. H aem oph ilu s stra ins are re la tiv e ly  re s is ta n t to  lincom ycin , w hereas 
th e  G ram -positive f lo ra  o f  th e  u p p e r re sp ira to ry  m ucosa show s sen sitiv ity  to  
th is  an tib io tic . In  th is  w ay , lincom ycin  w as found  su itab le  fo r th e  iso la tion  o f  
h aem oph ilu s s tra in s .

Materials and methods

Strains. O ne-h u n d red  H aemophilus s tra in s  w ere stu d ied ; 44 w ere o b ta in ed  from  h o sp ita l 
p a tie n ts  w ith  la ryng itis , o titis , m eningitis a n d  b ro n ch itis , an d  54 fro m  th e  th ro a t  sw abs of 
h e a lth y  persons. T he s tra in s  w ere iso lated  on  cho co la te  agar.

Species d e te rm in a tio n  of th e  stra in s  w as p e rfo rm ed  by  S im ’s g ro w th  fac to r re q u ire m e n t 
m eth o d  as well as on th e  b asis o f haem olysis, sucrose  an d  xylose decom position , indole p ro d u c 
tio n  a n d  O N P G  te s t  [9]. D is tr ib u tio n  of th e  100 H aem ophilus  s tra in s : 39 i f .  influenzae, 41 H . 
para in fluenzae, 20 H. parahaem olyticus.

L incom ycin  sensitiv ity  o f  the haem ophilus stra ins  was ex am in ed  as follows. (1) D isk  
method: su scep tib ility  p a p e r  disks ( In s ti tu te  fo r Serobacterio log ical P ro d u c tio n  an d  R esearch , 
H u m an , B u d ap es t) of 10 /tg  lincom ycin  c o n te n t w ere p laced on th e  chocolate  ag ar sw abbed  
densely  w ith  th e  b a c te ria l suspension in  physio log ica l saline an d  in c u b a te d  for 24 hr. (2) Plate  
dilu tion  method: physio logical saline suspensions o f  th e  stra in s  w ere seeded  in  sectors on  choco
la te  a g a r co n ta in ing  10, 5, 2.5 a n d  1.2 /tg/m l lin co m y cin  (lincom ycin  hydro ch lo rid e , U S SR ) an d
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on  c o n tro l chocolate ag ar a n d  in cu b a ted  fo r 24 h r. (3) E xam ina tion  o f  the isolated haemophilus 
colonies. O f th e  d ilu tions o f 5 haem oph ilus s tra in s  suspensed  in  physio log ical saline 0.05 ml 
a liq u o ts  w ere placed on ch o co la te  ag ar c o n ta in in g  5 fig/m l lincom ycin  as well as on contro l 
p la te s . T h e  num ber o f th e  colonies and  th e ir  m o rp h o lo g y  w as com pared  on se lective  and choco
la te  a g a r  p lates.

Selective bacterial effect o f  lincom ycin. T h e  physio log ical saline suspensions o f 220 b ac te ria  
o ccu rrin g  generally  in  th e  m o u th  and  re sp ira to ry  t r a c t  w ere seeded on choco late  agar of 5 yg  ml 
lin co m y cin  co n ten t a n d  on  co n tro l chocolate  agar.

Isolation o f haem ophilus strains fro m  h u m a n  throat m ucus on selective culture media. 
T h ro a t  sw abs tak en  fro m  50 y o u n g  a d u lts  w ere seeded  on chocolate ag ar o f 5 /ig /m l lincom ycin  
c o n te n t  an d  on con tro l cho co la te  agar. T he co m p o sitio n  of th e  chocolate  a g a r was as follows. 
N u t r ie n t  agar was p re p a re d  fro m  b eef in fusion  w ith  2%  ag ar and 1%  W itte  p ep to n e  p H  7.4. 
T h e  n u tr ie n t  agar w as su b seq u e n tly  su p p lem en ted  a t  80 °C w ith  5%  ox b lo o d  an d  th e  b o ttle s  
w ere le f t  to  stand  a t  th e  sam e te m p e ra tu re  fo r 30 m in .

Results

H aem ophilus s tra in s  show ed a re la tiv e  resistance  to  lincom ycin .
P ap er disks o f 10 p g licom ycin c o n te n t failed  to  show  an  inh ib ition  zone 

w ith  96 s tra in s. In  th e  case of 2 H . p ara in fluenzae  and  2 i f .  parahaem olyticus  
s t r a in s  in h ib ition  zones in  th e  range o f  re s is tan ce  were observed . As to  colony 
m o rp h o lo g y  an d  m icroscopic  p ic tu re , u n in h ib ite d  g row th  w as observed  w ith  all 
s tra in s  w ith  th e  p la te  d ilu tio n  m eth o d , u s in g  5 ^tg/ml lincom ycin  co n cen tra tio n . 
T h is  find ing  w as co n firm ed  b y  th e  e x am in a tio n  of th e  H aem ophilus  iso la tes 
on  se lective and  c o n tro l chocolate agar.

S trains s tu d ied  fo r  selective b a c te r ia l  effects are sum m arized  in  T able I .
B acteria  o f th e  n o rm al p h a ry n g e a l m ucus belong in  th e ir  m a jo rity  to  

G ram -p o sitiv e  o rgan ism s and  fail to  fo rm  colonies even 48 h r  in cu b a tio n  on 
5 ytig/ml lincom ycin  c o n ta in in g  choco la te  ag a r p la tes. The ad v an tag es  o f th e  
se lec tive  p la tes w ere fo u n d  s trik in g  w hen  50 th ro a t  sw abs w ere exam ined . 
T h ese  swabs y ie lded  a m ixed  flo ra  w ith  tw o  exceptions w here  Streptococcus 
m itis  was o b ta in ed  in  p u re  cu ltu re . I so la te d  haem ophilus colonies were found  
on  chocolate  ag a r in  3 cu ltu res w hereas in  20 cases th e  haem oph ilu s b a c te ria  
a p p e a re d  in a dense m ixed  flo ra  w hich  m ade fu r th e r  iso la tions necessary . 
O n selective ag a r p la te s  N eisseria p h a ryn g is  w as c u ltiv a te d  from  40 th ro a ts . 
I so la te d  haem oph ilu s colonies w ere o b ta in e d  in  33 cases, Escherichia coli grew 
fro m  tw o, Klebsiella pneum oniae  from  one an d  Streptococcus faeca lis  from  tw o  
th ro a ts .  C apsu la ted  glossy h aem o p h ilu s  colonies an d  p ig m en ted  sh rin k in g  
n e isse ria  colonies cou ld  be sep a ra ted  in  th e  m a jo rity  o f cases b y  sim ple o b ser
v a tio n , b u t th e ir  m icroscopic p ic tu re  a n d  th e  in te n s ity  o f th e  oxidase reac tio n  
show ed  differences. T he n u m b er o f  h aem oph ilu s positive  cases on selective 
p la te s  surpassed  b y  20 %  th a t  on th e  co n tro l chocolate p la te s . T he dense m ixed  
f lo ra  o f these 10 th ro a ts  covered th e  low  n u m b er o f haem oph ilu s b ac te ria . 
In  fu r th e r  20 cases th e y  were overgrow n to  such an  ex ten t th a t  fu r th e r  iso la tion  
w as requ ired . T he sen s itiv ity  of th e  h aem oph ilu s s tra in s  m ade these  la t te r  
re su lts  questionab le .
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Table I

In  vitro sensitivity o f various microorganisms to lincomycin

Number of 
strains

Number of strains 
growing on 

chocolate agar 
with lincomycin 

(5 jug/ml)

Streptococcus pyogenes 10 —

Streptococcus mitis 50 -
Streptococcus faecalis 20 20
Streptococcus pneumoniae 5 —
Staphylococcus aureus 10 -
Staphylococcus epidermidis 10 -
Micrococcus luteus 5 —
Aerococcus viridans 10 —

Corynebacterium diphtheriae 5 -
Corynebacterium pseudodiphtheriae 30 —
Listeria monocytogenes 1 -
Bacillus anthracis 1 —

Bacillus cereus 1 —

Neisseria pharyngis 45 45

Escherichia coli 2 2

Citrobacter freundii 1 1

Klebsiella pneumoniae 4 4

Salmonella typhi 1 1

Salmonella paratyphi-A 1 1

Shigella flexneri 1 1

Pseudomonas aeruginosa 4 4

Proteus vulgaris 1 1

Proteus mirabilis 1 1

Candida albicans 2 2

D iscussion

L incom ycin  is considered  to  be ineffective on haem ophilus s tra in s  
[10-14].

In  earlier s tu d ies  160 c u ltu re s  belonging to  3 species (H . in fluenzae ,
H . p arainfluenzae  and  H . parahaem olyticus)  were ex am in ed  fo r th e ir  an tib io tic  
se n s itiv ity  by  th e  d isk  m ethod . The s tra in s  were re s is ta n t to  disks im p reg n a ted  
w ith  10 fig lincom ycin , only 8 c u ltu re s  showed a m in im um  in h ib itio n  zone a t 
th e  lim it o f resistance an d  m o d era te  sen s itiv ity  [15].
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I n  th e  present s tu d y  100 fresh ly  iso la ted  haem ophilus s tra in s  were sub
je c te d  to  the selective e ffec t o f lincom ycin . A sligh t in h ib itio n  zone developed 
a ro u n d  th e  disks of 10 p g  lincom ycin  c o n te n t in  4 cu ltu res a n d  w ith  the  same 
c u ltu re s  a reduced b a c te r ia l  coun t w as fo u n d  on choco late  a g a r  con tain ing  
10 p g /m l  o f lincom ycin. T h u s , hav in g  co n tro lled  th e  b a c te r ia l co u n t, m icro
scop ic  p ic tu re  and iso la te d  colony m orphology , 5 /tg/m l o f  lincom ycin  was 
a d d e d  to  the  selective c h o co la te  agar.

Lincom ycin re s is ta n c e  characterizes th e  H . in fluenzae  species and  th e  
u n f re q u e n t occurrence o f  a  m in im um  in h ib itio n  effect w as o bserved  w ith  th e  
H . parain fluenzae  a n d  H . parahaem olyticus  s tra in s . These ex am in a tio n  con
f irm e d  th e  strong a c t iv i ty  o f  lincom ycin ag a in s t G ram -positive  b ac te ria . The 
se lec tiv e  effect of lin co m y c in  and  th e  re sis tan ce  of H aem ophilus  m ade the  
a n tib io tic  suitable fo r th e  iso la tio n  o f these  b a c te ria  from  m a te ria ls  contain ing 
a  p red o m in an tly  G ram -p o sitiv e  flo ra . T he resu lts  o f p ara lle l seed ing  on linco
m y c in  chocolate and  ch o co la te  ag ar p la te s  show ed th a t  n o t o n ly  th e  ra te  of 
p o s it iv e  results grew b y  2 0 %  b u t th e  id e n tific a tio n  an d  a n tib io tic  sensitiv ity  
d e te rm in a tio n  of co lonies iso la ted  on selective p la te s  could be ca rried  out more 
s im p ly  and  rapidly.

Iso lation  of H . in flu en za e  from  m ate ria ls  con ta in in g  G ram -positive  bac
te r i a  (resp ira to ry  t r a c t ,  e a r , eye and gen ita l organs) is a  d ifficu lt ta sk . T u r k  and 
M a y ’ s  m ethod of w ash in g  th e  sp u tu m  w ith  physio logical sa line  reduces w ith  
th e  accom panying f lo ra  th e  haem ophilus co u n t [1]. F ű z i described  a chocolate 
a g a r  w ith  25 /tg/m l v a n c o m y c in  co n ten t w hich  gave ex ce llen t resu lts  in th e  
iso la tio n  of H. in fluenzae  [3]. K o h n  recom m ended  b a c itra c in  w hich  was placed 
in  p a p e r  disks c o n ta in in g  100 pg  o f th e  ag en t on th e  seeded p la te s  [4]. B a b e r

[5] supp lem ented  th e  ch o co la te  agar w ith  b ac itrac in  a t  10 p g /m \  concen tra tion . 
C r a w f o r d  et al. [6] p re p a re d  the  b ac itrac in -co n ta in in g  ch o co la te  agar w ith  
r a b b i t  blood for d is tin g u ish in g  th e  haem o ly tic  s tra in s , L i t t l e  [7] used a 
co m b in a tio n  of b a c itra c in  w ith  c ry s ta l v io le t an d  H a n s e n  et al. [8] w ith  cloxa- 
c illin . B ac itrac in -co n ta in in g  selective cu ltu re  m ed ia  are w ide ly  used, b u t th e  
f in d in g  of E v a n s  [16] w ho  iso la ted  b a c itra c in  sensitive h aem oph ilu s s tra in s 
f ro m  hum an  m ening itis cases is n o tew o rth y .

Chocolate agar o f  5 /tg /m l lincom ycin  co n ten t can  be s to red  in  refrigerato r 
fo r  1 week w ithou t loss o f  effect. T he m edium  was found  effective in rap id  
iso la tio n  of haem oph ilu s s tra in s  from  m a te ria ls  c o n ta m in a te d  w ith  G ram 
p o s itiv e  bacteria  an d  p ro v id e d  quick  and  reliab le  assistance in  th e  diagnosis of 
h aem oph ilu s in fections.
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SPECIFIC ANTIBODIES TO VIRUSES HL-23 AND 
BILN IN THE BLOOD PLASMA OF PATIENTS 

WITH ACUTE MYELOGENOUS LEUKAEMIA AND 
WITH POTENTIAL PRELEUKAEMIA*

F .  D .  T ó t h , J o l á n  K i s s , L .  V á c z i , Z s u z s a  M a d á r , J .  J a k ó  a a d  K .  R á k

Institu te  o f M icrobiology and Second D epartm ent o f  M edicine, U niversity  M edical
School, Debrecen

B lood p lasm a sam ples fro m  p a tie n ts  w ith  a cu te  m yelogenous leu k aem ia  (A M L) or po ten- 
,ia l p re leu k aem ia  and  fro m  co n tro l sub jects w ere te s te d  for an tib o d ies to  th e  v iruses H L-23 and 
B IL N  b y  m em brane im m unofluorescence. O f 15 p a tie n ts  w ith  u n tre a te d  AM L, th ree , each 
h av in g  a low  perip h eral leu co cy te  co u n t a t  th e  tim e  of sam pling , h a d  d e tec tab le  an tibodies . 
A n tib o d ies  were p re sen t in  th e  p lasm a of 5 o u t  o f 8 AM L p a tie n ts  being  in rem ission  as a  resu lt 
o f  ch em o th erap y . In  these  cases, th e  a n tib o d y  levels s ign ifican tly  exceeded  those  d e m o n s tra ted  in 
th e  u n tre a te d  cases. O f 12 p a tie n ts  w ith  p o te n tia l  p re leukaem ia , five  p ro v ed  to  b e  positive. 
O f th e  7 a n tib o d y -n eg a tiv e  p a tie n ts , four developed  m an ifest leu k aem ia  w ith in  12—18 m onths 
a f te r  th e  f i r s t  testing . T he re su lts  a re  suggestive  o f a  fav o u rab le  p ro g n o stic  ro le o f th e  presence 
o f th e  an tib o d ies  u n d e r s tu d y  In  th e  m a jo r ity  o f th e  an tib o d y -p o sitiv e  AM L a n d  p o ten tia l 
p re leu k aem ia  cases an tib o d ies  w ere d e tec tab le  to  b o th  com ponen ts o f th e  H L -23 v iru s. O f 30 
co n tro l su b jects, th ree  h a d  d em o n strab le  a n tib o d ies  to  th e  B IL N  v irus.

In  1975, Gallagher and  Gallo [1] observed  C -type re tro v iru s  partic les  
in  a cell cu ltu re  m ade fro m  periphera l leucocy tes of a p a tie n t  w ith  acu te  m yelo
genous leukaem ia  (AM L). T he v irus, w h ich  was th e n  iso la ted  has been  desig
n a te d  H L -23. R eiso la tion  from  th e  sam e p a tie n t  d u rin g  a  su b seq u en t relapse
[2] p ro v ed  th e  h u m an  orig in  of th e  v iru s . I t  was show n la te r  t h a t  th e  H L-23 
v iru s  is a com plex o f  tw o  viruses [3], th e  one being re la te d  to  p rim a te  leu 
k a e m ia -sa rco m a  v iruses, viz. sim ian sa rco m a  v irus (SiSV) [4] an d  g ibbon  ape 
leu k aem ia  virus (GaLV) [5], th e  o th e r to  an  endogenous re tro v iru s  o f baboons. 
O f th e  la t te r ,  num erous s tra in s  inc lu d in g  M7 [6] and  B IL N  [7] have  been  iso la t
ed. O n th e  surface o f p e rip h e ra l leucocy tes from  p a tie n ts  w ith  AM L or chronic 
m yelogenous leukaem ia  (CML), Metzgar et al. [8] d e te c te d , b y  th e  m icro
c y to to x ic ity  m ethod , an  an tigen  re la te d  to  h u m an  A204 cells in fec ted  b y  th e  
H L -23  v iru s . W hereas th e  surface a n tig en s  re la te d  to  SiSV an d  G aLV  w ere also 
d e te c ta b le  on lym phogenous leukaem ia  cells, th e  H L -23-induced  su rface  a n t i 
gen p ro v ed  specific for m yelogenous leukaem ias.

T h e  above find ings have  p ro m p ted  us to  in v estig a te  th e  fo llow ing ques
tions.

* T his w ork was su p p o rte d  by  a g ra n t fro m  th e  H u n g a rian  M in istry  o f H e a lth  (No. 
2  —11— 0 8 0 1 - 0 1  —1/V.)
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(i) Is there  a n y  H L -23-specific  a n tib o d y  d e tec tab le  in  th e  blood p lasm a of 
p a tie n ts  suffering fro m  AML or a p o te n tia lly  p re leukaem ic  haem ato log ica l 
d iso rd e r, and, i f  so, a g a in s t w hich com ponen t o f th e  v iru s  com plex?

(ii) Does th e  p resen ce  or absence o f these  an tib o d ie s  have  an y  p rognostic  
im p o rtan ce  ?

M aterials and  m ethods

Cell cultures and  their maintenance. T he cell cu ltu res  used  o rig in a ted  from  th e  follow ing 
sources. The estab lished  h u m a n  cell line NC-37 and  th e  NC-37 cells in fec ted  b y  th e  B IL N  v iru s 
(В - l )  in  an  infectious fo rm  w ere  k in d ly  supplied  by  P rofessor B. A. L a p in  ( In s t i tu te  for E x p e ri
m e n ta l  Patho logy  a n d  T h e ra p y  of th e  A cadem y of M edical Sciences, S ukhum i, U S SR ); th e  
A 7573 cell in  line d ev e lo p ed  from  can ine th y m u s cells b y  D r. J .  Gb u b e b  (N a tional C ancer 
I n s t i tu te ,  B ethesda, M d, U S A ); th e  A7573 line in fec ted  b y , an d  shedd ing , th e  H L-23 v iru s b y  
D r. R . C. Gallo (N a tio n a l C ancer In s t i tu te ,  B e th esd a , M d, USA).

The cell cu ltu res  w ere  m a in ta in ed  in  R P M I n u tr ie n t  flu id  co n ta in in g  10%  fe ta l c a lf  
se ru m  (Gibco B io-C ult. L td ,  Paisley ., S co tland). T he su spended  cu ltu res  w ere in cu b a ted  a t  
37 °C  in  an a tm osphere  co n ta in in g  5%  СО» a t 80%  re la tiv e  h u m id ity  (A ssab In c u b a to r, Solna, 
Sw eden). The in itia l d e n s ity  o f th e  cell suspension was 1—2 X 105 cells/m l. T he cells w ere t r a n s 
fe rre d  when the cell c o u n t h a d  reach ed  10 tim es th e  orig inal d en sity , i.e. a t  7—10-day in te rv a ls .

Blood plasm a sam ples. F re sh  hep arin ized  blood w as cen trifuged  an d  th e  p lasm a w as 
d e c a n te d  and sto red  a t  — 70 °C u n til used . B efore perfo rm ing  th e  in d irec t m em brane  im m u n o 
fluorescence tes t, th e  p la sm a  sam ples w ere in cu b a ted  a t  56 °C for 30 m in  to  in ac tiv a te  th e  
com plem ent.

Indirect membrane immunofluorescence. T he cell suspension  to  be  used  con ta in ed  a t  
le a s t  80%  viable cells. V ia b ility  w as de te rm in ed  in  1%  try p a n  b lue  so lu tion . As ta rg e t cells, 
A 7573 cells infected b y  th e  H L -23  v iru s, o r В - l  cells w ere used . T he u n in fec ted  cu ltu res , A7573 
a n d  NC-37, respec tive ly , w ere  used as contro ls.

In  the f irs t p h a se  o f  th e  reac tio n  0.1 m l p lasm a w as ad d ed  to  106 ta rg e t  cells. T he cells 
w ere  th en  in cubated  a t  37 °C  fo r 20 m in an d  w ashed th ree  tim es w ith  a P B S  of p H  7.2. In  th e  
second  phase, 0.05 m l o f 10-fold d ilu ted  goat a n ti-h u m an  IgG  serum  labelled  b y  FIT C  (H y lan d , 
C osta  Mesa, Calif., U S A ) w as ad ded  an d  th e  cells w ere in c u b a te d  and  w ashed th ree  tim es as 
abo v e . W ashed cells w ere  d ro p p ed  on a slide and  allow ed to  d ry . T h en , 1 d rop  of glycerol—P B S  
(1 : 1) was added. T h e  p re p a ra tio n  w as th e n  covered w ith  a  coverslip  an d  exam ined  u n d e r th e  
fluorescence m icroscope.

Results

Since the  p re p a ra tio n s  co n ta in in g  un in fec ted  cells show ed no fluorescence, 
th e  an tibody  c o n te n ts  o f  th e  sam ples were expressed  in  percen tag e  fluo rescen t 
cells. Figure 1 show s th e  fluoresc ing  cells in  a p o sitiv e  sam ple.

1. A n ti-H L -2 3  and  a n t i -B IL N  in  p la sm a  sam ples fro m  untreated A M L  
patien ts. P lasm a sam p les  from  15 u n tre a te d  AM L p a tie n ts  w ere te s te d  (Table I). 
In  th e  firs t 6 cases, th e  p e rip h era l leucocyte  co u n t an d  am ong th e  leucocy tes 
th e  p er cent of b la s t  cells w ere ex trem ely  h igh . In  th e  rem ain in g  9 cases th e  
leucocyte  coun t w as su b n o rm al or a t m ost tw ice th e  n o rm a l value and  th e  
n u m b e r of b la s t cells d id  n o t exceed 50%  o f th e  leucocy tes. A ntibod ies could  be 
dem o n stra ted  o n ly  in  th is  second group , in  p la sm a  sam ples o f th ree  p a tie n ts . 
In  tw o of th e  p o s itiv e  cases th e  an ti-H L -23  level w as h igher th a n  th e  a n t i -  
B IL N  level, in  th e  th i r d  case th e  tw o  levels w ere eq u a lly  high.
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Fig. 1. In d ire c t m em b ran e  im m unofluorescence w ith  a p lasm a  sam ple from  N. A ., a 63-year-o ld  
p re leu k aem ic  p a tie n t  w ith siderob lastic  anaem ia . T a rg e t cells A7573 carry in g  th e  H L-23 v im s

Table I

Anli-HL-23 and a n ti-B IL N  antibodies in the blood plasma o f patients with untreated A M L

Patient
Diagnosis

Leucocyte Antibody level*

Name Sex Age, years per /Д blast 
per cent anti-IIL-23 anti-BILN

K . I. 3 54 AML 150 000 86 0 0

N. I. 5 54 AMMoL 174 000 91 0 0

T. T. 3 43 AMMoL 158 000 96 0 0

P . I. з 32 AMMoL 536 000 95 0 0

M. P. 9 62 AML 28 500 93 0 0

K . Gy. 3 44 AML 45 000 97 0 0

K . I. 3 44 AML 4 500 50 0 0

E . K . 3 75 AML 1 900 14 0 0

J . K . 3 50 AML 5 200 28 0 0

Sz. J . 3 49 AML 1 600 15 0 0

B. G. 3 69 AML 4 600 24 0 0

V. P. 3 65 AMMoL 11 600 36 0 0

B. I. 3 47 AML 2 400 8 20 20

Gy. I . 9 70 AMMoL 13 600 16 30 10

P . S. 9 43 AMMoL 13 000 51 40 15

A b b rev ia tio n s: AM L =  acu te  m yelogenous leukaem ia
AMMoL =  acu te  m y elom onocy tic  leukaem ia 

* E x p ressed  in  fluorescing cells, p e r  cen t
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2. D ynam ics o f  a n ti-H L -2 3  and a n t i - B I L N  levels in  the p lasm a o f  A M L  
p a tien ts . P lasm a sa m p le s  from  four p a tie n ts  w ith  A M L and  four w ith  acu te  
m yelom onocytic  le u k a e m ia  (AMMoL) w ere exam iped  d u ring  ch em o th erap y . 
L a s tin g  rem ission w as o b serv ed  in  th e  f ir s t  fiv e  p a tie n ts  (T able I I ) . All sam ples 
ta k e n  du ring  th e  a c u te  p h a se  of the  disease p ro v ed  n eg a tiv e , and  th e  an tib o d ies  
ap p e a re d  exclusively  d u r in g  rem ission. In  tw o  o f th e  five  an tib o d y -p o sitiv e  
cases th e  an ti-H L -23  lev e l was h igher th a n  th e  a n ti-B IL N  level, one p a t ie n t  
h a d  th e  tw o an tib o d ies  a t  th e  sam e level an d  in  th e  rem ain in g  tw o cases a n t i 
bod ies could he d e te c te d  w ith  H L -23-in fec ted  ta rg e t  cells b u t no t w ith  th e  
B IL N -in fec ted  ones.

Table II

D ynam ics o f the a n ti-H L -2 3  and a n t i-B IL N  levels in  the p lasm a o f  patients with A M L

Patient Antibody levels* during

Sex Age, years
Diagnosis progression remission

anti-HL-23 anti-BILN anti-HL-23 anti-BILN

N . I. 3 44 AMMoL 0 0 80 20

K. Gy. 3 44 AML 0 0 40 0

Gy. I. 9 70 AMMoL 0 0 70 5

V. P. 3 65 AMMoL 0 0 40 0

1Î. I. 3 47 AML 0 0 60 60

B. G. 3 69 AML 0 0 0 0

K . I. 3 54 AML 0 0 0 0

K . F. 3 30 AMMoL 0 0 0 0

A bbrev iations: A M L  =  acu te  m yelogenous leukaem ia
A M M oL  =  acu te  m y elom onocy tic  leukaem ia  

* E xpressed  in  flu o resc in g  cells, per cen t

3. A n ti-H L -2 3  a n d  a n ti-B IL N  in  p la sm a  sam ples fro m  potentia lly  preleu- 
kaem ic patients. T he  re su lts  for th e  12 p o te n tia lly  p re leukaem ic  p a tie n ts  are  
sum m arized  in  T ab le  I I I .  We succeeded in  d e tec tin g  an tibod ies in  5 cases. 
In  four of these th e  an ti-H L -2 3  level w as h igher th a n  th e  an ti-B IL N  level, in  
th e  rem ain ing  case th e r e  was no d ifference b e tw een  th e  tw o  levels. F o u r o f th e  
sev en  an tib o d y -n eg a tiv e  cases h ad  developed  m an ifest aeu te  leukaem ia 12—18 
m o n th s  a fte r th e  b e g in n in g  of our s tu d ies.

In  th e  co n tro l g ro u p  including 30 su b jec ts , p a r t ly  h ea lth y  ones, p a r t ly  
p a tie n ts  suffering fro m  non-tum orous d isease, five  h a d  cy topen ia  w hich  w as 
q u a lified  as non -p re leu k aem ic . A n tibod ies to  th e  B IL N  v irus were d e te c te d  
in  th re e  cases, a t  v e ry  low  levels (1 0 -1 5 %  o f th e  cells w ere fluorescing). N one 
o f  th e  an tib o d y -p o sitiv e  sam ples o rig in a ted  from  p a tie n ts  w ith  cy to p en ia . 
A n tib o d ies  to  th e  H L -2 3  v irus could be d e te c te d  in  none o f th e  30 sam ples.
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Table III
A nti-H L-23 and a n ti-B IL N  antibodies in  the plasma o f patients with preleukaemia

Patient
Diagnosis

Antibody levels*
Appearance of 

leukaemiaName Sex Age, years anti-HL-23 anti-BILN

N. A. ? 63 sideroblastic  anaem ia 80 30 —

I. I. d 22 aplastic  anaem ia 60 30 —
P. F. d 30 aplastic anaem ia 40 40 —
N. P. ? 45 sideroblastic anaem ia 30 10 —
M. I. d 66 pancytopenia 80 50 —
T. J . ? 69 sideroblastic anaem ia 0 0 —
F. K. $ 22 haem olytic anaem ia 0 0 —

K . Gy. d 47 throm bocy topen ia 0 0 -

P . .1. d 47 haem olytic anaem ia 0 0 AML

P. M. d 25 refractory  anaem ia 0 0 A E L

Sz. M. ? 14 pancytopenia 0 0 A LL

F. L. d 60 pancytopenia 0 0 A LL

A b b rev ia tio n s : AM L — acute  m yelogenous leukaem ia 
A E L  =  acu te  e ry th ro id  leu k aem ia  
A L L  =  acu te  lym pho id  leukaem ia  

* E x p ressed  in  fluoresceing  cells, per cen t

Discussion

T he p re sen t re su lts  in d ica te  th a t  an tib o d ie s  to  C -type p rim a te  re tro v iru se s  
m ay  be p re se n t in  th e  b lood  plasm a o f p a tie n ts  w ith  AM L or p o te n tia l p re le u 
kaem ia an d  also in co n tro l sub jects. T here  w as, how ever, a difference betw een  
these g roups in th e  sp ec ific ity  and in th e  p la sm a  level o f th e  an tibod ies. In  th e  
p lasm a sam ples ta k e n  from  contro l su b je c ts  only  an tib o d ies  b in d in g  to  th e  
surface an tig en (s) o f th e  endogenous b ab o o n  v iru s  could  be d e tec ted .

I t  is w ell know n t h a t  th e  genom e o f h e a lth y  h u m a n  cells co n ta in s  a v iro- 
gene [9] re la te d  to  th e  genom e of th e  b ab o o n  endogenous v irus [9]; th is  gene 
m ay  be expressed  even  w ith o u t m a lig n an t tra n s fo rm a tio n  [10]. In  c o n tra s t , 
nucleic ac id  sequences re la te d  to  tho se  o f  p rim a te  leu k aem ia -sarco m a  v iru ses  
could be d e tec ted  in m a lig n an t tu m o ro u s  cases on ly . T he difference w as d em 
o n s tra te d  w hen  nucleic ac ids of h u m an  A M L cells w ere sub jec ted  to  h y b r id iz a 
tion  ex p e rim en ts  [11]. T h is has been  in d ire c tly  confirm ed  b y  o u r re su lts , 
viz. an tib o d ies  specific fo r th e  oncogene co m p o n en t o f th e  H L-23 v iru s  could 
no t be d e te c te d  in  p la sm a  sam ples co llec ted  from  co n tro l sub jec ts . In  cases 
where th e  p lasm a  level o f  an ti-H L -23  w as h igher th a n  th a t  o f a n ti-B IL N , th e  
difference has been a t t r ib u te d  to  th e  p resence o f an tib o d ies  aga in st surface 
antigens in d u ced  b y  th e  oncogenic v iru s  co m p o n en t. As d em o n stra ted  in  n u -
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cleic acid  h y b rid iza tio n  ex perim en ts [12], th e  expression  of nucleic  acid  se
quences of endogenous baboon  C -type v iru s  was m ore pronounced  in  leucocy tes 
o f A M L p a tie n ts  th a n  in  tho se  o f co n tro l su b jec ts . I t  is there fo re  n o t su rp ris in g  
t h a t  an ti-B IL N  w as d e tec ted  in  p lasm a  sam ples collected from  p a tie n ts  w ith  
A M L and  those  w ith  p o te n tia l p re leu k aem ia  m ore freq u en tly  th a n  in  con tro l 
sam ples.

In  only 3 of th e  15 u n tre a te d  cases o f AM L w ere an tibod ies d em o n s trab le ; 
th e  p e rip h era l leu co cy te  cou n t w as low  a t  th e  tim e  of sam pling  in  each of th e  
p o sitiv e  cases. F ro m  th e  cases u n d e r c h em o th e rap y , an tibod ies to  v iru s-in d u ced  
su rface  an tigens could n o t be d e tec ted  excep t in rem ission, and  th e  an tib o d ies  
fo u n d  in  th is  phase co nsiderab ly  exceeded in  level those  observab le  som etim es 
in  u n tre a te d  cases. T hese re su lts  seem  to  be suggestive  of a fav o u rab le  p rognostic  
v a lu e  of the  d e tec tio n  of these  an tib o d ies . Since th e  ta rg e t cells used in th e  
d em o n stra tio n  o f an tib o d ies , th o u g h  su p p o rtin g  th e  rep ro d u c tio n  of th e  r e 
sp ec tiv e  v irus, are  n o t tran sfo rm ed  b y  th e  v iru s , th e  p resen t conclusions are  
v a lid  for the  h u m an  response to  v irion  com p o n en ts  app earin g  on th e  cell su r
face , viz. p l2 , p l5  (E ), gp45 and  gp70 an tigens [13-16].

Since these  an tigens are p re sen t b o th  in th e  v irion  envelope anil on th e  
su rface  o f th e  tran sfo rm ed  cells, th e  an tib o d ies  p roduced  ag a in s t th e m  are  
b o th  v iru s-n eu tra liz in g  an d  cy to to x ic  in  effect. This has been p ro v ed  b y  e x 
p e rim en ts  perfo rm ed  on g ibbons in fec ted  b y  GaLV  [17].

The p ro g n o stica lly  fav o u rab le  role o f th e  presence of th e  an tib o d ies  u n d e r 
s tu d y  seems to  be su p p o rted , f irs t o f all, b y  th e  resu lts  of te s tin g  of p a tie n ts  
w ith  p o ten tia l p re leu k aem ia . The re la tio n sh ip  betw een th e  expression  of th e  
re tro v iru s  genom e and  th e  d eve lopm en t of a p re leukaem ia  in to  m an ifest le u 
k aem ia  seems to  be su p p o rted  by  resu lts  o b ta in ed  during  in v estig a tio n s in to  re 
verse  tra n sc r ip ta se  [18], d e tec tio n  of C -type p a rtic le  b y  e lec tro n  m icroscopy 
[19] and  d e tec tio n  o f p30 an tig en s [20].

A m ong th e  12 p re leukaem ia  p a tie n ts , 5 had  p lasm a a n tib o d y  to  th e  
IIL -2 3  virus an d  none o f th e  four w ho developed  m anifest leu k aem ia  h ad  h ad  
an tib o d ies  a t th e  f irs t te s tin g . I t  is th e re fo re  reasonable  to  assum e th a t  th e  
a n tib o d y  response to  an tigens of th e  v iru s-ca rry in g  cell and to  v irion  surface 
an tig en s m ay he fac to rs  in h ib itin g  th e  cell p ro life ra tion  induced  b y  re tro v iru s  
expression .

R eliable ju d g e m e n t of th e  p rognostic  value of 111,-23 v irus-specific  
an tib o d ies  req u ires  in v es tig a tio n  o f a la rg e r n u m b er of AML p a tie n ts  and  
p a tie n ts  w ith  p o te n tia l p re leukaem ia  an d , fu r th e r , a tte m p ts  to  d e m o n s tra te  
these  an tibod ies in th e  en v ironm en ts o f p a tie n ts .
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INFLUENCE OF AMYLASE EXCRETION ON 
BIOMASS PRODUCTION BY AMYLOLYTIC YEASTS

K . O t e n g - G y a n g , G. M o u l i n  and P. G a l z yк
Chaire de Génétique et Microbiologie E .N .S .A .—I .N .R .A . M ontpellier, France  

(R eceived J u n e  28, 1979)

A  survey  of som e a m y lo ly tic  y eas ts  h a s  been  m ade w ith  th e  v iew  to  p ro d u ce  single cell 
p ro te in  (SCP) from  s ta rc h y  su b s tra te s . On y e a s t n itrogen base (Y N B , D ifco) m edia , th e  pH  
q u ick ly  falls to  below 3.0, am ylases rem ain  in tra ce llu la r  and b iom ass y ields a re  low. On Y N B  
b u ffe red  m edia a -am ylases a re  ex cre ted  an d  y ields are  high, b u t  th e  g ro w th  ra te s  do n o t im 
pro v e . T he influence of p H  an d  am ylase  ex cre tio n  on  biom ass y ield a n d  g ro w th  ra te s  are im por
ta n t  fo r SCP p roduction .

Single cell p ro te in  p ro d u c tio n  from  y easts  has s te a d ily  developed  over a 
n u m b e r of years. A su rv ey  by  M o o - Y o u n g  [ l j  shows th a t  42 ou t o f 54 SCP 
p ro d u cers  in th e  w orld  use y eas ts . S ta rc h  s tan d s  out am ong th e  carbon  su b stra te s  
o f  p o te n tia l because i t  is cheap , n o n -to x ic  and  renew able [2]. Y east cu ltu re  
on s ta rc h  dem ands a f i r s t  stage o f hyd ro ly sis . A num ber o f  processes have been 
p u t  fo rw ard  to  accom plish  th is  for th e  tre a tm e n t of w aste  w a te r  from  p o ta to  
in d u s tr ie s . These inc lu d e  hydro lysis b y  e ith er chem ical [3, 4] or enzym atic  
m eans [5, 6]. The S ym ba process [7 -9 ] uses tw o yeasts in  a ssoc ia tion : E ndom y- 
copsis fibu ligera  assu res enzym e p ro d u c tio n  for hyd ro lysis  w hereas Candida  
u tilis  grows rap id ly  on th e  h y d ro ly tic  p ro d u c ts . In m ost o th e r  cases, C. utilis  is 
th e  im p o r ta n t food y e a s t. I t  should  be in te restin g  to  o b ta in  only  one s tra in  
cap ab le  o f  perform ing  b o th  fu n c tio n s o f hydrolysis an d  b iom ass p ro d u c tio n . 
T h  e use of E ndom ycopsis fibu ligera  c an  be ru led out d u e  to  its  slow ra te  of 
g ro w th  on s ta rch . Som e research  w orkers are using th e  te c h n iq u e  of p ro to p la s t 
fu sion  w ith  th e  hope o f o b ta in in g  a s tra in  w ith  th e  com bined  p ro p erties  of 
am ylo lysis of E . fibu ligera  and  th e  g ro w th  ch arac teristics o f C. utilis  [10].

A su rvey  of a la rg e  n u m b er o f  y e a s ts  has been m ade w ith  th e  view  to  
fin d in g  a yeast s tra in  capab le  o f s im u ltan eo u sly  assuring  ra p id  s ta rch  h y d ro ly 
sis a n d  grow th .

Materials and methods

Biological materials. T h e  follow ing y e a s t s tra in s  from  th e  C e n tra a lb u re au  voor Schim m el- 
c u ltu re s  (D elft, N e th erlan d ) w ere te s te d : C andida blankii B ru ck ey  e t  v a n  U d en  CBS 1898, 
C andida bogoriensis D e in em a CBS 4101, C andida brum ptii L an g ero n  e t  G uerra  CBS 6145, 
C andida c ifferii K reger v a n  R ij CBS 5646, C andida glaebosa K o m a g a ta  e t  N akase  CBS 5691,
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C andida humicola (D aszew ska) D iddens e t L odder CBS 2822, C andida langeronii D ietrichson , 
ex  v a n  U den et B uckley  CBS 227, C andida mogii V idal-L eiria  CBS 2032, Candida oregonensis 
P h a f f  e t  D ocarm o-Sousa CBS 5623, C andida sake (Saito  e t  O ta) v a n  U den  e t  B uckley  nov. com b. 
CBS 5690, Candida v isw a n a th ii  S a n d h u  e t  R a n d h av ia  CBS 2784, Cryptococcus f  lavus (Saito ) 
P h a f f  e t Feli nov. com b. CBS 331, Cryptococcus laurentii va r. flavescens  (K u ffe ra th ) Skinner 
CBS 5539, Cryptococcus va r. flavescens  Sa ito , L odder e t K reg er v a n  R ij, Cryptococcus in firm o- 
m in ia ta  (O kunuki) P h a ff  e t  Feli nov. com b. CBS 323, Debaryomyces m aram a  Di M enna CBS 
1958, Debaryomyces p h a f fi i  C ap rio tti  CBS 4346, Debaryomyces va n riji  (v a n  de r W alt) e t (Tsche- 
u sc h n e r)  Abadie, P ignal e t  J a c o b  CBS 3024, E ndom ycopsis capsularis (Sch ionning) D ekker CBS 
2519, Endomycopsis fib u lig era  (L in d n er) D ek k er CBS 6310, H ansenula  capsulata  W ickerham  
CBS 1993, H ansenula c iffer ii  L odder CBS 1990, H ansenula  fa b ia n ii  W ick erh am  CBS 5640, 
H ansenu la  holstii W ick erh am  CBS 4140, Lipom yces lipofer L odder e t K reg er van  Rij CBS 944, 
Lipom yces kononenkoae N ieu w d o rp , Bos e t  Sloof CBS 2514, Lipom yces starkeyi L odder e t K reger 
v a n  R ij CBS 1807, P ich ia  burtonii B oid in  CBS 6141, Pichia m edia , B o id in , Pignal, L ehodey, 
Y ey  e t  A badie CBS 5521, P ich ia  v in i (Z im m erm an ) P h a ff  va r. v in i  CBS 4328, Rhodotorula m a ri
na  P h a ff , M rak e t W illiam s CBS 4516, Schw anniom yces a lluvius  P h aff, M iller e t Cooke CBS 
4515, Schwanniomyces castellii C ap rio tti CBS 2863, Schwanniom yces occidentalis K locker CBS 
1153, Schwanniomyces p erso n ii v an  de r W a lt  CBS 4869, Torulopsis colliculosa (H a rtm a n n ) 
S accard o  CBS 133, Toru lopsis ernobii L o d d er e t K reger v a n  R ij CBS 1737, Torulopsis ingeniosa  
D i M enna CBS 4240, W ingea robertsii v an  der W alt CBS 4639.

Conditions o f  culture. C u ltu res w ere m ade  in 6 litre  E rlen m ey er flask s filled to a te n th  of 
th e ir  volum e and sh ak en  a t  28 °C. C u ltu re  m edia  were as follows. Y E  m edium  : y eas t e x tra c t 
0 .2 % , soluble s ta rch  (P ro la b o ) 0 .4% . Y N B  glucose m edium  : Y east n itro g en  base  (Difco) (Y N B ) 
0 .6 7 % , glucose 0.4% . Y N B  starch m ed ium :  y eas t n itro g en  base (D ifco) 0 .67% , s ta rch  0 .4% . 
Y N B  medium p H  3.5: y e a s t  n itro g en  base  (Difco) 0 .67% , 0.05 м sod ium  d ip h o sp h a te
( N a 2H P 0 4 • 12H 20 ) , 0.035 м  ta r ta r ic  acid  so lu tion  co n ta in ing  0 .4%  s ta rch . Y N B  medium p H  
5 .5 : y e as t nitrogen base  (D ifco) 0 .67% , 0.05 м sodium  d ip h o sp h a te  (N a .,H P O , • 12 H 20 ) , 
0.025 M ta rta ric  acid so lu tio n  co n ta in in g  0 .4%  sta rch . Y N B  m edium  p H  7.0: y east n itro g en  
b ase  (Difco) 0.67% , 0 .4 %  s ta rc h  dissolved in  0.02 м sodium  p h o sp h a te  buffer.

T he neperian  g ro w th  ra te s  w ere de te rm in ed  from  ex p erim en ta l g ro w th  curves ob ta in ed  
b y  follow ing the  op tica l d ensities of cu ltu re  m edia by  m eans of a K le tt—Sum m erson p h o to 

e lec tric  colorim eter a t  420 nm . G row th  ra te s  ( f i )  were calcu la ted  from  th e  e.quation /i =  —p  —

w h ere  T  =  generation  tim e  d e te rm in ed  graphically . A m ylase ac tiv itie s  w ere de term ined  on 
c u ltu re  f iltra te  and b ro k e n  cells by  a m easu re  of iodine d eco lo ration  acco rd ing  to the  Sm ith  
a n d  R oË  m ethod [11].

Results

The grow th ra te s  o f all th e  y e a s t s tra in s  were m easu red  in YNB s ta rc h  
m ed iu m . Eleven s tra in s  had  gen era tio n  tim es less th a n  5 h r. A large num ber of 
th o se  rem aining h ad  gen era tio n  tim es above 8 h r  u n d e r ou r exp erim en ta l 
cond itio n s. The fo rm er w ere selected  for fu r th e r  stud ies.

1. Study o f  the po ten tia ls o f  the yeasts. The 11 s tra in s  selected  were c u lti
v a te d  on YNB glucose, Y N B  s ta rc h  and  Y E s ta rc h  m edia. G row th  ra tes  w ere 
h ig h e r on glucose th a n  on s ta rch  (T able I). On Y E  s ta rc h  m ed ium , certa in  s tra in s  
show ed fast g row th  ra te s , th e  sensib ility  ap p ro ach ed  th e  values observed on 
glucose: C. oregonensis, P . burton ii, T. ingeniosa  and  S . occidentalis.

The biom ass o b ta in e d  (d ry  w eigh t/litre) was alw ays less on YNB s ta rch  
th a n  on YNB glucose. T he s ta rc h  w as never com plete ly  d eg rad ed ; it  is p robab le  
t h a t  the  cell wall am ylases can a t ta c k  only th e  side chains o f th e  sta rch  m ole
cu les and  are p re v e n te d  from  reach in g  th e  “ n uc leus”  because  of steric  h in 
d ran ce . Biomass y ie ld  is, how ever, ca lcu la ted  w ith  reference to  in itia l am oun ts
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Table I

Growth rate ( fi  p er hour), dry iveight (g/litre) and biomass y ie ld  ( % )  o f  11 yeasts 
on different non buffered media

Y N B  glucose m edium Y N B  s ta rc h  m ed ium Y e a s t e x tr a c t  s ta rc h  
m ed ium

G ro w th
r a te ,
/i/hr

D ry  w eight,
g/i

Y ie ld , 
p e r  c e n t

G ro w th
ra te ,
el h r

D ry  w eigh t,
g/i

Y ie ld , 
p e r  c e n t

G row th
ra te ,
A«/hr

D ry  w e ig h t,
g /i

E. fibu ligera 0.41 1.44 36 0.19 1.24 31 0.32 1.88
S. a lluvius 0.35 1.60 40 0.16 0.46 14 0.28 2.68
S. castellii 0.46 1.88 47 0.19 1.04 26 0.30 2.32

S. occidentalis 0.38 1.04 46 0.19 0.52 13 0.35 2.44
H . capsulata 0.41 1.64 41 0.17 1.12 28 0.32 2.44
P. v in ii 0.38 1.88 47 0.20 1.12 28 0.30 2.52

C. oregonensis 0.41 1.84 46 0.17 0.96 24 0.41 2.60
C. brum ptii 0.41 1.44 36 0.17 0.64 16 0.35 2.20

L . starkeyi 0.41 1.24 31 0.17 0.92 23 0.35 1.60
P. burtonii 0.41 1.76 44 0.17 1.24 31 0.39 2.36
T. ingeniosa 0.41 1.80 45 0.17 1.28 32 0.38 2.40

of s ta rc h . On Y E  s ta rc h  m edium , th e  s ta rc h  is alm ost co m p le te ly  degraded , d u e  
to  th e  excre tion  o f la rg e  q u an tities  o f am ylases in to  th e  c u ltu re  m edium . B io 
m ass y ie ld  is th u s  im p o r ta n t. H ere i t  is im possible to  ca lcu la te  yield because 
th e  c o n s titu e n ts  o f y e a s t ex trac t can  i ts e lf  assure a ce rta in  am o u n t of g row th . 
In  a d d itio n , it  ap p e a rs  th a t  enzym e ex cre tio n  is benefic ia l to  to ta l  g row th . 
F in a lly , th e  Y E s ta rc h  cu ltu re  was a lw ays a round  pH  5.0. On th e  o th e r h a n d , 
th a t  o f th e  Y N B s ta rc h  m edium  a lw ays fell to  pH  3.0. I t  is no t im possib le 
th a t  such  ac id ifica tion  h a lts  grow th e n tire ly  th u s  re su ltin g  in  an  u n d e re s tim a
tio n  o f  th e  yield.

In  o rd er to  s tu d y  th e  respective in flu en ce  of th e  p H  o f th e  cu ltu re  m edium  
and  o f  enzym e ex c re tio n , th e  g row th  r a te s  an d  biom ass y ie ld  o f th e  11 s tra in s  
were s tu d ie d  on 3 m ed ia , buffered to  d iffe ren t pH  levels.

2. S tu d y  on d ifferen t buffered m edia . T he 3 buffered  cu ltu re  m edia w ere 
Y N B  s ta rc h  m edium  p H  3.5, YN B s ta rc h  m edium  pH  5.5, Y N B  sta rch  m ed iu m  
pH  7.0 described in  M ateria ls and  m e th o d s . T he resu lts  are p resen ted  in  T ab le  
I I .

In  all cases a b o u t 80%  of am y lase  a c tiv ity  is re leased  in to  th e  cu ltu re  
m ed ium .

A t p H  3.5, som e am ount of s ta rc h  alw ays rem ained  in  th e  cu ltu re  b ro th  
a t  th e  end  o f c u ltu re , resu lting  in a low  biom ass y ield . In  all cases, th e  y ield  
was h ighei th a n  th a t  observed  on Y N B  s ta rc h  m edium .
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T abic  II

Growth rate, dry  w eight and biomass y ie ld  o f  11 yeasts on Y N B  starch buffered media

Y N B  s ta r c h  m ed ium  p H  3.5 Y N B  s ta rc h  m edium  p H  5.5 Y N B  s ta rc h  m ed ium  p H  7.0

~a
fa

G ro w th
r a te ,
М/hr

D ry
w eigh t,

g  ß

Y
ie

ld
, 

pe
r 

en
t

F
in

al
 p

H G row th
ra te ,
М/hr

D ry
w eigh t,

g/1

Y
ie

ld
, 

pe
r 

ce
nt

F
in

al
 p

H G row th
ra te ,
м/hr

D ry
w eig h t,

B/I

a0)о
—Г и
’S Рн 
>

E . fib id igera 2.8 0.12 1.12 28 4.3 0.12 1.56 39 5.6 0.11 1.20 30

S . a lluvius 3.0 0.17 0.76 19 4.3 0.17 1.60 40 5.6 0.23 1.32 33

S . castellii 3.1 0.19 0.96 24 4.3 0.14 1.40 35 5.6 0.08 1.28 32

S . occidentalis 3.0 0.13 0.92 23 4.3 0.18 1.60 40 5.6 0.18 1.52 38

H . capsulata 3.0 0.14 1.08 27 4.5 0.13 1.52 48 5.5 0.12 1.68 42

P . v in ii 2.9 0.21 1.20 30 4.7 0.14 1.52 38 5.4 0.09 1.32 33

C. oregonensis 3.0 — 0.32 8 4.5 0.14 1.64 41 5.8 0.09 1.20 30

C. brum ptii 3.0 0.15 1.08 27 4.6 0.14 1.92 48 5.3 0.10 1.60 40

L . starkeyi 3.1 — 0.40 10 4.3 0.12 1.60 40 6.6 0.23 0.28 7

P . burtonii 3.0 0.19 0.96 24 4.5 0.17 1.40 35 5.3 0.23 1.20 30

T . ingeniosa 3.1 0.12 1.36 34 4.4 0.14 1.64 41 5.8 0.08 1.64 41

At pH  5.5, p ra c tic a lly  all th e  s ta rc h  is h y d ro lysed ; on ly  some d ex trin e  
re m a in . Yield values here  are co m p arab le  to  tho se  found  on glucose.

A t pH  7.0, th e  y ie ld  is alw ays in fe rio r to  th a t  o b ta in e d  a t  pH  5.5, and  
s ta rc h  hydrolysis also  im proved .

I t therefo re  a p p e a rs  th a t  th e  a d d itio n  o f these  d iffe ren t buffers provokes 
am y la se  excre tion  in  a ll th e  y e a s t s tra in s , a t  all p H  va lues. T he m echan ism  
o f  th is  phenom enon  is n o t  know n. In  a ll cases, enzym e ex c re tio n  leads to  b e tte r  
s ta rc h  hydrolysis a n d  increases in  b io m ass y ie ld . The p H  o f th e  cu ltu re  m ed ium  
p la y s  a sign ifican t ro le on grow th ra te s  an d  biom ass y ie ld . T he o p tim um  p H  is 
n o t  necessarily th e  sam e fo r all th e  y e a s t s tra in s ; th is  m u st depend  to  som e e x 
t e n t  on th e  o p tim u m  p H  o f th e  am ylase  o f  each stra in .

Discussion

Y east am ylases h av e  been tag g ed  exocellu lar [12] an d  endocellu lar [13]. 
T h e  resu lts  p re sen ted  here  show  th a t  all these  am ylases show  an iden tica l b e 
h a v io u r ;  the enzym e rem ains in th e  cell w all or can be ex c re ted  depend ing  on 
th e  com position  o f  th e  cu ltu re  m ed ium . E nzym e excre tion  does no t seem  to  
d e p e n d  on th e  p H . T h e  m ineral sa lt c o n te n t o f th e  m edium  p lay s an im p o r ta n t 
ro le  in  th e  m echan ism  o f excretion . T h is w ill be th e  su b jec t o f  a n e x t s tu d y .
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Y easts are  n o t capable  o f h y d ro ly s in g  s ta rc h  com plete ly  w henever th e  
am ylases are m u ra l. On th e  c o n tra ry , e x c re tio n  am elio ra tes h y d ro lysis  an d  
ensures to ta l  s ta rc h  d eg rad a tio n . E v id e n tly , i t  is necessary  to  know  th e  o p ti
m u m  p H  an d  th e  lim iting  p H  o f each  am y lase . T he o p tim um  p H  of th e  am y lase  
a n d  g row th  o f th e  y eas t m ay n o t n ecessarily  be th e  s a m e ;! , starkeyi fo r ex am p le  
h as  an  o p tim u m  p H  of g row th  a t  5.5 [13], w h ereas  its  am ylase  has an o p tim u m  
p H  of 3.5. G row th  o f E . fibu ligera  on th e  o th e r  h an d , is l i t t le  affected  b y  th e  
p H . The v a lu es  o f  b iom ass y ie ld  (0.35—0.48) observed on Y N B  s ta rc h  
m ed ium  p H  5.5 are  com parab le  to  th e  v a lu e  (0.43) o b ta in e d  b y  th e  S y m b a  
process [14]. In  a d d itio n , th e  g row th  ra te s  observed  are h ig h er th a n  1.10, th e  
w ork ing  grow th  ra te  used in  th e  S ym ba process.
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DIFFERENCE IN THE VIRULENCE OF 
UREAPLASMA UREALYTICUM ISOLATES

M. F o d o r

Jósa  A ndrás H ospita l, N yíregyháza  

(R ece ived  Ju n e  28, 1979)

T he v iru lence of Ureaplasm a urealyticum  s tra in s  w as te s te d  b y  in tra re n a lly  in fec ting  
w h ite  m ice of un d efin ed , L A T I (Gödöllő, H u n g a ry ) and B A L B /c b reed . F re sh ly  iso lated  h u m an  
stra in s  d iffered in  v iru len ce ; w hen  su b cu ltu red  in  U-9 m edium  th e y  show ed a g rad u al loss o f  
v iru lence . U reap lasm a s tra in s  o f calf an d  sw ine origin were v iru le n t to  m ice in  a m edium  degree. 
Som e of th e  in o cu la ted  m ice show ed th e  signs of la te n t in fec tion .

Shepard  in  1954 described th e  Ureaplasma urealyticum  s tra in s  u n d er th e  
n am e T m ycop lasm a. Since th e n , m uch  w ork has been  done to  es tim ate  th e  
fea tu re s  of these  s tra in s , to  d e te rm in e  th e ir  role in  h u m a n  diseases and  also to  
sero ty p e  th e  u reap la sm a  iso lates. I t  w as found  th a t  th e  U. urealyticum  s tra in s 
o f  h u m an  origin are an tig en ica lly  d is tin c t from  all o th e r  recognized species o f  
M ycoplasm atales [ I ] . T ill 1978, e ig h t d is tin c t sero ty p es w ere rep o rted  [2]. The 
pa thogen ic  role o f th e  U. urealyticum  s tra in s  of h u m an  orig in  w as d em o n stra ted  
in  u re th r itis  b y  in tra u re th ra l  in o cu la tio n  o f U. urealyticum  organism s [3].

The pathogen ic  role of u reap lasm as has been suggested  in  h u m an  s te rility  
[4—6], in  p u erp e ra l sepsis and  pelv ic  in flam m atio n  [7—9], in  pye lonephritis  
and  in  th e  fo rm atio n  o f  ren a l calculi [10-12]. There w as no c lea r-cu t co rrelation  
betw een  th e  sero ty p e  an d  v iru lence o f  U. urealyticum  h u t  in  u re th r it is  sero type 
4 w as th e  m ost fre q u e n t [2].

O ur hyp o th esis  was th a t  th e re  m u st be som e d ifferences betw een  th e  
viru lence of th e  U. urealyticum  s tra in s  w ith o u t an y  co rre la tio n  to  th e  sero type. 
O th e r research  w orkers, p ro b ab ly  on th e  basis o f th e  sam e h y p o th esis , a t te m p t
ed to  w ork ou t v iru lence  te s ts  in  la b o ra to ry  an im als, w ith o u t, how ever, m uch 
success [13].

Materials and methods

M odified  A -5  m edium  [14] was app lied  for th e  iso lation  of U. urealyticum  s tra ins. T ryp- 
ticase  soy b ro th  pow der (B B L  11 768), 4.8 g was dissolved in  163 m l d istilled  w ater, the  pH  
a d ju s te d  to  5.5 w ith  2 N HC1, an d  Io n a g ar No. 2 (O xoid 076 1527), 1.73 g w as ad d ed  and  ste ril
ized  b y  au toc lav ing  a t  121 °C fo r 15 m in  th e n  cooled to  56 °C in  a  w a te r  b a th  an d  converted  to 
com plete  m edium  b y  th e  ad d itio n  of 40 m l s te rile  horse serum  p rev io u sly  h e a ted  to  56 °C, 2 ml 
o f sterile  y eas t e x tra c t a n d  po tassiu m  penicillin  G, 200 000 IU .
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P reparation o f yeast extract acco rd ing  to  P ratt [15] : 1000 g of fresh  b a k e r ’s y eas t is 
su sp e n d e d  in  500 ml d is tilled  w a te r  w ith  c o n tin u o u s  stirring . T he suspension  is h e a ted  to  80 °C. 
T h e  p H  is ad ju s ted  w ith  c o n c e n tra te d  HC1 to  4.5 an d  th e  suspension  is in c u b a te d  20 m inu tes 
a t  80 °C. A fte r se d im en ta tio n  a t  room  te m p e ra tu re  th e  su p e rn a ta n t is d e ca n te d , cen trifuged , 
a n d  f i lte re d  th ro u g h  G-4 g lass f i lte r  (C arl Zeiss, Jen a ). The p H  of th e  f i l t r a te  is a d ju s te d  w ith  
N N a O H  to  7.4 and f ilte red  th ro u g h  G-5 glass f i lte r  (Carl Zeiss, Je n a ). T h e  ste rile  y e as t e x tra c t 

is  s ta b le  fo r m onths a t  — 20 °C.
U-9 medium  [16]. T ry p tic  d igest b ro th  (Difco 0977-01) 0.75 g; N aC l, 0.5 g; K H 2P 0 4, 

0.02 g; d issolved in  100 m l d is tilled  w a te r. T h e  basal m edium  is s te rilized  b y  au to c lav in g  a t  
121 °C fo r 15 m in. T he b a sa l m ed iu m  is co m p le ted  b y  add ing  to  95 m l a m o u n t:  u n h e a ted , filte r  
s te rilized  horse serum , 4 m l; f i l te r  ste rilized  10%  u rea  s to ck -so lu tion , 0.5 m l; 1%  au toclave- 
s te rilized  sodium  phenol re d  so lu tio n , 0.1 m l; ste rile  p o tassium  penicillin  G fro m  a 100 000 IU /m l 
s to c k  so lu tion , 1 ml. T h e  f in a l  re ac tio n  of th e  m edium  should  be  p H  6 i  0.2. T he com plete 
m ed iu m  w as aseptically  d isp e n se d  in  2 m l p o rtio n s  to  W idal tu bes. T he d ispensed  m edium  can  
b e  s to re d  fo r 1 m o n th  a t  4 °C.

L S B  medium  [17] w as u sed  fo r cu ltu rin g  V . urealylicum  s tra in s  o f a n im a l origin. LSB bas
a l  m ed iu m : try p tic  d ig es t b ro th ,  100 m l; 1%  NaCl, 100 m l; d ex tro se , 0.2 g; ste rilized  by  a u to 
c la v in g  a t  115 °C for 25 m in . T h e  b asa l m ed iu m  is com pleted  b y  ad d in g  ste rile  u n h e a ted  horse 
se ru m , 58 m l; 0 .2%  y e a s t e x tr a c t  (O xoid), 29 m l; filte r-s terilized  10%  u re a  s to ck  so lu tion , 0.84 
m l; 1 %  au to c lav e-sterilized  so d iu m  p h eno l re d  so lu tion , 0.6 m l; s te rile  p o ta s s iu m  penicillin  G 
fro m  a 100 000 U /m l s to ck -so lu tio n , 1.7 m l. T h e  reac tio n  of th e  m ed iu m  sh o u ld  be ab o u t p H  6.

Vaginal, cervical and  urethral m ucus  w as tak e n  by  a loop, an d  th e  m ed ia  w ere d irec tly  
in o c u la te d , incu b a ted  a t  37 °C an d  ex am in ed  daily . U reap lasm a g ro w th  w as rev ea led  on solid 
A-5 m ed iu m  by  an in d ic a to r  so lu tio n : eq u al q u a n titie s  of 10%  u re a  so lu tio n  a n d  0 .8%  M n S 0 4 
s o lu tio n  w ere m ixed and  1 m l w as p ip e tte d  to  each  solid m edium , a n d  a f te r  1 m in u te  th e  so lu tion  
w as p o u re d  off. In  th is w ay  th e  U. urealylicum  colonies tu rn e d  b lack  on acco u n t of the  b lack  
c o lo u r  o f th e  reduced  m an g an ese . In  U-9 m ed ia  th e  red  colour o f p heno l red  in d ica te s  th e  a lk a 
line  p H , i.e. th e  g row th of u re ap la sm a s. I f  th e  s lig h test tu rb id ity  cou ld  be  obse rv ed , th e  absence 
o f  b a c te r ia l  g row th was ch eck ed  b y  h an g in g  d ro p  ex am in atio n  an d  in o cu la tio n  of cu ltu re  m edia.

Inoculation o f mice. U -9  m ed ia  (p rep a re d  w ith o u t u rea) w ere in o cu la te d  w ith  fresh ly  
iso la te d  U. urealylicum  s t ra in s  a n d  in cu b a te d  a t  37 °C for 18 h r. A fte r  a lo n g itu d in a l c u t th ro u g h  
th e  ab d o m en , 0.1 ml of th e  c u ltu re  w as in je c te d  in to  th e  left k id n ey  of th e  m ouse. T he abdom en 
w as sew n to g eth e r and  th e  m ice w ere k illed  a t  d ifferen t in te rv a ls  a f te r  th e  in o cu la tio n . T he or
g a n s  o r o rgan  pieces, ta k e n  a se p tica lly  fro m  th e  mice were p laced  in to  U-9 m ed ia . T he ch arac 
te r is t ic  colour change (u re a ly tic  a c tiv ity )  in d ic a te d  u reap lasm a  g row th . T h e  g ro w th  was th e n  
c o n firm ed  b y  inocu la tion  in to  A-5 solid m edia .

In  th e  case o f u re a p la sm a  stra in s  o f an im al origin, L SB  m ed iu m  w as used  in stead  of 
U -9 , b ecause  of the  poor g ro w th  of these  s tra in s  in  U-9 m edia.

T w en ty  mice each  w ere  in o cu la ted  w ith  an  U. urealyticum  s tra in  a n d  on  ev ery  occasion 
5 m ice wo re killed.

T h e  ureap lasm a c u ltu r in g  resu lts  o f th e  organs show n in  th e  T ab les a re  averages. D iffer
e n ce s  o ccurred  som etim es b e tw een  th e  c u ltu rin g  resu lts  o f th e  five  m ice. T h ere  w ere some from  
w h ich  u reap lasm a  could n o t  b e  re iso la ted  or on ly  from  certa in  organs.

Results

T he p resen t s tu d y  m ade on m ale an d  fem ale p a tie n ts  w ith  v a rious genita l 
t r a c t  d isorders and  a sy m p to m a tic  carrie rs  (controls) show ed 60—70%  u reap la s
m a  in fec tion  of th e  u ro g e n ita l t r a c t  (T able I).

As can be seen fro m  T ab le  I I ,  o f  th e  fresh ly  iso la ted  U. urealyticum  s tra in s  
o f  h u m a n  origin in o c u la te d  in to  m ice, som e could n o t be re iso la ted  a fte r five  
d a y s , n o t even from  th e  in fec ted  le ft k idney . Some o th e r s tra in s  could  be re iso la t
ed a f te r  five days on ly  from  th e  in fec ted  k idney , b u t  no t a f te r  te n  days. In  th e  
case o f  tw o U. urealyticum  s tra in s  th e  reiso la tion  a t te m p ts  w ere successful n o t 
o n ly  from  th e  in fec ted  k id n e y , b u t  from  th e  non-in fected  k id n e y  an d  from  th e  
u r in a ry  b ladder even a f te r  te n  days.
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Table I

Frequency o f  U. urealyticum  isolated fro m  the urethral and vaginal m ucus o f  adult 
patients w ith  various genitourinary tract disorders and fro m  asym ptom atic pregnants

in the f i r s t  trim ester

N u m b e r  o f  
ex a m in e d  

p e rso n s

N u m b e r o f U. urealyticum 
p o sitive  p e rsons

U reap lasm a 
p o s itiv ity , 
p e r  ce n t

P a tien ts  w ith

g en itou rinary  

tra c t  disorders

561 350 62

A sym ptom atic

pregnants 74 52 70

Table II

Survival and growth o f  U. urealyticum  stra ins isolated fro m  pa tien ts  w ith  various 
genitourinary  tract disorders in  w hite mice o f  u ndefined  breed

S tra in s

U reap lasm a p o sitiv ity  
a fte r  5 days

U re a p la sm a  p o s itiv ity  
a f te r  10 d ay s

n o t
in o cu la te d

k id n ey

inoculated
kidney b la d d e r

n o t
in o cu la ted

k id n ey

in o cu la te d
k id n ey b lad d e r

3

2, 4, 5, 9, 10
—

+

— - — -

n — — + — — —

8 — + + — — —

1 ,6 + + + + + +

To o b ta in  reliab le  re su lts , a fte r th e  f i r s t  series m ade in  m ixed w hite  m ice 
we used B A L B /c an d  L A T I mice. To co m p are  th e ir  s e n s itiv ity  to  u reap la sm a , 
th e  tw o  m ouse s tra in s  w ere in ocu la ted  p a ra lle l w ith  th re e  u reap lasm a  s tra in s . 
T he resu lts  are  seen in  T ab le  I I I ;  B A L B /c an d  L A T I m ice b eh av ed  s im ila rly .

To fin d  a co rre la tio n  betw een th e  m u ltip lic a tio n  an d  su rv iv ing  c a p a c ity  
of th e  u reap lasm a  s tra in s  inocu lated  in to  th e  m ouse k id n e y  and  th e ir  h u m a n  
p a th o g en ic ity , th e  m ouse “ v iru lence”  o f th e  u reap lasm a s tra in  was com pared  
in 17 cases w ith  th e  p resu m ed  hum an  p a th o g e n ic ity  o f  th e  sam e s tra in . As can 
be seen from  T able IV , th e  mouse “ v iru le n t”  u reap la sm a  s tra in s , i.e. th o se  
th a t  could be re iso la ted  a f te r  10 days fro m  th e  in fec ted  m ice, were iso la ted  
from  p a tie n ts  suffering  from  u re th r itis , p ro s ta ti t is ,  k o lp itis  or s te rility  w here 
w ith  one excep tion  th e  u reap lasm a  seem ed to  he th e  on ly  pa thogen ic  ag en t. 
Only in  a single case w as th e  “ m ouse v iru le n t”  u re a p la sm a  associated  w ith
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Table III

Survival and growth o f  V . urealyticum  in  B A L B /c  and L A T I  mice

S tra in s D ay s  a fte r  
inocu lation

In o c u la te d
k id n e y

N o t in o cu la ted  
k id n ey

B lad d er U te ru s T estic le

B A L B /c L A T I B A LB /c L A T I B A L B /c L A T I B A L B /c L A T I B A L B /c L A T I

15

4

7 +

+

+

-

+

— +

+

—

+

—

+
1 0 -j- + - — + + — — - —

5 + + — — — — nd nd — —

16 1 0 - — — — — — nd nd — —

17 - - - — — - nd nd - —

19
5 + + — — + + + + nd nd

1 1 + — — + + + + nd nd

+  U reap lasm a g ro w th  from  th e  organs in  U-9 m edium ; g ro w th  w as p roved  b y  su b 
c u ltu rin g  on A -5 m edia 

n d  =  n o t done

th ru s h . U n fo rtu n a te ly  th e  in v es tig a tio n  w as incom plete , since th e re  w as no 
p o ss ib ility  to  d e m o n s tra te  Chlam ydia trachom atis (gen ita lis), one o f th e  com m on 
ag en ts  causing  g e n ito u rin a ry  t r a c t  d iso rders besides Trichom onas vaginalis, 
N eisseria  gonorrhoeae a n d  Candida albicans.

B ecause o f th e  in co n sis ten t re su lts  o f  th e  rep ea ted  ex p erim en ts  w ith  th e  
sam e u reap lasm a  s tra in , we exam ined  th e  “ m ouse v iru lence”  a fte r  serial passage  
on U -9 m edium  (T able V). G rad u a l loss o f th e  m ouse v iru len ce  w as o b serv ed  
d u rin g  serial su b cu ltu rin g  in  U-9 m ed ium  o f U. urealyticum  s tra in  N y-13. On 
th e  o th e r h an d , s tra in  N y-13 h ad  an eq u a lly  good g row th  in  U -9 m edium  d u rin g  
passages. R ep ea ted  ex p erim en ts  w ith  a few  o th e r u reap la sm a  s tra in s  gave th e  
sam e resu lts .

The phenom enon  o f “ la te n t”  u re a p la sm a  in fec tion  could  be observed  
on tw o  occasions in  th e  m ouse in o cu la tio n  exp erim en ts , w hen  th e  u reap la sm a  
cou ld  he iso lated  on ly  from  a few o f th e  in fec ted  mice and  on ly  from  one single 
o rgan  (Table V I).

To com pare th e m  w ith  s tra in s  o f h u m an  origin, th re e  U. urealyticum  
s tra in s  o f an im al orig in  w ere exam ined .T hese  s tra in s  were iso la ted  from  ch icken , 
c a lf  and  swine and  w ere su b cu ltu red  in  LSB m edium . T hese u reap la sm a  
s tra in s  w ere rep o rted  [17] to  differ in  se ro ty p e  from  those  o f th e  h u m an  s tra in s . 
T h e  s tra in s  of an im al origin were in o cu la ted  in to  B A L B /c m ice k idneys. T he 
c u ltu re  m ed ium  was L SB  because o f th e  in su ffic ien t g row th  of these  s tra in s  in  
U -9 m edium  (Table V II) . As can he seen, swine and  ca lf  u reap lasm as h ad  a 
m ed ium  “ v iru lence”  in  m ice, b u t  th e  ch icken  s tra in  was a v iru le n t.
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Table IV
44M ouse virulence”  o f  U. urealyticum  stra ins fro m  patien ts w ith  various 

genitourinary tract disorders

S tra in Diagnosis

U. urealyticum recovered  
fro m  B A LB/c m ice

P resence o f  o th e r  
p a th o g en ic  a g e n ts

4  — 6 d ay s  
p o s tin o c u la tio n

8 — 10 d a y s  
p o stin o cu la tio n 1 2 3

11, m ale U re th ritis , acute + _ _ _ _
12, m ale U re th ritis , chronic 

p ro sta titis - f +
13, m ale U re th ritis , acu te + + — — —
14, m ale Gonorrhoea + — + — —

15, female K olpitis + + — — —
16, female K olpitis + — — — —
17, female K olpitis — — — + —
18, female C ystitis, fluor — — — — —
19, fem ale K olpitis + + — — +
20, m ale Gonorrhoea + — + — —

21, female Control — — — — —

22, fem ale Control — — — — —

23, m ale Gonorrhoea + — — —

24, m ale Gonorrhoea — — + — —

25, m ale G onorrhoea + — + — —

26, m ale S terility + + - — —
27, fem ale S terility + + — — —

1 =  N eisseria gonorrhoeae
2 =  Trichom onas vaginalis
3 =  Y easts

Table V
“ Virulence” o f  V . urealyticum  stra ins in  B A L B /c  mice during subculturing  in  U-9 m ed ium

N u m b e r o f 
su b cu ltu re s

D ay s a fte r  
m ouse 

inocu la tion

In o c u la te d
k id n ey

N o t  ino cu la ted  
k id n ey B la d d e r U te ru s

l 2 + — — —

4 + - — +
6 + + + +

1 0 + — + +

4 + + + +
16 1 0 - — — -

31 4 — — — —

1 0 — — — —
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Table VI

Laten t U. urealyticum  infection  in  B A L B /c  mice

Strain Days after 
inoculation

Inoculated
kidney

Not inoculated 
kidney Bladder Uterus

N y 21 2 - - — -

6

10 _
+  (1 of 5) - -

N y  25

2

5 - +  (1 of 5)

— —

10 +  (1 Of 5) — — —

Table VII

“  Virulence”  o f  U. urea lyticum  strains o f  c a lf  sw ine and chicken orig in  in B A L B /c  mice

S tra in
D a y s  a f te r  
in o cu la tio n

In o cu la ted
k idney

N o t in o cu la ted  
k id n ey B la d d e r U teru s T estic le s

2 + + + + —

Calf 1158 6 + — + + —

14 + — + - —

2 + — + — —

Sw ine 917 6 + — + - —

14 + — + - —

2 + — + — —

C hicken T  916 6 + — + - —

14 — — — — —

D iscussion

The g e n ito u rin a ry  t r a c t  of th e  sex u a lly  ac tive  a d u lt p o p u la tio n  is in fec ted  
w ith  U. urealyticum  s tra in s  in  a high p e rcen tag e . D iffe ren t au th o rs  found  11 to  
100%  o f in fec tion  am ong  asy m p to m atic  in d iv idua ls [18, 19]. We found  an 
incidence o f 70%  am o n g  p reg n an ts  in  th e  f irs t  tr im e s te r , w hile in v irg ins an d  
adolescents th e  in fec tio n  ra te  is only 0 or a  few  p er cen t [12, 19-21].

A recen t s tu d y  h as  d em o n stra ted  th e  aetio log ical ro le  of U. urealyticum  
in  u re th r itis  b y  th e  in tra u re th ra l  in o cu la tio n  of live U. urealyticum  o rganism s
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in  hum an  v o lu n teers  [3]. An aetio logical role in  som e o th e r cond itions has also 
been  suggested. I t  is supposed th a t  th e re  are d ifferences in  v iru lence  betw een 
U. urealyticum  iso la tes  of h u m an  origin. A group o f a u th o rs  tr ie d  to  fin d  a 
co rre la tion  betw een  th e  sero type  an d  th e  p a th o g e n ic ity  o f U. urealyticum  
s tra in s . In  a few cases i t  has been d e m o n s tra te d  th a t  in  som e cond itions m ost 
o f th e  iso lated  s tra in s  belonged to  one sero type . U. urealyticum  ty p e  4 w as 
associated  w ith  non-gonorrhoeal u re th r itis  in 67% , w ith  n o n -b ac te ria l p y u ria  
in  50% , and  n o n -b ac te ria l chronic p ro s ta ti t is  in  31% , w hile ren a l s tone p a tie n ts  
h ad  ty p e  1 in 3 0 % . In  sp ite  of th ese  resu lts  th e  co rre la tio n  betw een  sero type  
an d  th e  aetiologic ro le  of V . urealyticum  iso lates is n o t c e r ta in  [2].

O thers [13] tr ie d  to  fin d  an  an im al m odel to  exam ine  th e  pathogen ic  role 
o f u reap lasm as o f  h u m a n  origin. T he m ouse m am m ary  g land  w as found  su itab le  
fo r U. urealyticum  p ro p ag a tio n . F ro m  th e  n u m b er o f co lony  fo rm in g  u n its  in  
th e  gland hom ogenate , conclusions could be d raw n as to  th e  “ v iru len ce”  of th e  
U. urealyticum  s tra in . The m ethod  is laboursom e an d  p re su m a b ly  th is  is w hy i t  
was no t applied in  a g rea te r n u m b e r o f  experim en ts.

In  th e  f irs t p a r t  of our ex p erim en ts  50 u n d efin ed , la te r  50 each of LA T I 
(Gödöllő, H u n g ary ) an d  B A LB/c w h ite  mice were k illed  an d  d iffe ren t organs 
o f  th e  mice were cu ltu re d  for U. urealyticum . On the em p lo y ed  A-5 and U-9 
m edia  we could n o t fin d  a single grow ing u reap la sm a  s tra in . So th e  n a tu ra l 
in fection  of our m ice w ith  U. urealyticum  s tra in s  could be excluded . E xclusion 
o f a n a tu ra l in fec tion  w as necessary  because U. urealyticum  s tra in s  were iso la t
ed from  num erous an im al species such  as m onkeys, c a tt le , sheep , goats, dogs, 
sw ine, chicken, tu rk e y s  [17, 22—25].

O ur resu lts  show ed a sig n ifican t difference b e tw een  U. urealyticum  
s tra in s  in th e ir  g ro w th  and  su rv iv a l in  mice organs. N um erous s tra in s  could n o t 
be iso lated  from  th e  in fec ted  mice a fte r  tw o days an d  th e re  w ere s tra in s  w hich 
could  be iso la ted  even  a fte r 3 w eeks; 5 an d  10 days w ere considered  to  be th e  
d is tin c tiv e  level.

F rom  th e  in fec ted  k idney  th e  “ v iru le n t”  u reap lasm a  s tra in s  often  in fected  
th e  u rin a ry  b lad d e r, th e  u n in o cu la ted  k idney , th e  tes tic le s  a n d  also th e  u te ru s . 
W e never found an  in fec ted  em bryo  in th e  p reg n an t m ice. A fte r th ree  w eeks, 
all o f th e  in fected  m ice becam e n eg a tiv e .

Sum m ing u p , we did n o t succeed in  crea tin g  an  an im al m odel of U. urealy
ticum  infections, b u t  our mice in o cu la tio n  m ethod  seem ed su itab le  for dem on
s tra tin g  differences in  th e  v iru lence  o f U. urealyticum  iso la tes. I t  is, how ever, 
questionab le  w h e th e r th e  d em o n stra ted  difference in  “ m ouse v iru lence”  is in  
co rre la tion  w ith  th e  h u m an  p a th o g en ic ity . The 17 cases in  w hich  we com pared  
th e  “ mouse v iru len ce”  o f th e  iso la ted  s tra in s  w ith  th e ir  p ro b ab le  aetiological 
role in  hum an d iseases, seem to  p rove  a  co rrelation .

Some fac to rs  seem ed to  com plica te  th e  “ m ouse v iru len ce”  m ethod . O nly 
fresh  u reap lasm a iso la tes  are su itab le  because th e  su b c u ltu re d  s tra in s  lost th e ir
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“ m ouse viru lence”  w ith in  a sho rt tim e . A n o th er fa c to r  is th e  m ed ium  “ m ouse 
v iru le n c e ”  of calf an d  sw ine u re a p la sm a  iso lates. O nly  th e  ch icken  s tra in  was 
a v iru le n t. The possible h u m a n  p a th o g e n ic ity  o f th e  U. urealyticum  s tra in s  of 
a n im a l origin is an u n s e ttle d  question .
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ADENOVIRUS-INDUCED IMMUNE RESPONSE 
IN OVINE FETUSES

S .  T U B O L Y  a n d  S .  B e LAK

D epartm ent o f Epizootiology, U niversity  o f  Veterinary Science, Budapest 

(R ece ived  J u ly  18, 1979)

O vine fe tuses were ex am ined  fo r im m u n e  responsiveness to  ov ine ad en o v iru s (s tra in  
O R T/111) a t  70—80 days of gesta tio n . N in e teen  d ay s  a fte r  ex p erim en ta l in fection , all in fec ted  
fe tuses , along wi th  th e ir  ev en tu a l n o n -in fec ted  tw ins, h a d  n eu tra liz in g  serum  an tib o d ies  to  th e  
v iru s in  th e  t i t r e  range  of 1 : 32-1  : 128. T he an tib o d ies  were id en tif ie d  e lec tro p h o re tica lly  as 
subclass Ig G x a n d  Ig G 2. No o th er Ig -class w as in v o lv ed  in  th e  im m u n e  response. In fec tio n  of th e  
fe tu ses acco u n ted  for an tib o d y  p ro d u c tio n  in  th e  m a te rn a l organism , too . Im m unofluo rescence  
te s ts  d e te c te d  a  pe ria rte rio la r, diffuse o r focal occurrence  o flg G -p o sitiv e  cells in  th e  fe ta l  sp leen , 
a n d  in  p u lm o n a ry , renal and  co ty ledon  tissu e  sam ples. IgM -positive cells w ere fo u n d  ex clusive
ly  in  th e  sp leen , alw ays in  a  low  n u m b er an d  in  d iffuse d is tr ib u tio n . No Ig -ca rrie r cells w ere 
d e te c te d  in  th e  liver, th y m u s and  ly m p h  nodes. T h e  b lood co n ta in ed  b o th  IgG  and  IgM -positive  
cells a t  a p ro p o rtio n  of 6—7 and  1—2 % , resp ec tiv e ly . Spleen cell cu ltu res  s tim u la ted  in  vitro  w ith  
ov ine ad en o v iru s an tigen  show ed an  average  3H T d R  in co rp o ra tio n  ra te  o f 22% .

D u rin g  recen t years m uch im p o r ta n t new  in fo rm atio n s have  been accu m u 
la te d  on th e  cond itions o f fe ta l im m une response. A ccord ing  to  p resen t k n ow l
edge, th e  ap p earan ce  of im m unolog ica l com petence is a d e te rm in is tic  ev en t 
o f  th e  fe ta l m a tu ra tio n  process, an d  as such it  is a ch a rac te ris tic  fe a tu re  o f th e  
on togene tic  developm ent. Specific im m une  responsiveness o f  th e  fe tu s  has 
been  observed  in  several species [1-6] inc lu d in g  sheep [7—11] n o t on ly  in  th e  
h u m o ra l [12] b u t  also in  th e  ce ll-m ed ia ted  [9, 13] and  local form  [7]. S i l v e r - 

s t e i n  et al. [10] even found  differences betw een  th e  in d u cer p o ten cy  o f c e r ta in  
an tigens.

In  o u r ow n experim en ts we p u rsu ed  th e  deve lopm en t o f  im m une response  
in  ovine fe tu ses a rtific ia lly  in fec ted  w ith  adenov irus. V irus n eu tra liz in g  serum  
an tibod ies w ere exam ined  fo r t i t r e  an d  Ig-class, th e  loca liza tion  of a n tib o d y  
p ro d u c in g  cells in  lym phoid  organs w as estab lished , an d  th e  response o f  im m u 
n o co m p e ten t cells to  an tigen ic  s tim u lu s was followed u p  in  vitro.

Materials and methods

E xperim en ta l infection o f  ovine fe tuses. A to ta l  o f 14 fe tuses carried  by  10 th ree -y ea r-o ld  
M erino ewes, w as used. A t 75—80 d ay s of g es ta tio n  th e  ewes were lap a ro to m ized  an d  th e  fe tu ses 
w ere in fec ted  in  utero w ith  a 10-6  T C ID S0/m l suspension  of th e  s tra in  O R T/111, closely re la te d  
w ith  ty p e  2 b o v in e  adenovirus [14]. T he s tra in  w as p ro p a g a ted  in  secondary  fe ta l ov ine k id n ey  
cell cu ltu res , su p p lem en ted  w ith  10%  fe ta l ca lf se rum . P a r t  of th e  fe tu ses w as in fec ted  in tra -
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m u scu la rly , an d  p a r t  o ra lly , th ro u g h  th e  am nio tic  f lu id . In  th e  case o f tw in  p reg n an cy  on ly  
one fe tu s  w as in fec ted . C o n tro l fe tuses were tre a te d  w ith  v irus-free  tissu e  cu ltu re  m ed iu m  
(T able  I).

T h e  ewes were k illed  b y  b leed ing  19 days a f te r  in fec tio n  of th e  fe tuses.
H eparin ized  and n o n -h ep arin ized  blood sam ples w ere ta k e n  from  th e  um bilical vein  o f 

each  fe tu s  a f te r  k illing th e  ew es. B lood sam ples w ere w ith d raw n  from  th e  ewes before ex p eri
m en ta l in fec tio n  and  du rin g  ex san g u in a tio n .

V irus neutralization tests w ere perform ed w ith  100 T C ID 50/0.1 m l v iru s m ateria l.
A n a ly s is  o f  serum sam ples by polyacrylam ide gel (P A G ) electrophoresis and im m uno-  

electrophoresis w as carried  o u t  as described p rev iously  [15].
Lym phocytes w ere co llec ted  from  heparin ized  b lo o d  sam ples b y  cen trifu g a tio n , an d  w ere 

su sp en d ed  a t  106/m l d en sity  in  10%  fe ta l calf se rum  (FC S) co n ta in in g  H a n k s ’ solution.
Spleen and thym us cells w ere  ob ta in ed  from  o rg a n  specim ens b y  hom ogen ization  in  P B S  

in  a glass hom ogenizer. T he co arse  sed im en t was d iscard ed , th e  ly m p h o id  cells were se p a ra ted  
w ith  F ico ll-P aque , and su sp en d e d  in  10%  FCS c o n ta in in g  H a n k s’ so lu tion , a t  a cell d en sity  of 
1 X 106/m l.

For immunofluorescence tests, sam ples of sp leen , liver, th y m u s , ly m p h  nodes, k id n ey , 
lu n g  a n d  co ty ledon  were f ix ed  a n d  em bedded b y  S an  M arie’s m eth o d  [16]. T he sections w ere 
d ep ara ffin ized , w ashed fo r 10 m in  each  in  th ree  changes o f PB S , co u n te rs ta in e d  w ith  E v an s  
b lu e  (1 : 125 000), coated  w ith  1 : 3 glycerol PB S , a n d  covered  w ith  a coverslip .

A n ti-ov ine  JgG and an ti-ovine  Ig M  sera w ere p re p a re d  as described  in  a p rev ious p a p e r  
[15]. T he IgG  frac tio n  of th e  a n tise ra  was iso lated  b y  p re p a ra tiv e  p u rif ic a tio n , and  was labe lled  
w ith  F IT C  (F lu k a  AG).

A utoradiography. S p leen  cell suspension a t  1.5 m l a liq u o ts  w as p ip e tte d  in to  L eig h to n  
tu b es  a n d  0.5 m l in a c tiv a te d  ad en o v iru s suspension w as ad d ed  to  each. T o th e  con tro l c u ltu res

Table I

Schem e o f  experimental infection o f  the fetuses

Serial No. 
of pregnant 

ewe

Designation
of

fetus

Route
of

infection
Dose

106TCID6e/ml)

l
l /a i. m. 0.2 ml

1/b - —

2 2/a i. m. 0.2 ml

2/b — —

3 3/a p. o. 3.0 ml

4 4/a p. o. 3.0 ml

5 5/a i. m. 0.2 m l

6 6/a i. m. 0.2 ml

7 7/a p. o. 0.2 ml

8 8/a p . 0 . 0.2 ml

9 9/a i. m .* 0.2 ml

10
10/a p. o.* 0.2 ml

10/b
~

* T issue cu ltu re  m ed iu m  n o t contain ing  v iru s
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0.5 m l P B S  w as added  in stead . T he cu ltu res w ere th e n  incu b a ted  a t  37 °C. A t 57 h r  in c u b a tio n  
10 /uCi tr itia l- th y m id in e  was ad d ed  to  each c u ltu re . S ix teen  hours la te r  th e  slides w ere f ix ed  in 
m eth an o l, w ashed  in  PB S , im m ersed  in  I lfo rd -N u c lea r K 2 em ulsion, d ried , a n d  in cu b a ted  in  th e  
d a rk  a t  4 °C fo r six days. A fter in cu b a tio n , th e  slides were developed in  A 49-O R W O  so lu tio n , 
fix ed , a n d  s ta in ed  w ith  th e  M ay—G rünw ald  tec h n iq u e  [17, 18].

Results

T he ad enov irus-induced  fe ta l im m u n e  response w as s tu d ied  b y  d iffe ren t 
m eth o d s. V irus n eu tra liza tio n  te s t  was u sed  for de tec tio n  o f  serum  an tib o d ies , 
w hose Ig-class was th e n  id en tified  b y  e lec trophoretic  p ro ced u res . Ig -ca rrie r  
cells w ere d e tec ted  in  th e  lym pho id  organs w ith  im m unofluorescence  te s t ,  an d  
a u to ra d io g ra p h y  was em ployed  for fo llow -up of lym p h o id  cell response to  in  
vitro an tigen ic  stim ulus.

V irus neutralization tests. N eu tra liz in g  an tibodies ap p e a re d  in th e  sera  of 
all v iru s - tre a te d  fe tuses, a t  t i t r e  levels o f  1 : 3 2 -1  : 128 an d  1 : 48, a f te r  in t r a 
m u scu la r an d  oral in fec tion , resp ec tiv e ly .

In  tw o  tw in  pregnancies (ewes N os 1 and 2), n e u tra liz in g  an tib o d ie s  
ap p ea red  in  th e  serum  o f th e  n o n -in fec ted  fe ta l tw in , in  th e  t i tre  range  of 
1 : 1 6 - 1  : 32.

Table II

R esult o f  virus neutralization tests

D esignation
of

fetu s
F e ta l
serum

M aternal se ru m

P re in fection
t i t re

P o s tin fe c tio n
tit re *

1 a I  : 3 2
1 : 4 1 : 1 2 8

h 1 : 3 2

2  a 1 : 1 2 8
1 : 8 1 : 1 2 8

b 1 : 1 6

5  a 1 : 6 4 1 : 4 1 : 1 9 2

6  a 1 : 4 8 1 : 8 1 : 1 2 8

7  a 1 : 4 8 1 : 8 1 : 6 4

8  a 1 : 6 4 1 : 4 1 : 1 2 8

9  a 1 : 2 1 : 2 1 : 2

1 0  a 1 : 2
1  : 2 1 : 2

b 1 : 2

a =  ex p erim en tally  in fec ted  fe tus 
b  =  tw in , no t infected  
* 19 days postin fection
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The n eu tra liz in g  a n tib o d y  t i t r e  o f th e  m a te rn a l se ra  increased  over th e  
p re in fec tion  level, as show n in T able I I .  T he con tro l fe tu ses  h ad  no serum  a n t i 
b od ies to  adenov iruses. Ew es Nos 3 an d  4 a b o rte d  th e ir  fe tu ses  on th e  se v e n th  
d a y  a fte r in fection  o f  th e  la t te r  th ro u g h  th e  am nio tic  flu id .

Electrophoretic ana lysis. Im m u n o e lec tro p h o re tic  se p a ra tio n  show ed th e  
p resence  of IgG  in  th e  sera  of all in fec ted  fe tu ses. T here w as a  double IgG  p re 
c ip ita tio n  arc in  e ach  case, inc lud ing  th e  tw in s  desig n a ted  w ith  “ b ” . No o th e r  
Ig -c lass was d e te c te d . T h e  sera of th e  co n tro l fetuses c o n ta in e d  no im m u n o 
globulins.

Polyacrylam ide gel electrophoresis show ed th e  p resence o f  IgG  in th e  se ra  
o f  b o th  infected (“ a ” ) a n d  non-in fec ted  (“ b ” ) tw ins.

Im m unofluorescence tests. Im m u n o flu o rescen t cells w ere detec ted  w ith  
an ti-o v in e  IgG c o n ju g a te  in  th e  spleen tissu e  of a ll in fe c te d  fetuses inc lud ing  
th e  “ b ”  tw ins. T he Ig -c a rr ie r  cells show ed th re e  d iffe ren t p a t te rn s :  in  some cases 
th e y  occurred fo r th e  m ost p a r t  a ro u n d  vessels (F ig . 1), in  o thers d iffusely  
(F ig . 2), while in  C ases 2a  and  5a b o th  focally  and  p e riv a sc u la rly  (Fig. 3).

F luorescent cells w ere also seen in  th e  ren a l g lom eru li, u sua lly  in  low , 
less often  in high, n u m b e rs  (Fig. 4).

IgG -positive cells occurred  in  th e  lu n g  tissue  ch ie fly  a ro u n d  vessels, b u t  
sp o rad ica lly  also in  p e rib ro n ch ia l lo ca liza tio n . The lu n g  tis su e  of one o ra lly  
in fe c te d  fetus (No. 7/a) show ed a p a r tic u la r ly  in ten siv e  fluorescence.

The co ty ledon  c o n ta in e d  Ig -ca rrie r cells also in its  fe ta l co m p artm en t.
No Ig -carrier cells were d e tec ted  in  th e  liver, th y m u s  an d  lym ph  nodes.

Fig. 1. Ig G -carrie r cells in  p e r ia r te r ia l loca lization  (sp leen)
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In  b lood sm ears, 6 -7 %  of th e  cells showed fluorescence; a sim ilar p e r
cen tag e  was found  in  sm ears from  “ b ”  tw in s . No flu o rescen t cells o ccu rred  in  
th e  tissu e  and  blood sam ples of th e  co n tro l fe tuses.

Cells re spond ing  to  an ti-ov ine  IgM  co n ju g a te  occurred  exclusively  in  
th e  fe ta l  sp leen, a lw ays in  a low n u m b er an d  in  diffuse localiza tion . In  th e  b lood  
sm ears , 1 -2 %  of th e  cells were an ti-o v in e  IgM -positive.

Fig. 2. D iffusely d is tr ib u te d  IgG -carrie r cells (spleen)

Fig. 3. Focal d is trib u tio n  o f Ig G -carrie r cells (spleen)
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F ig . 4. IgG -carrier cells in  a re n a l glom erulus

Autoradiography. 3H T d R -in co rp o ra tio n  o f an tig en -s tim u la ted  spleen 
cells in  cu ltu res from  in tra m u sc u la r ly  in fec ted  fetuses and  “ b ”  tw in s  was 22%  
on th e  average. T he o ra lly  in fec ted  fe tu s  N o. 7/a show ed a m u ch  low er (9 % ) 
3H T d R  inco rp o ra tio n  ra te .

Discussion

In v es tig a tio n s  in to  th e  laws of im m unogenesis led ab o u t tw o  decades ago 
to  th e  recognition  t h a t  th e  im m unolog ical responsiveness of th e  suscep tib le  
ly m p h o id  system  deve lops during  in tra u te r in e  life. A ccording to  p re sen t know l
edge , d iffe ren tia tio n  o f im m unolog ically  co m p e ten t m am m alian  cells ta k e s  
p lace  p re n a ta lly  [19—23], and  th e  a b ility  o f  im m unological responsiveness 
evo lves in  a given s tag e  of fe ta l m a tu ra tio n , u n d er th e  co n tro l o f com plex 
m ech an ism s an d  in te ra c tio n s  [24]. Silverstein et al. [9] o bserved  a k in d  o f 
h ie ra rch ica l o rder in  th e  in d u cer p o te n tia l  o f th e  an tigens. T hey  found  th a t  th e  
ov in e  fe tu s  responds e a r lie s t— a t  66—70 d ay s o f ag e — to  th e  cpX. b ac te rio p h ag e , 
w hile  i t  is still irresp o n siv e  to  d ip h th e r ia  to x o id , Salm onella typ h i-m u riu m  
a n d  BCG. In  o lder ov ine fetuses, Husband and  McDowell [7] d e m o n s tra te d  
a lo ca l im m une response  to  S. typ h i-m u riu m  an d  Escherichia coli an tigens a d 
m in is te red  on th e  30—17 p re p a rta l days.

In  th e  p re sen t ex perim en ts th e  ovine adenov irus s tra in  O RT/111 w as 
fo u n d  to  induce a specific  im m une response in  70-80-day-o ld  ovine fe tuses, to  
ju d g e  from  th e  ap p e a ra n ce  of v iru s-n eu tra liz in g  IgG -an tibod ies in th e ir  sera  
a n d  d ifferen t o rgans. T h e  an tibod ies found  rep resen ted  bo th  subclasses o f  IgG
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(IgG j an d  Ig G 2), b u t no o th e r  class was d e tec ted  by  im m uno elec tro p h o resis . 
T h is  is in  accord  w ith  th e  o b se rv a tio n  o f Fahey an d  Morris [25] t h a t  less 
th a n  87-day-o ld  ovine fetuses failed to  produce  2 -m ercap to e th an o l-sen s itiv e  
an tib o d ies . In  th e  te rm in a l s tage  of in tra u te r in e  life, betw een  th e  30th an d  17th 
p re n a ta l d ay s , Husband an d  McDowell [7] observed  th e  sy n th es is  o f IgA  
an d  IgM -type an tibodies in  th e  course o f  local im m une response in d u ced  w ith  
a co rp u scu la r E . coli an tigen .

In fec tio n  of th e  fetuses w ith  aden o v iru s  accoun ted  fo r a s ig n ifican t in 
crease of th e  m a te rn a l n eu tra liz in g  serum  a n tib o d y  t i t r e  over its  p re in fec tio n  
level. I t  follows th a t  e ith er th e  adenov irions them selves, o r th e  m e d ia to r  su b 
stances p roduced  b y  th e  fe ta l lym pho id  sy stem  gained access to  th e  m a te rn a l 
o rgan ism  b y  th e  tra n sp la c e n ta l ro u te . Husband and  McDowell [7] re p o rte d  
th a t  a d m in is tra tio n  of a b ac te ria l an tig en  to  th e  ovine fe tu ses en h an ced  IgG  
p ro d u c tio n  in  th e  m a te rn a l o rganism . B u t R o ss i et al. [13] found  no s ig n ifican t 
increase o f  th e  m a te rn a l im m une response on tre a tm e n t o f  bov ine  fe tu ses w ith  
Brucella abortus, M ycobacterium bovis an d  te ta n u s  to x o id .

F u r th e r  on, we in v es tig a ted  th e  occurrence of Ig -ca rrier cells in  sam ples of 
fe ta l  sp leen , liver, th y m u s, ly m p h  nodes, lung , k id n ey  an d  co ty led o n , using 
an ti-Ig G  an d  an ti-IgM  co n juga tes. T he Ig -positive  cells of th e  spleen w ere also 
exam ined  fo r topograph ic  d is tr ib u tio n . B eing th e  larg est lym p h o id  s tru c tu re , 
th e  spleen p lays a decisive role in  d ev e lo p m en t of th e  im m une  response [26—29]. 
D eve lopm en t of th e  im m unologically  co m p e ten t splenic s tru c tu re s  is, how ever, 
poo rly  u n d ers to o d . W e i s s m a n  [ 3 0 ]  observed  th a t  th e  ring-like p e ria rte rio la r  
ly m p h o cy te  aggregations found  in th e  fe ta l m ouse spleen con ta ined  Ig -p o sitiv e  
cells, b u t  th y m u s-d eriv ed  cells (T -lym phocy tes) ap p eared  in  th em  on ly  post 
p a r tu m . W e found a d issim ilar to p o g ra p h y  o f Ig -carrier cells in  th e  fe ta l ovine 
spleens: th e  Ig-positive cells were localized  around a rte rio les in m ost cases, 
b u t  less o ften  th e y  showed a focal —  g erm in a tiv e  cen tre-like  —  d is tr ib u tio n . 
IgG -positive  cells were n o t found  in  th e  fe ta l liver, lym ph  nodes an d  th y m u s , 
b u t  th e y  w ere d e tec ted  in  th e  lung , ren a l glom eruli and  co ty ledon . IgM -posi- 
tiv e  cells occurred  exclusively  in  th e  spleen, alw ays in diffuse lo ca liza tion . 
IgG and  IgM -positive cells w ere equ a lly  p re se n t in  blood sm ears, a t p ro p o rtio n s  
o f 6 -7  an d  1 -2 % , respectively .
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IMMUNOLOGICAL PROPERTIES OF 
STAPHYLOCOCCUS AUREUS COAGULASE

15. É l iá s

Institute o f  Epizootiology, University o f Veterinary Sciences, Budapest 

(R eceived J a n u a ry  9, 1979)

U sing  pu rified  enzym e in  agar gel p re c ip ita tio n , i t  was show n  th a t  staphy lococci p ro d 
uce tw o ty p es  o f coagulase  d ifferen t in  b io log ical ac tio n  a n d  im m unolog ical p ro p e rty . T he 
hom ologous enzym e is specific  for h u m an  fib rin o g en  in  s tra in s  belonging to phage g ro u p s I ,  
I I ,  I I I  a n d  specific  for b o v ine  fibrinogen in  s tra in s  of phage g ro u p  IV. The hetero logous enzym e 
acts u p o n  bovine  f ib rin o g en  in  case of s tra in s  belonging to  p h ag e  groups I, I I  o r I I I ,  a n d  
up o n  h u m an  fib rinogen  i f  th e y  belong to  p h age  group  IV. T he com ple te  enzym e p roduces w ith  
th e  serum  of th e  hom ologous enzym e tw o p re c ip ita tio n  b an d s in  a g a r gel; one is u n id e n tic a l, 
th e  o th e r  id en tica l w ith  th e  coagulase of s tra in s  belonging to  a n y  of th e  phage g roups. I n  a 
he tero logous sys tem , th e  enzym es of every  s tra in  give a single b a n d  reac tio n . The s tra in s  iso 
la ted  from  bovine  m a s tit is  a n d  ty p ab le  w ith  p h ag e  116 of p hage  group  I I  are an  e x cep tio n  in  
th a t  th e y  give a  p re c ip ita tio n  ban d  in  b o th  th e  hom ologous a n d  th e  hetero logous sy s tem s. 
These s tap hy locoagu lases show  in  b o th  system s an tig en ic  id e n ti ty  w ith  th e  hom ologous co agu
lase p ro d u ced  b y  s tra in  o f phage group IV.

C olonization  o f Staphylococcus aureus and  d eve lopm en t of th e  p a th o lo g 
ical p rocess depends on th e  fac t w h e th e r  th e  s tra in  is capable  to  ensure its  
own p ro tec tio n  befo re  being recognized  b y  th e  m acrophages. In  S . aureus 
s tra in s , th is  p ro te c tio n  develops u n d e r  th e  effect o f coagulase p ro d u c tio n . 
T herefo re, th e  a c t iv i ty  o f th e  enzym e a n d  its  im m unolog ica l p roperties are  o f 
im p o rtan ce  as to  th e  fa te  of staphy lococci in th e  ho st. Several au th o rs  co n n ec t 
th e  coagulase of S. aureus  w ith  p a th o g e n ic ity  [1— 4],  o th e rs  also w ith  v iru len ce  
[ 5 - 1 0 ] .

A n u m b e r of w orkers in v es tig a ted  th e  an tigen ic  p roperties o f s ta p h y 
lococcal s tra in s  be longing  to  d ifferen t phage ty p es. R am melkam p  et al. [11]  
and  D u t h ie  [12J described  th ree  an tig en ic  ty p es am ong  h u m an , an d  one 
an tig en ic  ty p e  am ong  bov ine  s tra in s. B a r b e r  an d  W i l d y  [13] produced  h y p e r
im m une sera  in th e  r a b b i t  against coagulases from  staphy lococci o f each  o f th e  
th ree  m ain  b ac te rio p h ag e  groups a n d  ag a in s t th e  coagulase of th e  s tra in  
ty p ab le  w ith  th e  p hages ЗА and  42E . T h e y  found  th a t  th ese  sera did n o t a ffec t 
th e  c lo ttin g  o f p lasm a  b y  coagulase from  o th e r s tra in s , b u t considerab ly  
decreased  th e  a c tiv ity  o f the  au togenous coagulase.

B l o b e l  and  B e r m a n  [14] in  th e ir  ad so rp tio n  experim en ts w ith  h y p e r
im m une sera  co n ta in in g  anticoagulases fo u n d  coagulases of d ifferen t a n tig e n i
c ity  in  th e  s tra in s  of th e  four phage groups.

1 Acta Microbiologica Academiae Scientiaruin Hungaricae 27, 1980
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W h en  t i t ra t io n  o f coagulase w as done para lle l in  h u m a n  and  bovine 
p la sm a  in  experim en ts w ith  s tra in s  o f h u m a n  an d  bovine subspecies, I  found  
t h a t  one and  th e  sam e s tra in  p roduced  s im u ltan eo u sly  tw o ty p e s  o f coagulase 
d iffe re n t in  action  an d  q u a n tity . S tra in s  o f phage groups I , I I  an d  I I I  p roduce 
b esid e  a  hum an  fib rinogen-specific  (hom ologous) enzym e also a bovine f ib r in 
ogen-specific  (hetero logous) enzym e. A sim ilar re la tionsh ip  w as found  in  
s t r a in s  o f phage g roup  IV , w here th e  enzym e c lo ttin g  bovine fib rinogen  is th e  
hom ologous and  th e  enzym e ac tin g  on h u m a n  fib rinogen  is th e  hetero logous one.

In  fu r th e r  s tu d ies  I w an ted  to  c la rify  th e  im m unological p roperties of 
th e  enzym e. Since m y p rev ious in v es tig a tio n s  p roved  th a t  in te rm e d ia ry  s tra in s  
ly se d  b y  phage 116 o f p hage  group I I  o ften  cause bovine m a s titis  in  H u n g ary , 
e x a m in a tio n  of th e  coagulase of these  s tra in s  form ed p a r t  of th e  s tu d y .

M aterials an d  m ethods

Production and titration o f immunologically pure coagulase. The s tra in s  w ere p ro p ag a ted  
in  n u tr ie n t  b ro th  of p H  7.2. T he cell-free f i l t r a te  w as co n cen tra ted  10-fold, th e n  ch ro m a to g rap h 
e d  o n  G-75 w ith  0.4F  p h o sp h a te  c itra te  buffer. T he frac tio n s  were t i t r a te d  in  a  corresponding  
c lo tt in g  system  (h u m an  or bovine  p lasm a, 20%  p h o sp h a te  c itra te  buffer p H  7.0, 1 v o l%  bovine  
se ru m  album in). E n zy m e p u r i ty  o f th e  co ag u lase-con tain ing  frac tions w as checked b y  acry l 
am id e  gel and im m unoelectrophoresis. H aem olysin  c o n te n t of th e  frac tio n s w as adsorbed  on  
sh eep  e ry th ro c y te  s tro m a . T he im m unolog ically  p u re  enzym e was a d ju s ted  so as to  co agu late  
e q u a l  p lasm a volum es.

Vaccine production. T he pu re  enzym e of th e  above t i t r e  was m ixed w ith  a n  equal a m o u n t 
(200  m l) of hom ologous or hetero logous c itra te d  p lasm a . A fter c lo ttin g , th e  p re c ip ita te  was 
c en tr ifu g e d  a t  3000 rp m  fo r 30 m in  th a n  allow ed to  d ry  a t  room  tem p e ra tu re . The ra b b its  
w ere  im m unized  w ith  doses co n ta in in g  200 m g of th e  vaccine suspended  in  2 m l in com plete  
F re u n d  ad ju v a n t.

Serum production. T he ra b b its  were im m u n ized  on th ree  occasions in  w eakly  in te rv a ls  
b e fo re  tak in g  th e  f irs t  te s t  blood sam ple. A n tib o d y  t i t r e  of th e  serum  w as d e term ined  w ith  
th e  p u rif ie d  enzym e an tig en .

Examination o f the identity o f coagulases o f  strains o f different phage groups. T his w as 
d o n e  b y  agar gel p re c ip ita tio n  in  2 system s, (a) hom ologous serum  +  com plete  enzym e a n ti-

ТаЫе I

Characteristic properties o f the strains

Strain No. Phage group Lysing phages Haemolysin
produced Origin

719/75 I 52 A + a  +  Ô H u m an  pathological
729/76 I 2 9 +  + at +  ô m ateria l

499/77 II ЗА + ;  71 + a  +  <5 H u m an  pathological
765/76 и 3 C +  +  ; 55 + ;  71 + a  +  d m ate ria l

842/75 и 116 +  + ß +  ô Bovine m astitis
774/76 и 116 +  + ß + d
317/76 h i 42E + ;  75 + ;  84 + a  +  <5 H u m an  pathological
654/74 53 -H~r a  +  ô m ateria l

129/77 IV 1 0 2 + ; 117 +  +  ; 42D + a  +  ß +  d B ovine m astitis
640/75 IV 102 +  ; 107 + ;  117 +  + a  +  ß +  ó
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gen; (b) hetero logous serum  -f- com plete enzym e a n tig en . The com plete  enzym e a n tig e n  of 
th e  above t i t r e  w as m easu red  in to  th e  c en tra l w ell a n d  0.02 m l volum es of th e  sera to  be te s te d  
w ere m easu red  in to  th e  wells a ro u n d  it.

Stra ins. C h arac te ristic  p ro p e rtie s  o f th e  s tra in s  un d er s tu d y  are  show n in  Table I.

R esu lts

Comparative exam inations by agar gel precipitation. In  assays w ith  hom ol
ogous sera, tw o  p rec ip ita tio n  hands are  fo rm ed  if  th e  s tra in s  belong to  th e  
sam e phage group . The f irs t  b a n d  is p ro d u c e d  betw een th e  enzym e and  se ru m  
o f  th e  s tra in  belonging to  th e  id en tica l p h ag e  group. E x cep tio n s  are s tra in s  
o f  phage g roup  IV  and  th o se  ty p a b le  w ith  phage 116 of g roup  I I ,  w hich re a c t 
w ith  each o th e r, too . T hese sera ex h ib it com plete id e n tity . The o th e r b a n d  
develops b e tw een  th e  enzym es and  th e  se ra  of every s tra in ; these  reac tio n s 
d isp lay  com plete  an tigen ic  id e n tity  (F ig . 1.). In  assays w ith  heterologous sera  
th e re  is a sing le-band  reac tio n  show ing com plete  an tigen ic  id e n tity  b e tw een

1 » Ш IV
*  / 7  1 w 1 w —  1

1 H
я

!V / —— 1
/Н *

Ш  у —  
/I V

*  MS ■  m  H i t  !
*  1 >

Fig. 1 .  E x am in a tio n  in  ag ar gel of th e  id e n t i ty  of com plete enzym e an tigen  
an d  hom ologous sera

1 II < Il m e IV

<

- lv  J  '
IV I 
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• m e
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F ig. 2. E x am in a tio n  in  ag ar gel of th e  id e n ti ty  of com plete enzym e 
a n tig en  and  h e te ro lo g o u s sera
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th e  coagulases an d  th e  se ra  of th e  s tra in s  o f every  p h ag e  ty p e , except th e  
s tra in  phage ty p e  116 o f phage group I I ,  w here th e  re a c tio n  is douh le-handed  
(Fig. 2).

D iscussion

T he ex am in a tio n s in d ica te  th a t  S . aureus  s tra in s p ro d u ce  tw o coagulases 
id en tica l in  m olecular w eigh t b u t d iffe ren t in  biological a c tio n  and im m u n o lo 
gical p ro p erties . T he s tra in s  belonging to  th e  in d iv id u a l ph ag e  groups u tilize  
b o th  coagulases to  c lo t hom ologous fib rin o g en , i. e. w hen  colonizing th e  sam e 
organism . This is in d ic a te d  b y  th e  doub le  reac tio n  o bserved  in hom ologous 
system s betw een  th e  an tig en  and  th e  se rum  o f th e  s tra in  belonging to  th e  sam e 
phage group . On th e  o th e r  h an d , an d  in  ag reem en t w ith  th e  resu lts of B l o b e l  

and  B e r m a n  [14] coagulases of th e  s tra in s  belonging  to  th e  ind iv idual p h a g e  
groups d iffer in  an tig en ic  p roperties. T h e  p resen t s tu d ies  suggest th a t  th e  
difference is va lid  on ly  fo r th e  hom ologous coagulases o f th e  stra ins. E x c e p 
tions are th e  hom ologous coagulases o f th e  s tra in s  of p hage  group IV  (bov ine 
subspecies) w hich d isp lay  com plete an tig en ic  id e n tity  w ith  th e  hom ologous 
coagulases of th e  s tra in s  ty p a b le  w ith  ph ag e  116 of pliage group II . A lth o u g h  
th e  la t te r  s tra in s  are  s im ila r in  several a sp ec ts  to  s tra in s  belonging to  h u m a n  
subspecies, th e  ch a rac te ris tic s  of coagulase a c tiv ity  m ig h t explain  th e ir  ro le  
in bov ine  m astitis .

T he s itu a tio n  d iffers as concerns th e  c lo ttin g  of hetero logous fib rin o g en , 
th a t  is, w hen  th e  m icroorgan ism  is a b o u t to  colonize an  alien  host. In  th is  case 
only  th e  hetero logous coagulase p a r tic ip a te s  in th e  reac tio n . This is in d ic a te d  
b y  th e  m ark ed ly  low er coagulase t i tre s  o f th e  s tra in s  in heterologous p la sm a  
[7, 8]. T his could acco u n t for the  fac t th a t ,  owing to  th e ir  enzym e spec ific ity , 
s tra in s  o f ce rta in  subspecies are less capab le  to  colonize th e  hetero logous 
organism .

F rom  am ong th e  g rea t n u m b er o f s tra in s  te s te d , those ty p a ld e  w ith  
phage 116 of phage g roup  II are ce rta in ly  excep tions, since th e ir  en tire  enzym e 
stock  p a rtic ip a te s  in  c lo ttin g  b o th  h u m a n  an d  bovine fib rinogens. These s tra in s  
should  th ere fo re  be reg a rd ed  as in te rm e d ia ry  form s.
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STAPHYLOCOCCUS AUREUS HAEMOLYSINS: 
THEIR USE IN STRAIN TYPING

B. É l iá s  a n d  J .  K ö f e r

Institu te  o f  E pizootiology , U niversity  o f  Veterinary Sciences, B udapest, H ungary and Second 
Department o f  In ternal M edicine and Epizootiology , U niversity  o f  Veterinary Sciences, V ien n a ,

A u stria

(R eceived J a n u a ry  9, 1979)

B y using  a /M ysin-producing  te s t  s tra in  and  anti-/? -f- <5 ly sin s, th e  lysins of S taphylo 
coccus aureus s tra in s  can  easily  be determ ined . T he m eth o d  was u sed  for ex am in atio n  o f th e  
haem olysin  p ro d u c tio n  of 300 S. aureus s tra in s  iso la ted  from  h u m an  p o st m ortem  m a te ria l  
and bovine m as titis . The re su lts  were cross-checked w ith  those  of th re e  o th er ty p in g  te s ts , 
viz. phage ty p in g , c ry sta l-v io le t a c tiv ity  and lipase  p ro d u c tio n . S tra in s  iso lated  from  h u m a n  
m ate ria l p ro d u ced  m ost f req u e n tly  a  - f  <5, and  less f req u e n tly  d or a  ly sins. The isolates be longed  
to phage g roups I, I I  or I I I ,  w ere c ry sta l v io le t n eg ativ e  an d  p ro d u ced  lipase. The b o v in e  
stra in s  p ro d u ced  m o stly  ß  -f- d o r a  -f- ß  + Ô  lysins, less freq u e n tly  ô o r ß  lysins. The iso la te s  
belonged to  p h ag e  group  IV or w ere ty p ab le  w ith  p h age  116 of p hage  group  I I .  The m a jo r i ty  
of th e  s tra in s  w as c ry sta l-v io le t n eg ativ e , lipase p ro d u c tio n  was n o t ch arac te ris tic .

Staphylococcus aureus s tra in s  produce  th ree  d iffe ren t haem olysins: a , ß , ô. 
O riginally , staphy lococci form ed all th e  th re e  haem olysins (th e rea fte r ly sin ). 
In  th e  course o f m u ta tio n s , how ever, severa l co m bina tions em erged th ro u g h  
the loss o f th e  a b ility  to  excre te  one or tw o to x in s  [1, 2]. T h is fac t can be m ade 
use of in  th e  ty p in g  o f s tra in s . A ccording to  Meyer [3], d e te rm in a tio n  o f 
lysins is a v a lu ab le  too l in  th e  ty p in g  of S . aureus s tra in s . This au th o r used  a 
ß  -f- <5-ly sin -p roducing  te s t  s tra in  for th e  d em o n stra tio n  of lysins and  d ed u ced  
th e  ly sin -p ro d u c in g  c a p ac ity  of th e  s tra in s  from  th e  in te ra c tio n  of the  ly s in  o f  
th e  te s t s tra in  w ith  tho se  o f th e  s tra in s  u n d e r s tu d y . L ysin  p ro d u c tio n  is 
exam ined  on blood  agar p la te s  a fte r in cu b a tio n  a t 37 °C for 24 hr. The u n d e r
lying p rincip le  is th a t  ß  ly sin  inh ib its  a lysin , w hereas i t  p o te n tia te s  th e  effect 
o f á lysin . In  th e  course o f stu d y in g  th e  ly sin -p roduc ing  c a p a c ity  of a n u m b e r 
of s tra in s , we found th a t  th e  s im u ltaneously  form ed lysins affect each o th e r 
and  also th e  ly sin  of th e  te s t  s tra in , th ere fo re  th e  m eth o d  involves sources o f  
error. On th e  o th e r h an d , m ethods n o t using  a te s t  s tra in  are u n certa in  [4] 
or tim e consum ing .

In  an  a t te m p t  to  e lim inate  th e  sources of erro r, we e lab o ra ted  a m e th o d  
b y  w hich th e  lysin  p ro d u c tio n  of th e  s tra in s  can ra p id ly  be de te rm in ed . 
A ^-ly sin -p roduc ing  te s t  s tra in  and  an ti- ß  ô lysin  w ere used  in  th e  p rocedure .

M aterials and  m ethods

The ly s in s  are demonstrated in  blood ag ar m ed iu m  w hich  co n ta in s 20%  d e fib rin a te d  
sheep blood. T he fresh ly  ta k e n  b lood is cen trifuged  a t  3000 rp m  for 20 m in , th e  serum  is rem oved , 
and  th e  red  cells a re  resuspended  to  th e  o rig inal volum e w ith  physio log ica l saline. O ne
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p la te  allow s to  determ ine 8-10  s tra in s . F irs t  th e  te s t  s tra in  is ino cu la ted  in  th e  to ta l  le n g th  of 
th e  d iam e te r using  th e  longer edge  of a  flam e ste rilized  slide. P e rp en d icu la r to  th is , th e  s tra in s  
u n d e r  s tu d y  are  in ocu la ted  w ith  th e  sh o rt edge o f a  flam e  sterilized  slide, in  a m an n e r th a t  
th e  lin es o f in o cu la tion  sh o u ld  b e  a t  3 -4  m m  d is tan ce  fro m  th e  te s t  s tra in  an d  a t  16-18  m m  
fro m  each  o th er. T hen  ro u n d  w ells 6 m m  in  d iam e te r a re  p repared  a t  e q u a l d istan ces b e tw een  
th e  s tra in s  and  0.05 m l of th e  a n ti-  ß  ô ly sin  se ru m  is m easu red  in to  th e  wells. A fte r  in c u b a 
t io n  a t  37 °C for 24 h r  th e  p re p a ra tio n s  are k e p t a t  4 °C fo r 48 hr. T he re su lt  is re ad  on  or a fte r  
th e  fo u r th  day .

Production o f  an tilysin . A  s tra in  p ro d u c in g  ß  <) lysins is used . I n  th e  p resence of a 
,0-ly sin -p roducing  te s t  s tra in , th e  s tra in s  will be  ch arac te rized  b y  a d o ub le  haem olysis zone 
in  th e  b lood  ag ar p lates. U n d e r th e  effect o f th e  ß  ly s in , th e  o u ter zone m erges w ith  th e  zone 
o f th e  te s t  s tra in  show ing а - ty p e  haem olysis. D ue to  th e  p o ten tia tio n  o f th e  ß  ly sin  e ffec t, 
a  s tro n g  haem oly tic  a c tiv ity  o f th e  / i- ty p e  is v isib le  in  th e  in n er ô zone. T h e  haem olysis sp reads 
also  in to  th e  discoloured zone o f  th e  te s t  s tra in .

T he s tra in  u n d e r s tu d y  is in o cu la ted  in to  50 m l b ro th , p H  7.2. T he cu ltu re  is r o ta te d  in  a 
sh a k e r  a t  low  frequency  (1 20 cycles/m in) in  a  37 °C w a te r  b a th  for 24 h r , th e n  filte red  th ro u g h  
a b a c te riu m -re ta in in g  filte r . A  double  a m o u n t o f 5 % -c itra te -co n ta in in g  bovine p lasm a  is 
g iv en  to  th e  f i ltra te  and  th e  p re p a ra tio n  is k e p t a t  37 °C for 6 hr. The p re c ip ita te  is cen trifuged  
a t  4000 rp m  for 1 hr. T he s u p e rn a ta n t  is c o n ce n tra ted  to  one-fourth  in  a d ialysis bag. To th is 
a n  e q u a l am o u n t of in co m p le te  F re u n d  a d ju v a n t  is ad d ed  and a 2 m l dose of th e  m ix tu re  is 
u se d  fo r th e  im m u n iza tio n  of ra b b its . T he in je c tio n  is given to  th e  b a c k  of th e  th ig h  2 cm 
a b o v e  th e  heel tuberc le . T h e  p ro ced u re  is p e rfo rm ed  th ree-tim es a t  10-day in te rv a ls . The 
a n tily s in  t it re  of th e  te s t  b lo o d  serum  o b ta in ed  b y  h e a r t  puc tu re  is e v a lu a te d  on th e  basis 
o f  th e  in h ib ito ry  effect on  th e  haem olysis zones o f th e  original s tra in  p ro d u ced  in  th e  p la te  
c u ltu re . The serum  can  be u sed  i f  i t  is b iv a le n t, i. e. i t  in h ib its  b o th  zones to  an  equal e x te n t.

R esults

C orresponding to  th e  th re e  lysins (a, ß , ô), th e  follow ing seven com bina
tio n s  are  possible in  th e  ly s in  p ro d u c tio n  o f th e  s tra in s: a , ß, ô, «.-\-ß, c n f-ß ^ b ,  
ß-\-ô .  In  d e te rm in a tio n  o f  th e  s tra in , th e  effect of th e  lysins as well as th e  
lysin r-an tilysin  in te ra c tio n  have to  he ta k e n  in to  account.

1. I f  th e  s tra in  p ro d u ces only a ly sin , th e  haem olysis is strong , o f th e  
/?-type , th e  zone is b ro a d , th e  edges are  b lu rred . A w edge-shaped  in h ib itio n

* p u
Fig. 1. Schem e for th e  d e te rm in a tio n  of haem olysins
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p a tte rn  is visible in th e  discoloured zone of th e  te s t  s tra in . There is no a n ti-  
lvsin  effect (Fig. 1 an d  Fig. 2).

2. W ith  /i-lysin-producing  s tra in s , th e  haem olysis zone of th e  s tra in  
m erges w ith  th a t  o f th e  te s t  s tra in . The d isco loured  zone is hom ologous, 
haem olysis is w eak  (no to ta l c learing), th e  zone is sh a rp ly  dem arca ted  from  
its  env ironm en t. O n th e  effect o f /S-antilysin, in h ib itio n  can be seen in  th e  
haem olysis zone (F ig . 1 and Figs 2—3).

3. The haem olysis zone of b ly sin  is usually  n a rro w , haem olysis is a p p ro x 
im a te ly  of ß  degree. T here  is a sem ic ircu la r ex tensive ß  haem olysis in th e  zone 
o f th e  te s t  s tra in . T he Ő-antilysin produces in h ib itio n  (F ig. 1 and  Figs 2—6).

4. In  case o f jo in t a -f- ß lysin  excre tion , th e  haem olysis zone is doub led . 
B eside a c ircu lar zone, sharp ly  d em arca ted  from  its  en v iro n m en t and  show ing  
a w eak er haem olysis (ß lysin), an in n e r  fully  c leared  zone is visible (a lysin ).

Fig. 2. a  (9), ô (4, 5, 6 , 8, 10) and ß  +  ô (1, 2, 3, 7) ly sin -p ro d u cin g  S. aureus s tra in s

Fig. 3. ß  (2), d (3, 4, 5) a -(- ô (1) and  ß  -)- ô (7) ly sin -p ro d u cin g  S. aureus s tra in s
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Fig. 5. ô (2, 5, 6, 7, 8), ос -(■ <5 (3, 4) an d  ß  +  <5 (1) lysin -producing  S. aureus  stra ins

T h e la t te r  shows som e degree of in h ib itio n  in  th e  zone of th e  te s t  s tra in . T he 
a n tily s in  effect is ch a rac te ris tic . T he anti-/? lysin  of th e  se ru m  inh ib its  th e  
ß  ly s in . The in h ib ito ry  ac tion  of ß  ly sin  on a  lysin  ceases in  th e  zone, th erefo re  
a  sem ilu n ar /?-type haem olysis p a tte rn  develops under the  effect o f th e  lib e ra ted  
a  ly sin  (Fig. 1).

5. I f  th e  s tra in  produces x ß - ß  ly s in s, haem olysis is p ro n o u n ced  (/?-tvpe), 
in h ib itio n  of th e  zone o f th e  te s t  s tra in  e x h ib its  a p a tte rn  as if  th e  s tra in  form ed 
o n ly  a lysin. The p resence  of Ь lysin  can  be deduced from  th e  in h ib itio n  of th e  
a n tily s in  effect (F ig . I and  Figs 2—6).

6. I f  all th e  th re e  lysins are  fo rm ed , th e  em erging p a tte rn  sim ulates 
a -\-ß  Ivsin p ro d u c tio n . A t th e  sam e tim e , th e  in h ib ito ry  effect o f th e  an tily sin  
invo lves also th e  in n e r  (a-(-0) ly tic  zone, th erefo re  th e  sem ilu n ar d isco loura
t io n  developing on a  lysin  action  sp read s to  th e  inner zone (F ig . 1 and  Fig. 6).
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Fig. 6. ô (5, 6, 7), ß  +  <5 (1, 8) and  a  -f- ß  +  <5 (2, 3, 4) ly sin -p roducing  S. aureus s tra in s

7. In  case of ß-\-Ö lysin  p ro d u c tio n , the  haem olysis zone is doub led . 
A  com plete  (/3-type) haem olysis is v isib le  in  th e  inner zone ex ten d in g  w ith  a 
large halo  to  th e  haem olysis zone of th e  te s t  s tra in . T he a n tily s in  in h ib its  b o th  
zones (F ig . 1 and  Figs 2—6).

T he m ethod  was used  for th e  d e te rm in a tio n  of h aem olysin  p ro d u c tio n  of 
300 S . aureus s tra in s  each  iso la ted  fro m  hum an  pa th o lo g ica l m ateria ls  an d  
bov ine  m astitis . The resu lts  were e v a lu a te d  to g e th e r w ith  those o f phage 
ty p in g , c rysta l-v io le t a c tiv ity  and  lip ase  p roduction  [3, 5, 6] as show n in 
T ab les I , I I ,  I I I  and  IV .

T ab ic  I

H aem olysin production, crystal-violet activity 
and lipase production o f  300 S. aureus 

strains isolated from  hum a n  pathological material

H aem o ly sin
p ro d u ced

S tra in s C ry s ta l v io let te s t L ipase p ro d u ctio n

N o. % + - + 1 -

a 24 8.0 24 24 —

ß 3 1.0 2 1 3 —

s

* + ß
a  +  <5

81 27.0 9 72 78 3

178 50.9 33 145 178 —

a  +  ß  +  ô 3 1.0 — 3 3 —

ß  +  ö 11 3.6 2 9 10 1

T o ta l 300 100.0 46 254 296 4
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Table II

Phage pattern and haemolysin production o f  
300 S. aureus strains isolated 

fro m  hum an pathological material

P h ag e  groups 
(lysing  phages)

S tra in s

N o . %

I
29 ,5 2 , 52A, 80,81,95 89 29.7

II
ЗА , 3C, 55,71 ,116 51 17.0

III
4 2 E , 47, 53, 77, 83A, 84, 85 116 38.7

M
ЗА, 3C, 29, 42E,52A, 53, 

83A, 94 ,96 ,117 ,118
32 10.6

NT 12 4.0

T o ta l 300 100.0

H aem o ly s in s

a +  j a  +  ô a + ß + ö ß  +  ö

М =  m ixed 
N T  =  non-typable

16

8

6

21

23

31

81

83

10

85

-  178

10

11

Table III

H aem olysin  production , crystal-violet activity and lipase  
production o f  300 S. aureus 

strains isolated fro m  bovine mastitis

H a e m o ly s in
p ro d u ce d

S tra in s C ry s ta l V o le t te s t L ipase  p roduction

N o. % + - + -

a 16 5.3 8 8 n 5

ß 19 6.3 19 — 9 10
ő 58 19.3 50 8 31 27

a  +  ß 7 2.3 7 — 7 —
a  - f  ô 23 7.7 16 7 18 5

ot +  ß  +  Ô 87 29.0 75 12 18 69
ß + ö 90 30.0 85 5 45 45

T o ta l 300 100.0 260 40 139 161
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Table IV

Phage pattern and haemolysin 
production o f  300 S. aureus 

strains isolated fro m  bovine mastitis

P h a g e  groups S tra in s H aem o ly sin s
(lysing  phages

N o. % a ß <5 a  +  ß a  +  ô a + ß + ö P +  ô

и
(ЗА, 3C) 9 3.0 — — _ 2 5 2 _

I I
(116) 78 26.0 5 2 32 _ 9 14 18

I I I
(42E, 77, 8ЗА) 9 3.0 5 1 2 _ _ _ 1

IV
(42D, 102,117) 168 56.1 — 16 23 2 _ 63 64

M
(42D, 42E , 77 ,102,117) 7 2.3 _ _ _ 2 1 3 1

N T 29 9.6 6 — 1 1 8 7 6

T otal 300 100.0 16 19 58 7 23 87 90

M =  m ixed 
NT =  non-typable

D iscussion

In  agreem ent w ith  th e  d a ta  in  th e  lite ra tu re  [3, 4 ]. th e  resu lts in d ica te  
th a t  th e  m eth o d  is well su ite d  for th e  ty p in g  of S . aureus  s tra in s . Iso la te s  
from  h u m a n  patho log ical m a te ria ls  u su a lly  produce  ly sin , less fre q u e n tly
ä or a  ly sin . In  decreasing  o rder (38, 29 an d  17% ), th e  s tra in s  belong to  
phage g roups I I I ,  I  an d  I I ,  an d  are lysed  b y  m ixed phages in  10% . No c h a ra c 
te ris tic  co rre la tion  ex ists b e tw een  h aem olysin  fo rm a tio n  an d  phage group . 
The m a jo rity  of the  ty p a b le  hum an  s tra in s  are c ry sta l-v io le t nega tive , b u t 
p roduce  lipase alm ost w ith o u t excep tion . T he s tra in s responsib le  fo r bov ine  
m astitis  a re  m ostly  or a-|- ß - \ - ö  pro d u cers , less fre q u e n tly  <5 or ß  ly sin
p roducers. T he p a rtic ip a tio n  of o th e r lysin -p roducing  s tra in s  is below  10% . 
The re la tio n sh ip  betw een  ly sin  p ro d u c tio n  an d  phage g roup  is also ch a ra c 
te ris tic . S tra in s  ty p ab le  w ith  phage 116 o f phage group I I  form  ö or ß f - ö  

lysins, s tra in s  of phage g roup  IV  excre te  ß  and  x - \ - ß - \ - ö  lysins beside th e  
to x ins. T he m ajo rity  o f ty p a b le  s tra in s  are  c ry s ta l v io let positive . In  c o n tra s t 
to  M e y e r ’s finding, th e ir  lipase  p ro d u c tio n  does no t rev ea l a n y  ch arac te ris tic  
conclusion in  typ ing .
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THE PROCOAGULANT ACTIVITY OF LEUKOCYTES 
PRETREATED WITH RADIODETOXIFIED 

ENDOTOXIN

T . S z i l á g y i , H e d v i g  C s e r n y á n s z k y , E . G a z d y  and L. B e r t ó k

In stitu te  o f  Pathophysiology , University M edical School, Debrecen and  44Frédéric Joliot Curie”  
N ational Research Institu te  fo r  Radiobiology and R adiohygiene, Budapest

(R eceived M ay 29, 1979)

R a b b its  were t r e a te d  w ith  Escherichia coli 0 8 9  en d o to x in  de tox ified  by  ionizing ir r a 
d ia tio n  (eoCo-gam m a). T h e  leukocytes (PM N s in  90% ) o b ta in ed  fro m  ra b b its  th a t  h ad  been  
tre a te d  w ith  th e  m o th e r en d o to x in  elicited a w ell defined, those  o b ta in e d  from  ra b b its  p re tr e a t
ed  w ith  de tox ified  en d o to x in  elicited a less p ro n o u n ced , p ro co ag u lan t a c tiv ity . I t  is suggested  
t h a t  th e  p ro co ag u lan t e ffec t m ay  p lay  a p a r t  in  th e  m echan ism  of th e  local S h w artzm an  
phenom enon.

A few years ago we succeeded in p rep a rin g  an  en d o to x in  w ith  reduced  
to x ic ity  an d  u n ch an g ed  favourab le  p ro p e rtie s  [1]. T he detox ified  en do tox in  
induced  endo tox in  to le ran ce , increased  n a tu ra l re s is tan ce , and  proved  to  be 
p ro tec tiv e  ag a in st shock  and  ra d ia tio n  dam age, s im ila rly  as th e  u n tre a te d  
en d o to x in . I t  also re ta in e d  its  im m u n o a d ju v a n t a c tiv ity .

T he p re p a ra tio n  was less ac tive  th a n  th e  m o th e r endo tox in  in causing 
leukopen ia  and  th ro m b o c y to p e n ia , an d  in  reducing  th e  fib rinogen  level. T he 
com plem en t level w as p rac tica lly  u n ch an g ed  while th e  local S hw artzm an  
phenom enon  w as su b s ta n tia lly  red u ced  in  th e  ra b b its  p re tre a ted  w ith  th e  
detox ified  en d o to x in  [2—6].

R ecen tly , it  lias been  rep o rted  [7, 8] th a t  a su b stan ce  w ith  w ell-defined 
p ro co ag u lan t a c tiv ity  is released from  PM N  leukocy tes o f rab b its  p re tre a ted  
w ith  endo tox in . F u rth e rm o re , a p ro co ag u lan t effect was g enera ted  b y  h u m an  
leukocy tes in c u b a te d  w ith  endotoxin  in  vitro  [9].

The p resen t p a p e r  describes th e  e ffec t o f rad io d e to x ified  endo tox in  on 
the  p ro co ag u lan t-g en e ra tin g  ac tiv ity  o f en d o to x in -in d u ced  leukocytes.

M aterials an d  m ethods

E ndotoxin and its detoxification. T he en d o to x in  used in  th e  p re sen t w ork h ad  been  
e x tra c te d  b y  phenol—w a te r  from  Escherichia coli 0 8 9  [10] a n d  rep ea ted ly  cen trifuged  a t  
100 000 g  in  a B eckm an  L2 65B u ltracen trifu g e . T he en d o to x in  to  be de to x ified  was suspended  
in  d is tilled  w a te r (10 m g /m l) and irrad ia te d  b y  th e  m eth o d  developed  by  P r e v it e  et al. [11] 
a n d  m odified  b y  us. E n d o to x in  sam ples were ir ra d ia te d  w ith  v a rio u s  doses, viz. 5, 10, 15 an d  
20 M rads. (60C o-gam m a, N O RA TO M  3500).

Leukocytes. L eu k o cy tes  were p roduced  in  m ale ra b b its  o f 2500 to  3000 g bod y  w eight. 
E ac h  ra b b it  was given in tra p e rito n ea lly  40 m l o f a  7 %  sodium  casein ate  so lu tion  of p H  7.2.
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A fte r  a n  in te rv a l of 18 h r , th e  abdom inal c a v ity  was w ashed w ith  80 ml o f a  so lu tio n  co n ta in in g  
one p a r t  3 .8%  sodium  c itra te  and 4 p a r ts  physio log ica l saline, using p la s tic  syringes an d  n ee 
dles. T h e  ex u d a te  w as f ilte red , and  c en trifu g ed  a t  250 g fo r 10 m in; th e  cells w ere suspended  a n d  
w ash ed  tw ice in  c itra te  so lu tio n  of th e  ab ove  com position . N in e ty  p e r c en t o f  th e  cells th u s  
o b ta in e d  consisted of PM N  leukocytes.

Pretreatment o f  rabbits with endotoxin or radiodetoxified endotoxin. R a b b its  were d iv id ed  
in to  11 groups each  co n sistin g  of 6 an im als . T he ra b b its  in  group G (co n tro l) were g iven  no 
e n d o to x in , those in  g ro u p  E] an d  Ец rece ived  1 L D .j0 o f u n tre a te d  e n d o to x in  to g e th e r w ith  th e  
case in a te . Ец ra b b its  w ere g iven, in  a d d itio n  to  th e  in tra p e rito n ea l dose, th e  sam e dose o f 
e n d o to x in  in trav en o u s ly , 16 h r  la te r.

G roups R [, Rj°, R f5 a n d  Rj° were g iven  one 0.5 m g/kg  dose of ra d io d e to x ified  e n d o to x in  
fro m  th e  sam ples i r ra d ia te d  w ith  5, 10, 15 a n d  20 M rads, respectively . G roups Rfj, R ff, R ff 
a n d  R ff  were tre a te d  id en tica lly  an d  th e n  re in jec ted  in trav en o u s ly  w ith  0.5 m g /k g  of th e  
re sp ec tiv e  rad io d e to x ified  en d o to x in  16 h r  a f te r  th e  in tra p e rito n ea l in jec tio n .

T he ex u d ate  w as w ith d raw n  18 h r  a f te r  th e  caseinate  in jec tion .
M easuring o f  the procoagulant activ ity  o f  leukocytes. The coagu lating  a c t iv ity  o f leu k o cy te  

sam p le s was te s ted  in  n o rm al ra b b it  p lasm a . L eukocy tes were in cu b a ted  in  saline a t  37 °C 
fo r 30 m in  w ith  cau tio u s  sh ak ing  a t  5-m in  in te rv a ls . The coagu lation  tim es w ere re la ted  to  th e  
re ca lc ific a tio n  tim e of th e  n o rm al p lasm a, th e  la t te r  being  reg ard ed  as 100% . T he co ag u la tio n  
t im e  w as d e term ined  in  a  H yland -C lo tek  coagulom eter. The p ro co ag u lan t a c tiv ity  of cell 
susp en sio n s was m easu red  in  th e  follow ing sy s te m : 0.1 m l n o rm al c itra te  r a b b it  p lasm a, 0.1 m l 
cell suspension  (cell co u n ts  2.5 X Ю5, 5 X 10° a n d  1 X Ю6) and  0.1 m l 0.05 м  CaCl2 ■ 2 H 20 .

R esults

T he p ro co ag u lan t a c tiv ity  o f  th e  leukocy tes is show n in  Figs 1 an d  2. 
The p ro co ag u lan t a c tiv ity  o f co n tro l (C) leukocy tes, th o u g h  co n sis ten tly  

p re v a le n t, never exceeded  10% , even  i f  th e  cell coun t w as as h igh  as 106/m l;

[%]
100

2 0 -

[ce lls /0.1 ml 1

F ig . 1. P ro co ag u lan t a c tiv ity  of leu k o cy tes  in  p ercen tage  of reca lc ifica tio n  tim e. R a b b its  
w ere tre a te d  once w ith  u n tre a te d  e n d o to x in  (E i) an d  w ith  end o to x in  ir ra d ia te d  w ith  v a rio u s

doses (R E [)
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[7.1

[celts /0.1 ml ]

Fig. 2. P ro c o a g u la n t a c t iv ity  o f leukocytes in  p e rcen tag e  of reca lc ification  tim e. R a b b its  
were tre a te d  tw ice  w ith  u n tre a te d  endotox in  (Ец) a n d  w ith  e n d o to x in  irrad ia te d  w ith  v a rio u s

doses (R E |i)

th a t  of th e  E , leukocy tes w as 70-85% , i. e. th e  reca lc ifica tio n  tim e was sh o r t
ened by  70—8 5 % . The recalc ifica tion  tim e  ran g ed  betw een  100 m in and  220 m in .

The la rg e r th e  dose o f  irrad ia tio n , th e  w eak er th e  effect of th e  en d o to x in  
on th e  p ro co ag u lan t a c t iv i ty  of leukocytes. T h e  p ro co ag u lan t a c tiv ity  in d u c in g  
effect of th e  R E )0 p re p a ra tio n  was 1/4 to  1/3 o f th a t  o f th e  m o th er en d o to x in . 
The effect o f  th e  end o to x in  on the  p ro co ag u lan t a c tiv ity  o f th e  leukocytes w as 
only s ligh tly  increased  b y  th e  second (in trav en o u s) dose o f th e  en d o to x in  or 
rad io d e to x ified  endo tox in .

Discussion

The m echan ism  o f th e  p rocoagu lan t effect o f leu k o cy tes  resem bles th e  
effect of th e  co ag u la tin g  fac to r , in th a t  i t  a c tiv a te s  fa c to r  X  in  the  presence 
of fac to r V II  a n d  C a++ [8]. In  th e  presence o f 2.5 т м  C a + + , th e  o p tim u m  
release of th e  p ro co ag u lan t fac to r was observed  a t  37 °C betw een  p H  7 an d  
p H  8; th e  process is in ten se ly  inh ib ited  b y  v in b la s tin  a n d  cy tochalasin  В [12]. 
Also p erito n ea l m acrophages in cu b a ted  w ith  en d o to x in  e lic it a p ronounced  
p rocoagu lan t a c tiv ity . T he in  vitro p ro co ag u lan t a c t iv i ty  o f leukocytes from  
p a tien ts  w ith  chronic  m yelogenous leukaem ia  is w eaker th a n  th a t  o f n o rm a l 
leukocy tes; leu k o cy tes  from  p a tien ts  w ith  ch ron ic  ly m p h o id  leukaem ia e x e rt 
p rac tica lly  no p ro co ag u lan t a c tiv ity  [9].
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T h e p resen t resu lts  have  confirm ed  t h a t  leukocy tes (90%  PM N ) o b ta in ed  
fro m  e n d o to x in -tre a ted  ra b b its  possess a  w ell-defined p ro co ag u lan t a c tiv ity . 
T h e  a im  o f our ex p erim en ts  was to  show  how  th e  p ro co ag u lan t a c tiv ity -  
in d u c in g  effect of th e  end o to x in  is changed  b y  rad io d e to x ifica tio n . A fte r an  
i r ra d ia t io n  w ith  a large dose (20 M rads), th e  a c tiv ity  was su b s ta n tia lly  reduced . 
I t  h a s  also been show n th a t  a  second (in trav en o u s) in jec tion  of th e  en d o to x in  
or o f  rad iode tox ified  en d o to x in  increases on ly  sligh tly  th e  p ro co ag u lan t a c t iv 
i ty  o f  th e  ra b b it leukocy tes.

W e have rep o rted  recen tly  [6] th e  S hw artzm an  p h enom enon  p re p a re d  
a n d  in d u ced  w ith  rad io d e to x ified  en d o to x in  is less in tensive  th a n  th e  reac tio n  
in d u c e d  w ith  th e  m o th e r en d o to x in . In  earlie r experim en ts [13] we fo u n d  
t h a t  PM N  leukocy tes h ad  a c e n tra l ro le  in  th e  S h w artzm an  phenom enon . 
W e m a y  therefo re  conclude th a t  am ong  o th e r  effects [14], th e  p ro c o a g u la n t
g e n e ra tin g  effect o f PM N  leukocy tes m a y  p la y  an im p o r ta n t role in  th e  local 
S h w a rtz m a n  phenom enon .
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In  m em óriám  G yula T akátsy

T he d e a th  o f D r. G yula T a k á tsy  on M arch  12, 1980 b rings a sense of 
p ro fo u n d  resp ec t fo r his m em ory to  all w ho know  th a t  he w as a m an of genius 
in v e n tin g  th e  m ic ro titra tio n  tech n iq u e  now  w idely  used all over th e  w orld  in  
m icrobio logical, im m unological an d  clin ical labo ra to ries .

H e was b o rn  in  M agyara tád , H u n g a ry  on O ctober 22, 1914. H e en te red  th e  
U n iv e rs ity  M edical School, Pécs in 1932 an d  g rad u a ted  th e re  in  1938. A fte r  his 
g ra d u a tio n  he b egan  to  w ork a t th e  I n s t i tu te  of Public H e a lth , U n iv e rs ity  
M edical School, P écs an d  from  1942 to  th e  d a te  of his d e a th  he w as a  s ta f f  
m em b er of N a tio n a l In s ti tu te  of H yg iene , B u d a p e s t. B etw een 1942 and  1948 he 
c o n tr ib u te d  in  R ickettsia  prowazeki an d  o th e r  vaccine p ro d u c tio n s an d  in  1948 
he b eg an  his ca reer a t  th e  D e p a rtm e n t o f V iro logy . U n d erstan d in g ly  th e  la b o ra 
to ry  facilities w ere v e ry  poor a t  th a t  tim e  —  sh o rtly  a fte r  th e  W orld W ar I I .  
T here  w as a  sh o rtag e  even in basic la b o ra to ry  too ls like p ip e tte s  an d  te s t  tu b e s . 
J u s t  th is  d isap p o in tin g  p o v erty  gave h im  an  incen tive  to  en d eav o u r c rea tio n  of 
“ sim p le”  tools w h ich  could rep lace th e  c lassical lab o ra to ry  eq u ip m en ts . W ith  
his genu in  skill th e  problem  was solved w ith in  a very  sh o rt tim e . A lread y  in  
1950 he pu b lish ed  an  artic le  in  H u n g a ria n  w ith  th e  title  “ A new  m eth o d  fo r  
ra p id  and  accu ra te  perform ance o f seria l d ilu tio n s” in K ísérle tes O rv o stu d o -

2 * Acta Microbiologica Academiae Scienliarum Hungaricae 27,1980



196 IN  MEMÓRIÁM

m án y , describ ing  th e  sp ira l loop in stead  o f  p ip e tte  an d  g lass-p lates w ith  w ells 
in s te a d  o f tubes. T his m e th o d , fu rth e r dev e lo p ed  b y  ap p ly in g  spiral loops w ith  
m icro-volum es, p las tic  p la te s  w ith  m a tc h in g  w ell-volum es and  d roppers, w as 
p u b lish ed  in  1952 in  H u n g a ria n  in  th e  ab o v e-m en tio n ed  period ical an d  in  1955 
in  E n g lish  in  th is  jo u rn a l w ith  th e  t itle  “ T h e  use of sp ira l loops in  sero logical 
an d  v iro logical m ic ro -m eth o d s”  (3 , 191). T h is  b rillian t m eth o d  did n o t a t t r a c t  
considerab le  in te res t u n t i l  1962 when A m erican  au th o rs  pub lished  th e ir  re su lts  
on its  ap p lica tio n . I t  w as D r. T a k á tsy ’s m o ra l g rea tness b e ing  glad to  le a rn  th a t  
his te c h n iq u e  has got a w orld-w ide a ccep tan ce  w ith o u t re sp ec t th a t  th e re  has 
been a  ten d en cy  to  n eg lec t his p rio rity , a n d  th a t  he h a rd ly  had  any  sh a re  in  
p ro fits .

B esides th e  m icro -tech n iq u e  his s tu d ie s  on in flu en za  v irus b ro u g h t h im  
an  in te rn a tio n a l re p u ta t io n . He m ade s ig n if ic a n t co n trib u tio n s  in his 50 p u b li
ca tio n s connected  w ith  v a r ia b ility  of a n tig e n ic  s tru c tu re  an d  biological p ro 
p e rtie s  o f in fluenza  v iru se s , pa tho log ica l a n d  epidem iological im p o rtan ce  o f 
d iffe ren t in fluenza v iru s  v a r ia n ts , ecology o f in flu en za  v iru s , as well as in flu e n z a  
v iru s  vaccine p ro d u c tio n  a n d  control.

H e becam e th e  C h ief o f In fluenza  U n it  a t  th e  D e p a rtm e n t of V iro logy  in  
1957 w hich  fu n c tio n ed  as th e  N ational In f lu e n z a  C entre . Besides c a rry in g  ou t 
d iag n o stic  w ork, th is  sm all U nit u n d e r h is  leadersh ip  produced  y e a r ly  0.5 
m illion  doses of killed in flu en za  vaccine fro m  1960 on.

H e w as a m em b er o f  th e  B oard o f th e  H u n g a ria n  S ocie ty  of M icrobiology, 
w hich  Society  aw arded  to  h im  the  “ M ann inger M edal”  in  1979. He was h o n o u r
ed w ith  high d eco ra tions severa l tim es.

H e will be rem em b ered  as a sc ie n tis t who g re a tly  c o n trib u ted  to  th e  
a d v an cem en t of re sea rch  an d  p rac tica l w o rk  in  m icrobiology and  in  re la te d  
fie lds.

I. D öm ök
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B acterio logy

T H E  IN F L U E N C E  O F M E T H IC IL L IN  ON T H E  FA TT Y  A C ID  
C O M PO SITIO N  OF P H O S P H O L IP ID S  IN  STAPHYLOCO CCUS A U R E U S  

S E N S IT IV E  TO M E T H IC IL L IN

F.  R o z g o n y i , P.  B i a c s , J.  K is s  and L. V a c z i

In s titu te  o f M icrobiology , University M edical School, Debrecen and In stitu te  o f  Agricultural 
Chemical Technology, U n iversity  o f  Technical Sciences. B udapest

The in fluence  o f m ethicillin  (M ET) a t  1 [ig/m l ( =  У2хМ 1С ) an d  2 /^g/ml ( =  1 X MIC) 
on  th e  f a t ty  acid  com position  of p h o sp h o lip id s in  ex p o n en tia lly  growing Staphylococcus aureus 
5814S was ex am in ed  du ring  a period of 2 h r  t r e a tm e n t.  In  com parison w ith  th e  2 h r  con tro l, 
in  p h o sp h a tid ic  acid  th e  proportion  of C12 : 3, nC12 : 0, aiC15 : 0, aiC17 : 0, a iC l9  : 0, and  
nC19 : 0 was in creased  while th a t  of nC14 : 0, nC18 : 0, an d  nC20 : 0 was d ecreased  b y  1/ 2XM1C 
of M ET. T re a tm e n t w ith  lx M I C  of M E T  re su lte d  in  an  en hancem en t o f nC16 : 0, aiC17 : 0, 
C18 : 1, aiC19 : 0, a n d  nC20 : 0, w hereas in  a fall o f C12 : 3, nC14 : 0, aiC15 : 0, and  nC20 : 0. 
I n  p h o sp h a tid y lg ly ce ro l th e  p roportion  of C12 : 3 a n d  aiC15 : 0 decreased  b u t  th a t  o f aiC17 : 0 
a n d  nC20 : 0 in creased  under the  in fluence o f y 2x M IC  of MET. T here  w as a s tr ik in g  rise  in  
f a t t y  acids longer th a n  C15 while aiC15 : 0 fe ll on  th e  effect of 1 x M IC  of M ET. In  card io lip in  
У2 X MIC of M E T  cau sed  an  enhancem en t in  C16 : 1 an d  nC20 : 0 and  a decrease in  nC14 :0, 
aiC15 : 0, and nC16 : 0. T rea tm en t w ith  l x M I C  of M ET resu lted  in  a fa ll o f aiC15 : 0 and  
nC20 : 0 and an  in crease  in nC13 : 0, nC 14 : 0, nC16 : 0 and  i-C24 : 0. In  ly sy lp h o sp h a tid y l-  
glycerol th e  p ro p o rtio n  of aiC15 : 0, nC18 : 0 an d  nC20 : 0 was increased  w hile t h a t  of nC16 : 0 
a n d  aiC17 : 0 was low ered  by 1/ 2хШ 1С  o f M E T . E x p o su re  to  lx M I C  of M ET b ro u g h t ab o u t 
a rise  o f  aiC15 : 0, aiC19 : 0, nC19 : 0, a n d  nC20 : 0 a n d  a fall in  nC16 : 0 an d  aiC17 : 0 acids. 
T hese  resu lts  in d ic a te  th a t  phospholipid sy n th es is  m ay  be one of th e  sites o f ac tio n  o f M ET.

M O U SE  V IR U L E N C E  O F  M E T H IC IL L IN  R E SIST A N T  
STA PH Y LO C O C C U S A U R E U S

Z s. K ö v e s , К . S z i t h a  a n d  F. R o z g o n y i

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

T he m ouse v iru len ce  of a m ethicillin  sen sitiv e  (MS) su b s tra in  and  a m eth ic illin  re s is ta n t 
(M R ) m u ta n t b o th  d e riv ed  from  a n a tu ra l iso la te  o f  Staphylococcus aureus 5814 of m ixed  p o p u 
la tio n  were com pared . S ta tio n a ry  phase c u ltu re s  w ere cen trifuged  and w ashed  tw ice w ith  p h y 
siological saline so lu tion . T hen the b a c te r ia  w ere resu sp en d ed  in  F lu idex-40 so lu tion  an d  in 
je c te d  in tra p e rito n ea lly  in to  white m ale m ice  o f B A L B /c  w eighing 18 — 22 g. A fte r te n  days, 
th e  m ice were sacrificed  and the  k idneys a n d  th e  sp leen  were exam ined inacroscopically . N ine 
m ice o u t of ten , in je c te d  w ith  2.1 X 1010 cells o f MS S. aureus 5814S, d ied  w ith in  one d ay . One 
m ouse o u t of ten  in je c te d  w ith  5 х  Ю9 an d  1 X 109 cocci died. In  th e  su rv ivo rs th e  sp leen  w as
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en la rg ed  and u n ila te ra l k id n ey  abscesses occurred. A fte r th e  in jec tio n  of 5 X 108-1 0 7 b a c te ria  all 
m ice surv ived  and th e re  w as no a lte ra tio n  a t  au to p sy . N ine  m ice o u t o f te n  in jec ted  w ith  2 X 1010 
cells o f M R S. aureus 5814R  died  w ith in  one day . A fte r in jec tin g  4 x  109 cocci only one m ouse 
died. A dose of 5 X Ю9 cocci k illed  tw o m ice, and  th e  e ig h t su rv iv o rs show ed an enlarged spleen  
an d  k id n ey  abscesses. W h ereas 5 X 108 cocci killed one m ouse an d  th e re  was no m acroscopic  
change  in  the  rest, l x  108— 1 X Ю7 cocci caused no a lte ra tio n . M ouse v iru lence of th e  M R  an d  
MS cocci, as regards th e  tw o  s tra in s  exam ined , seems to  be v e ry  sim ilar. In  co n tra st w ith  som e 
l ite ra ry  d a ta  th e  M R cocci p ro v ed  to be pa thogenic  fo r mice.

E P ID E R M O L Y T IC  T O X IN  PR O D U C T IO N  B Y  STA PH Y LO C O C C U S A U R E U S

A. M a r t o n , G. J á n o s s y , P . M a j o r  an d  É .  T ö r ö k  

H eim  Pál Children4s H o sp ita l, Budapest and N ationa l Food Research Institu te , B udapest

E p iderm oly tic  to x in  o r exfo lia tin  is a s taphy lococca l ex o to x in  described recen tly  as th e  
cause of staphy logenous to x ic  ep iderm oly tic  necrolysis or scalded  sk in  syndrom e in  sm all ch il
d ren . In fec tion  w ith  to x in  p rod u c in g  staphylococci m ay  re su lt in  g rave  generalized ex fo lia tive  
d isease, scarla tin ifo rm  ra sh  or bu llous im petigo . E x fo lia tin  p ro d u c tio n  of Staphylococcus aureus 
s tra in s  iso lated  from  clin ical specim ens was stu d ied  b y  agar-gel p rec ip ita tio n . In  generalized  
ex fo lia tive  disease all s tap h y lo co cc i iso lated  from  nose, th r o a t  or sk in  lesion belonged to  p hage  
group  I I  and p ro d u ced  ex fo lia tin . In  o th er ty p es o f sk in  lesions a b o u t 50%  of phage g ro u p  I I  
s tra in s , while only a b o u t 2 0 %  of o th er phage group s tra in s  w ere ex fo lia tin  positive. A b o u t one 
f if th  of phage group I I  b u t  on ly  a few of o th er phage group  staphy lococci deriving from  o th e r  
c lin ical specim ens, p ro d u c ed  to x in . W hile exfo liatin  w as a lw ays d e tec tab le  in  the  cu ltu re  f i l t r a te  
o f  s tra in s  iso lated  from  to x ic  ep iderm oly tic  necrolysis, to x in  p ro d u c tio n  was also re la tiv e ly  fre 
q u e n t by  stra ins de riv in g  fro m  m iscellanous derm ato log ica l m a te ria l. O ur resu lts , in accordance 
w ith  lite ra ry  d a ta  show  t h a t  th e re  is a close re la tio n sh ip  be tw een  sen sitiv ity  to phage g ro u p  I I  
p h ages , ep iderm oly tic  to x in  p ro d u c tio n  and th e  d erm al orig in  of th e  organism .

C H A R A C T E R IZ A T IO N  O F STA PH Y LO CO CCU S A U R E U S  STR A IN S 
IS O L A T E D  FR O M  T H E  B O V IN E  M AM M ARY GLAN D

G. L o m b a i , L. J á n o s i , F. K a t o n a , P . M a j o r , H . M i l c h , 

L . O r m a y  an d  J .  T a k á c s

In stitu te  o f  Food H yg ien e , U niversity  Veterinary School, B udapest, N ational Institu te o f H yg iene , 
B u dapest and N ational Institu te  o f  N u tr itio n , B udapest

Bovine m am m al staphy lococci were te s te d  fo r c u ltu ra l  p ro p erties , phage p a tte rn , en te ro - 
tox ig en ic ity , M ayer’s c ry s ta l  v io le t te s t,  p igm en t p ro d u c tio n , lec ith in ase  a c tiv ity , coagulase te s t  
w ith  bovine and  r a b b it  se ru m , therm o stab le  d eoxyribonuclease  te s t  and  an tib iog ram . O u t of 
th e  iso lates 82%  show ed in te rm ed ia te  p roperties b e tw een  th e  bovine an d  h u m an  typ e . S ix o f th e  
in te rm ed ia te  and  5 o f th e  b o v ine  ty p e  stra in s  p ro d u ced  e n te ro to x in  ( to ta l, 11% ). In  th e  absence 
o f clinical m astitis , o n ly  non-en tero tox igen ic  s tap hy lococci w ere iso lated .
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A G G L U T IN A B IL IT Y , IM M U N O G E N IC IT Y  AN D  A G G L U T IN IN  
B IN D IN G  CAPACITY O F  A C IN E T O B A C T E R  ST R A IN S

M . M . A d a m  a n d  M . L u d á n y i

National In s titu te  o f  H ygiene , Budapest

Living cu ltu res  o f 110 Acinetobacter s tra in s  o f d ifferen t se ro ty p es show ed specific agg lu 
t in a t io n , 6 were au tc sg g lu tin a b le  in hom ologous im m u n e  sera p rep ared  w ith  fo rm alin ized  b a c 
te r ia . O u t of saline suspensions heated fo r 1 h r  a t  100 °C 3.4%  did n o t  a g g lu tin a te , n early  37%  
show ed K -type , 51%  О -ty p e  a rd  12%  a v e ry  finely  g ran u la r (R -ty p e ) ag g lu tin a tio n . B acteria  
h e a te d  for 2.5 h r  a t  100 °C generally a g g lu tin a te d  in  h igh  titre , ex cep t a few  low ti t r e  reac tio n s 
a n d  fin e  type  of ag g lu tin a tio n s. A lm ost in  5 0 %  of th e  cases th e  b a c te r ia  tre a te d  fo r 2.5 h r  a t 
121 °C ag g lu tinated  in  h ig h  titre . In sera p re p a re d  by  b ac teria  h ea ted  fo r 1 h r  a t  100 °C, w ith  few 
ex ce p tio n s  the  living c u ltu re s  ag g lu tinated  w ell, b u t  th e  w orking d ilu tions o f sera for slide agg lu 
t in a t io n  were lower t h a n  those  of the sera  p re p a re d  b y  form alin ized  b ac te ria . B acteria  h e a ted  
fo r  1 h r  o r 2.5 h r a t 100 °C generally  E g g lu tin ated  in  h igh  titre s , b u t  w ith  au to c lav ed  suspensions 
th e  t i t r e s  were lower. In  sera  p repared  by im m u n iz a tio n  w ith  b ac teria  h e a te d  for 2.5 h r  a t  100 °C, 
o n ly  one th ird  of hom ologous living b a c te r ia  a g g lu tin a ted  a t 1 : 5 d ilu tio n . The suspensions 
t r e a te d  a t  100 °C or a t  121 °C usually  re ac te d  a t  low  titre , b u t  p a r tly  gave h igh  ti t r e  or fa iled  
to re a c t.  In  the  sera p re p a re d  w ith bac teria  a u to c lav e d  for 2.5 h r a t  121 °C, w ith  th e  ex cep tio n  
o f som e low -titre  re ac tio n s , ne ither the  h e a te d  no r th e  living cu ltu res  reac ted . The О an d  К  
ag g lu tin in -b in d in g  c a p a c ity  of Acinetobacter cu ltu re s  w as of high degree in  th e  living as well as 
in  th e  h e a ted  s ta te  (100 °C for 1 h r or 2.5 h r). T he ag g lu tin in -b ind ing  cap a c ity  of au to c lav ed  
b a c te r ia  was som ew hat decreased . The h e a t  re s is tan ce  of Acinetobacter an tig en s v aried  g re a tly  
in  re sp e c t to  the  th ree  serological features.

IN C ID E N C E  O F A C IN E T O B A C T E R  IN  FA R M  A N IM A L S AND 
T H E IR  E N V IR O N M E N T

G y . T a k a c s  a n d  M . M . A d a m

Central Veterinary In s titu te , Budapest and  N ationa l Institu te  o f  H ygiene , Budapest

A  to ta l  of 42 Acinetobacter strains w ere iso la ted  from  198 sam ples. Acinetobacter w as 
iso la ted  besides Bordetella bronchiseptica from  th e  nose of a pig w ith  a tro p h ic  rh in itis  (4 stra in s). 
E n v iro n m e n ta l in v es tig a tio n s  in the b reed ing  fa rm  y ielded  23 s tra in s  fro m  155 sam ples, d if
fe re n t in  an tigen ic  s tru c tu re  from  the pig s tra in s . In  a p o u ltry  b reeder 2 Acinetobacter s tra in s  
w ere iso la te d  from  6 in cu b a to rs . Acinetobacter w as fo u n d  besides Streptococcus equi in  th e  sn o u t 
of a h o rse  w hich suffered from  acute aden itis  eq u o ru m  (1 s tra in ). I t  could be iso lated  from  th e  
sn o u t, co n junctivae  an d  d rin k in g  w ater even a f te r  recovery  of th e  horse (4 s tra in s). E ig h t s tra in s  
w ere g ro w n  from  th e  d r in k in g  w ater of an im als in  th ree  fa rm s and from  a d ilu ted  m an u re  in  
a n o th e r  fa rm  (19 sam ples). H a lf  of the s tra in s  d iffered  in  an tigen ic  s tru c tu re  from  H u n g a rian  
s tra in s  o f h u m an  origin.
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A N E W L Y  R E C O G N IZ E D  T H E R A P E U T IC  E F F E C T  O F  P R E N Y L A M IN E

L. Z a l a y , I. G y a r m a t i , E . S z a t l ó c z k y , G . T a t á r , M. M. C s é p a i ,

G . C s á k v á r i , К . B á n d y  a n d  Zs. T ó t h

In s titu te  fo r  Serobacteriological Production and Research H u m a n , B u dapest, Institu te  
o f  M icrobiology , Semmelweis U niversity  M edical School, B udapest, N ationa l In stitu te  o f  H ygiene, 

B udapest and Postgraduate M edical School, B udapest

P ren y lam in e , a d ru g  ap p lied  in  cardio logy, has gained  a new  a rea  o f ap p lication  in  th e  
t r e a tm e n t  o f lactose in to le ran ce  freq u e n tly  o ccurring  a f te r  in fections. T he d ru g  is beneficial also 
in  a lim e n ta ry  allergy an d  som e d erm ato log ica l diseases. I t  ac ts  in  tw o  w ays, (i) The drug  a t ta c h 
ing to  th e  m ucous m em brane  of th e  duo d en u m  decreases its  ad so rp tiv e  cap ac ity , (ii) B ecause of 
its  a n tib a c te r ia l  effect, th e  d ru g  in h ib its  th e  lac tose-decom posing  a c t iv ity  o f m icroorganism s 
in  th e  duodenum , p rim arily  th e  fe rm e n ta tio n  b y  Escherichia coli a n d  Streptococcus faecalis. 
T he d ru g  also acts on Staphylococcus aureus , Streptococcus pyogenes, d ip h th e ro id s and  C andida  
albicans. Pseudomonas aeruginosa  and  Giardia lam blia  w ere re s is ta n t to  p reny lam ine . T he d ru g  
e lim in a ted  th e  sym ptom s for a  considerab le  p eriod , an d  caused no s ig n ifican t side-effects.

D IF F E R E N C E  IN  T H E  V IR U L E N C E  O F  U R E A P L A S M A  
U R E A L Y T IC U M  ISO LA TE S

M. F o d o r

County H osp ita l, N yíregyháza

T he virulence of Ureaplasm a urealyticum  s tra in s  was te s te d  b y  in fec ting  w hite m ice o f 
u n d e fin ed , LATI (Gödöllő, H u n g a ry ) an d  B A L B /c breed  in tra ren a lly . F resh ly  iso lated  h u m an  
s tra in s  d iffered in  v iru lence . O n su b cu ltu rin g  in  U-9 m edium  th e y  show ed a g rad u al loss o f 
v iru len ce . Ureaplasma s tra in s  o f calf an d  sw ine orig in  were v iru le n t to  m ice in  a m edium  degree. 
Som e o f th e  inocu lated  m ice show ed signs o f la te n t  infection .

D E T E C T IO N  O F U R E A P L A S M A  FR O M  T U R K E Y  SEM EN  

L. S t i p k o v i t s , A. R a s h w a n , J . T a k á c s  and K . L a p is

V eterinary Research In s titu te , H ungarian A cadem y o f  Sciences, B udapest and F irst In stitu te  o f  
Pathology, Semmelw eis U niversity  M edical School, B udapest

F o rty -tw o  tu rk e y  sem en sam ples fro m  tw o tu rk e y  flocks ex am in ed  cu ltu ra lly  c o n ta in ed  
U reaplasm a  in  47.6% . S eru m  sam ples co llected  from  th e  sam e flocks con ta ined  a n tib o d ies  
a g a in s t th e  iso lated  U reaplasm a  s tra in s  in  6 0 -1 0 0 % . By e lec tro n  m icroscopic ex am in a tio n  
s tra in  T-1001 show ed an  u l tra s tru c tu re  ch a ra c te ris tic  of u reap lasm as. B y biochem ical a n d  
serological features th e  s tra in  d iffered from  h u m an  sero types I-V II, 3 ca ttle , 2 sheep an d  1 sw ine 
U reaplasm a  reference s tra in s . A t th e  sam e tim e i t  gave a s ign ifican t cross-reaction  w ith  s tra in  
T -916 of chicken origin. B y  in fec tion  of tu rk ey s  an d  chickens of va rio u s ages s tra in  T-1001 
cau sed  periton itis  and  a irsaccu litis  as well as a n tib o d y  p roduction .
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U L T R A ST R U C T U R E  O F  T R E P O N E M A  H Y O D Y S E N T E R IA E

L . M o l n á r

In stitu te  o f  Epizootiology, U n iversity  o f  Veterinary Sciences, Budapest

B y negative s ta in in g  and em bedding o f  colon a n d  agar cultures, Treponem a hyodys enteriae  
w as sim ilar in  u l tra s tru c tu re  to o ther sp iro ch etes . T he u n d u la te  p ro to p lasm a  cy linder is co a ted  
b y  a  th ree -lay ered  cy top lasm ic  m em brane jo in in g  to  8—11 axial fib rilla  s ta r tin g  a t  b o th  en d s o f 
th e  organism . The cells are coated by  a th ree - la y e red  cover. B reaking of th e  ax ia l fib rilla  causes 
s tra ig h te n in g  of th e  cell. The broken f ib r illa  an d  th e  e longation  of th e  co a t resem ble  flage lla  
a lth o u g h  th e  o rg an ism  is non-flagellated. In  ag ar cu ltu res  g reat n u m bers o f “ large b o d ies”  
c o n ta in in g  p ro to p lasm ic  cylinders are seen . In  th e  n u m b er of fib rilla , th e  c h arac te ris tic s  o f 
m o v em en t and s ta in in g  properties T. hyodysenteriae  resem bles m em bers o f th e  genus B orrelia , 
w hereas according to  biological p roperties su ch  as te m p e ra tu re  req u irem en t, loca lization  in  th e  
host, course of th e  d isease  and  the lack  o f  a rth ro p o d e  v e c to r in transm ission , i t  should  be  c las
sified in  th e  genus Treponem a.

A E T IO L O G Y  OF P A E D IA T R IC  B A C T E R IA L  V U LV O V A G IN IT IS

I .  C s e r b a , Zs. C s u k á s  a n d  A. E r d é l y i

In stitu te  o f  M icrobiology , Semmelweis U n iversity  M edical School, B udapest and M adarász
Hospital O utpatient C lin ic , Budapest

V aginal sam ples fro m  0-18-year-old fem ale  p a tie n ts  w ith  v u lv o v ag in itis  o f n o n -in y co tic  
and  trich o m o n ad  ae tio lo g y  were exam ined. O u t o f 123 sam ples 119 co n ta ined  b ac teria  su ch  as 
e n te ro b ac te ria , Streptococcus pyogenes, Staphylococcus aureus , H aem ophilus in fluenzae  or co ry n e- 
b ac teria .

V A L U E  O F  T H E  SU C K L IN G  M O U SE  T E S T  IN  H E A T -ST A B L E  
E S C H E R IC H IA  COLI E N T E R O T O X IN  D E T E C T IO N

L . P e s t i

Veterinary Research Institute , H u n g a r ia n  A cadem y o f  Sciences, B udapest

In s te a d  of th e  expensive pig in te s tin a l loop te s t  w hich involves surg ical in te rv e n tio n , 
we u sed  th e  suckling  m ouse tes t described b y  D e a n  et a /., and  m odified by  J a c k s  and  W u  foi 
d e tec tio n  of h ea t-s tab le  Escherichia coli e n te ro to x in . A to ta l  o f 65 stra in s  was te s ted  for en te ro - 
to x in  p ro d u c tio n ; o f th e se  13 and 52, re sp ec tiv e ly , h a d  been  iso lated  from  o u tb reak s  o f e n te r itis  
in  suck ling  and w ean lin g  pig groups. C rude ST p re p a ra tio n s  were te s te d  sim u ltan eo u sly  in  
suck ling  mice and lig a te d  pig in testinal loop , fo r in d u c tio n  of fluid accum ula tion . A m ong th e  
iso la tes derived  from  suck ling  and w eanling e n te r it is  o n ly  15.3 and 32 .6% , respec tive ly , p ro v e d  
to  be positive  in  th e  su ck lin g  mouse te s t, 2 9 .2 %  of all s tra in s  were positive  in  b o th  m ouse a n d  
pig loop  te s t, and 7 0 .7 %  only  in the la tte r .  As to  th e  se ro type  d is trib u tio n  of th e  en te ro to x ic  
p ro p e rty , ST -producers w ere num erous in  c e r ta in  ty p es , b u t  few or m issing in  o thers. A lth o u g h  
th e  suck ling  m ouse te s t  is n o t in itself su ffic ien t fo r th e  id en tificatio n  of ST -producing e n te ro 
to x ic  E . coli s tra ins , i t  is an  excellent b io assay  in  th e  course of the  ST p u rific a tio n  p ro ced u re , 
if  th e  s tra in  produces suck ling  mouse p o sitiv e  crude  ST.
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P U R IF IC A T IO N  OF H E A T -S T A B L E  E S C H E R IC H IA  COLI 
E N T E R O T O X IN  (ST)

L. P e s t i  an d  K . L u k á c s

Veterinary Research Institu te , H ungarian  A cadem y o f  Sciences, Budapest

Escherichia coli ST e n te ro to x in  was iso la ted  fro m  th e  flu id  phase  of th e  soft agar cu ltu re  
o f th e  en tero tox ic  ty p e  0 1 3 8  E . coli s tra in  No. 2023, k n o w n  to  p roduce exclusively ST. T h e  f lu id  
p h ase  o f a sterile soft a g a r  m ed iu m  was used  as co n tro l. T he crude ST p rep ara tio n s w ere h e a t-  
t r e a te d ,  passed th ro u g h  A m ico n  PM -10 and  UM -2 m em b ran es, an d  th e  UM-2 re te n ta te  was 
t r e a te d  w ith m eth an o l-ch lo ro fo rm . The aqueous p h a se  w as co n cen tra ted  and  purified  fu r th e r  
b y  im m u n o ad so rp tio n , f i l t r a t io n  th rough  S ephadex-G 25 gel, and  ch ro m ato g rap h y  on  an ion  
ex ch an g e  resin. The p u rif ie d  ST -p repara tions w ere th e n  te s te d  fo r b iological a c tiv ity  in  suck ling  
m ouse  te s t  and lig a ted  p ig  in te s tin a l loop. The p u rified  ST p re p a ra tio n  proved  to be biologically  
ac tiv e .

IS O L A T IO N  O F  T H E  H E A T -S T A B L E  E S C H E R IC H IA  COLI 
E N T E R O T O X IN  (ST) BY IM M U N O A D S O R P T IO N  T E C H N IQ U E

L . P e s t i  tm d K . L u k a c s

Veterinary Research Institu te , H ungarian  A cadem y o f  Sciences, Budapest

Mono- and b iv a le n t im m u n e  sera co n ta in ing  an ti-S T  an tib o d ies were p repared  in  r a b b its  
a n d  pigs by  em ploying c a r r ie r  p ro teins and co -p o ly m erisa tio n  w ith  g lu tara ldehyde. C rude ST 
p re p a ra tio n s  were o b ta in e d  b y  cu ltu ring  th e  No. 2023, ty p e  01 3 8  en tero tox ic  pig s tra in  o f 
E scherichia coli in  so ft ag a r. T h e  serum  im m u n ogo lobu lin  frac tio n  was adsorbed  onto Sepharose  
4B  co lum n a c tiv a ted  w ith  cyanobrom ide . T ris-N aC l b u ffe r  (pH  8.0) w as used for elu tion . D eso rp 
tio n  w as sa tisfac to rily  e ffic ie n t in  a buffer o f low  p H  (3.0), b u t  i t  was n o tab ly  im proved  if  th e  
low  p H  (3.0) was com b in ed  w ith  an  increased io n ic  s tre n g th  b y  add in g  0.01 м Tris and  6 м u rea  
to  th e  buffer. A fter a d ju s tm e n t  of the  o sm olarity , th is  frac tio n  ex erted  a dual effect in  suck ling  
m ouse te s ts , hav ing  a c c o u n te d  for flu id  accu m u la tio n  in  th e  sm all in te s tin e  and sim u ltan eo u sly  
fo r c lin ica l sym ptom s a n d  gross lesions in d ica tiv e  o f tran sm u co sa l p e n e tra tio n  of th e  to x in . 
T h e  to x ic  facto r responsib le  fo r flu id  accu m u la tio n  cou ld  be se p a ra ted  b y  anion exchange ch ro 
m a to g ra p h y  (Bio R a d  AG1-X4). The hap ten -lik e  ST e n te ro to x in  stim u la te s  specific a n tib o d y  
p ro d u c tio n  under a p p ro p ria te  experim en tal co n d itio n s, and th e  crude ST to x in  p ro d u ced  by  
th e  s tra in  studied  a p p e a re d  to  be heterogeneous.

P U R IF IC A T IO N  OF H E A T -L A B IL E  E S C H E R IC H IA  COLI 
E N T E R O T O X IN  (LT)

K . L u k á c s  a n d  L .  P e s t i

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

For th e  p u rif ic a tio n  o f th e  protein-like e n te ro to x in  LT, a p ro d u c t of en te ro to x ic  Esche
rich ia  coli stra ins , a sim ple  a n d  efficient p ro ced u re  h as  been developed. A cell ly sa te  p re p are d  
fro m  th e  type 0141 e n te ro to x ic  E . coli s tra in  SW P 99  as proposed  b y  Sm ith  and  Gy l e s  was
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f ra c tio n a te d  w ith  am m o n iu m  su lp h a te , c h ro m a to g rap h ed  b y  im m u n o ad so rb en t tech n iq u e , a n d  
d eso rbed . The e lu ted  p eak , w hich acco u n ted  fo r a positive  reac tio n  in  th e  ra b b it  in te s tin a l loop 
te s t ,  w as th e n  checked fo r p u rity  b y  v e r tic a l po lyacry lam ide  gel e lectroprohesis and  im m u n o 
d iffusion . I ts  e stim a ted  m olecular w eigh t p ro v ed  to  be a b o u t 75 000 d a lto n  on analysis b y  p o ly 
ac ry lam id e  gel e lectrophoresis. The p re su m ab ly  hetero logous n a tu re  o f crude LT and  th e  possib le 
ex is ten ce  of a biologically  in ac tive  LT-like m ate ria l are discussed.

P U R IF IC A T IO N  O F H E A T -L A B IL E  E S C H E R IC H IA  COLI 
E N T E R O T O X IN  (LT) B Y  A F F IN IT Y  C H R O M A T O G R A PH Y

K . L u k á c s  a n d  L .  P e s t i

Veterinary Research Institu te , H ungarian  A cadem y o f  Sciences, Budapest

H eat-lab ile  Escherichia coli en te ro to x in  was iso la ted  by  im m u n o ad so rb en t tech n iq u e , 
using  cy an o b ro m id e -ac tiv a ted  Sepharose 4B . T he cell ly sa te  of th e  ty p e  014 1  reference s tra in  
SW P99 w as used for th e  p ro d u c tio n  of c ru d e  LT, an d  th e  ly sa te  o f th e  biologically in ac tiv e  
s ta n d a rd  E. coli s tra in  F l l  w as used as co n tro l. R a b b it  or pig an tise ra  p rep ared  w ith  p u rified  
LT or L T  +  ST an tigen  w ere adsorbed  o n to  th e  a c tiv a ted  Sepharose 4B  colum n. The p a r tly  
p u rified  LT  antigen, fra c tio n a te d  w ith  am m o n iu m  su lp h a te , was e lu ted  from  th e  colum n in  
0.2 M T ris  -J- 0.5 M N aC l-con tain ing  buffer (p H  8.0), an d  was desorbed in  6 м u rea-co n ta in in g  
b u ffer (p H  7.4). The d eso rbed  p eak  d isp layed  h igh  biological a c tiv ity  c h a rac te ris tic  o f LT, i.e. i t  
show ed a s tro n g  positive  re ac tio n  in  lig a ted  r a b b it  in te s tin a l loop. T he L T -desorb ing  ab ility  o f 
6 M u re a  h a d  previously  n o t  been  observed; i ts  g re a t ad v an tag e  over o th e r  deso rp tio n  procedures 
is i ts  non-in terference  w ith  th e  biological a c t iv ity  of LT.

E L IS A  F O R  M E A S U R IN G  V IB R IO  C H O L E R A E  AN D  E S C H E R IC H IA  
C O LI H E A T -L A B IL E  T O X IN S  A N D  T O X IN -S P E C IF IC  A N T IB O D IE S

I .  K É T Y I a n d  S . PÁCSA

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

In  D y n a tech  M icroelisa p lates sensitized  w ith  purified  an ti-cho lera  to x in  and  w ith  a n ti-  
Escherichia coli en te ro to x in , cholea to x in  (CT) a n d  E. coli e n te ro to x in  (L T) could  be d e tec ted  
w ith  a se n s itiv ity  com parab le  to  th a t  o f CHO cell cu ltu re . In  p la tes sensitized  w ith  tox ins th e  
t itre  o f a n tito x in s  could also be determ ined . C o n cen tra tio n s o f to x ins o r a n tito x in s  were p ro 
p o rtio n a lly  re la ted  to th e  co lour developed b y  th e  reac tio n  be tw een  con ju g a te  an d  su b s tra te . 
A bsorbance could  accu ra te ly  be reg is te red  by  a  p h o to m eter. N eu tra lisa tio n  te s t  on  CHO cells 
revealed  a  close antigenic re la tio n sh ip  betw een  CT and  LT. W hen the  p lates were sensitized  w ith  
tox ins, E L IS A  confirm ed th is  re la tionsh ip , th o u g h  th e  hetero logous t itre s  w ere som ew hat low er 
th a n  th e  hom ologous ones. W hen  th e  p lates w ere sensitized  w ith  an ti-L T -Ig G , b o th  LT and  C 
could be d e te c te d  w ith h igh  sen sitiv ity . S ensitiza tio n  w ith  an ti-C T -IgG  re su lted  in  a  v e ry  w eak 
reac tio n  w ith  LT. E L IS A  seem s to  be a sensitive , econom ic an d  sim ple  tech n iq u e  for d e tectin g  
to x ins a n d  m easu ring  th e  p o ten c y  of an tito x in s .
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E N T E R O T O X IN  P R O D U C T IO N  O F Y E R S IN IA  E N T E R O C O L IT IC A  
ISO LA TE D  IN  H U N G A R Y

D. V e l i n , В . E é d e y , L. E m ő d y  an d  S. P á c s a

In s titu te  o f M icrobiology, U niversity M edical School, Pécs and Public Health S ta tion ,
Veszprém

E ig h teen  stra in s  of fresh ly  iso lated  Y ers in ia  enterocolitica (serogroup 0 3 )  w ere tes ted . 
W h en  c u ltu red  a t 25 °C, th e y  p roduced  ST ty p e  e n te ro to x in  d e tec tab le  in  suckling  m ouse. 
S tra in s  k e p t in  th e  la b o ra to ry  fo r a longer period  fa iled  to p roduce to x in . F il tra te s  and  son icated  
sam p le s  o f th e  stra in s  e x e rted  no LT a c tiv ity  in  ra b b it  skin (P F  tes t). T he ST n a tu re  of th e  e n te 
ro to x in  w as iden tified  b y  lig a te d  ra b b it  loop te s t  a n d  b y  th e  fa ilu re  of to x in  p ro d u c tio n  a t  37 °C. 
T o x in  p ro d u c tio n  w as in flu en ced  by  the  m edia  used . F o r exam ple  Y. enterocolitica p roduced  
to x in  in  Casamino b u t  n o t in  S akazak i m edium . Invasiveness of th e  b ac te ria  w as assayed  in  
S e ré n y ’s te s t:  all were n e g a tiv e , only th ree  s tra in s  caused m ild co n ju n c tiv itis . In  accordance 
w ith  l i te ra l  y  d a ta , none of th e  stra in s  u tilised  rh am nose.

T O X IN S  O F  V IB R IO  E N T E R IT ID IS  (NAG V IB R IO S )

S. V ö r ö s , S. P á c s a , L. E m ő d y  an d  В. K u c h

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

Vibrio enleritidis s tra in s  (NAG vib iio s) o f d iffe ren t origin (T hailand . A lgir, G hana) th e ir 
c u ltu re s , cu ltu re  f iltra te s  a n d  frac tions o b ta in ed  b y  p re c ip ita tio n  (5 0 -7 0 %  am m onium  su lphate- 
10—20 mM zinc ace ta te ), m em b ran e  f iltra tio n  (A M IC O N  PM 10, PM 30, XM 100A) an d  gel f i l t r a 
t io n  (Sephadex  G-100) w ere in v estig a ted  in  vivo in  ra b b it  ileal loop, in  6-day-old  mice in  m ouse 
lu n g  oedem a te s t  and in  vitro  on CHO and H E p -2  cell cu ltu res an d  by  th e  enzym e linked im 
m u n o  so rb en t assay  (E L IS A  neu tra liza tio n ). As reference, choleragen (W elcom e-B urroghs), 
E scherichia  coli LT (p u rified  LT, D orner) an d  respec tive  a n tito x in s  were used. NA G  vibrios 
p ro d u c ed  a t  least 3 d iffe ren t h e a t labile, n o n -d ia lysab le  tox ic  p rincip les: (1) choleragen like 
e n te ro to x in , re la ted  im m uno log ica lly  to  cho leragen  and  E . coli LT; (2) c y to to x in  le th a l for 
su ck lin g  m ice, cy to to x ic  fo r C IIO  and H E p -2  cells and  no t n eu tra liz ed  by  cholera an tito x in ,
E . coli a n ti-L T  and Shiga a n tito x in : (3) h aem o ly sin  sim ilar th o u g h  im m unolog ically  u n re la ted  
to  E . coli a lpha-haem olysin .

E N T E R O T O X IC IT Y  O F A ER O M O N A S

G . JÁ NOSSY a n d  V . T A R JÁ N  

N ational Institu te  o f  N u tritio n , B udapest

The su p e rn a ta n ts  o f 170 d ifferen t Aerom onas  cu ltu res iso la ted  from  vario u s sources (food, 
w a te r , e tc .) were s tu d ied  in  a  suckling m ouse m odel (SM) en te ro tox igen ic  Escherichia coli (E EC ) 
s tra in s  B7A (0148  : H 28) an d  B2C (0 6  : H 16) w ere used as positive  contro ls. The su p e rn a ta n ts  
c au sed  E EC -like flu id  accu m u la tio n  in th e  g u t in  79 .3%  for Aerom onas hydrophila  and  11.8%  
fo r Aeromonas puncta ta  subsp . caviae. In c u b a tio n  a t  56 °C for 10 m in  e lim inated  th is  a c tiv ity .
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SM positive su p e rn a ta n ts  w ere h aem o ly tic  for sheep e ry th ro c y te s  in  58.1% ; 61 .5%  of th em  
necro tized  th e  suck ling  m ouse sk in  and  95.3%  were le th a l for m ice a f te r  in trap erito n ea l in jec 
tion . The respective  d a ta  for th e  SM negative  were 12 .8% , 36 .3%  an d  45 .4% . The resu lts  suggest 
th a t  aerom onads p ro d u ce  en te ro to x in -lik e  substances d ifferen t from  haem olysin  and n ecro tox in , 
th o u g h  th e  la t te r  m ay  also p lay  a ro le in th e ir en te ro to x ig en ic ity .

IN C ID E N C E  IN  E N T E R IT IS  OF E N T E R O B A C T E R !A C E A E  ISO LA TES 
P O S S E S S IN G  T H E  H U M A N  C O LO N IZA TIO N  FA C T O R  A N T IG E N S

E .  C z ir o k

National Institute o f Hygiene, Budapest

H um an  co lon ization  fac to rs  CFA I and CFA I I  w ere d e tec ted  b y  E v a n s’ haem ag g lu tin a - 
tio n  (H A ) ty p in g  a n d  by  slide a g g lu tin a tio n  te s t in  H 10407 an d  P B  176 sera. A to ta l  o f 462 
Enterobacteriaceae s tra in s  (in clud ing  435 Escherichia coli) iso la ted  from  faecal sam ples o f 250 
e n te ritis  p a tie n ts  w ere ex am ined . T en  stra ins belonged to  H A  ty p e  I. N one of them  h a d  CFA I 
an tig en  by  th e  slide a g g lu tin a tio n  m eth o d . Six stra in s  fell in to  HA  group  I I ,  b u t had  no CFA I I  
b y  slide ag g lu tin atio n . H A  w as n o t observed w ith  164 stra in s . C onsidering w eak ( +  ) H A , 36 
groups could be d iffe re n tia te d . S tro n g  ( -f--f-+  ~b ) H A  w as m ore re liab le  b u t  was show n on ly  by  
77 s tra in s . I t  was s tr ik in g  th a t  53 s tra in s  (11% ) show ed p ro m p t +  +  -f--b m annose re s is ta n t 
(M R) H A , b u t only w ith  h u m an  e ry th ro c y te s . Six s tra in s  gave M R H A  w ith  chicken e ry th ro cy te s  
(H A  ty p e  IV). Two s tra in s  p ro d u ced  m arked  ( +  +  +  +  ) M R H A  w ith  bovine and gu inea pig 
e ry th ro cy te s . N ine s tra in s  ag g lu tin a ted  b o th  h um an  an d  guinea pig e ry th ro cy te s . T hese H A  
ty p es  differed from  E v a n s ’ H A  p a tte rn s .  The isolates belonged  to  se rogroups com m on in  faeces 
(0 1 , 0 2 , 0 4 , 0 6 , 0 1 8 , 0 7 8 ). E n te ro to x ig en ic  isolates possessing CFA I a n d  CFA I I  colonization  
fa c to r  an tigens ra re ly  occur am ong  en te ritis  p a tie n ts  in  H u n g ary . C FA  agar was su itab le  for 
developing fim bria  an tig en s o f s tra in s  w ith  colonization facto rs. A lth o u g h  th e  resu lts o f -)- H A  
are  equivocal, and  to  o b ta in  e ry th ro c y te s  of 4 d ifferent species is co m p lica ted . HA ty p in g  should 
be m ain ta in ed  fo r d e te c tin g  new  co lon ization  factors. U sing specific sera to  d e tect CFA I and 
C FA  I I  antigens by  slide a g g lu tin a tio n  is p a rticu la rly  adv an tag eo u s.

A SSUM ED N E W  A D H E S IO N  FA CTO R OF E S C H E R IC H IA  COLI STR A IN S 
ISO L A T E D  FROM  U R IN E

Б .  K u c h , T. P ál an d  L. E m ő d y

Institute o f Microbiology, University Medical School, Pécs

More th a n  200 Escherichia coli s tra in s  isolated from  u rine  of p a tie n ts  w ith  clinical sy m p 
to m s w ere stud ied  fo r th e ir  h a em ag g lu tin a tio n  p a tte rn s . T he h aem ag g lu tin a tio n  p ro p erties of 
th e  s tra in s  were te s te d  in  absence a n d  presence of m annose  w ith  h u m a n  (A, R h + ), bov ine, 
ch icken  and guinea p ig  e ry th ro c y te s . A b o u t 50%  of th e  s tra in s  a g g lu tin a ted  h u m an  e ry th ro 
cy te s  in  th e  presence o f m annose. T he h aem ag g lu tin a tin g  p ro p e rty  of rep re se n ta tiv e  s tra in  No. 
119, was h e a t labile, d id  n o t a p p ea r  d u rin g  grow th a t  18 °C, b u t  was n o t in h ib ited  b y  passage 
in  agar. B y th e  tech n iq u e  used  for iso la tin g  adhesive pili, i t  w as possible to  sep ara te  the  so called 
“ fa c to r 119” of h igh h a e m a g g lu tin a tin g  capacity . The h aem ag g lu tin a tin g  p ro p e rty  of th e  s tra in
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No. 119 could  be cured by  e th id iu m b ro m id e -m ito m y c in  C tre a tm e n t. Im m u n e  serum  p rep ared  
w ith  th e  w ild -type  of s tra in  119 (H a + ) w as adso rb ed  w ith  th e  cured  (H a - ) d e riv a tiv e . T his serum  
a g g lu tin a te d  m annose re s is ta n t h u m a n -H a + E. coli s tra in s . The an tig en ic  s tru c tu re  o f “ fac to r 
119”  d iffered  from  th a t  of th e  k n o w n  ad h esio n  fac to rs  (K 88, K99, 987, C F I, C F II), “ F a c to r  119” 
— a p a r t  fro m  its  an tig en ic ity  — h as b een  assum ed  to  be analogous to  th e  know n adhesion  
fac to rs .

E S C H E R IC H IA  COLI A L P H A -H A E M O L Y S IN  AS A D D IT IV E  
V IR U L E N C E  FA CTO R

L. E m ő d y , T. P ál  a n d  В. K u c h

Institute o f Microbiology, University Medical School, Pécs

T h e  H ly  plasm id was cu red  fro m  a n u m b er o f Escherichia coli s tra in s  iso la ted  m ain ly  
fro m  o ed em a disease o f pigs. T he p lasm id  was successfu lly  tran sferred  to  K -12 an d  re tra n sfe rred  
to  th e  H ly ~  deriva tive  of th e  do n o r s tra in . T he tran sfe rred  plasm id re co n stru c te d  th e  orig inal 
v iru len ce  an d  len t a p a rtia l v iru lence  to  th e  K-12 d e riv a tiv e . The v iru len ce  of H ly + wild ty pes, 
cu red  H ly -  and  tran sco n ju g an t H ly + d e riv a tiv e s  was te s te d  in  d iffe ren t an im al m odels. T he v i
ru len ce  enhancing  effect of th e  H ly + c h a ra c te r  has been  estab lished  u n an im o u sly . In  d ifferen t 
m ouse  m odels th e  H ly + clones caused  con seq u en t haem oglobinuria  in  m ice dy ing  10—24 hr 
a f te r  challenge. T hough the  H ly -  d e riv a tiv e  persis ted  for a long period  of tim e  in  blood, i t  was 
less f re q u e n t th a n  the  H ly 4" one. T he h ig h er germ  co u n t of H ly 4- clones m ig h t be th e  consequence 
of a leukocidin-like effect of th e  a lp h a-h aem o ly sin . In  some cases th e  co n ju g a tio n  led  to  the  
a p p ea ran c e  of “ non-diffusible”  b e ta -h aem o ly s in  p rod u c tio n . P re lim in ary  in v es tig a tio n s  d id  not 
su p p o r t th e  role in  p a th o g en ic ity  o f th is  ty p e  of haem olysin . A ccording to  th e  d a ta , th e  E. coli 
a lp h a-h aem o ly sin  seems to be an  a d d itiv e  fa c to r  of viru lence.

T H E  R O L E  IV  P A T H 0 & E V IC 1 T V  O F  PL A SM ID S O F E S C H E R IC H IA
COLI ST R A IN S

H. M i l c h  a n d  É .  C z i r ó k

National Institute o f Hygiene, Budapest

A significant difference in  m ouse le th a lity  was observed w hen th e  an im als were in jec ted  
w ith  Col V 4" and  Col V -  s tra in s  fro m  p a tie n ts  an d  h e a lth y  carriers. Col V p lasm ids o f tw o Esche
richia coli 0 7 8  R 4" Col V 4" s tra in s  were e lim in a ted  an d  R plasm ids o f tw o  E. coli 0 7 8  R 4" Col V+ 
s tra in s  were p a rtly  or en tire ly  e lim in a ted  by  e th id iu m  brom ide. In  all cases th e  L D 53 of élim i
n a n ts  increased  significantly . L D 5:) o f th e  four E. coli 0 7 8  R 4" Сэ1 V 4* s tra in s  v a ried  from  4 X 10* 
to  2.3 X 106 in d ifferen t periods. A fte r e lim in a tio n  of Col V plasm ids o f tw o s tra in s , th e  L D 50 
in creased  from  5.7 X Ю5 to 1.6 X Ю7. In  one s tra in  hav ing  lost Cm, T c  an d  h igh  level i\.p resi
s ta n ce , th e  L D 5o increased from  5.9 X 105 to 1.1 X 107. In  a Tc re s is ta n t s tra in  du rin g  e lim ination  
of T c  resistance  plasm id, th e  L D 50 increased  fro m  5.4 X 105 to 7 X 10ß. T hese  find ings suggest the 
p resence  of a  p a thogen icity -in fluencing  p lasm id  th a t  has no t y e t been  d e m o n s tra ted  b y  genetic 
s tu d ie s  besides R  and Col p lasm ids in  E. coli 0 7 8  stra in s .
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P A T H O G E N IC IT Y  T E S T S  W IT H  Y E R S IN IA  E N T E R O C O L IT IC A  

B . R é d e y , D . V e l i n  a n d  B . O l á h

Public Health Station, Veszprém and Institute o f Microbiology, U niversity Medical School,
Pécs

O ral an d  eye in fec tion  w ith  H u n g a rian  iso la tes of Yersinia enterocolitica 0 3  fa iled  to  
cause  clinical sy m p to m s in  d iffe ren t lab o ra to ry  an d  dom estic  an im als  (e.g. suckling  a n d  a d u lt  
p igs, o ra l and  eye ro u te )  and  in  d iffe ren t zoo an im als. A Y. enter ocolitica s tra in  fresh ly  iso la ted  
fro m  a fam ily  o u tb re a k  produced  febrile  en teroco litis  in  a v o lu n tee r a t  109 cells dose; ex cre tio n  
o f th e  organism  las ted  for 3 w eeks. T h irteen  y ears la te r  th e  sam e s tra in , p reserved  b y  freeze
d ry in g , 25 o th e r s tra in s  iso la ted  fresh ly  from  p a tie n ts  and  5 s tra in s  fro m  w a te r  and  food, fa iled  
to  cause clinical sy m p to m s in  th e  sam e vo lu n tee r.

T H E  A CTION O F  V O L A T IL E  FA TTY  A CID S (V FA )
IN  E S C H E R IC H IA  COLI D IA R R H O E A

L . P r o h á s z k a

Veterinary Research Institu te , Hungarian Academy o f Sciences, Budapest

The role o f V F A  in Escherichia coli d ia rrh o ea  was stud ied  by  gas c h ro m a to g rap h y  using  
w eaned  ra b b its  as m odel anim als. T he c o n cen tra tio n  of V FA  in  th e  caecu m  of h e a lth y  ra b b its  
ra n g ed  70—130 m M /kg (C2 87% ; C3 3 % ; C4 10% ) a t  p H  5.6—6.4. T his V F A -co n cen tra tio n  ex 
h ib ite d  a m ark ed  in h ib ito ry  effect on  E. coli m u ltip licatio n . T he co n ce n tra tio n  of V FA  in  th e  
caecum  of ra b b its  w ith  E. coli d ia rrh o ea  w as n o t considerab ly  d ifferen t, b u t  th e  in h ib ito ry  effect 
on  E. coli ceased as th e  rising  p H  value  (p H  7.0 — 7.5) in ac tiv a te d  V F A b y  fo rm ing  salts (ace ta te ). 
N u tr itio n  facto rs reducing  th e  a n ti-E . coli an tiv itie s  o f  V FA  in caecum  p ro m o te  th e  d ev elopm en t 
of E . coli d iarrhoea.

CALF C R Y P T O S P O R ID IO S IS  IN  H U N G A R Y  

B . N a g y , Á .  A n t a l  a n d  F .  R a t z

Veterinary Institute , Szombathely and Central Veterinary Laboratory, Budapest

As a  re su lt o f aetiologic s tu d ies  on  en te ric  diseases of calves in  1978, o u t o f 103 calves 
dy ing  fro m  or b led  because of d ia rrh o ea , m icroscopic investig a tio n s rev ea led  C ryptosporid ia in  
th e  ileum  of 39 calves. P a ra lle l bacterio log ica l cu ltu res d e tec ted  K 99+ Escherichia coli kno w n  as 
en te ro p ath o g en ic  fo r new born  calves in  th e  ileum  of 4 C ryptosporid ium  po sitiv e  calves. E lec tro n  
m icroscopy  of th e  in te s tin a l c o n ten t o f  fu r th e r  3 C ryptosporid ium  positive  calves d e tec ted  ro ta 
v iruses in  one calf. M acroscopic changes, c h a rac te ris tic  of in te s tin a l c ry p tosporid iosis w ere n o t 
revealed . In  th e  ileum  of one scouring  calf ex cre tin g  C ryptosporidia in  its  faeces, sho rten in g  of 
villi a n d  h y p erp lasia  o f c ry p ts  were fo u n d  b y  lig h t m icroscopy. L ig h t a n d  e lec tro n  m icroscopy  
rev ea led  d ifferen t d ev elopm en tal stages o f th e  ex trace llu la r C ryptosporid ia (3—4 /пт in  d iam e te r) 
m ain ly  on  th e  ap ical surface of th e  v illi, em bedded  in to  th e  b ru sh  b o rd er. A m ong calves in  
H u n g a ry , cryp tosporid iosis seem s to  be a com m on e n te ric  in fec tion  w ith o u t severe m acroscopic 
changes.
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AM INO A C ID  U T IL IZ A T IO N  AN D  SY M B IO TIC  N 2-F IX IN G  
C A PA C ITY  IN  R H IZ O B IU M  M E L IL O T I

I.  B a r a b á s  a n d  T. S i k

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged

T he wild ty p e  Rhizobium meliloti 41 establishes an  effective N 2-fix ing  system  in  sym biosis 
w ith  th e  h o st p lan t M edicago sa tiv a . These bac teria  can  grow  in liqu id  m ed iu m , con ta in ing  only 
one o f th e  am ino acids a rg in ine , h is tid in e , lysine, g lu tam in e  an d  a sp a rag in e , as sole carbon  and  
n itro g en  source. Some ineffective  m u ta n ts , iso la ted  earlie r, p le io trop ic  defective  in  try p to n e  
m ed iu m  induced  n itra te  re d u c tio n , c an n o t u tilize these  am ino acids as sole carb o n  and n itro g en  
source. B ased on th is  ph en o m en o n , m u ta n ts  in  am ino acid  u tiliz a tio n  w ere iso lated  and  th e  
sy m b io tic  effectiveness w ere s tu d ied . A fter N TG  (n itro so g u an id in e) t r e a tm e n t,  bac teria  were 
sp re ad  o n to  selective m ed ium  co n ta in in g  one single am ino acid and  sm all colonies were iso lated . 
S ea rch in g  for facto rs re la te d  to  e ffec tiv ity  in  N 2-fix a tio n , th e  m u ta n ts  are  charac te rised  p r im a r
ily  acco rd ing  to th e ir sy m b io tic  p ro p e rtie s  (n o d u latio n , effectiveness) an d  secondly  according to 
th e ir  n i tra te  reduction , a u x o tro p h y , phage and a n tib io tic  sen sitiv ity . I t  w as concluded th a t  a 
co rre la tio n  exists be tw een  am ino  acid  u tiliza tio n  of free liv ing  b a c te riu m  and  its sym bio tic  
c ap a c ity .

ISO LA TIO N  A N D  M A P P IN G  O F R H IZ O B IU M  M E L IL O T I M UTANTS 
A F F E C T E D  IN  SY M BIO TIC N IT R O G E N  F IX A T IO N

T.  F o r r a i , J.  P l a z i n s k i , É .  V i n c z e , G .  B.  K i s s  a n d  Á .  K o n d o r o s i

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged

M u tan ts  of Rhizobium meliloti 41, affected  in  sym bio tic  n itro g en  f ix a tio n , were iso lated  
a f te r  n itrosoguanid ine  or tran sp o s itio n  (Tn5 inse rtio n  m u ta tio n )  m u tag en esis . Several m u ta n ts  
w ere  unab le  to  n o d u la te  th e  lu ce rn e  h o st p lan t (N o d - ), th e  o th er m u ta n ts  d id  form  nodules on 
lu ce rn e  b u t  did no t f ix  n itro g e n  (E ff- ). To de te rm in e  th e  m ap  p o sitio n s o f these m u ta tio n s , 
p lasm id  R68.45 was in tro d u c ed  in to  th e  m u ta n ts , th e n  these  s tra in s  w ere used as donors in  con
ju g a tio n  experim ents. Seven d iffe ren t double a u x o tro p h ic  m u ta n ts  w ith  know n m ap positions 
w ere  used  as recip ien ts. Iso la tin g  double p ro to tro p h ic  reco m b in an ts , th e  en tire  chrom osom e 
w as tran sferred . T he n itro g en -fix in g  ab ility  of th e  reco m b in an ts  w as te s te d  in  sym bio tic  tes ts . 
I n  th is  w ay, th e  m ap  p ositions o f 1 N od-  and  3 E ff -  m u ta tio n s  w ere de term ined .

N IT R O G E N A S E  A C TIV ITY  IN  G L U T A M IN E  S Y N T H E T A S E  M UTANTS 
O F R H IZ O B IU M  M E L IL O T I

Z. S v á b , I. D u s h a , T. F o r r a i , G. B .  K i s s  a n d  Á .  K o n d o r o s i

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged

Inv o lv em en t of g lu tam in e  sy n th e ta se  (GS) isoenzym es (G S I, G S II) in  th e  reg u la tio n  of 
n itro g en ase  syn thesis w as s tu d ied  in  m u ta n ts  w hich  requ ire  g lu tam in e  for o p tim al g row th . 
T h e  GS isoenzym es w ere se p a ra ted  b y  isoelectric  focussing  in  p o ly acry lam id e  disk  gels. T he th ree
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m u ta n ts  con tained  red u ced  to ta l GS a c tiv ity . Two of th em  (ZS231 an d  G Y 0516) were sim ilar to  
D b5, a previous iso la te , w hich has a ch arac te ris tica lly  low (5—10% ) to ta l  GS a c tiv ity  low  G SI 
a c tiv ity . In  the  sam e m u ta n ts  no G S II cou ld  be detected . T he n itro g en ase  a c tiv ity  in  sym bio tic  
te s ts  w as com parab le  to  th e  w ild-type in  GY516 and reduced (20% ) in  th e  ZS231, unlike in  th e  
D b5 m u ta n t  in  w hich no n itrogenase  could  be detected . In  th e  ZS21 m u ta n t  th ere  was no G S II 
d e tec tab le , th e  GSI w as slig h tly  reduced  an d  th e  n itrogenase h a d  an  a c tiv ity  sim ilar to th a t  o f 
th e  w ild ty p e . The fa c t t h a t  am ong GS m u ta n ts  some had  n o rm al n itro g en ase  a c tiv ity  m ay  be 
ex p la ined  in  two w ays: GS in  Rhizobium  does n o t regu late  d irec tly  n itro g en ase  syn thesis, or th e  
b io sy n th e tica lly  in ac tiv e  enzym e still m a in ta in s  the  reg u la to ry  p ro p e rtie s  of th e  active  GS.

G E N E T IC  M A P P IN G  O F  A R G  A N D  LYS M U TA TIO N S ON T H E  
R H IZ O B IU M  M E L IL O T I 41 C HRO M OSOM E

P .  P u t n o k y , L. O r o s z  a n d  I .  B e r e k

Department o f Genetics, József Attila University, Szeged

F o u r arginine a n d  tw o lysine a u x o tro p h  m u ta n ts  were iso la ted  fro m  Rhizobium meliloti 
41 b a c te ria  b y  N -m eth y l-N -n itro so -N -n itro g u an id in e  (1 m g/m l) — 3 h r  — k a n am y cin  ( 2 0 0 ^ / т 1 )  
m u tagenesis and  selection. M apping of th e  tw o  m u ta tio n s  (arg38 an d  ly s lS ) on  th e  chrom osom e 
w as perform ed via p lasm id  R68.45 co n ju g a tio n  system . EY91 (g ly l, leu4 , cys46, s trR ), JA 1 
( ly s l5 ) , JA 3 (arg38) s tra in s  were used  as donors, EY172 (p h e l5 , leu4, s trR ) , EV196 (cys46, 
p h e l5 , s trR ) , AK194 (cys46, glyl, ade4, ty r l,  s trR ) , JA I  (ly sl5 ), JA 3  (arg38) s tra in s  as recip ien ts. 
T he re su lts  suggest th a t  th e  leu4  — p h e l5  — arg38 — cys46 and  ly s l5  — glyl — leu4 sequences 
are th e  m o st likely.

ISO L A T IO N  O F AN A M B E R  SU P P R E S S O R  S T R A IN  FR O M  
R H IZ O B IU M  M E L IL O T I 41

Zs. P a l ÁGYI and L. OROSZ

Department o f Genetics, József Attila University, Szeged

As a g ift of P rofessor J .  Schell we h av e  tw o re la tives of th e  R P 4  p lasm id : R P4T e8 am  
b earin g  an  am ber m u ta tio n  in  th e  te tracy c lin e  resistance  gene; and  R P 4 T c8 am  Su Al PI beyond  
th e  above m u ta tio n  b ears th e  Escherichia coli Su3 allele. This p lasm id  confers te tracy c lin e  re 
s istance  (Tcr) to  the  h o st E. coli cell N100 S u — recA “ . F irst, R P 4 T cs am  Su Al PI plasm id was 
tran s fe rre d  from  E. coli to  Rhizobium meliloti. T he R. meliloti tra n sco n ju g an ts  were kan am y cin  
re s is ta n t (K m r) b u t  te trac y c lin e  sensitive (Tcs), ind ica tin g  th a t  th e  Su3 allele o f E. coli was n o t 
ac tiv e  in  Rhizobium. F if ty  o u t  of 120 Tcr iso la ted  clones of Rhizobium  w ere in v es tig a te d  fu rth e r 
for (i) th e  ab ility  to tra n s fe r  T cr and K m r; (ii) th e  effect of p lasm id  e lim in a tio n . E ig h t clones 
o u t  o f th e  50 did no t tran s fe r  T cr b u t did tra n s fe r  K m r. A fter e lim ination  of th e  p lasm id  2 of th e  
8 (ZP110 and  ZP120) clones lo s t th e  resistance. W hen  R P4T ce am  p lasm id  w as in tro d u ced  back  
to  ZP120 an d  ZP110, th e  tra n sc o n ju g a n ts  recovered  the  T cr. W hen  a T ra~  am  plasm id w as 
in tro d u c ed  in to  ZP120 th e  re su ltin g  tra n sc o n ju g a n ts  recovered th e  tra n s fe r  ab ility  (T ra+ ). 
T he re su lts  can be ex p la ined  if  an  am ber su p p resso r m u ta tio n  has arisen  on th e  Rhizobium  
ZP120 chrom osom e. As a fu r th e r  proof o f th is  suggestion am ber m u ta n ts  o f  phage 16-3 w ere 
iso la ted  on ZP120.
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U S E  O F T I M U TA N TS O F  P H A G E  16-3  O F R H IZ O B IU M  M E L IL O T I 
FO R  D E T E C T IN G  M U TA TIO N S IN  A S E N S IT IV E  T E S T

B .  D u d á s  a n d  L .  O r o s z

Department o f  Genetics, József Attila University, Szeged

P h ag e  16-3 form s tu rb id  p laq u es  a t  28 °C a n d  36 °C, 16-3 t i  m u ta n ts  fo rm  tu rb id  plaques 
a t  28 °C a n d  clear ones a t  36 °G. T h e  ti  m u ta tio n s  m ap  in to  the  C gene of th e  phage, w hich codes 
fo r th e  rep resso r protein. T he rep re sso r is h e a t sensitive  in  th e  t i  m u ta n ts . A sensitive  technique 
has b een  w orked ou t to d e te c t few  (1—500) tu rb id  p laque  form ing phages over th e  background  
o f a larg e  n u m b er (106 or m ore) c lear p laq u e  form ers. U sing ti  m u ta n ts , th e  fo rw ard  m u ta tio n s 
can  be d e tec ted  as clear p laq u e s  a t  28 °C, w hile th e  back  m u ta tio n s  a t  th e  t i  site as tu rb id  
p laq u es  a t  36 °C. The m eth o d  is sim ple an d  fa s t: a m u tagen  tre a te d  p o p u la tio n  of phages is 
p la te d  a n d  p a r t  of the sam ples is in c u b a te d  a t  28 °C, th e  o th er p a r t  a t  36 °C for 24 hr. The ex
p e rim e n t can  be carried o u t w ith  free  phage suspension  as well as w ith  phage in fec ted  bacteria , 
d ep en d in g  on  the  n a tu re  o f th e  m u tag en ic  a g en t (i.e. acts on re p lica tin g  on  non-rep licating  
D N A ). W ith  th e  help of 3 in tra c is tro n ic  double  m u ta n ts , the  d e tec tio n  of sm all deletions has 
b een  w ork ed  out.

A N A L Y SIS  OF H E T E R O Z Y G O T E S  O F  R H IZ O B IU M  M E L IL O T I P H A G E  16-3

A .  P a y , G .  D a l l m a n n  a n d  L .  O r o s z  

Department o f Genetics, József Attila University, Szeged

I f  a clear p laque fo rm in g  m u ta n t  (c -m u ta tio n  in  th e  C cis tron ) w as crossed w ith  a tu rb id  
p laq u e  fo rm er (c+ ), th e  p ro g e n y  form ed c+/c  m o ttled  plaques in  a few  per cen t. According to  
p h y sica l and  genetic d a ta  th is  is possible o n ly  if  these  phages b e a r m ism a tch  in  th e  C cistron. 
W h en  clear p laque m u ta n t  b e a rin g  tw o m u ta tio n s  (S p4-ti4 ) in  th e  C c is tro n  was one of th e  
p a re n ts , th e  repair of ti4 /t i4 + m ism a tch  (i.e. single site) is reflected  b y  th e  C/ti4 m o ttled  plaques. 
O n ly  6/79 of m ottled  p laq u es w ere C/ti4 ty p e , w hich  ind ica tes th a t  m ism a tch  re p a ir  of Rhizobium  
meliloti is ineffective on th e  p h ag e  chrom osom e. W hen clear p laq u e  fo rm ing  p o in t and various 
d e le tio n  m u ta n ts  (the d e le ted  seg m en t v a ried  from  < 5 0  to 7200 base  p a irs) were used as one 
p a re n t ,  m o ttled  p laques w ere  o bserved  on ly  in  those  crosses, w here th e  p o in t m u ta n t or th e  
sm a lle s t deletion m u ta n ts  w ere  used . T he re su lt can  be explained in  tw o  w ays. E ith e r the  rep air 
o f  R. meliloti is fairly  e ffec tiv e  in  e liin in a tiag  large  single s tran d ed  loops, o r ex tensive  deletions 
i iih ib it  th e  la te ra l m ig ra tio n  o f th e  crossed s tra n d s  in reco m b in a tio n  in te rm ed iaries  decreasing 
th e  chance  to  form  a m ism a tch  w hich  can be id en tified  as c lear/tu rb id  m o ttled  p laque. The above 
e x p la n a tio n  is com patib le  w ith  th e  suggestions o f th e  H otchkiss o r M eselson—R adding  recom 
b in a tio n  models. The su rv iv a l o f m ism atches (ind icated  by  c le a r/tu rb id  m o ttled  plaques w hen 
p o in t m u ta n ts  crossed w ith  w ild ty p e) an d  sm all single s tra n d ed  loops (in d icated  by m o ttled  
p laq u e s  in  wild type  X sm all d e le tion  m u ta n t  crosses) is in ag reem en t w ith  unpublished  m ap 
p in g  resu lts . I t  is suggested  th a t  th e  level of som e nuclease fu n c tio n  (R ecB , C ?) is low  in  rhizobia.
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T H E  B A C T E R IO P H A G E  O F  R H IZ O B IU M  M E L IL O T I P E R F O R M IN G  
G E N E R A L IZ E D  T R A N S D U C T IO N

T. S i k  a n d  J.  H o r v á t h

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged

B y th e  use o f th e  tem p era te  p hage  11 of Rhizobium meliloti 41 cap ab le  of generalized  
tra n sd u c tio n , a  genetic  in fo rm ation  tra n s fe r  system  w as w orked ou t for th e  fine  m ap p in g  of th e  
b a c te r ia l  chrom osom e. The generalized  tra n sd u c tio n  w as proved  b y  th e  tra n s fe r  of v a rio u s 
m ark e rs  fro m  d is ta n t loci on th e  b a c te ria l chrom osom e. F or fu r th e r  evidence, th e  bac terio p h ag e  
w as g row n in  an tib io tic  re s is tan t donor b a c te r ia  w ith  b rom odeoxyurid ine  lab e lled  w ith  h eav y  
D N A . F ro m  th e  phage lysa te  th e  in fec tiv e  and  tran sd u c in g  partic les w ere se p a ra ted  b y  CsCl 
eq u ilib riu m  d en sity  g rad ien t c en trifu g a tio n  accord ing  to  th e  d is trib u tio n  of p h age  t i t r e  an d  
tra n sd u c in g  a c tiv ity  am ong th e  frac tio n s . T he h igher den sity  o f th e  tran sd u c in g  p a rtic les  
show ed  th a t  b a c te ria l DN A  was packaged  in  th em , in s tea d  of th e ir  own genom . T he tran sd u c in g  
p h ag e  11 was com pared  w ith  o th er R. meliloti phages. I t  was found  to be closely re la te d  to  te m 
p e ra te  phage 16-3. T h ey  did no t differ in  serology, size, shape, density , D N A  com position  an d  
m o lecu la r w eigh t, b u t  phage 11 did n o t fo rm  stab le  lysogenes and  its  b u rs t  size was five tim es 
la rg e r. A m ong th e  p rogeny of phage 11, th e  freq u en cy  of v iru len t m u ta n ts  is re m a rk ab ly  h igh . 
T hese  are  d iffe ren t in  th e ir  superin fection  specificity  and  we have show n b y  crosses th a t  th e  
m u ta t io n  sites are  in  various loci of th e  reg u la tio n  of tem p era te  ch arac te r. T he tran sd u c in g  
a c t iv ity  o f th e  m u ta n ts  is also changed, th e  ex p la n a tio n  of w hich m ay  be in d irec t.

M U TA NTS A L T E R E D  IN  G E N E T IC  R E C O M B IN A T IO N  
O F PH A G E  16-3 O F  R H IZ O B IU M  M E L IL O T I

F.  O l a s z , G. D a l l m a n n  and L. O r o s z  

Department o f Genetics, József A ttila University, Szeged

In  th e  course of th e  analysis an d  re sy n th es is  of v iru le n t m u ta n ts  o f Rhizobium meliloti 
p hage  16-3 we h av e  concluded th a t  th ere  w ere tw o genes betw een  cistron  C an d  m u ta tio n  ts5124 
(th e  n e a re s t  early  c is tron ), responsible fo r th e  genetic  reco m b in a tio n  of th e  phag e . T he genes 
w ere te rm ed  J  and  Q: J + Q+ , wild ty p e , re co m b in a tio n  w as norm al, show ing a d irec t co rre la tio n  
w ith  th e  d istan ce . T he J “ Q~ reco m b in a tio n  w as region specific (around  ts5124 p o in t) , w here  
th e  in crease  in  reco m b in a tio n  was 20-fold; J + Q— reco m b in a tio n  was severely  in h ib ite d  on one 
arm  o f th e  chrom osom e, while norm al in  th e  o th e r d irec tion ; J ~ Q —, phage re co m b in a tio n , w as 
in h ib ite d  20—100-fold along th e  chrom osom e. W ith  th ree  p a ren ta l crosses, w here  one p a re n t 
w as th e  re co m b in a tio n  donor, th e  effect w as follow ed b y  th e  recom bination  of th e  tw o o th e r 
p a ren ts . I t  w as show n th a t  th e  effect o f J ~  w as tran s -d o m in an t, i.e. J ~  allele concerned  w ith  a 
s tru c tu ra l  gene of a p ro te in  involved in  reco m b in a tio n  process. The m ap p o sitio n s o f J  and  Q 
ded u ced  from  m u ltifac to ria l crosses are

Gene C J Q ts512£ ts2 ts5
н ----------- 1— I------ 1— I------------------------------------------------------------- 1-------------------1—
-------------------- 1 A5 deletion
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C O M PA R ISO N  O F  L IN K A G E  M A PS O F R H IZ O B IU M  STR A IN S

Á .  K O ND O ROSI, É.  V lN C Z E  and A .  W. B.  JO H N ST O N

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged, 
Hungary and John Innés Institute , Colney Lane , Norwich, England

T h e  f irs t  linkage m aps of n itrogen-fix ing  Rhizobium  s tra in s  w ere co nstructed  re cen tly  in  
3 lab o ra to rie s  fo r 3 d ifferen t s tra in s :  R. meliloti 41, R. meliloti 2011 and  R. leguminosarum  300. 
In  th is  s tu d y  th e  a rran g em en t o f m ark ers  on th e  3 linkage m aps w ere com pared. U sing a m ap  
fu n c tio n  described  p rev iously , lin k ag e  d a ta  of th e  3 m aps w ere co n v erted  in to  ad d itiv e  m ap 
d is tan ce  v a lues. The a rra n g e m e n t o f m arkers was found  to  show  g re a t sim ilarities on  th e  th ree  
m aps. I n  chrom osom e m o b ilisa tio n  experim en ts betw een  R. meliloti 41 and  R. meliloti 2011 th e  
reco m b in a tio n  frequencies a n d  linkage  values along th e  en tire  chrom osom e, were ab o u t the  
sam e as in  crosses be tw een  d e riv a tiv e s  of R. meliloti 41, w hereas be tw een  R. meliloti 41 an d  R. 
leguminosarum  300 re co m b in a n ts  appeared  on ly  a t  a v e ry  low  frequency . R -prim e p lasm ids 
ca rry in g  segm ents of th e  R. meliloti 2011 chrom osom e and  co m p lem en ting  au x o tro p h ic  m u ta n ts  
o f jR . leguminosarum  300, w ere te s te d  for co m p lem en ta tion  of m u ta n ts  of R. meliloti 41. I t  was 
fo u n d  th a t  these R -prim es d id  com plem ent au x o tro p h ic  m ark ers  loca ted  a t  the  sam e position  
on th e  jR . meliloti and  R. leguminosarum  m aps, in d ica tin g  th e  fu n c tio n a l id e n tity  of these  m a r
kers. F u rth e rm o re , i t  was show n  th a t  s ta rtin g  from  th e  site o f hom ology  these R -prim es p ro 
m o ted  po larised  chrom osom e tra n s fe r  in  R. meliloti 41.

PL A SM II) E L IM IN A T IO N  FR O M  R H IZ O B IU M  M E L IL O T I AT 
E L E V A T E D  T E M P E R A T U R E

Z. B Á N F A L V I and A .  K O N D O R O S I

Institute o f Genetics, Biological Research Center, Hungarian Academy o f Sciences, Szeged

F o r th e  e lim ination  of p lasm ids from  Rhizobium meliloti, a  h e a t- tre a tm e n t p rocedure  was 
d eveloped . In  b ac teria l cu ltu re s  grow n a t 39 .5-40.0  °C, th e  e lim in a tio n  of th e  con jugative  p las
m ids R 68.45, R P4, p J B 4 J I  a n d  th e ir de riv a tiv es were d em o n s tra ted . The curing  of p lasm ids 
w as follow ed by  tes tin g  th e  loss o f plasm id m arkers. In  several cu red  isolates th e  lack  of p lasm id 
D N A  w as d em o n s tra ted  b y  agarose gel electrophoresis o f th e  b ac teriu m  lysates. T h is curing 
p ro ced u re  is useful in s tra in  co n stru c tio n : reco m b in an ts  o b ta in e d  a fte r chrom osom e m obiliza
tio n  w ith  R68.45 can be cu red  of plasm ids. I t  w as fo u n d  earlie r th a t  R. meliloti 41 h a rb o u rs  as 
large  p lasm id , and  c e rta in  genes coding for sy m b io tic  n itro g en  f ix a tio n  m ay  be lo ca ted  on th is 
p lasm id . T he wild ty p e  R. meliloti 41 was su b jec ted  to  h e a t- tre a tm e n t and  in d iv id u a l colonies 
w ere te s te d  for n o d u la tio n  on  lucerne host p lan t. I t  was fo u n d  t h a t  20—60%  of th e  cells lo st th e  
a b ili ty  to  n o du late  lucerne (N o d - ). On th e  o th e r h an d , 8 N o d -  clones tes ted  so fa r d id  co n ta in  
th e  larg e  plasm id. F u r th e r  ex p erim en ts are in  progress to  d e te rm in e  w hether th e  N od-  p heno
ty p e  is due to  a dele tion  on  th e  large p lasm id or th e  e lev ated  tem p e ra tu re  has a selective ad v an 
tag e  fo r th e  N od-  m u ta n ts .
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C O N ST R U C T IO N  O F R E C O M B IN A N T  DN A  C LONES D E R IV E D  
FR O M  R H IZ O B IU M  M E L IL O T I 41

É . V i n c z e , Cs. K o n c z , A .  K is s  a n d  Á .  K o n d o r o s i

In stitu te  o f  Genetics and Institu te  o f  B iochem istry , Biological Research Center, H ungarian  A cadem y
o f  Sciences, Szeged

O ur a im  w as a t  cloning genes of th e  sy m b io tic  n itrogen-fix ing  R hizob ium  meliloti on th e  
wide host-range p lasm id  R P4. R . meliloti D N A  w as su b jec ted  to  lim ited  d igestion  w ith  enzym e 
H in d l l l  and th e n  lig a ted  in to  th e  H in d l l l  site  o f R P 4  DN A. R eco m b in an t p lasm id  m olecules 
w ere recovered  a f te r  tran s fo rm a tio n  in to  Escherichia coli an d  recognized b y  th e  loss o f th e  k a n a - 
m ycin  resistance m ark e r o f R P4. R eco m b in an t R P 4  p lasm ids were tran s fe rre d  in to  R . meliloti 
41 by  con jugation . P lasm id  R P 4  has no chrom osom e m obilising  ab ility  in R . meliloti 41. T h irty -  
one reco m b in an t R P 4  clones were te s te d  fo r chrom osom e m obilisa tion ; 4 clones p ro m o ted  p o la r
ized tran sfe r fro m  a single chrom osom al site. T hese sites p ro b ab ly  co rrespond  to  th e  regions 
in se rted  in to  re co m b in a n t R P4. The tech n iq u e  is su itab le  fo r th e  iso lation  of an y  chrom osom al 
region and for i ts  loca lisa tio n  on th e  genetic  m ap . F u rth e rm o re , th e  use o f a se t of such recom 
b in a n t R P 4  p lasm ids fac ilita te s  th e  m ap p in g  of new  m u ta tio n s  in  R. meliloti 41.

T H E  E F F E C T  O F C H L O R P R O M A Z IN E  ON PL A SM ID  R E P L IC A T IO N , 
P L A S M ID -T R A N S F E R  AN D  S E X -P IL I  O F E S C H E R IC H IA  COLI

Y. M á n d i , J. M o l n á r  and I. В.  H o l l a n d

In stitu te  o f  M icrobiology , U niversity M edical School, Szeged, H ungary and Departm ent o f  
Genetics, U niversity o f  Leicester, Leicester, England

C hlorprom azine (Cpz) caused cu ring  of F ’lac an d  F-like R -plasm ids w ith  a freq u en cy  of 
70%  and  15-25% , w h ils t th e  efficiency of curing  of R -fac to rs  belonging to  N  an d  I c o m p a tib ility  
groups was lower (2—5% ). T he frequency  of tra n s fe r  o f R -144 d rd  and  R -100 d rd  w as red u ced  
m ark ed ly  (2—3 e x p o n en ts)  by  chlorprom azine a t  a co n cen tra tio n  o f 50—100 fig fm l. As d e m o n s tra t
ed  b y  e lectron  m icroscopy  an d  p laque  assay , ch lo rp rom azine  reduced  th e  ad so rp tio n  ra te  o f 
m ale specific R N A  p h ages MS-2 to  F-pili.

P H A G E -S P E C IF IC  D N A  S Y N T H E S IS  IN  M Y C O B A C TER IU M  P H L E I  

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

M icrobiological Research Group, H ungarian  A cadem y o f  Sciences, B udapest

The m echanism  o f phage-specific D N A  sy n th esis  a f te r  phage in fec tion  w as stu d ied  in  
[3H ]-th y m id in e-lab e lled  M ycobacterium  phlei. (i) P hage-specific  D N A  syn thesis begins a t  a b o u t 
30 m in  a fte r in fec tion  a n d  reaches its  m ax im u m  a t  90—100 m in. (ii) A large  m olecu lar w eight 
phage-specific  D N A  in te rm ed ia te  could be d e tec ted  in  lysozym e-sodium  d o d ecy lsu lphate  (SD S) 
ly sa tes  a fte r sucrose g ra d ie n t cen trifugation . T his phage-specific  DN A  p roved  to  be sensitive  
to  SDS and was c leaved  to  sm aller pieces a t  room  tem p e ra tu re .
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T H E R M O S E N S IT IV E  FA CTO R IN H IB IT IN G  B U T Y R IC U M  PH A G E
PR O P A G A T IO N

K. H a b e r

Microbiological Research Group, H ung a ria n  A cadem y o f  Sciences, Budapest

P la tin g  efficiency of b u ty r ic u m  phage p ro v ed  to  be 10- 4—10-3  on M ycobacterium  smeg- 
m atis R ab in o w itz  cells in  lo g arith m ic  phase. T his increased  to  10“ 2—10“ 1 w hen before in fec tio n  
th e  cells w ere h ea ted  fc r 2 h r  a t  50-55 °C. H e a tin g  of th e  cells in  b u ffer or in m edium  d id  n o t 
in fluence th e  increase. On in cu b a tin g  th e  tre a te d  cells a t  37 °C, th e  p la tin g  efficiency decreased. 
T he decrease  w as in h ib ited  by  ch loram phenico l (10 ^g /m l) and  n a lid ix ic  acid (150 p g /m l)  b u t  no t 
by  m ito m y cin  C (0.05 p g /m l). T here  was no change  in  th e  p la tin g  efficiency a fte r h e a t- tre a tm e n t 
if  th e  cells w ere in cu b a ted  in  T ris buffer. T hese d a ta  suggest th a t  b u ty ricu m  phage p ro p ag a tio n  
is in h ib ited  b y  a h e a t lab ile  fa c to r in  M . sm egm atis R ab in o w itz  cells.

A N E W  T Y P E  O F  H A E M IN -R E Q U IR IN G  B A C IL L U S S U B T IL IS  M U TA N T 

A. Miczák , Cs. S ik l ó si, I. D u r k ó , В. P rág ai and I. B e r e k

In stitu te  o f  M icrobiology , D epartm ent o f  Dermatology and Venerology, Department o f  Neurology 
and P sych ia try , U niversity  M edical School, Szeged and D epartm ent o f Genetics, J ó zse f A ttila

U niversity , Szeged

A  new  ty p e  of h aem in -req u irin g  m u ta n t  w as iso lated  b y  strep to m y c in  se lection  from  
B acillus subtilis  s tra in  168 trp C2. I t  accu m u la tes larg e  am o u n ts  o f u ro p o rp h y rin  I and  co p ro p o r
p h y rin  I  ex trace llu la rly  a n d  in trace llu la rly . I t  does n o t co n ta in  p ro to p o rp h y rin  in  d e tec tab le  
q u a n ti ty . A cell-free e x tr a c t  converted  de lta -am o n ilaev u lin ic  acid  to  u ro p o rp h y rin  I  an d  copro 
p o rp h y rin  I. W hen  in c u b a te d  to g eth e r w ith  an  e x tra c t  of an  u ro p o rp h y rin o g en  I sy n th ase  
d e fic ien t s tra in , p ro to p o rp h y rin  was fo rm ed. T he m u ta n t  is u ro p o rp h y rin o g en  I I I  cosy n th ase  
defic ien t. T he hemD  gene d e te rm in in g  th e  enzym e w as m ap p ed  by  tw o- and  th ree -fac to r t r a n s 
d u c tio n  crosses. T his gene is lin k ed  to  th e  h em A , hem  В and hemC  genes, and is d is ta n t fro m  th e  
o th e r hem  genes m ap p ed  so fa r, w hich are s itu a te d  on th e  o th e r rep lica tio n  arm  of th e  B . subtilis  
chrom osom e. T he m u ta n t  ap p ears  su itab le  fo r po rphob ilinogen  u roporp h y rin o g en  I I I  t r a n s 
fo rm a tio n  an d  for th e  s tu d y  of th e  b ran ch in g  of th e  p o rp h y rin -co rrin o id  synthesis. As reg ard s 
p o rp h y rin  syn thesis, th e  b e h av io u r of th e  described  m u ta n t  is analogous to  w h a t is observed  
in  h u m a n  congenital p o rp h y ria .

G E N E T IC  A N D  B IO C H E M IC A L  A N A L Y SIS  O F A M P IC IL L IN  R E S IS T A N C E  

J .  F ö l d e s , E. N a g y  a n d  J .  D e á k

Central Laboratory , U niversity  M edical School, Szeged

T he am picillin  re sis tan ce  plasm id w as tran sfe rred  to  p lasm id-free s tra in s  b y  c o n ju g a tio n  
pe rfo rm ed  in several step s. The tran sferred  ex trach ro m o so m al fac to rs  were iso la ted  fro m  th e  
ex co n ju g an ts  and  an a ly sed  b y  gel electrophoresis.

Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



EIG H TH  CONGRESS 2 1 7

B IO S Y N T H E S IS  O F T H E  C E LL  W ALL O F S H IG E L L A  SO N N E L  
I. IS O L A T IO N  AN D  C H A R A C T E R IZ A T IO N  O F  D IF F E R E N T  

D E F E C T IV E  MUTANTS

B. K o c s i s ,  T. K o n t r o h r , Y. László a n d  H. M ilch

In s titu te  o f M icrobiology, U niversity M edical School, Pécs and N a tiona l Institu te  o f  H ygiene ,
Budapest

Shigella sonnei t r e a te d  w ith  UV irrad ia tio n  and a lk y la tin g  ag en ts  and  old cu ltu res o f the  
o rgan ism  yielded a g re a t n u m b er of in duced  and spontaneous m u ta n ts .  W ith  R-specific phages, 
th e  m u ta n ts  were classified  in to  15 m ain  groups. From  re p re se n ta tiv e s  o f th e  m ain  groups th e  
lipopolysaccharide  a n tig e n  was iso la ted  and  analysed for chem ical com ponents. The m u ta n ts  
w ere  classified in to  6 chem o ty p es ch arac te rized  by d ifferen t degrees o f lipopolysaccharide  b io
sy n th esis  ranging fro m  com plete  S a n tig en  to  polysaccharide-free  ab so lu te  R  antigen.

B IO S Y N T H E S IS  O F T H E  C E L L  W ALL O F S H IG E L L A  SO N N E L
II. N U C L E O T ID E  SU G A R S O F  R  M UTANTS A N D  T H E IR  R O L E  

IN  L IP O P O L Y S A C C H A R ID E  A N T IG E N  S Y N T H E S IS

T. K o n t r o h r  and B. K o c s is

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

Bacteria with different degrees of R mutation lack certain enzymes of lipopolysaccharide 
antigen synthesis. Transferase deficient strains are unable to incorporate activated sugars into 
the polysaccharide part of the antigen and, accordingly, the concentration of nucleotide sugars 
increases in their cells. By chromatography of different R chemotype mutants, new nucleotides 
containing activated D-glycero-D-mannoheptose and 4-animopentose were isolated and analysed 
for chemical structure. The heptose nucleotide could be characterized as adenosine diphosphate- 
D-glycero-D-mannoheptose.

C H A R A C T E R IZ A T IO N  O F  T H E  PLA SM ID S O F  E P ID E M IC  
S H IG E L L A  SO N N E I STR A IN S

A. H a j n a l , У. László , I . F in a n c se k  and I. St r a u b

Pest County Public H ealth  S ta tion , B u dapest, N ational Institu te  o f  H ygiene , B udapest and 
In s titu te  fo r  Radiobiological Research, B udapest

O ut of the  2596 Shigella  sonnei s tra in s  phage ty p ed  in  1978, 23 .1%  were hom ogeneous 
acco rd in g  to  phage ty p e , colicin  ty p e , an d  a n tib io tic  resistance (phage  ty p e  2, colicin ty p e  12, 
s tre p to m y c in  and su lp h o n am id e  re s is tan t) . O u t o f S. sonnei s tra in s  iso la ted  from  d ifferen t o u t
b reak s , 60 .7%  belonged to  th is  ty p e . F ro m  five d ifferent o u tb reak s  42 s tra in s  were exam ined. 
T he M IC values to s tre p to m y c in  were 125-60 pg /m l. The R p lasm ids w ere f i -  and  did no t cause 
p h age  restric tio n . The s tra in s  were sensitive  to  14 colicins (A, B, E l ,  E 2 , E 3 , G, H , la ,  lb ,  K ,
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M, S, Y , X ) and were lysogenic. T he ly tic  sp ec tra  o f th e  carried  tem p era te  p h ages were identical. 
C o m p arib ility  p roperties o f R  p lasm ids w ere te s te d  in one s tra in  from  each  of th e  five o u tb reaks. 
P la sm id s  were re la ted  to  l a ,  a n d  H . Id e n ti ty  o f th e  p lasm ids of all s tra in s  was verified  by  gel 
e lectrophoresis.

T H E  E FFE C T  O F  PL A S M ID S C O D IN G  F O R  A N T IB IO T IC  R E SIST A N C E  
ON G R O W T H  O F STA PH Y LO C O C C U S A U R E U S IN  V IT R O

É . B an

László Central H ospita l fo r  In fectious Diseases, Budapest

T he carriage of p lasm id s coding fo r penicillin , te tracy c lin e , ch lo ram p h en ico l and m ac- 
ro lid e  -f- penicillin resistan ce  h as no in fluence o n  th e  g row th  k inetics o f s tra in s  in  m edia  co n ta in 
in g  no an tib ac teria l d rugs. T h e  tran sd u c in g  phage is responsible for th e  re d u c tio n  of th e  genera
tio n  tim e  of the  reco m b in an t d e fic ien t m u ta n t  a fte r  acquisition  of th e  p lasm id  coding for pen i
cillin  resistance. The grow th  ra te s  o f pen ic illin  p lasm id  positive and  p lasm id  n eg ativ e  stra ins are 
e q u a l in  m edia co n ta in in g  a n tib a c te r ia l  d ru g s, excep t for e ry th ro m y cin  an d  ephedrine. In  
e ry th ro m y c in  the lag p e rio d  an d  th e  f ir s t  p a r t  o f th e  exponen tia l g ro w th  of th e  plasm id 
n e g a tiv e  v a ria n t are red u ced  w hile in  ephed rin e  th e  plasm id positive  cells ex h ib it m uch shorte r 
e x p o n e n tia l period. T he p ro p o rtio n  of penic illin  re s is tan t p lasm id  p o sitiv e : negative cells 
d u rin g  incu b a tio n  in  m ix ed  cu ltu re  changes from  50 : 50 to  ab o u t 80—90 : 20—10% .

■1
G E N E T IC  E X A M IN A T IO N  O F STAPHYLOCO CCUS A U R E U S  ST R A IN S 

R E S IS T A N T  TO P E N IC IL L IN  AND M A C R O L ID E S

L. JÁNOSI and É . B á n ]

N a tio n a l Institu te o f H yg iene , B udapest and László Central H ospita l fo r  In fections Diseases,
B udapest

Staphylococcus aureus  JL 47/32 . JL 47 /A 2  and  JL47/C 2 — tra n s d u c ta n ts  o f S. aureus 8325 
c a rry in g  inacrolide (Me) a n d  penicillin  (Pe) p lasm ids from  d ifferen t c lin ical wdld ty p e  stra in s  
iso la te d  from  the  o u tb re a k  — p roved  to  be sensitive  to  sp iram ycin  (Sp) a n d  lincom ycin  (Lem ). 
In  c o n tra s t , S. aureus R N 11 — tra n s d u c ta n t  o f S. aureus 8325 carry in g  th e  Me Pe plasm id pI258 
fo u n d  in  Ja p a n  16 y ears  ago — show ed a h igh  degree of Sp and  L em  resistan ce  (MIC >  800 
//g /m l). Beside th is p h e n o ty p ic  d ifference be tw een  th e  pI258 an d  Me Pe p lasm ids found  in  
H u n g a ry , ano ther d ifference  was rev ea led  exam in ing  th e  inducer role o f e ry th ro m y cin  (E m ) 
in  th e  inacrolide resis tan ce  of H u n g a rian  s tra in s . Clinical wild ty p e  PM 2104, one of its Me Pe 
r e s is ta n t  tra n sd u c ta n t JL 7 3 /2 3 , and  a n o th e r wild ty p e  s tra in  PM 1669 show ed E m  inducible 
E m  resistance in c o n tra s t  w ith  th e  c o n s titu tiv e  m acrolide resistance of S. aureus RN11. R esults 
o f  physico-chem ical s tu d ie s  o f cell D N A  fro m  th e  H un g arian  clinical w ild ty p e  stra in s  PM2104 
a n d  PM 1007, from  th e ir  é lim in an ts  (lack ing  th e  Me Pe d e te rm in a n t)  and  from  th e ir Me Pe re
s is ta n t  tran sd u c tan ts  co n firm ed  th e  fo rm er genetic  resu lts for ex trach ro m o so m a l localization 
o f Me Pe d e te rm in an t in  th e  cells.
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IN C ID E N C E  O F  STA PH Y LO CO CCU S A U R E U S A N D  R  PLA SM ID  
C A R R Y IN G  E S C H E R IC H IA  C O LI IN  W O R K E R S  E M PL O Y E D  IN

A N T IB IO T IC  PR O D U C T IO N

L. É r and I. Galgóczy

Public H ealth S ta tion , Debrecen

H e a lth y  in d iv id u a ls  em ployed in  an  a n tib io tic  p ro d u c tio n  p la n t  an d  college s tu d e n ts  w ere 
co m pared  fo r incidence of Staphylococcus aureus  in  th e ir  nose an d  th ro a t  and  of Escherichia coli 
in  th e ir  faeces. N ine o u t o f 24 w orkers carried  m ostly  te tracy c lin e  re s is ta n t S. aureus o f  d iffe ren t 
phage p a tte rn s . N in e teen  o u t o f 24 s tu d e n ts  carried  staphylococci w ith  th e ir  m a jo rity  re s is ta n t 
to  pen ic illin , te tracy c lin e  a n d  chloram phenico l. F o u rteen  w orkers ex cre ted  te tracycline  re s is ta n t  
E . coli; one s tra in  carried  R  plasm id. F ro m  14 s tu d en ts , te tracy c lin e  re s is tan t E. coli s tra in s  
were iso la ted : 2 stra in s  w ere am picillin , 1 ch loram phenico l re s is tan t; fro m  4 stra ins te trac y c lin e , 
from  1 am picillin  resis tan ce  carry ing  R  p lasm id  was show n b y  tra n s fe r  to E. coli К - 14 H fr  H  
lac+ an d  lac -  recip ien t. T h e  resu lts  failed to  confirm  th e  a ssu m p tio n  th a t ,  as com pared  to  n o r
m al p o p u la tio n s , w orkers em ployed in  a n tib io tic  p ro d u c tio n  carry  b ac te ria  m ore re s is ta n t to  
an tib io tic s .

R A P ID  M E T H O D  F O R  T E S T IN G  A N T IB IO T IC  SE N S IT IV IT Y

E . N ag y  and J .  F ö ldes  

Central Laboratory , U niversity  M edical School, Szeged

U sin g  th e  princip le o f th e  A utobac sy s tem , a sim ple m eth o d  has been  e laborated  for th e  
d e te rm in a tio n  of a n tib io tic  sen sitiv ity  p a tte rn s  in  com bination  w ith  ra p id  iden tification . T he m i
n im um  in h ib ito ry  co n cen tra tio n s for 12 an tib io tic s  are d e term ined  on T ak á tsy  p lates a t  0.2 m l 
volum es in  4—5 hr. B acteric id a l con cen tra tio n s a re  te s te d  by  rep lica  tech n iq u e  read  a fte r in c u b a 
tio n  ov ern ig h t.

R A P ID  D E T E R M IN A T IO N  O F  E S C H E R IC H IA  COLI О A N T IG E N S 
A N D  ITS U SE IN  C L IN IC A L  P R A C T IC E

F . B a ro n

Public Health S ta tio n , Kaposvár

The bac teria l suspension  of a 16—20 h r  a g a r cu ltu re  is h e a ted  a t  100 °C for 10 m in  a n d  
p ip e tted  in to  wells of p las tic  p la te  con ta in ing  th e  an tise ra . R eadings a re  m ade w ith  the  n ak ed  
eye a fte r  in cu b a tio n  a t  50 °C fo r 30 m in. T he m eth o d  was used  fo r serogrouping  of s tra in s  iso 
la te d  from  e n te ritis  and non-faecal sam ples. In  u ro g en ita l in fec tion  of fem ales, com parison of th e  
serogroup of stra in s  iso la ted  from  the  urine, v ag in a  and  faeces w as useful for d istingu ish ing  
c o n ta m in a n ts  from  th e  p a th o g en ic  bacteria .
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R A P ID  ASSAY O F  A N T IB IO T IC S  A N D  C H E M O T H E R A P E U T IC S  
IN  B IO L O G IC A L  M A T E R IA L S

M. R o d l e r , N. L ászló  and I. R o dler

P u b lic  Health S ta tion , Szekszárd, M in is try  o f  H ealth , B udapest and P ublic  H ealth Station,
Zalaegerszeg

T he m edium  co n ta in in g  th e  te s t  organism  is ad d ed  to d ilu tions of th e  sam ple (serum , 
p la sm a , urine and o th e r b o d y  flu ids) on M ic ro titra to r  p lates. M inim um  in h ib ito ry  co n cen tra 
tio n s  a re  read  afte r 3 h r  in cu b a tio n .

D E T E C T IO N  O F  IN H IB IT O R Y  SU B ST A N C ES A C TIN G  ON T H E  
M O TILITY  O F  B A C T E R IA

M. R o dler  and R. M. T óth

Public Health S ta tio n , Szekszárd

In ten se ly  m otile  b a c te r ia  ino cu la ted  in to  th e  cen tre  of a filte r p a p e r  s tr ip  im m ersed  in  
b r o th  m ove peripherica lly  fo rm in g  a circle p ro p o rtio n a l in  size to  th e  tim e  of in cu b a tio n . The area  
o f  sw arm in g  is m ade v isib le  w ith  a su itab le  in d ic a to r. Salm onellae fo rm  in  3 -4  h r  a circle 20 m m  
in  d iam e te r , th en  a red  p e r ip h e ra l ring. As m o tility  is in h ib ited  b y  a n tib io tic s , chem otherapeu- 
tic s , d is in fec tan ts , colicins, to x in s  and certa in  enzym es, th e  te s t  m ay  be used  for rap id  de tectio n  
o f  th e se  agents.

A S IM P L E  M E T H O D  F O R  A N A E R O B IC  C U LTIV A TIO N  

R. R é d e y , I. K e c sk e m é t i and M. Gacs

Public Health S ta tion , Veszprém and N ationa l Institu te  o f  H ygiene, Budapest

A sm all sterile glass o r  p las tic  d ish  p laced  n e a r to  th e  m arg in  of a sterile  P e tr i d ish  is 
p o u re d  ro u n d  w ith  fresh ly  p re p are d  anaerob ic  b lo o d  ag ar m edium . T he m edium  is allow ed to 
so lid ify  and  in ocu la ted  w ith  th e  sam ple T hen  a K 2C 0 3-p reim pregnated  and  dried  f ilte r p ap er 
coil 11 m m  in  h e ig h t is p lac ed  in to  th e  sm all dish. T he filte r p ap er should  be ro u g h  to  form  p e r
p e n d ic u la r  gaps be tw een  th e  layers. Two m l py rogallic  acid  (20% ) are p o u red  from  a tilted  glass 
on  th e  pap er coil, th e n  th e  d ish  is covered w ith  th e  b o tto m  of a P e tri d ish  o f corresponding size. 
T h e  dishes are fasten ed  to g e th e r  a ir tig h t w ith  ad h esiv e  strip .

N E W  SE L E C T IV E  M E D IU M  F O R  T H E  IS O L A T IO N  O F H A E M O P H IL U S  S P E C IE S

Zs. Cs u k á s

Institu te  o f  M icrobiology, Semmelweis U niversity  M edical School, Budapest

Haem ophilus species a re  re la tiv e ly  re s is ta n t, w hereas G ram -positive  b ac teria  in  th e  
u p p e r  re sp ira to ry  m ucosa  are  usua lly  sensitive to  lincom ycin . The lincom ycin  sen sitiv ity  of 100 
H aem ophilus  s tra in s  o f 3 species (H . influenzae, H . parain fluenzae  a n d  H . parahaem olyticus)
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w as exam ined by  d isk  an d  p la te  d ilu tio n  m ethods. F o r th e  iso la tion  of haem oph ilus, chocolate 
agar contain ing  5 fi g p e r m l of lin co m y cin  was ad eq u a te  as confirm ed  b y  th e  ex am ination  of 
colony counts, colony m orpho logy  an d  m icroscopic p ic tu re  o f th e  iso la tes. O f 220 b ac teria l 
s tra in s  o f the  norm al p h a ry n g ea l f lo ra , th e  m ajo rity  of G ram -positive  s tra in s  failed to  form  
colonies on the  selective p la tes . T he se lective cu ltu re  m edium  y ielded good re su lts  when te s tin g  
50 th ro a t  swabs.

C H A R A C T E R IZ A T IO N  O F  B A C T E R IA  ISO L A T E D  FR O M  T H E  U R IN E  
O F  P R E G N A N T  W O M EN

K. Csisz á r  and F. B aron

Public H ealth  S ta tio n , Salgótarján and Public Health S ta tion , K aposvár

Parallel e x am in a tio n  of a b o u t 4000 p reg n an t w om en w ith  th e  classical d ilu tion  m ethod  
an d  w ith  U ricu lt tech n iq u e  rev ea led  s ign ifican t b ac te riu ria  b y  b o th  m eth o d s  in  10%  of th e  
p a tie n ts . T w o-th ird  o f th e  p a tie n ts  ex cre ted  Escherichia coli belonging in  th e ir  m a jo rity  to 
serogroups 0 4 , 0 6 , 0 7 ,  0 1 8 , 0 2 1 , 0 2 6  an d  0 7 5 . T he s tra in s  p ro d u ced  colicin  X , У , В, E and  I. 
В group  haem oly tic  s trep to co cc i w ere iso la ted  in  2%  only  w ith  th e  classical m ethod .

P H A G E  T Y P IN G  O F  L IS T E R IA  M O N O C Y TO G EN ES

J. D u r s t , É . R a u , E . T huróczy  and F. K e m e n e s  

Public Health S ta tio n , Szolnok and U niversity Veterinary School, B udapest

T w enty-tw o L isteria  monocytogenes phages were iso la ted  from  lysogenic  stra in s  w ith  or 
w ith o u t induction . T he ph ag es w ere se lec ted  according to  ly tic  sp ec tru m , try p a flav in e  and  UV 
se n s itiv ity  and  h y d ro x y lam in e  in a c tiv a tio n . F ifteen  of th e  phages w ere iso la te d  from  serotype 
1/2, five from  4f, and one each  fro m  4g a n d  4b stra ins . By phage ty p in g , 300 serologically  charac
te rize d  stra ins were classified  in to  31 p h ag e  ty pes. The new  phages su p p lem en t th e  phage se t for 
lis te ria  consisting p rev iously  of 15, a llow ing th e  d ifferen tia tio n  of 21 phage ty p es . B y n eu tra liza 
tio n  te s t,  th e  typ ing  ph ag es were classified  in to  6 groups a t  least.

C O M PA R A TIV E E X A M IN A T IO N S  W IT H  T N SA  M E D IU M  
C O N T A IN IN G  PO L Y M Y X IN

B. R a l o v ic h , A . F o rray  and T.  A n g y a l

In stitu te  o f  Public H ealth and E pidem io logy , U niversity M edical School, Pécs, Laboratory o f  
H ygien ic  Control Service o f  the Food In d u s try , M in is try  o f A gricu lture , Pécs and Central Labora

tory o f  the U nited  H ealth In stitu tio n s , Pécs

Faecal sam ples o f 75 c a ttle  a n d  of 39 persons and  vag in a l d ischarge  of 76 w om en were 
exam in ed  for Listeria monocytogenes. A fte r  en rich m en t in  H o lm an ’s cooked m e a t m edium  con
ta in in g  5 %  sheep blood, a t  277 К  for som e w eeks, th e  cu ltu res were s tre ak e d  on T N SA  (try p a-
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f lav in e , 15 ^g/m l; nalid ix ic  acid , 40 //g /m l; 5 %  serum ) agar p lates w ith  an d  w ith o u t po lym yxin  
В (3 /ig/m l). From  the  p la te s  co n ta in in g  p o ly m y x in  В m ore Listeria  s tra in s  could he iso la ted  th a n  
fro m  th e  original m edium . F if ty - th re e  o u t o f th e  75 h ea lth y  c a ttle  h a rb o u re d  Listeria  b u t  only 
one h u m a n  carrier was fou n d . Sim ilar re su lts  w ere o b ta ined  w hen ag ar p la te s  w ith  try p aflav in e  
(15 /xg/ml), oxolinic acid  (40 /xg/ml) an d  5%  serum  were used.

ISO LA TIO N  O F  STA PH Y LO C O C C U S A U R E U S FR O M  FO O D  SA M PLE S 
C O N TA M IN A TE D  W IT H  G R A M -N E G A TIV E  B A C T E R IA

E. Ma r j a i , Zs . H o rváth  and I. K a já r y

Public H ealth  S ta tion , Szeged

T he usual selective m ed iu m  co n ta in in g  5%  ox  blood and  7 .5 %  sodium  chloride was in 
su ffic ien t for th e  iso la tion  of staphylococci from  food sam ples co n ta m in a te d  w ith  c e rta in  G ram 
n eg ativ e  bacteria . The m ed ia  described b y  G io l it t i and Ca n to n i an d  b y  Ba ir d  an d  P a r k e r  
w ere m ore effective. T he g ro w th  of stap h y lo co cc i on selective m ed ia  is especially  h indered  by  
sa lt  re s is ta n t Enterobacter s tra in s  and  b y  a diffusib le substance  p ro d u ced  b y  th em . A no ther 
re a so n  for the  u n sa tis fac to ry  d e tec tio n  of staphylococci m ay  be th e  rep ression  during  food 
p ro d u c tio n  of the  p lasm id  responsib le  fo r haem olysin  activ ity .

Virology

A E T IO L O G IC A L  A N A L Y SIS  O F  M E N IN G IT IS -E N C E P H A L IT IS  
E P ID E M IC  IN  1978

I. D ömök , G. N a g y , Z s . T a k á t s y , E. K u k á n , E. G y ö r g y ,
E. Mo l n á r , M. S im o n , I. H ollós and E. S zarka

N ationa l Institute o f  H yg iene , B udapest, László  Central Hospital fo r  In fectious D iseases, Budapest 
and H ungarian  A rm y  M edical Corps, Budapest

An epidem ic of a cu te  CNS diseases has been observed from  A pril to  O ctober. 1978, w ith  
a p eak  in  Ju ly . The to ta l  n u m b er of n o tified  asep tic  m eningitis an d  encephalitis  cases in  1978 
a m o u n te d  to 826 and  724, respec tive ly . T he age-specific m o rb id ity  ra te s  w ere especially  high 
in  th e  age groups u n d e r 6 years. In  47 cases th e  encephalitis was fa ta l,  an d  in  44 cases p a ra ly tic  
sy m p to m s were observed . Specim ens rece iv ed  from  510 rep o rted  a n d  279 n o n -rep o rted  m enin
g itis  as well as from  457 rep o rte d  and  326 non-reported  en cep h alitis  cases were in v estig a ted  
v irologically . The aetio logy  could be c larified  in  47%  of the  cases. E n te ro v iru s  71 (E71) could be 
in c rim in a ted  for 20% , tick -b o rn e  en cep h alitis  (T B E ) v irus for 18 .6% , coxsack iev irus B4 and B5 
ty p e s  for 1.8% , LCM v iru s  for 1 .3% , m u m p s v irus for 3 .9% , he rp es sim plex  v iru s for 0.8%  
a n d  o th er viruses fo r 0 .4%  of th e  cases. E71 was th e  m ain aetio logic a g en t o f CNS diseases oc
cu rred  am ong ch ild ren , w h ils t th e  T B E  v iru s o f those am ong a d u lts . T he form er in fections were 
com m on all over th e  co u n try  in c o n tra s t to  th e  la t te r  w hich were m o stly  confined to  areas well- 
kno w n  to be n a tu ra l foci o f T B E  v irus. E71 proved  to  be responsib le for 13 cases w ith  poliom y
elitis-like p a ra ly tic  sy m p to m s and  fo r 8 f a ta l  encephalitis, all am ong  y oung  children .
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ISO L A T IO N  AN D  ID E N T IF IC A T IO N  O F  E N T E R O V IR U S  T Y P E  71 ST R A IN S 

Zs. T a k á t s y , G. N a g y , E. K u k á n , I. M i h á l y  and I. D ö m ö k

N ational Institu te  o f H yg iene , B udapest and László Central H ospita l fo r  In fectious D iseases ,
B udapest

V irus iso lations w ere a tte m p te d  in tissue cu ltu res  from  1952 specim ens ob ta in ed  from  686 
p a tie n ts  (352 w ith  en cep h alitis , 330 w ith  m ening itis  and  4 w ith  h a n d -fo o t an d  m o u th  disease) 
du ring  th e  m ening itis—en cep h alitis  epidem ic in  1978. Stool sam ples w ere availab le  from  454, 
th ro a t  sw abs from  369, CSF sam ples from  401 a n d  p .m . CNS sam ples fro m  13 p a tie n ts . M aterials 
from  620 p a tie n ts  were te s te d  b o th  in Vero an d  in  p rim ary  rhesus m o n k ey  k id n ey  (R M K ) cells, 
from  18 p a tie n ts  in Vero cells an d  from  48 p a tie n ts  in  R M K  cells exclusively . Some specim ens 
w ere also te s te d  in H E p -2  cells, in  p rim ary  h u m an  em bryonic  f ib ro b la s ts , o r in  a lte rn a tin g  cell 
system s. E n te ro v iru s ty p e  71 (E 71) stra in s  could  be iso lated  from  47 stool sam ples, 5 th ro a t  
sw abs an d  6 CNS sam ples, o rig in a tin g  from  44 p a tie n ts  (34 w ith  en cep h alitis , 8 w ith  m ening itis 
and  2 w ith  han d -fo o t and  m o u th  disease). V irus iso lations were successful exclusively  w hen Vero 
cell cu ltu res  were used e ith e r  alone or in co m b in a tio n  w ith  R M K  cell cu ltu res . E v en  in  th is 
system  3 to  6 b lind  passages w ere needed for th e  iso la tion  of stra ins . Som e d ifficu lties were en 
co u n te red  w ith  th e  id en tif ic a tio n  of iso lates; th e y  h a d  to  be p re tre a te d  w ith  e th e r in  o rd e r to  
o b ta in  an  ap p ro p ria te  n e u tra liz a tio n  w ith  E71 ty p e  sera. A ttem p ts  fa iled  to  iso late  v iru s in  
suckling  m ice from  90 m a te ria ls  o f 52 p a tien ts . N evertheless, 5 s tra in s  iso la ted  in  cell cu ltu res 
p roved  to  be  pa thogen ic  to  suck ling  mice causing  a lte ra tio n s  ch ara c te ris tic  o f coxsackie A v iru 
ses. In  th e  course of these in v es tig a tio n s  coxsackie B4 stra in s  were iso la ted  from  8, coxsackie B5 
s tra in s  from  26, adenovirus ty p e  5 s tra in s  from  2 an d  adenovirus ty p e  7 s tra in s  from  1 p a tie n t. 
T he m a jo rity  of coxsackie В stra in s  could easily  be iso lated  b o th  in  V ero and  in  R M K  cell 
cu ltu res .

SE R O L O G IC A L  D E T E C T IO N  OF E N T E R O V IR U S  T Y P E  71 IN F E C T IO N S  

G. N a g y , Z s . T a k á t s y  a n d  I .  D ö m ö k

N ationa l Institu te  o f  H ygiene , Budapest

In  connection  w ith  a m en in g itis—encephalitis  epidem ic in 1978, a lto g e th e r 1669 serum  
sam ples ta k e n  from  1050 p a tie n ts  w ere tes ted  for th e  presence of n eu tra liz in g  a n tib o d ies  to  e n te ro 
v iru s ty p e  71 (E71); 845 sam ples w ere received from  494 p a tie n ts  w ith  encep h alitis , 819 sam ples 
from  553 p a tie n ts  w ith m en in g itis  and  5 sam ples from  3 p a tie n ts  w ith  h an d -fo o t an d  m o u th  
disease. As te s t  m ethod , sin g le-rad ia l-p laq u e-n eu tra liza tio n  has been u sed  th ro u g h o u t. O nly  a 
single serum  sam ple could be te s te d  from  632 p a tie n ts  w hilst two or m ore sam ples from  418 
p a tie n ts ; 307 p a tie n ts  in th e  fo rm er and  286 in  th e  l a t te r  group proved to h av e  an tibod ies to  E71. 
In  46 cases a significant t i t r e  in crease  and  in  6 cases a sign ifican t t itre  decrease  could be d em on
s tra te d . In  o rd er to  in v estig a te  th e  possible role o f  E71 in cases w hen o n ly  a single serum  was 
availab le  an d  w hen no s ig n ifican t t i t r e  changes cou ld  be found , a tte m p ts  w ere m ade to  dem on
s tra te  E71 specific IgM an tib o d ies  in  684 sam ples o f 512 p a tien ts . The IgM  an tib o d ies  were sep a
ra te d  b y  ion-exchange b a tc h  tech n iq u e  using QA E S ep h ad ex  A-25 gel, a n d  te s te d  b y  th e  n e u tra l
iza tio n  m eth o d  m entioned  above. E x am in a tio n  of sera from  74 p a tie n ts  w hose E71 in fection  
h ad  a lready  been  verified b y  v iru s  iso lation  an d /o r by  a significant t i t r e  change show ed th a t  
specific IgM  an tibod ies are d em o n s trab le  for 1 to  3 m o n th s following th e  o n se t o f illness. IgM
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an tib o d ies  could be d e te c te d  in  379 sam ples of 307 p a tie n ts . These a n tib o d ies  w ere found  in  3 % , 
56%  a n d  68%  of p a tie n ts  w ith  u nchanged  low, m ed iu m  and  h igh a n tib o d y  levels, respec tive ly . 
T he aetiological role o f E71 could  be confirm ed b y  th e  serological te s ts  a lto g e th e r in  312 cases 
(encephalitis , 152; m en in g itis , 158; han d -fo o t a n d  m o u th  disease, 2).

V IR U S -S E R O L O G IC A L  E X A M IN A T IO N S C O N N E C TE D  W IT H  LOCAL M EA SLES 
O U T B R E A K S  IN  H A JD Ű -B IH A R  COU NTY IN  1978-1979

Zs. K o s a  a n d  M. T a s s  

N ational Institu te  o f  H ygiene , B udapest

In  3 villages o f H a jd u -B ih a r  cou n ty  118 reg is te red  m easles cases occurred  be tw een  Sep
tem b e r, 1978, and A pril, 1979. W ith  few excep tions th e  p a tie n ts  w ere less th a n  9 years o f age, 
a n d  86 of th em  h a d  rece ived  m easles vaccine in  p rev ious y ears (73% ). I n  o rder to  verify  th e  
clinical diagnosis, se ra  f ro m  95 p a tie n ts  (74 w ith  an d  21 w ith o u t v a c c in a tio n  h isto ry ) were in 
v e s tig a ted  for m easles H I  an tib o d ies and  those  fro m  76 p a tie n ts  also fo r th e  presence of m easles 
specific  IgM  an tibodies. F o r th e  de tection  of IgM  an tib o d ies  th e  ion  ex ch an g e  b a tc h  se p a ra tio n  
m eth o d  was applied. In  42 of 69 pa ired  sera a s ig n ifican t t it re  rise o f m easles H I  an tibodies could 
be d e tected . In  a d d itio n a l 36 cases th e  clinical diagnosis was verified  b y  th e  d em o n s tra tio n  o f 
specific  IgM  an tibod ies . A lto g eth e r 60 v a cc in a ted  p a tie n ts  were fou n d , whose serum  sam ples 
co n ta in ed  measles specific  IgM  antibodies. On th e  basis of th e  ep idem iological analysis i t  has  
b een  supposed th a t ,  ow ing to  im p ro p er sto rage of th e  live vaccine, th e  v a cc in a tio n  of ch ild ren  
h ad  rem ained  unsuccessfu l. T h is was su p p o rted  by  th e  fac t th a t  d u rin g  th e  illness a p r im a ry  
im m u n e  response could  be  o bserved  in  sp ite  o f th e  p revious v acc in a tio n .

E L ISA  F O R  M O N IT O R IN G  CYTOM EG ALO- A N D  R U B E L L A V IR U S  
IN F E C T IO N S  D U R IN G  PR E G N A N C Y

S. PÁCSA and  B .  P e JTSIK

Institu te  o f  M icrobiology , University M edical School, Pécs and County H ospital, Pécs

Serial serum  sam ples collected from  p re g n a n t w om en were te s te d  for id en tify in g  t i t r e  
m ovem en ts to  cy to m eg alo v iru s (CMV) an d  ru b e llav iru s (RV). So fa r  se ra  from  3900 p re g n a n t 
w om en w ith  norm al de liv e ry , and  from  125 w om en w ith  s tillb ir th  w ere te s ted . E L IS A  was p e r
fo rm ed  in  D y n a tech  M icroelisa p lates sensitized  w ith  CMV and  RV an tigens. As chrom ogen, 
o -n itropheny l p h o sp h a te  w as used. E v a lu a tio n  w as done b y  a D y n a tec h  E lisa  R eader. (i)To CMV 
2 0 % , to RV 16%  of th e  w om en proved  to  be suscep tib le , (ii) In fec tio n  ra te  du ring  p reg n an cy  
fo r b o th  CMV an d  R V  w as ap p ro x im ate ly  1% . (iii) R egard ing  CMV an tib o d ies , th e  m a jo rity  o f 
t i t r e  rises was d e tec ted  in  th e  la s t tr im este r  of p reg n an cy ; th is  p o in ted  to  th e  endogenous orig in  
o f CMV infections, (iv) A lto g eth e r 500 p re g n an t w om en/year are a t  r isk  to  deliver babies w ith  
m alform ations due to  CMV an d  RV infections, (v) The ra te s  o f sero log ically  iden tified  in fec tions 
(C M V % /R V % ) w ere fo r 3900 norm al p regnancies, 0.4/0.12; fo r 185 e a rly  b ir th s , 3.2/2.6 ; an d  fo r 
96 stillb irth s , 8.6 /1 .2.
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M O D IFIC A T IO N S CO N N EC TED  W IT H  A N T IG E N  P R O D U C T IO N  FO R ,
A N D  T H E  M ETH O D  O F , R U B E L L A  H I T ESTS

I. MEZEY and I. Ö rY

N ational In s titu te  o f  H ygiene , B udapest and Public H ealth S ta tion , Szeged

QxAE Sepliadex A25 ion  exchange colum n c h ro m a to g rap h y  p ro v ed  to be useful fo r con
c en tra tio n  of ru b e lla  v iru s  haem agglu tin in . B y th is  tech n iq u e  a 4 to  20-fold co n cen tra tio n  of th e  
an tig en  p re sen t in  T w een—e th e r  trea te d  and u n tre a te d  m edia of B H K  21 m onolayer cell cu ltu res  
in fec ted  w ith  th e  “ J u d i th ”  s tra in  of rubella  v iru s could be a tta in e d . T his sim ple m eth o d  seem s 
su itab le  to gain  a p p ro p ria te  an tigen  from  lo w -titre  tissue cu ltu re  h a rv ests . R ubella  H I t i t r e  of 
286 sera was com pared  in  405 te s ts  using p igeon red  blood cells an d  try p sin ized  h u m an  group  0 
R h positive e ry th ro c y te s . In  239 com parative  te s ts , iden tica l re su lts  were ob ta in ed  while in  142 
te s t 2-fold and  in 24 te s ts  4-fold or even h igher differences were observed . Sim ilar te s ts  for sp e 
cific IgM class an tib o d ies  sep a ra ted  from  88 h u m an  sera b y  ion  exchange b a tch  tech n iq u e  
gave id en tica l re su lts  for 85 sam ples, b u t in 3 sam ples th e  IgM  an tib o d ies  were dem o n strab le  
exclusively  b y  th e  use o f h u m an  ery th rocy tes.

R A P ID  D IA G N O STIC  M E T H O D S IN  V IR O LO G Y .
I. E L E C T R O N  M IC R O SC O PE S T U D IE S  O F  T H E  HUM AN 

R E O V lR U S -L IK E  A G EN TS O F  IN F A N T IL E  G A S T R O E N T E R IT IS

E . N a g y , J .  F ö l d e s , É . M e n y h á r t  and J .  D e á k  

Central Laboratory, U niversity M edical School, Szeged

M aterials co llected  fro m  infantile  d iarrh o eas were tre a te d  w ith  freon , co n cen tra ted  w ith  
P E G  if necessary , and  tra n s fe rre d  to F o rm v ar co a ted  grids overco a ted  b y  carbon. The p re p a ra 
tions were negativ e ly  s ta in e d  w ith  u ran y l a c e ta te , a n d  ex am ined  in  th e  electron  m icroscope. 
The whole p rocedure  re q u ire d  3 -4  hr. In  th e  course o f an  epidem ic of in fan tile  d iarrh o ea, 50 
specim ens w ere processed. In  th e  early  spring period  of th e  o u tb rea k , v iru s was de tected  in  54%  
of th e  specim ens. M ost o f  th e  v iruses corresponded  to  R otavirus , th e  o thers to A strovirus  or 
Adenovirus. In  th e  la te  sp r in g  period, sim ilar v iruses were fo u n d  in  23%  of th e  specim ens. 
The clinical and  ep idem iological re la t ions of la b o ra to ry  d iagnosis are  discussed.

A N T IB O D Y  D E T E R M IN A T IO N  IN  T H E  CSF BY IM M U N O FL U O R E SC E N T  
T E C H N IQ U E  F O R  D IA G N O SIS O F  V IR A L  CNS IN F E C T IO N S

M. S im o n  and  M. K o l l e r

H ungarian A rm y  M edical Corps, Budapest and N ational Institu te  o f  H ygiene , Budapest

T ests for v irus-specific  an tib o d ies in th e  CSF are used in freq u e n tly  for th e  la b o ra to ry  
diagnosis of v ira l in fec tions o f  th e  CNS, m ain ly  because of th e  m odest sen sitiv ity  of th e  gen er
ally  applied  serological m e th o d s . In  the  p resen t s tu d y  a n tiv ira l an tib o d ies o f IgG  and  IgM  
classes were in v es tig a ted  b y  fluo rescen t an tib o d y  (F A ) tech n iq u e  of increased  sen sitiv ity  in  th e
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se ru m  an d  CSF sam ples ta k e n  sim u ltan eo u sly  fro m  20 lym p h o cy tic  choriom ening itis (LCM), 
12 tick -b o rn e  en cep h alitis  (T B E ), 10 m u m p s-m en in g itis  an d  12 v a ricella-zoster (VZ) m en ingo
en cep h a litis  cases. In  o rd er to  d iffe ren tia te  a n tib o d ie s  p re sen t passively  in  th e  CSF from  those  
p ro d u ced  w ith in  th e  CNS, in serum  and  CSF sam ples, d e te rm in a tio n  of IgG  a n tib o d y  titre s  to  
h e rp es sim plex  v iru s (H SY ) an d  to capsid a n tig e n  of E B  v iru s (EB-YCA) w as carried  o u t b y  FA  
tec h n iq u e  and  th e  Ig G /a lb u m in  q u o tien ts  w ere e s tim a te d  by  rad ia l im m unod iffusion  te s t. 
T he tech n iq u e  p ro v ed  to  be  v a luab le  for ra p id  specific  diagnosis of CNS infec tions caused b y  
LCM , T B E , YZ an d  m u m p s v iruses, b u t  n o t fo r t h a t  caused b y  HSV v iru s. M oreover, t it re  
changes of IgG  a n tib o d ies  to  HSY and  EB -Y C A  in  th e  CSF sam ples tak e n  serially  seem  to  in d i
ca te  th e  dynam ics o f p a th o lo g ica l processes in  CNS dam age of unknow n origin.

V IR A L  A N T IG E N S  IN  E P IT H E L IA L  C E L L S O F T H E  U T E R IN E  C E R V IX

P.  D á n , J.  D ö m ö t ö r i , G .  K u l c s á r , I.  N á s z , J.  H o r v á t h ,

P. G e c k  and L. T a s s

In s titu te  o f  M icrobiology , Semmelw eis U niversity  M edical School, B udapest and János M u n ic ip a l
H o sp ita l, B udapest

To s tu d y  th e  in te rre la tio n sh ip  b e tw een  la te n t  v iruses and h o st cells, cyto logical p re p a ra 
tio n s  have  been in v es tig a te d  by  im m unofluorescence . E p ithe lia l cells o f th e  cerv ix  from  330 
u n se lec ted  fem ales w ere exam in ed  for th e  p resence  of adeno- and  herpesv iru s an tigens. F ro m  
each  fem ale p a tie n t a t  le a s t th ree  scrap ings w ere ex am ined . H yperim m une sera p rep ared  ag a in st 
adeno- an d  herpes s im plex  v iruses in  ra b b its  w ere  used . The an ti-ad en o  sera  were co n ju g a ted  
w ith  fluorescein  iso th io c y a n a te  and  those  ag a in s t th e  herpesv irus w ith  rho d am in e . A denov irus 
a n d /o r herpes sim plex  v iru s  an tigens could be  d e te c te d  in  th e  cervix  cells in  16%  of w om en who 
p ro v e d  to  be neg ativ e  a t  colposcopy while 44 .8 %  o f those  in  w hom  colposcopy show ed m o d era te  
o r ex tensive  a lte ra tio n s . T he difference w as s ig n ifican t sta tis tica lly . I t  w as rem ark ab le  th a t  th e  
an tig e n s  of these  v iru ses w ith  oncogenic c a p a c ity  w ere p resen t in th e  cervical cells of ev ery  
p a tie n t  suffering fro m  cerv ical carcinom a.

A D E N O - A N D  H E R P E S V IR U S  A N T IB O D IE S  IN SE R U M  OF 
P A T IE N T S  W IT H ; U R O L O G IC A L  D IS O R D E R S

G. K u l c s á r , S. Cs a t a , N g u y e n  A n i i  N g u y e t , P . D á n ,

J.  H o r v á t h , I.  N á s z  and J. O n g r á d i

In s titu te  o f M icrobiology, Semmelweis U niversity  M edical School, B udapest and István  H osp ita l,
B udapest

Serological s tu d ies  w ere u n d e rta k en  to  d e te rm in e  th e  possible connections be tw een  v iru 
ses an d  tu m o ro u s grow ths. Sera from  380 p a tie n ts  w ith  u rogen ita l m alignancies and  o th e r d is
eases were te s te d  fo r an tib o d ies  ag a in st adeno- an d  herpes sim plex v irus, as well as ag a in st early  
— non  v irion  — ad en o v iru s an tigens. R esu lts  o f com plem en t fix a tio n  te s t  have  show n th a t  a n ti 
bodies ag a in st adeno v iru ses can be d e tec ted  less freq u e n tly  while those  ag a in st h e rpesv irus m ore 
freq u e n tly  in  p a tie n ts  w ith  u ro g en ita l tu m o u r  an d  w ith  p ro s ta tic  h y p e rtro p h y  th a n  in  p a tie n ts  
w ith  o th er diseases. T he difference found  in  th e  an tib o d y  levels ag a in st th e  non-v irion  an tig en s 
o f adenovirus ty p e  12 in  th e  v arious illnesses w as rem ark ab le : p a tie n ts  w ith  p ro s ta tic  hyper-
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tro p y  and  tu m o u rs  ran k ed  w ith  54%  while u rological non-turnorous p a tie n ts  w ith  18%  an d  
in te rn a l p a tie n ts  w ith  4% . The fin d in g  m ay  in d ica te  a re la tionsh ip  b e tw een  these  v iruses and  
th e  m alignancies.

D E T E C T IO N  O F B A B O O N  E N D O G E N O U S V IR U S -S P E C IF IC  
A N T IB O D IE S  IN  T H E  PLA SM A  O F H E A L T H Y  P E R S O N S  AND 

P A T IE N T S  W IT H  M Y E L O ID  L E U K A E M IA

J .  K iss ,  L. V á c z i , F. D .  T ó t h , Z s . M a d á r ,
К .  R á k  and J .  J a k ó

Institu te  o f  Microbiology and Second D epartm ent o f  M edicine , U niversity  M edical School,
Debrecen

P ro v ira l sequences re la ted  to  b ab o o n  endogenous v irus (B aEV ) can  be  d e tec ted  in h u m an  
cells, and  th e  expression  of these  sequences is h ig h ly  increased  in  leu k o cy tes  of p a tie n ts  w ith  
m yeloid  leu k aem ia , b u t  th e  incidence of B aE V -specific  an tibodies am ong  leukaem ic p a tie n ts  
h as n o t b een  clarified. In  th e  p re sen t s tu d y  p lasm a  sam ples of 15 a cu te  (AM L), 30 chronic 
(CML) m yeloid  leukaem ic and  12 p rae leukaem ic  p a tie n ts , and 30 h e a lth y  persons were in v e s ti
g a ted  for th e  presence of B aEV -specific  an tib o d ies b y  in d irec t m em brane  im m unofluorescence. 
T hree  of 15 u n tre a te d  p a tie n ts  w ith  AM L h a d  an tib o d ies  in  th e ir  p lasm a an d  all h ad  a low  leu k o 
cy te  co u n t in  pe rip h eral blood. O u t o f 4 AM L p a tie n ts  w ith  prolonged rem ission  a fte r  chem o
th e ra p y , 3 persons had  an tibodies. F ive  CML p lasm a  sam ples p roved  to  be  positive  for a n ti 
bodies. S tud ies o f CML sam ples su g g est t h a t  an tib o d ies  are de tectab le  on ly  in  th e  qu iescen t 
phase  of CML w ith in  one y ear from  th e  o nse t of th e  disease and w hen th e  p e rip h e ra l leukocyte  
co u n t is low. O u t o f 12 praeleukaem ic  p a tie n ts , 5 h a d  an tibodies. A ppearance  of acu te  leukaem ia  
could  be observed  in  4 p a tien ts , w ho in  th e  p rae leukaem ic  period h ad  p ro v ed  n eg ative  for a n ti 
bodies.

ISO LA TIO N  O F  A N  A P P A R E N T L Y  N O N -O N C O G EN IC  
M A R E K ’S D IS E A S E  V IR U S

Cs. D r é n  and B .  T ó t h

Veterinary Research Institu te , H ungarian  A cadem y o f  Sciences, Budapest and P hylaxia  Veterinary  
Biologicals and F oodstu ffs L td ., Budapest

M arek’s disease v irus was reg u la rly  d e m o n s tra ted  in S P F  chicken flo ck  using  egg in o cu la 
tio n  tech n iq u e  w ith o u t any  evidence of M arek’s disease. Typical c y to p a th ic  effect o f M arek’g 
disease v iru s w as seen in d irec t ch icken  k id n ey  tissue  cu ltu re  p repared  from  4—6 weeks old a p 
p a re n tly  h e a lth y  chickens from  th is  flock . C h arac te ris tic  C ow dry-type “ A ”  in tra n u c le a r in c lu 
sion bodies an d  p ro m in en t nucleoli w ere seen in a lte red  cells using  acrid ine  orange sta in ing . 
E x am in a tio n  of u l tra th in  section of th e  cells from  in fec ted  tissue cu ltu res rev ea led  v iru s partic les 
in  th e  cell nucleus w ith  ty p ica l h e rp es-ty p e  m orphology . Serological re la tio n sh ip  be tw een  th e  
iso la ted  v irus and  a pathogenic  s tra in  o f M arek’s disease v irus was d e m o n s tra ted  in  ag ar gel 
p re c ip ita tio n  te s t. Ino cu la tio n  of 1 d ay  old genetica lly  susceptible R h o d e -Is lan d  R ed chickens 
w ith  th e  iso la te  caused  no M arek’s disease du ring  th e  ex p erim en tal p eriod , b u t  h isto logically  
va rio u s degrees o f lym pho id  cell in f il tra tio n  could be seen in various organs. T he iso late  ensured  
s ig n ifican t p ro tec tio n  to  susceptib le S P F  chickens in o cu la ted  a t one d ay  of age and  challenged 
3 weeks la te r  b y  in tra -ab d o m in al in o cu la tio n  of a p a th ogen ic  M arek’s disease virus.

4* Acta Microbiologica Academiae Scientiarum Hungaricae 27,1980



2 2 8 EIG H TH  CONGRESS

A E T IO L O G Y  O F A N  A C U TE E N T E R IC  T R A N S M IS S IB L E  
G A S T R O E N T E R IT IS  (T G E )-L IK E  D IS E A SE  O F  S W IN E

E.  M o c s á r i  and I. H o r v á t h

Central Veterinary In s titu te , Budapest

In  o rder to c larify  th e  aetio logy  of an  acu te  en te ric  disease o f sw ine clinically and  epide- 
m iologically  resem bling  T G E , 2 to  10 days old p ig le ts and  w eaners w ith  acu te  in testin a l sy m p 
to m s were inv estig a ted . T he neg ativ e  resu lts  of th e  d irec t im m unofluorescence (IF ) te s t  fo r th e  
d iagnosis o f T G E , w hich is ro u tin e ly  applied  on  sm all in te s tin a l scrap ings and  th e  negative  v iru s 
iso la tio n  a tte m p ts , as well as th e  absence of n eu tra liz in g  an tib o d ies to  T G E  virus in  th e  blood 
sera , excluded  a T G E  v iru s in fec tion . The aetio logical role of ro ta v iru s  was also excluded by  
d irec t IF  te s t  and im m u n o -e lec tro n  m icroscopic (IE M ) ex am in atio n  of th e  in testin a l co n ten ts . 
U l t ra th in  sections o f th e  e p ith e lia l cells from  d iffe ren t segm ents o f th e  sm all in testine  revea led  
num ero u s v irus p a rtic les w ith  an  average d iam e te r o f 70 nm . V irus p a rtic les  occurred  w ith in  
cy to p lasm ic  vacuoles an d  vesicles su rrounded  by  a u n ite  m em b ran e , an d  also free in th e  c y to 
p lasm . C oronavirus-like p a rtic le s  were d e tec ted  in th e  neg ativ e ly  s ta in e d  suspensions o f th e  
in te s tin a l co n ten ts and  scrap ings. B y IEM , these  coronavirus-like  p a rtic le s  were found  to  be 
an tig en ica lly  d is tin c t from  th e  2 know n porcine coronaviruses, T G E  v iru s and  h aem ag g lu tin a t- 
ing  encephalom yelitis v iru s. U p  to  now, no ev idence of v ira l rep lica tio n  of th e  coronavirus-like 
p a rtic le  has been o b ta in ed  in  d iffe ren t cell cu ltu re  system s.

IM M U N O D IF F U S IO N  T E ST  F O R  T H E  D IA G N O S IS  OF 
A U JE S Z K Y ’S D IS E A SE

I .  M e DVECZKY  an d  S. T u B O L Y  

Department o f  E pizootiology , U niversity o f  Veterinary Sciences, Budapest

The lab o ra to ry  d iagnosis o f A ujeszky’s disease is based  on  th e  v irus n e u tra liz a tio n  (VN) 
te s t.  The h igh cost o f th e  te s t  called for a m ore sim ple m ethod . On th e  basis of our fo rm er e x 
perience and  d a ta  in  th e  l ite ra tu re  fu r th e r  developm en t of th e  in icro-im m uno diffusion te s t  
(M ID T) seemed p rom issing . U sing chem ical d e te rg en ts , v irus p u rif ic a tio n  and co n cen tra tio n  
p ro ced u res resu lted  in  an  effective  p re c ip ita tio n  an tigen . The th resh o ld  lim it of sen sitiv ity  of 
th is  an tig en  in th e  p re c ip ita tio n  te s t  am o u n ted  to  1 : 2 — 1 : 4 o f th e  V N  te s t. The M ID T  seem s 
to  be su itab le  for b ro ad  screen in g  exam in atio n s to estab lish  th e  in fec tio n  s ta tu s  of a herd .

IN T E R F E R O G E N IC IT Y  A N D  IM M U N O G E N IC IT Y  OF 
D IF F E R E N T  R A B IE S  V A C C IN ES

F.  F o r n o s i , M. T á l a s  and G. S o m l ó

N ational Institu te  o f  H ygiene , B udapest

In terfe ro n  ( IF )  p ro d u c tio n  in C FL P  mice was induced  b y  in tra p erito n ea l im m u n iza tio n  
of H e m p t, V nukovo 32 a n d  PM W I 38 1503-3 M (M érieux) rab ies vaccines. Three hours a f te r  im 
m u n iza tio n  th e  IF  t i t r e  w as h igher in the serum  th a n  in th e  b ra in . T he serum  IF  ti t r e  d id  no t
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d epend  on th e  ty p e  of vaccine. In  th e  b ra in  IF  w as d e tec tab le  fo r th e  longest tim e (24 h r) w hen  
in duced  by  th e  M érieux vaccine. The earliest d isappearance  of I F  ( <  6 h r) was observed  in  th e  
b ra in s o f m ice im m unized  w ith  th e  H em p t vaccine. The h ig h est I F  t it re  was induced  b y  th e  
M érieux vaccine. Ten persons were im m unized  w ith  th e  M érieux vacc in e  m ostly  on days 0, 3, 7, 
14, 30 and  90. F o u r hours a f te r  inocu la tion , th e  IF  co n ten t in  th e  se ra  w as 40—320 IU /m l. R ab ies 
neu tra liz in g  a n tib o d y  (nA B ) was a lread y  d e tec tab le  in  th e  sera on  d a y  14 (> 1 .7 3  IU /m l). O n d a y  
90, th e  nA B  c o n te n t was > 2 7  IU /m l and  th e re  w as no decrease till th e  110th day. In  th e  serum  
of a p a tie n t  th e  IF  and  nA B  levels were low  due to  long-te rm  predniso lone  trea tm e n t.

IM M U N IZ A T IO N  E X P E R IM E N T S  W IT H  FO R M A L IN -IN A C T IV A T E D  
H E P A T IT IS  В S U R F A C E  A N T IG E N

I.  H o l l ó s , Ö. P o h l  and J. B r o j n á s

N ational Institu te  o f H ygiene , B udapest

H B sAg was e x tra c te d  a n d  purified  from  a p lasm a pool collected  from  h ea lth y  H B sAg 
carrie r H B sAg negative  blood donors. F irs t a H B sAg suspension w as ob ta in ed  by gel f i ltra tio n  
of Sepharose 6 B colum n and  th e n  i t  was freed  from  p lasm a p ro te in s  b y  CM Sephadex  C-50 
colum n c h ro m a to g rap h y  and  fina lly  i t  was purified  fu r th e r  and c o n ce n tra ted  by  QAE S ep h ad ex  
A-25 colum n ch ro m a to g rap h y . T he purified  H B sAg suspension w as d iv ided in to  tw o lo ts . 
The f irs t  lo t w as in ac tiv a te d  by  0 .04%  final co n cen tra tio n  of fo rm ald eh y d e  a t  37 °C for 2 d ay s 
and a t  4 °C fo r 7 days. T h en  i t  was d ialysed  ag a in st PB S. The second lo t was incu b a ted  in  th e  
sam e w ay ex cep t for fo rm aldehyde  tre a tm e n t. N in e teen  guinea p igs w ere im m unized w ith  th e  
tw o lo ts  each. T w en ty  fig  H B sAg and  5 mg A l(O H )3 m ix tu re  was ad m in iste red  3-tim es in  in te r 
va ls of 1 m o n th . T en days a fte r  th e  la s t in o cu la tio n  th e  an im als w ere bled  by  h e a r t p u n c tu re . 
F o r m easu rem en t of th e  im m unolog ical response, a n tib o d y  d e te rm in a tio n s  were carried  o u t  b y  
im m uno-d iffusion  (ID ), co m plem en t fix a tio n  (C F) and  passive h aem ag g lu tin a tio n  (P H A ) 
techn iques. In  ID  te s ts  th e  sera were negative  for an tib o d ies ag a in st h u m an  serum  p ro te ins b u t  
all gave p re c ip ita tio n  lines w ith  H B sAg a t 1 : 64 or h ig h er d ilu tion . In  CF te s t  sera from  6 gu in ea  
pigs im m unized  w ith  th e  f ir s t  and  from  5 im m unized  w ith  th e  second lo t gave a positive re ac tio n  
in  1 : 3 d ilu tio n  w ith  h u m an  serum  pro teins. The geom etric  m ean  t i t r e  of sera in CF te s t  w as 
1 : 209 in  th e  f irs t  and  1 : 148 in  th e  second group, w h ilst those in  th e  P H A  te s t, 1 : 23 500 an d  
1 : 56 320, respec tive ly . T hus th e  techn ique  used fo r p u rificatio n  of H B sAg is applicable fo r 
a p p ro p ria te  an tig en  p ro d u c tio n .

IMMUNOGLOBULIN CHARACTERISTICS OF ANTIBODIES 
IN THE MILK OF SOWS AFTER ORAL VACCINATION WITH THE “CKp” 

STRAIN OF TRANSMISSIBLE GASTROENTERITIS (TGE) VIRUS

E .  M o c s á r i

Central Veterinary In s titu te , Budapest

The dynam ics o f th e  specific T G E  v iru s n eu tra liz in g  (VN) an tib o d ies  were follow ed up  
du ring  th e  lac ta tio n  period  in  th e  sera and  m ilk w heys of sows th a t  h a d  been  v acc ina ted  o ra lly  
or in tra m u sc u la rly  (IM ) w ith  th e  CKp s tra in  of T G E  v iru s or h ad  reco v ered  from  T G E . T h ere 
a fte r, th e  im m unog lobu lin  classes of th e  lactogenic  T G E  an tibodies an d  th e ir  specific V N  a c tiv 
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i ty  w ere de term ined . T he av erag e  Y N  a n tib o d y  t i t r e  w as generally  h igher in  th e  colostra l w hey 
of b o th  ora lly  v acc in a ted  a n d  n a tu ra lly  in fec ted  sow s th a n  in th e ir blood serum . B etw een th e  
3 rd  a n d  7 th  post-fa rrow ing  d a y , th e  t i t r e  of th e  m ilk  w heys fell to a level o f 2 to  3 lo g 2 u n its  
lo w er th a n  th a t  of b lood  sera  an d  th e n  th e y  rem a in ed  p ractica lly  c o n s ta n t to  th e  end of th e  
la c ta t io n  period. In  th e  m ilk  o f th e  IM  v acc in a ted  sow s, th e  an tib o d y  ti t r e s  declined  m ark ed ly  
fro m  th e  f irs t day  of th e  la c ta t io n  period  and  th e y  d isap p eared  be tw een  th e  7 th  to  14th p o st- 
fa rro w in g  day. In  th e  o ra lly  v a cc in a ted  sows, th e  specific  V N  a c tiv ity  of th e  lac to g en icT G E  a n ti 
bod ies  w as associated  p r im a rily  w ith  th e  IgA  class like  in n a tu ra lly  in fec ted  sows. In  th e  IM  
v a c c in a te d  sows, as a re su lt o f th e  p a ren te ra l an tig en ic  s tim u la tion , th e  lac to g en ic  T G E  a n ti 
bo d ies  app eared  to be p r im a rily  o f th e  IgG  class.

S U P P R E S S IO N  O F  M IT O G EN  IN D U C E D  P R O L IF E R A T IO N  O F 
NO RM A L S P L E E N  C E LL S BY S P L E E N  C ELLS FR O M  S Y N G E N E IC  

C H IC K E N S IN O C U L A T E D  W IT H  H U M A N  A D E N O V IR U S T Y P E  6

K .  B e REN C SI, M . B A K A Y  a n d  I .  B É LA D I 

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged

I t  has been  fo u n d  t h a t  a  single in tra v e n o u s  in jec tio n  of h u m an  ad en o v iru s caused  a 
t r a n s ie n t  im m unosuppreso lon  in  chickens. In  th e  p re sen t s tu d y  ex p erim en ts  w ere u n d e rta k e n  
to  c la rify  th e  m echanism  o f th e  suppression . S tu d ies  were in itia ted  to  d e te c t th e  presence of 
su p p re ss iv e  e lem ents possib ly  responsib le fo r th e  im m unosuppression . C oncavalin  A (Con A) 
resp o n ses have  been  m easu red  in  spleen cell cu ltu res  p repared  b y  m ix ing  norm al chicken 
sp leen  cells w ith  m ito m y cin  C -trea ted  spleen cells from  syngeneic chickens in fec ted  w ith  h u m an  
a d en o v iru s  ty p e  6 . Spleen cells o f u n in fec ted  ch ickens served as con tro ls. I t  w as fo und  th a t  
sp leen  cells of ad en o v iru s-in fec ted  chickens s ig n ifican tly  depressed th e  Con A response of 
n o rm a l spleen cells. M arked  depression  of m ito g en ic  responses was ach ieved  by  spleen cells 
ta k e n  from  chickens tw o d ay s  a f te r  v iru s in fec tio n . T he observations suggest th a t  suppresso r 
cells can  p lay  a role in  th e  im m u nosuppression  caused  by  adenoviruses.

E F F E C T  O F  A D E N O V IR U S  IN F E C T IO N  ON HUM AN P E R IP H E R A L  
L Y M PH O C Y TE S IN  V ITRO

J. H o r v á t h , P. D á n , G. K u l c s á r , I. B u d a v á r i ,

I. NÁSZ, J.  ÖNGRÁDI and L. HOPP

In s titu te  o f  Microbiology and Institu te  o f  P athophysiology , Semmelw eis U niversity M edical
School, B udapest

I t  has been o bserved  th a t  th e  c ircu la tin g  blood lym phocy tes o f  som e p a tie n ts  w ith  
c e r ta in  illnesses o f u n k n o w n  aetio logy  h a rb o u r  v ira l an tigens. I t  is n o t kno w n  how  th e  p ro p e r
tie s  o f th e  ly m p h o cy tes  a re  in fluenced  b y  th e  p resence of the  v iruses. T herefore  lym phocy tes 
o b ta in e d  from  th e  b lood  of h e a lth y  donors (non -v iru s carriers) were in fec ted  w ith  adenov irus 
ty p e  5 s tra in  and  c u ltu red  fo r 5 days. The a p p ea ran ce  of v ira l an tig en s as well as th e ir  local
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iz a tio n  in  th e  lym phocy tes w ere in v es tig a te d  b y  im m unofluorescence. T he cap ac ity  o f th e  
in fec ted  ly m p h o cy tes  to  form  E  ro se tte s  an d  to  tra n s fo rm  in to  ly m p h o b la s ts  in  th e  p resence 
of P H A  as well as th e ir  sialic acid  c o n te n t hav e  been  d e te rm ined . N orm al u n in fec ted  ly m p h o 
cy tes served  as control. The re su lts  show ed t h a t  E  ro se tte  fo rm atio n  of th e  ly m p h o cy tes  
p rev iously  in o cu la ted  w ith  th e  v iru s w as a p p rec iab ly  re ta rd ed . The effect w as n o t  e lim inated  
b y  P H A  or levam isole. W hen, how ever, levam isole a n d  P H A  were ad d ed  sim u ltan eo u sly , th e  
ab ility  o f v irus-in fec ted  ly m p h o cy tes  to  fo rm  E  ro se tte s  becam e no rm al a n d  com parab le  to  
th a t  o f th e  con tro l. In ocu la tion  of ly m p h o cy tes  w ith  v iru s reduced  th e ir  tran s fo rm a b ility  as 
well as th e ir  sialic  acid content.

IN T E R F E R O N  IN D U C T IO N  BA IN C O M P L E T E  P A R T IC L E S  
O F  A D E N O V IR U S  T A P E  12

R. P u s z t a i , В. T a r ó d i  and I. B é l á d i

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

D efec tive  partic les were se p a ra ted  from  a pool o f h u m an  adenov irus ty p e  12 suspension 
by  d en sity  g ra d ie n t cen trifugation . T he defective  p a rtic le s  differed fro m  com plete  v irions in  
in fec tiv ity  a n d  titre . In  co n tra st, no s ign ifican t differences were d e tec ted  in  th e ir  in te rfero n - 
in d u cin g  cap a c ity . The defective p a rtic le s  even  in d u ced  T  an tigen  fo rm atio n . A  u n ique  p ro 
p e r ty  o f  in com plete  particles w as t h a t  th e ir  in te rfero n -in d u c in g  cap ac ity  w as sensitive  to  
try p s in  tr e a tm e n t  w hereas com plete p a rtic le s  w ere re s is ta n t to  try p sin . These p a rtic les  co n ta in  
v ira l D N A  sh o r te r  th a n  th e  com plete  v ira l genom e an d  sequences o f th e  le ft-h an d  end  o f th e  
genom e are  rep re se n ted  p referen tia lly . I t  is suggested  t h a t  th is  p a r t  of th e  adenov irus genom e is 
su ffic ien t to  in d u ce  in te rferon  p ro d u c tio n  in  chick  cells. T h is was su p p o rted  b y  th e  ob se rv a tio n  
th a t  th e  in te rfe ro n  inducing ab ility  o f ad en o v iru s w as m ore re s is tan t to  UV tre a tm e n t th a n  its  
T  an tig en  fo rm atio n .

IN T E R F E R O N -IN D U C IN G  P R O P E R T A  O F  A  PO LY  (A )-C O N T A IN IN G  
R N A  F R A C T IO N  E X T R A C T E D  FR O M  A D E N O V IR U S  IN F E C T E D  C H IC K  
E M B R Y O  FIB R O B L A ST S. E F F E C T  O F  IN T E R F E R O N  P R E T R E A T M E N T

I.  R o s z t ó c z y

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

Poly (A )-con tain ing  R N A  p re p a ra tio n  was iso la ted  by  m eans of oligo(dT) cellulose 
ch ro m a to g ra p h y  from  chick em bryo  fib ro b la s ts  in fec ted  w ith  h u m an  ad en o v iru s ty p e  12. 
The R N A  p re p a ra tio n  induced in te rfe ro n  in  cu ltu res  o f chick em bryo f ib ro b la s ts  b u t  d id  no t 
do so in  m ouse L929 cells. R N A  e x tra c te d  from  u n in d u ced  cells was n o t ac tiv e  in  e ith e r cell 
ty p e . T he in te rferon -inducing  R N A  could  also be iso la ted  from  cells p re tre a te d  w ith  in te rfe ro n  
before in d u c tio n . A ctinom ycin  D a t  a  c o n ce n tra tio n  of 0.5 //g ml in h ib ited  in te rfe ro n  p ro d u c 
tio n  b y  R N A  tre a te d  cells. P rim ing  of ch ick  cells w ith  hom ologous in te rfe ro n  en h an ced  th e ir  
in te rfe ro n  p ro d u c tio n  following in d u c tio n  b y  th e  poly(A ) con ta in ing  R N A  frac tio n .
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IN T E R F E R O N  P R O D U C T IO N  AN D  L IV E R  G LY C O G EN  CON TENT 
O F RATS E X P O S E D  TO H Y P O X IA  A N D  H Y P O K IN E S IS

I. S t ö g e r , L. B á t r a i , M. T á l a s , К.  N a g y  and J.  H i d e g

M icrobiological Research G roup , H ungarian  A cadem y o f  Sciences, B udapest and H ungarian
A rm y  M edical Corps, B udapest

W ista r ra ts  were exp o sed  to  hypox ia  an d  hypokinesis fo r 30 and  60 days. H y p o x ia  was 
a tta in e d  in  a low -pressure ch am b er and corresponded to  th a t  o f 7000 m  a ltitu d e . R a ts  w ere 
im m obilized  in  special p la s tic  boxes. As in te rfero n  in d u cer, tilo rone  w as ad m in iste red . Serum  
in te rfe ro n  and liver g lycogen w ere m easured  a t  30 and  60 days, respec tive ly , a fte r exposure  of 
th e  an im als to hypoxia  a n d /o r  hypokinesis. Levels o f c ircu la tin g  in te rfe ro n  induced b y  tilo rone  
did n o t change as c o m p a re d  to  th e  controls, while th e  a m o u n t of liver glycogen decreased 
u n d e r hypoxia  or h y p o k in esis  a n d  u n d e r th e ir  com bination .

IN T E R F E R O N  IN D U C E R S  AS R A D IO P R O T E C T IV E  A G EN TS

L . B Á T K A I, M. TÁLAS, J .  G lD A L I a n d  I .  F E H É R

M icrobiological Research G roup , H ungarian A cadem y o f  Sciences, Budapest and 44Frédéric  
Joliot-C urie” N ational Research Institu te  fo r  Radiobiology and R adiohygiene , Budapest

T he rad io p ro tec tiv e  e ffec t o f d ifferen t in te rfe ro n  in d u cers (tilorone, A cranil, po ly  I : C, 
p o ly  G : C, E. coli e n d o to x in ) ag a in s t acu te  and  p ro lo n g ed  ioniz ing  irrad ia tio n  (X -rays, gam m a 
60Co ray s) was in v es tig a ted . In b re d  B A LB /c mice of b o th  sexes w eighing 28-30 g (12—14 weeks 
old) were trea te d  w ith  in te rfe ro n  inducers. I r ra d ia tio n  was carried  o u t a t  th e  tim e of th e  p eak  
of th e  blood in terferon  level. All in te rfero n  inducers increased  th e  endogenous spleen colony 
fo rm atio n  and surv ival o f th e  irrad ia te d  anim als. R a d io p ro tec tiv e  a c tiv ity  of poly I : C w as 
enhanced  on com bining i t  w ith  insoluble polyan ions. The m echan ism  of rad io p ro tec tiv e  a c t iv 
i ty  o f exogenous crude in te rfe ro n  p rep ara tio n  and  p o ly  I : C was in v es tig a ted  in  vitro  and  
in  vivo. In te rfe ro n  an d  p o ly  I  : C tran s ie n tly  in h ib ited  th e  p ro life ra tion  of stem  cells p resu m ab ly  
in  th e  rad io re sis tan t p h ase  o f th e  cell cycle.

M IF A C T IV IT Y  O F HUM AN IN T E R F E R O N  P R E P A R A T IO N S  

P h a m  N g o c  D i n h  and M. T ó t h

In stitu te  o f  M icrobiology , U niversity M edical School, Szeged

The presence of m ig ra tio n  in h ib ito ry  fac to r (M IF) in  in te rfe ro n  p rep ara tio n s p ro d u ced  
b y  Sendai v irus in fec ted  h u m a n  leukocytes was stu d ied . T he m ig ra tio n  of m acrophages was 
in h ib ited  by  crude h u m an  leukocy te  in te rfero n  (H L IF ), while pu rified  H L IF  h ad  no M IF  
a c tiv ity . The physico -chem ical and  biological p ro p e rtie s  o f M IF  and  H L IF  were stu d ied , 
(i) M IF  lost i ts  b iological a c t iv ity  a t  p H  2, in c o n tra s t to  th e  crude in terferon , (ii) M IF  was 
less sensitive to  try p s in  th a n  H L IF . (iii) M IF  w as active  in  he terogeneous system s (rab b it,
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chick, guinea p ig), w hereas in te rfero n  was species specific  The purified  H L IF  in fluenced th e  
yield of M IF  in d u ced  b y  concanavalin  A. In terfe ro n  (100 IU /m l) increased  th e  yield o f M IF , 
th u s  in te rfero n  p re tre a tm e n t h a d  a prim ing effect. On th e  o th er h a n d  104 IU /m l in te rfero n  
nh ib ited  th e  p ro d u c tio n  of M IF .

PR O D U C T IO N , P U R IF IC A T IO N  AN D  A N T IV IR A L  E F F E C T IV E N E S S  
O F  H U M A N  L E U K O C Y T E  IN T E R F E R O N  P R E P A R A T IO N S  

A G A IN ST  H E R P E S  V IR U S E S

I. M é c s , M . T ó t h  and I. B é l á d i

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

F ac to rs  (i. e. sto rage of blood, efficiency of in te rfe ro n  p re tre a tm e n t, p rim ing , source, 
q u a lity  and  q u a n ti ty  of serum  p re sen t in the  m ed iu m , dose of inducer) ensuring  o p tim u m  
yield and k in etics o f in te rfero n  p ro d u c tio n  in  Sendai v iru s  in fec ted  h u m an  p erip h eral ly m p h o 
cytes were stu d ied . T he p rep ara tio n s  o b ta ined  were c o n cen tra ted  and p u rified  b y  frac tio n a ted  
alcoholic p re c ip ita tio n  and  th e ir a n tiv ira l a c tiv ity  w as assayed  on tissue cu ltu res alone or in 
com bination  w ith  know n a n tiv ira l substances i. e. ID U  and  querce tin . T he an tiv ira l effect 
was te s ted  ag a in st H erpesvirus hom in is  types 1 and  2, w h ich  are re la tiv e ly  re s is tan t to  in te r 
feron. The in te rfe ro n  p re p ara tio n s  given in com bination  e ith e r w ith  ID U  or quercetin  were 
m ore effective th a n  alone. The significance of in te rfe ro n  th e ra p y  in com b in a tio n  w ith  o th er 
an tiv ira l sub stan ces is discussed.

S T R U C T U R E  OF T W O -D IM E N S IO N A L  C R Y S T A L L IN E  H E X O N  
A R R A Y S A N A L Y SE D  RY O PT IC A L  D IF F R A C T IO N

É .  Á D Á M  and I. N Á S Z

Institu te  o f  M icrobiology , Semmelweis U niversity  M edical School, B udapest

D uring th e  c ry s ta lliz a tio n  process of Ad-1 hexons, tw o-d im ensional crysta lline  a rray s  
were observed b y  e lec tro n  m icroscopy. The s tru c tu re  o f the  dense tw o-d im ensional hexon 
la ttic e  was analysed  d irec tly  from  th e  electron  m icrographs and  ind irec tly  th ro u g h  its  effect 
on  th e  op tical d iffrac tio n . T he o p tica l d iffraction  p a tte rn  o f th e  crysta lline  a rra y  and of th e  
h exon  cen tre  m ap  show ed slig h tly  d isto red  hexagonal a rra y s  of spots. F irs t  o rder spec tra  
corresponding to th e  cen tre -to -cen tre  p a rtic le  d istance, i. e. th e  la ttic e  c o n stan ts  were found  
to  be d ifferent w hen  m easu red  a long  th e  th ree  non -p ara lle l lines connecting  th e  f irs t o rder 
reflexion spo ts being  in  fro n t of each o th er. D irect m easu rem en t gave sim ilar resu lts . The la ttic e  
c o n stan ts  were, how ever, a p p ro x im ate ly  10%  higher if  d e te rm in ed  from  th e  th ree  non-paralle l 
hexon rows d irec tly  from  electron  m icrographs. The o p tic a l d iffrac tio n  p a tte rn  of the  nega
tiv e ly  sta ined  hexon  la tt ic e  ex ten d s to  th e  second o rder a n d  th a t  of th e  h exon  cen tre  m ap  to  
th e  th ird  o rder in d ic a tin g  a re la tiv e ly  large  sho rt range  d iso rd er w ith in  th e  la ttic e . The d iffer
ences in th e  sharpness o f th e  reflex ion  spots in d ica te  a considerab le  long ran g e  disorder. I t  
can  be assum ed th a t  o p tica l d iffrac tio n  is useful for ch arac te riz in g  th e  s tru c tu re  of th e  two 
dim ensional hexon a rray s.
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A D E N O V IR U S T Y P E  1 -S P E C IF IC  P O L Y P E P T ID E S  D E T E C T A B L E  
IN  V IR U S -IN F E C T E D  H U M A N  A N D  R A B B IT  C E LL S BY 

IM M U N O P R E C IP IT A T IO N

G y . B e r e n c s i , É .  S z o m o l á n y i , L .  F a r k a s , S . S o j n ó c z k y ,

K . L u k á c s  a n d  I .  N á s z

Institu te  o f  M icrobiology , Sem m elw eis U niversity  M edical School, Budapest

H u m a n  adenovirus ty p e  1-infected H E p -2  cells an d  R K -13  cells were e x tra c te d  w ith  
d iffe re n t buffers con ta in ing  sa lt, d e te rg en ts  an d  u rea . B ovine ad en o v iru s ty p e  2-specific sheep 
a n tise ru m  was used for th e  id en tif ic a tio n  of h ex o n  an tigens. H u m a n  adenov irus ty p e-1  v irion- 
specific  ra b b it  an tise ru m  pool, an d  a ra b b it  an tise ru m  p rep ared  ag a in s t h u m an  ad en o v iru s 
ty p e  1-in fec ted  p rim ary  ra b b it  k id n ey  cells w ere used  for th e  id en tif ic a tio n  and p re c ip ita tio n  
of v ira l  an tigens. Im m u n o e lec tro p h o resis rev ea led  th e  presence of tw o  p o ly pep tide  p o p u la tio n s  
o f hexon-specific  an tig en ic ity , w hich  were p ro d u ced  b y  th e  in fec ted  cells b u t  d id  n o t  assem ble 
in to  com plete  virions. T he presence of hexon-like  po lypep tides in  all o f th e  p rep ared  cell and  
c h ro m a tin  ex tra c ts  in d ica te  th e  aspecific  a d so rp tio n  of these  p o ly p ep tid es to  d iffe ren t cellu lar 
co m p o n en ts . T here was one s tru c tu ra l p ro te in  w hich induced  32 tim es less a n tib o d y  if  in fec ted  
r a b b it  k id n ey  cells were used  fo r im m u n iza tio n  in  com parison  to  ra b b it  sera of an im als  inocu- 
a te d  w ith  purified  v irions.

E A R L Y  D N A -B IN D IN G  P R O T E IN S  IN  CELLS IN F E C T E D  BY 
H E R P E S  S IM P L E X  V IR U S

L. G e r g e l y , J .  C z e g l é d y  a n d  L. YÁczi

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

In  a p revious w o rk  th e  p resence of early  com plem ent f ix in g  nuclear a n tig en  has been 
d e m o n s tra te d  in H E p -2  cells in fec ted  w ith  herpes sim plex v iru s (HSV) ty p e  1 a n d  2. The 
n u c lea r an tigens could be so lubilized  fro m  HSV infec ted  cells w ith  T ris—HCl b u ffered  saline 
(1.7 M NaCl), p H  7.4. T h eir D N A -b ind ing  p ro p erties  were s tu d ied  by  D N A -cellulose ch ro m a
to g rap h y . The nuclear an tig en s p u rified  b y  ch ro m ato g rap h y  could  be bound  in  vitro  to  cell 
n uc le i fix ed  w ith  acetic  acid —m eth an o l t r e a tm e n t  and  d e m o n s tra ted  b y  the  an ti-co m p lem en t 
I F  tech n iq u e . The m eth o d  seem s useful fo r d e tec tio n  of HSV in d u ced  nuclear an tig en s in  
b io p sy  m ateria ls . A ntibodies ag a in st these  an tig en s were found  in  convalescent h u m a n  sera.

C Y T O K IN IN S IN  H Y D R O L Y S A T E S O F R N A s ISO L A T E D  FR O M  
TMV U1 AN D  U2

I .  S z i r á k i  a n d  E .  B a l á z s

Research In stitu te  fo r  P lant Protection, B udapest

The n a tu ra lly  o ccurring  cy to k in in s, a group  of N 6-su b s titu te d  adenine d e riv a tiv e s , are 
p re se n t in  p lan ts  in th e  free s ta te  an d  as co n stitu e n ts  of certa in  tR N A s. In  ad d itio n , cy tok in ins 
occur ad ja ce n t to  th e  an tico d o n  in  specific tR N A s of m an y  o th e r  organism s, ra n g in g  from
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m ycoplasm as to  anim als. The presence of cy to k in in s  in  a broad  sp ec tru m  o f liv ing  system s an d  
th e  a lte red  horm one levels of v iru s in fec ted  p la n ts  s tim u la ted  the  a u th o rs  to s tu d y  w h e th er 
v ira l R N A s co n ta in  m odified nucleo tides w ith  cy to k in in  activ ity . A fte r ex tra c tio n  w ith  w a te r  
sa tu ra te d  n -b u tan o l an d  sep a ra tio n  b y  p ap er o r co lu m n  ch ro m ato g rap h y , th e  hy d ro ly sa tes  o f 
h ighly  p u rified  TMV R N A  (ТМУ U l)  were an a ly sed  fo r cytok in ins in  soybean  and  tobacco  
callus b ioassays. On th e  basis o f c h ro m a to g rap h ic  sim ilarities i t  is suggested  th a t  th e  ac tiv e  
m ate ria ls  o f h y d ro ly sa te s  are th e  v arious fo rm s o f zea tin  and N6-(Zl2-isopen teny l)-aden ine . 
S im ilar re su lts  were ob ta in ed  using  h y d ro ly sa te s  o f R N A  isolated  from  TM V U2.

ID E N T IF IC A T IO N  O F N E W C A S T L E  D IS E A SE  V IR U S E S  BY 
O N E -D IM E N S IO N A L  P E P T ID E  M A P P IN G  OF T H E  N U C L E O P R O T E IN

É .  N a g y , J .  P i n g  and B .  L o m n i c z i

Veterinary Research In stitu te , H ungarian  Academ y o f Sciences, Budapest

In n u m erab le  N ew castle disease v iru s (N D V ) s tra in s  have been iso la ted  th ro u g h o u t th e  
w orld. T h ey  are iden tica l an tigen ically , b u t  th re e  groups can be fo rm ed  on th e  basis o f 
v iru lence. V iru len t s tra in s  are responsib le  for severe epidem ics. T here h a s  been  no m eth o d  to  
recognize an  in d iv id u a l s tra in  an d  to  fin d  o u t if  d iffe ren t o u tb reaks are  caused  by  d ifferen t o r 
b y  one and  th e  sam e stra in . N ucleopro te ins o f N D V  stra in s were c leaved  b y  Staphylococcus 
aureus V 8 enzym e (Cl e v e l a n d  et al.) an d  th e  p e p tid e s  were analysed  on  po lyacry lam ide  gel. 
C leveland-pep tide  p a tte rn s  of th e  nucleopro te ins o f s tra in s  isolated from  a p a r ticu la r  o u tb rea k  
seem  to  be id en tica l and  d istingu ishab le  from  th o se  of o th er isolates. T he m ethod  prom ises 
to allow  th e  id en tific a tio n  of s tra in s  belonging to  th e  sam e virulence g ro u p  b u t  deriv ing  from  
d iffe ren t epidem ics.

P R O T E IN S  A N D  R E P L IC A T IO N  O F  IN F E C T IO U S  B R O N C H IT IS  V IR U S

B .  L o m n i c z i  and J .  M .  M ö r s e r  

V eterinary Research In stitu te , H ungarian  A cadem y o f  Sciences, B udapest

In fec tio u s b ro n ch itis  v iru s (IB V ) is th e  p ro to ty p e  of coronaviridae. T he follow ing v irion  
p o ly p ep tid es (V P) were id en tified  on  p o ly acry lam id e  gel (mol. w t in  th o u sa n d s) : V P 170, 90, 
88, 50, 32, 27, 24 an d  15. V P  90, 32 an d  27 are g lycosy la ted , while V P  50 is p h o sp h o ry la ted . 
A n a tte m p t was m ade to  id en tify  v ira l p o ly p ep tid es responsible for th e  se ro ty p e  using  cross- 
im m u n o p rec ip itin . The v irion  R N A  is a large  po ly n u cleo tid e  of positive p o la rity , th u s  i t  was 
a tte m p te d  to estab lish  w he th er coronaviruses fo llow ed th e  rep lica tion  p a tte rn  of poliovirus 
o r togav iruses. P ro te in s o f in fec ted  cells were a n a ly sed  a f te r  im m u n o p réc ip ita tio n  an d  V P 130, 
50, 38 and  32 w ere iden tified . In  pu lse-chase ex p erim e n ts  V P 130 and  32 p ro v ed  to  be p recu rso r 
p ro te in s, while th e  o th e r tw o were stab le . T his fin d in g  suggests th e  p resence of subgenom ic 
m R N A s and  a to g av iru s-ty p e  rep lica tion . R N A  iso la te d  from  infected  cells an d  frac tio n a ted  
on  form am ide g ra d ie n t s tim u la ted  th e  tra n s la tio n  of V P  50 and 27. m R N A  species were loca ted  
in  18 to  20S region. Since V P  50 is th e  m ain  p ro d u c t o f 64S virion  R N A  in  th e  cell-free tra n s la 
tio n  system , th e  m R N A  coding for V P  50 is p ro b a b ly  a  subgenom ic one copied  from  th e  5’-end 
of th e  v irion  R N A .
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P O L Y P E P T ID E  P A T T E R N S  O F IN F E C T IO U S  B R O N C H IT IS  V IR U S  SE R O T Y P E S

É. N a g y  and B. L o m n i c z i

Veterinary Research Institu te , H ungarian  Academ y o f  Sciences, Budapest

Infectious b ro n c h itis  v iru s (IB V ) se ro ty p es can be classified in to  two m ajor categories 
acco rd ing  to the p o ly p ep tid e  p a tte rn  of their v irions. In  1975, four new  sero types were described  
in  N ew  Zealand and  all w ere characterised  by  th e  C po ly p ep tid e  p a tte rn .  The only k n o w n  
A u s tra lian  sero type also belongs to P a tte rn  C, and  th is suggests th a t  th e  N. Z. sero types are 
d e riv a tiv e s of th e  fo rm er one. A d irec t in tro d u c tio n  of the  A u s tra lia n  stra ins is ex cluded . 
In  co n tra s t, in E urope  all s tra in s  seem to be A m erican  in origin.

C O M PA R ISO N  O F  T H E  R N A  ST R U C T U R E S O F IN F E C T IO U S  
B R O N C H IT IS  V IR U S  BY T r O L IG O N U C L E O T ID E  F IN G E R P R IN T  A N A LY SIS

B. L o m n i c z i  and J .  Cl e w l e y

Veterinary Research In s ti tu te , H ungarian A cadem y o f  Sciences, B u dapest, H ungary and  
Department o f  B iological Sciences, U niversity  o f  W arw ick , Coventry , England

F in gerp rin ts o f IB V  stra in s  differing in  po ly p ep tid e  p a tte rn  (M and  C) and in  se ro ty p e  
w ere com pared by  ^ -o lig o n u c le o tid e  analysis. F in g e rp rin ts  of th e  R N A  of IB V  stra ins b e lo n g 
ing  to  M and  C p a tte rn s  show ed a 20%  d ifference while differences be tw een  stra ins of th e  sam e 
p a tte rn  dim inished th e  m ore re la te d  th e  s tra in s  were.

P U R IF IC A T IO N  O F  B.K. V IR U S  H A EM  A G G L U T IN IN  BY AM MONIUM 
S U L P H A T E  P R E C IP IT A T IO N  A N D  G E L  F IL T R A T IO N

M. K e  n d e , Gy . S z ű c s  and M. U j

Public Health S ta tion , Pécs

The h a em ag g lu tin in  p re sen t in  th e  cell-free su p e rn a ta n t o f B .K . v irus-in fected  cell 
cu ltu res  was co n ce n tra ted  an d  p a rtia lly  p u rified  by  using 50%  am m o n iu m  su lphate  s a tu ra tio n , 
th e  concen tra tion  th a t  h a d  p roved  to be th e  o p tim u m . The reco v ery  r a te  was 98% . T he p re p a 
ra tio n  th u s ob ta in ed  w as gel-filtered  th ro u g h  Sepharose-4B  to  sep a ra te  the  h aem ag g lu tin in  
from  the  bu lk  of th e  re sid u al p ro tein . On th e  average, 70%  of th e  h aem ag g lu tin in  was recovered  
fro m  th e  p ro te in -p o o r frac tio n s . The p u rity  of th e  p rep ara tio n s  was checked by e lectron  m ic ro 
scopy  and im m unodiffusion .

E X P R E S S IO N  O F  O N C O R N A V IR A L  p30 A N T IG E N  IN  C U LTU R ES 
O F  LY M PH O C Y TE S O F B A L B /c AN D  C 57B 1 M IC E

Zs. M a d á r , J .  K i s s , F. D. T ó t h  and  L. VÁczi

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

T rea tm en t of ly m p h o cy tes  of B A L B /c m ice w ith  d ifferen t in d u c to rs  is know n to  re su lt 
in  th e  p roduction  of com p le te  C-type oncorn av iru s particles. In  lym p h o cy tes of C57B1 m ice 
th e  sam e inducto rs ra re ly  e lic it v irus p ro d u c tio n . N evertheless th e  in d u cib ility  of th e  in d iv id u a l

Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



EIG H TH  CONGRESS 237

vira l co m p onen ts m ay  be d ifferen t, as th e  sy n th esis  o f th e  w hole v irio n  is coded by a t  lea s t 
4 au tosom al genes. The a im  of th e  p resen t s tu d y  w as to  in v es tig a te , w h e th er the  in d u c tio n  of 
th e  p30 a n tig en  coded by th e  gag gene was in d ep e n d en t o f th e  sy n th esis  of th e  com plete  v ir io n  
in  ly m p h o cy tes  o f B A L B /c an d  C57B1 mice. The in d u c to rs  u sed  w ere IU d R , 1 -can av an in e , 
cyclohexim ide, P H A , d -l-p -flu o ro p h en y la lan in e  a n d  con-A . T he a n tig en  was d e tec ted  b y  in 
d irec t cy to p lasm ic  IF A  an d  co m p etitive  R IA . A fte r in d u c to r t r e a tm e n t  expression  of th e  p30 
an tig en  could be d e te c te d  in  lym p h o cy tes of B A L B /c m ice and  C57B1 mice alike. A d ifference 
was only o bserved  in  th e  tim e  of appearance  of th e  an tig en : the  p ro d u c t of the  gag gene cou ld  
be d e tec ted  as early  as 24—48 h r  a fte r the  tre a tm e n t in  B A L B /c ly m p h o cy tes  while as la te  as 
in d u ctio n  in  C57B1 lym p h o cy tes . In  b o th  system s cyclohexim ide and  d -l-p -flu o ro p h en y la la - 
nine p roved  to  be th e  m ost effective inductors.

IN T R A C E L L U L A R  FL U O R E S C E N C E  P O L A R IZ A T IO N  
OF F L U O R E S C E IN  IN  RA T FIB R O B L A S T  C E LL S T R A N S FO R M E D  BY 

W IL D -T Y P E  SV40 O R  ITS T SA  M U TA N T

I. R é d a i . J .  S z ő l ő s i  a n d  M . H a l m y

Institu te o f  M icrobiology and Institu te o f  B iophysics , U niversity  M edical School, Debrecen

The in te n s ity  o f in tra ce llu la r  fluorescence due to  th e  fluorescein  released from  h y d ro 
lysing fluorescein  d iac e ta te  (FD A ), an d  fluorescence p o la riza tio n  were exam ined in r a t  rib ro - 
b lasts tran sfo rm ed  b y  th e  w ild -type  s tra in  SVß8C, an d  in  those  tran sfo rm e d  by the  tsA  m u ta n t  
o f SV40. F luorescence p o la riza tio n  was s ign ifican tly  m ore p ro n o u n ced  in the  fo rm er, w hile 
th e  la t te r  did n o t d iffer sig n ifican tly  in fluorescence p o la riza tio n  fro m  th e  contro l cells. T here  
was no d ifference in  esterase  a c tiv ity  betw een  tran sfo rm e d  and  co n tro l cells. The o u tflo w  of 
fluorescein  was less in ten se  from  th e  cells th a n  it was fro m  n orm al an d  tsA -tran sfo rm ed  cells. 
The difference m ay  be a ttr ib u te d  to  a lte ra tio n s in th e  m em b ran e  fu n c tio n  of cells tran sfo rm ed  
by th e  w ild -type  v iru s. T he in h ib ito ry  effect o f N a F  w as m ore p ron o u n ced  in th e  cell lines 
tran sfo rm ed  by th e  w ild -type  v iru s th a n  in th a t  tran sfo rm ed  b y  th e  tsA  m u ta n t. The d ifference 
m anifested  itse lf in  th e  in h ib itio n  of b o th  FD A  h y dro lysis an d  th e  ou tflow  of hyd ro ly sed  
fluorescein.

S P E C IF IC IT Y  A N D  IM M U N O G E N IC IT Y  O F  T H E  S U R F A C E  
A N T IG E N S  O F  R A U S C H E R  E R Y T H R O B L A S T S

F. D. T ó t h , A. R é t h y , M. H a l m y  a n d  L. VÁczi

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

Cell m em branes were p rep ared  from  R auscher leukaem ic  e ry th ro b la s ts  of B A LB /c m ice 
a fte r  iod ina tion . T he T rito n  X -100-solubilized m em branes were p rep ared  for electrophoresis by- 
adding th e  sam ple  d irec tly  to  a  so lu tion  of N a D o d S 0 4 co n ta in in g  m ercap to e th an o l, glycine 
an d  Tris—HCl b u ffer p H  6.8. A fte r e lectrophoresis m ost o f th e  N a D o d S 0 4 was rem oved an d  
th e  specim ens were cu t v e rtica lly . Gel slices were pu lverized  an d  a liq u o ts  were rem oved  for 
assay of the  v a rio u s an tigen ic  specificities. The an tig en s were d e te c te d  by  inh ib ition  of mern-
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b ra n e  im m unofluorescence. In  th is  reac tio n  m onospecific  goat im m une sera  to  th e  p l2 ,  p l5 (E ) ,  
p30  a n d  gp70 s tru c tu ra l co m p o n en ts  of R -M uLV  w ere used  w ith  sera of B A L B /c m ice im m unized  
w ith  fo rm alin -tre a ted  m em b ran e  p re p a ra tio n  fro m  leukaem ic  e ry th ro b las ts . On th e  surface  of 
R a u sc h e r  e ry th ro h la s ts  a v iru s-d e te rm in ed  cell su rface  an tig en  (TSSA) w as d e tec ted  in  a d d i
t io n  to  th e  gp70, p30, p l5 (E )  an d  p l2  v ira l p ro te in s . T he density  of these an tig en s w as v e ry  
h ig h  w ith  th e  ex cep tion  of p30. O u t o f th e  m em b ran e  com ponents, TSSA  an d  gp70 h a d  th e  
s tro n g e s t im m unogen ic ity  in  syngeneic  m ice, w hile th e  p30 po lypep tide  p ro v ed  to  be non- 
im m unogenic .

C H A R A C T E R IS T IC S  O F H U M A N  CY TO M EG A LO V IR U S- (HCM V) 
-T R A N S FO R M E D  C E L L  L IN E S  A N D  A B O R T IV E L Y  IN F E C T E D  C ELLS

É .  GÖNCZÖL, I. B oL D O G H , I. R É D A I and L . VÁCZI

In stitu te  o f  M icrobiology , U niversity  M edical School, Debrecen

HCMV specific g ly co pro te ins can  be d e m o n s tra te d  in  the  m em b ran e  of H C M V -trans- 
f o rm e d  h am ste r cells (87-T R H -5  and  C X -90-B) b y  in fec tion  of these cells w ith  vesicu lar s to m a 
t i t i s  v iru s (VSV) an d  th e  d e tec tio n  of VSV(HCM V) pseudotypes. The 87-T R H -5 cells induce 
tu m o u rs  in new born  h a m s te rs . A tu m o u r-d e riv e d  cell line (TSC-1), how ever, is oncogenic 
b o th  in  new born  an d  w ealing  ham ste rs . In fec tio n  of TSC-1 cells w ith  VSV does n o t re su lt in  
th e  appearance  of VSV(HCM V) pseud o ty p es , w h ich  ind ica tes th e  absence or a  low  level, of 
HCM V glycoproteins in th e  m em b ran e  of cells. B o th  87-TR H -5 and TSC-1 cells c o n ta in  C -type 
p a rtic le s . A bortive  HCM V in fec tio n  can  be e stab lish ed  in the  norm al h a m s te r  cell. A fter 
sup erin fec tio n  w ith  VSV o f th e  ab o rtiv ely  in fec ted  cells th e  cells y ielded  VSV(IICM V) p seudo
ty p e s  if  th e  VSV su p erin fec tio n  w as carried  o u t a t  8 -10  days a fte r HCMV in fec tion , b u t  no t 
e a rlie r  or la te r. IgG—F c b in d in g  recep to rs  w ere d e te c te d  by  im m unofluorescence in th e  m em 
b ra n e  of 87-TR H -5, C X -90-B , TSC-1 and  HCM V ab o rtiv e ly  infected  h a m s te r  cells.

C E L L  C U L T U R E S T R A N S F O R M E D  BY B .K . V IR U S  

G y . S z ű c s , M. K e n d e  an d  M. Ú j  

Public H ealth S ta tio n , Pécs

A B. K . v iru s-tran s fo rm e d  h a m s te r  cell cu ltu re  (B K T-1, received  from  D r. R . A. 
M ä n ty jä rv i, F in lan d ) in d u ced  tu m o u r in  100%  o f h am ste rs  in o cu la ted  a t  2—3 w eeks of age 
w ith  107 cells. The tu m o u r  g ro w th  was localized , th e  tum o u rs were lo b u la r and su rro u n d ed  by  
a  capsule. H isto log ically , th e y  p roved  to  be fib ro sa rco m as. In  2 cases (B K T -H 1 and  B K T -H 2) 
th e  au th o rs  succeeded in c u ltiv a tin g  th e  in d u ced  tu m o u rs  in vitro. F rom  fib ro sa rco m as induced  
b y  B K T -H 2, a new  line  w as estab lished  (B K T -H 2-1). E ach of th e  3 cu ltu res  c o n ta in ed  the  
T  an tig en  in 95—100% . V  a n tig en  could n o t be  d e m o n s tra ted  in  any  case. E v en  fusion  w ith  
V ero  cells failed  to  induce  V an tigen . The flu id  p h ase  of th e  cu ltu res show ed no h a em ag g lu tin a t-  
in g  ac tiv ity .
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A C TIV A TIO N  O F  A D E N O V IR U S  T Y P E  5 C A U SIN G  L A T E N T  
IN F E C T IO N  IN  T IS S U E  C U L T U R E

J . O n g r á d i , G. K u l c s á r , P . D á n , J . H o r v á t h  a n d  I . N á s z  

Institu te  o f  M icrobiology , Semmelweis U niversity  M edical School, Budapest

A lthough  th e  p a th o m e ch a n ism  of in a p p a re n t  v ira l infections h as been  stu d ied  ex ten siv e 
ly , th e  phenom enon h as  n o t been  c larified . T he various ad en o v iru s ty p es  able to  induce 
la te n t  infections deserve specia l a tte n tio n . T h ey  m ay  p lay  a cau sa tiv e  role in  chronic diseases 
w ith  recrudescence. Few  d a ta  are availab le  on  th e  conversion from  la ten cy  to  a c tiv a tio n  of 
ad enov iruses beyond  c e r ta in  clinical ob se rv a tio n s. In  order to  s tu d y  th e  ac tiv a tio n  in  vitro  
o f la te n t  adenovirus ty p e  5 in fec tion , p rim a ry  h u m an  am nion tissue  cu ltu res  were in o cu la ted  
w ith  0.5—2 CPU v iru s a n d  su b seq u en tly  horm ones, carcinogens a n d  m icrob ic  p ro d u c ts  were 
ad d ed  to  th e  cells in  p re te s te d  co n cen tra tio n  th a t  d id  no t cause cellu la r a lte ra tio n . O f the  
m a te ria ls  app lied , onty “ F y ra g o ” co n ta in in g  e n d o to x in s  of Escherichia coli and  of o th er b ac te ria  
a n d  fungi induced  a c tiv a tio n  of adenov irus in fec tio n . In  th e  tissue  cu ltu res  in fec ted  w ith  sub- 
m in im al v iru s dose, “ P y ra g o ”  e x erted  a ch a ra c te ris tic  CP effect an d  in fec tive  v iru s could  be 
recovered . Prednisolone fa iled  to  induce th is  conversion  in tissue cu ltu res  in fec ted  w ith  sub- 
m in im al v iru s dose, b u t  w h en  th e  v iru s level w as ra ised  to m in im u m , th e  CP effect becam e 
expressed  and  v irus re p lica tio n  w as en h an ced  as in d ica ted  by  co n tro l cu ltu res . D iethy l- 
s tilb o estro l and sim ple carcinogens d id  n o t cause  changes in  tissu e  cu ltu res  in fec ted  w ith  
sub m in im al or m inim al v iru s dose. These re su lts  suggest th a t ,  am ong o th e r  facto rs, m icrobes 
and  th e ir  p ro d u c ts  m ay  hav e  a role in  th e  a c tiv a tio n  of la te n t ad en o v iru s infection.

Ш  MU NO E L E C T  R O N  M IC R O SC O PY  IN  Л 1 R 0 L 0G 1C A L  D IA G N O STIC S

M. R yc

Iv s U \u i i\o fH ^ g i ir e  a rd  E p idcm io lcgy , Prague , Czechoslovakia

Iin m u noelec tron  m icroscopy  affords v isu a liza tio n  of an tig en —an tib o d y  in te rac tio n  on 
th e  u l tra s tru c tu ra l  level. I t  o ffers wide possib ilities in  d iagnostic  v iro logy , in  p a r ticu la r  as 
re g a rd s  fo rm atio n  of v iru s-p a rtic le  aggregates in  th e  presence of specific an tibod ies . A n a d v a n 
tag e  of th is  m eth cd  is its  a b ility  to  d( m c n s tra te  th e  presence of v iru s ag en ts  occurring  in  n a tu ra l 
flu id s a t  con cen tra tio n s to o  low  to be v isua lized  by  d irec t e lec tro n  m icroscopy, or v iruses 
w h ich  c an n o t be cu ltiv a ted . T h e  q u a n tity  o f v iru s  p a rtic les  in, and  th e  m orphological ch arac 
te ris tic s  of, a com plex d ep en d  on th e  p ro p o rtio n  be tw een  v irus c o n ce n tra tio n  and  c o n cen tra 
t io n  of an tib o d y . A re la tiv e  excess o f an tib o d y  re su lts  in  sm all com plexes, in w hich single 
v iru ses are  covered by a n tib o d y  envelopes; an  eq u ilib riu m  is ch arac te rized  by larg e r com plexes 
w here  v iruses are jo ined  b y  an tib o d y  bridges. As a n  exam ple of th is  re la tio n sh ip , polioviruses 
ag g reg a te  in  hom ologous ty p e  an tise ru m . T here  is also a possib ility  o f using  iinm unoelectron  
m icroscopy  for sero ty p in g  o f  en te ro v iru ses o r fo r qu an tify in g  th e  an tib o d y  response. Some 
o th e r  exam ples show th e  d iagnosis and  ty p ir g  o f  adenoviruses w hich fo rm  im m unocom plexes 
in  th e  presence of c o m p lem en t-fix ing  — i.e. g roup  specific  -— as well as v iru s-n eu tra liz in g  — i.e. 
ty p e  specific — an tibodies . Som e viruses ag gregate  sp on taneously  in  n a tu ra l  m edia: th e  r o ta 
v iruses a re  a ty p ica l ex am p le . In  m ost cases th e y  are easily d iagnosed  by d irec t electron  
m icroscopy  in faecal e x tra c ts . T o enlarge com plexes, com m ercial g am m aglobu lin  m ay  be used
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as a  source of an tibod ies; v e ry  large  com plexes are form ed a fte r  in cu b a tio n  of faecal e x tra c ts  
co n ta in in g  ro tav iruses w ith  a n ti-h u m a n  an ti-Ig A . Im m u n o e lec tro n  m icroscopy rep resen ts  in 
a d d itio n  a  useful tool in  th e  d iagnosis of h e p a titis  A v irus in faecal e x tra c ts ;  as a source of 
an tib o d ies  can  serve h y p e rim m u n e  ch im panzee sera  or convalescen t h u m an  sera.

IM M ED IA T E  E A R L Y  H E R P E S V IR U S  A N T IG E N S W E R E  N O T SE E N  
IN  S E R IA L  SE C T IO N S O F G A N G L IA  W IT H  E S T A B L IS H E D  

L A T EN T  IN F E C T IO N

J.  R a JC Á N I a n d  J.  M a TIS

Institute o f  V irology , Slovak A cadem y o f  Sciences, B ratislava , Czechoslovakia

Serum  to im m ed ia te  early  ( IE ) an d  early  (E ) po ly p ep tid es was p rep ared  in  ra b b its  
u sing  2 antigens: an  e x tr a c t  from  cy clo h ex im id e-trea ted  herpes sim plex  v iru s ty p e  1 (H SV  1)- 
in fec ted  cells incu b a ted  fo r 4 h r  in th e  p resence of ac tinom ycin  D a n d  a n  e x tra c t of th e  sam e 
cells in cu b a ted  for 4 h r  in  th e  absence of actin o m y cin  D. 14C am inoacid  labelled an tig en s 
(p u lsed  betw een 1—4, 2—3 a n d  4 -9  h r p .i.) and  th e ir  p rec ip ita te s  w ith  a n ti- IE /E  and  a n ti 
v ir io n  sera  were analyzed  in  PA G E . The a n ti- IE /E  serum  reac ted  w ith  a t  least 2 a lp h a  p o ly 
p e p tid e s  (IC P 110 and  IC P  136) and several b e ta  po lypep tides (IC P  146, 136, 87, 68, 42 and  
32). B y an tico in p lem en ta ry  im m unofluorescence (A C IF) b rig h t g ra n u la r  s ta in ing  was seen in  
th e  nuclei of HSV 1-in fec ted  V ero an d  SIR C  cells betw een 3-8  h r p .i. L a te n t in fection  was 
e stab lish ed  in  the  m ouse c e rv ica l sp inal ganglia  (SC 16 s tra in ) an d  in  th e  ra b b it  gasserian  
gang lion  (K upka  stra in ) . No positive  fluorescence was seen in  th e  serial sections o f e ith e r 
g an g lia  sta ined  by b o th  sera . I n  sections o f th e  ganglia  k e p t for 7 d ay s in  cu ltu re  and s ta in e d  
a t  d a ily  in tervals by A C IF , b o th  sera revealed  positive  single neurons a n d  satellite  cells fro m  
th e  2nd  day after e x p la n ta tio n . S ta in ing  of th e  nuclei of neurons w ith  th e  a n ti- IE /E  se ru m  
m ig h t precede by 24 h r th e  fluorescence b ro u g h t ab o u t by  th e  a n tiv ir io n  serum .

Immunology

A D E N O V IR U S -IN D U C E D  IM M U N E R E S P O N S E  IN  T H E  O V IN E  FETU S 

S . TU B O LY  an d  S . B ÉLÁ K

Institute o f  E pizootiology , U niversity  o f  Veterinary Sciences, B udapest

Ovine fetuses 7 0 -80  d ay s of age, were in fec ted  w ith  ovine adenov irus. N ine teen  days 
a f te r  th e  infection v iru s-n e u tra liz in g  an tibod ies were dem o n strab le  in  th e  sera  of the  in fec ted  
fe tu ses  and  their tw in  m ate s  a t  t itre s  of 1 : 32 — 1 : 128. E lec tro p h o re tica lly , th e  an tib o d ies  
p ro v ed  to belong to  su b classes IgGj_ and  Ig G 2. In je c tio n  of th e  v iru s in to  the  fe tus induced  
a  m a te rn a l im m une resp o n se . A n tib o d y -p ro d u cin g  cells were d e m o n s tra ted  in  the  fe ta l sp leen , 
b u t  n o t in the th y m u s a n d  in  ly m p h  nodes. 3H T dR  in co rp o ra tio n  was d e m o n s tra ted  in 2 0 -2 2 %  
of sp leen  cells s tim u la ted  in  vitro w ith  ovine adenov irus an tigen .
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IN C R E A S E D  R E SIS T A N C E  O F G E R M F R E E  M ICE TO D IA N H Y D R O - 
-D U LC ITO L (D A D ). A L Y M P H O T R O P IC  CYTOSTATIC A G EN T

P . A n d e r l i k , M. W e s s e l y , I .  S z e r i  a n d  Zs. B á n o s

In stitu te  o f M icrobiology, Semmelw eis U niversity M edical School, Budapest

T he sen sitiv ity  to  DA D  of 5-week-old germ free (GF) and specific-pathogen-free  (S P F ) 
mice of b o th  sexes (CH 3m g, L A T I, Gödöllő) w as exam ined. E ach  m ouse was given DAD in  
a single in trap erito n ea l in jec tio n . The G F s ta te  o f mice and e n v iro n m en t was m ain ta in ed  in  
V EL A Z  P-01 iso lators for 21 days a fte r t r e a tm e n t.  The respective  m o r ta lity  ra te s  follow ing 
doses o f 12, 15 and  18 m g/kg were 10% , 50%  a n d  70%  (SPF m ice) a n d  0 % , 15%  and  30%  
(G F m ice). S P F  and G F mice died 5—8 d ay s and  7-13 days, re sp ec tiv e ly , a fte r t r e a tm e n t. 
T hus, as ju d g ed  by  th e ir  su rv iv a l, GF mice show ed an  increased re sis tan ce  to  DAD. L ym pho id  
a tro p h y  w as m ore severe in  d ead  G F m ice (re la tiv e  spleen w eigh t, 0.26) th a n  in  dead  S P F  
mice (re la tiv e  spleen w eight, 0.4). The re su lts  show  th a t  the m ic ro b ia l f lo ra  m igh t increase 
d rug  sen sitiv ity  during  tre a tm e n t w ith  a ly m p h o tro p ic  cy to s ta tic  ag en t.

T H E  IN F L U E N C E  O F H E P E S  B U F F E R  ON T H E  M IG R A T IO N  OF 
H U M A N  L E U K O C Y T E S IN  T H E  D IR E C T  AND IN D IR E C T  M IF  E F F E C T

A. RÉDEI

Gerontological Centre, Semmelweis U niversity  M edical School, B udapest

T he m echanism  of d ev elopm en t of cellu la r im m unity  was ex am in ed  in m an  by  th e  
d irect and  in d irect C lausen m eth o d ; 0.01 м  H E P E S  buffer was u sed  in  th e  cu ltu re  flu id  of 
lym p h o cy tes . An analysis of th e  tim e curves rev ea led  th a t  M IF  p ro d u c tio n  lacks any tim e 
dependence  on the f irs t 3 days o f ly m p h o cy te  cu ltiv a tio n . If  H E P E S  w as rem oved  by a 24-hr 
dialysis a t  5 °C, unm ask ing  of M IF  effect becam e ap p aren t. M IF  e ffec t was revealed  in d e 
p en d en tly  of its  m ig ra tio n -in h ib itin g  or m ig ra tio n -s tim u la tin g  c h a ra c te r . (A lte rn a tiv e ly , a 
fac to r in d ep en d en t of M IF  m ig h t be p ro d u ced  in  the  case of in creased  m ig ra tion .) W hen 
H E P E S  b u ffer was used in  th e  m edium  of ly m p h o cy te  cu ltu res, a to x ic  effect on leukocy te  
m ig ra tio n  w as observed. I f  th e  dialysis w as o m itted , M IF  p ro d u c tio n  was increased  in  2/ 3 of 
th e  cases an d  inh ib ited  in th e  rest.

T H E  H U M A N  L E T H A L  D O SE  O F TET A N U S T O X IN

L. E r d ő s

N ational Institu te  o f  H ygiene , Budapest

In  an  acciden t th a t  occu rred  m an y  y ears  ago an  ex p erim en tal lo t of h u m an  pertussis 
h y p erim m u n e  serum  was used for th e rap y . T w en tly -th ree  children a n d  2 ad u lts  trea te d  w ith  
th e  serum  fell ill w ith  te ta n u s . T en children  d ied  in  sp ite  of th e ra p y  w h ich  involved  tre a tm e n t 
w ith  v e ry  h igh  doses of specific serum  in jec ted  im m edia te ly  a fte r  th e  o n se t of sym ptom s. 
Only p a tie n ts  w ith  g reat body-w eigh t rem ain ed  alive. According to  th e  la b o ra to ry  in v estiga tion  
carried  o u t im m edia tely  a fte r  th e  acciden t, th e  serum  contained a v e ry  sm all a m o u n t of te ta n u s  
to x in  b u t  no Clostridium tetani. I t  was s ta te d  th a t  the  hum an  L D 75/b o d y  w eight of te ta n u s
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to x in  w as equal to ab o u t 10 M L D  for 18-20 g m ice. T he calcu la ted  a m o u n t o f a n tito x in  req u ired  
to  n eu tra lize  in vitro th e  to x in  dose le th a l fo r an  a d u lt  of 70 kg bo d y  w e ig h t is ab o u t 0.05 IU . 
C onsidering  this ra tio , i t  m a y  he concluded t h a t  th e  use of very  g re a t doses of a n tito x in  for 
th e  th e ra p y  of te tan u s is o f no  p a r ticu la r  b en efit. As reg ard s sen sitiv ity  to  te ta n u s  to x in , m an  is 
a b o u t  5 tim es more sen sitiv e  th a n  th e  m ouse.

IN F L U E N C E  O F  T H E  P R E S E R V A T IO N  O F E R Y T H R O C Y T E S  ON 
T H E  C O R R E L A T IO N  O F T E T A N U S A N T IT O X IN  V A L U E S  M E A S U R E D  

BY PA SSIV E H A E M  A G G L U T IN A T IO N  A N D  BY B IO L O G IC A L  TESTS

G y . N y e r g e s

N ationa l Institu te  o f  H yg iene , Budapest

The influence of p re se rv a tio n  of th e  re ag e n t on th e  co rre la tio n  betw een  th e  te ta n u s  
a n ti to x in  values o b ta in ed  b y  m eans of th e  passive  h a em ag g lu tin a tio n  te s t  and  those ob ta in ed  
b y  th e  neu tra lization  te s t  w as exam ined  in 65 h u m an  serum  sam ples. T he corre lation  was 
fo u n d  satisfactory  if  n a tiv e  e ry th ro c y te s  were used . If, how ever, th e  e ry th ro cy te s  h ad  been 
p re se rv e d  w ith g lu ta ra ld e h y d e  or fo rm ald eh y d e , th e  respective  passive  haem ag g lu tin a tio n  
v a lu e s  were twice and  6—8 tim e s  as h igh as th e  biological values. T he dev ia tions also depend 
on  th e  serum , viz. w h e th e r  a h u m an  serum  or a hyperim m une a n tito x ic  serum  is used as 
s ta n d a rd .

Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F T E T A N U S A N T IB O D IE S  
B Y  T H E  “ E L IS A ”  T E C H N IQ U E

I. B a r n a — V e t r ó , R. V a r r ó , M .  B .  V a j d a  a n d  É .  D o b r o s z

H um an In  titu te  fo r  Serobacteriological Production and Research , Budapest

E nzym e-linked im m u n o so rb e n t assay  (E L IS A ) was used  to  q u a n ti ta te  te ta n u s  a n t i 
bod ies of hum an orig in . T h e  m eth o d  was op tim ized  in respect of to x o id  an tigen , in cu b a tio n  
p e rio d , tem p era tu re , a n d  ty p e  of m ic ro titra tio n  p la tes. H u m an  h y p erim m u n e  a n ti- te ta n u s  
g am m a  globulin (H u m a n , B u d ap es t) was used  for th e  d e tec tio n  of an tibodies . The low est 
a n tib o d y  concen tra tion  m ea su re d  by  E L IS A  w as 0.0015 IU /m l. T he te ta n u s  an tibody  c o n ten t 
o f a panel of donor se ra  w as de term ined  b y  b o th  th e  passive m ouse p ro tec tio n  te s t and  by 
th e  E L IS A  m ethod. A lin e a r  p ositive  co rre la tio n  was found  betw een in  vivo  and  E L ISA  m eth o d , 
th e  correlation coefficient b e in g  0.78.

D E M O N ST R A T IO N  OF MYXOM A IN F E C T IO N  BY “ E L IS A ”

E. B lR C K , J. R o iT H  a n d  F .  SÓLYOM

P h ylaxia  Veterinary Biologicals and Foodstuffs L td ., B udapest

E nzym e-linked im m u n o so rb e n t assay  (E L IS A ) was applied  to  d e te c t m yxom a virus and 
an tib o d ies  to the  m y x o m a  v irus. Serum  an tib o d ies  were te s ted  b y  in d ire c t E L IS A , using  a 
v iru s  p ropagated  on ch ick en  em bryo CAM. T he negative  and  th e  positive  sera were well-
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d istingu ishab le  b y  v isua l ev aluation  w hile p h o to m e tric  tes tin g  gave q u a lita tiv e  resu lts . 
T he v irion  c o n te n t o f tissue cu ltu res w as d e te rm in ed  by  th e  sandw ich  E L IS A  techn ique. 
T he sen sitiv ity  an d  th e  specificity of th e  te s ts  (im m unodiffusion , co m plem en t fix a tio n  and  
v iru s n eu tra liza tio n ) h av e  been stud ied  co m p ara tiv e ly .

D E T E C T IO N  BY IM M U N O O SM O P H O R E SIS  O F STAPHYLOCO CCUS 
E N T E R O T O X IN  T Y P E  В

P .  M a j o r

Institu te  o f  N u tr itio n , Budapest

A rap id  m eth o d  is described for in d ic a tin g  th e  presence of a Staphylococcus aureus 
en te ro to x in  ty p e  В b y  an  im m u noosm ophore tic  m eth o d . This is app licab le  only if  th e  negative  
charge  of th e  to x in  m olecule is increased  to  a su ffic ien t degree. T his was achieved by  fo rm al
d eh y d e  (ab o u t 0 .3% ) tre a tm e n t, for 1 h r in  a 45 °C w a te r  b a th . The te s t  tak e s  3 h r and  th e  
lea s t a m o u n t of e n te ro to x in  th a t  can be d e m o n s tra ted  is 0 .5 -1 .0  //g/m l.

M IC R O B IA L  C O N TE N T  OF G A ST R IC  A N D  D U O D E N A L  F L U ID  AN D  T H E
IM M U N E  R E S P O N S E

Zs. S o m o s , S .  L o i b l  and  P. G r ó f

D epartment o f D erm atology , U niversity M edical School, Pécs and Technical A cadem y , Pécs

Serum  gastric  flu id  and A, В an d  C bile sam ples were ob ta in ed  from  143 derm ato log ical 
p a tie n ts  and IgG , IgA , IgM , C3 and a lb u m in  w ere assay ed  in the  sam ples. In  th e  g astric  flu id  
ro u tin e  bacterio logical and  m ycological te s ts  w ere perform ed, and  th e  sam e sam ples were 
te s te d  for p ro tozoa. On th e  basis of th e  p H  of th e  g astric  flu id , the  sam ples were d ivided in to  
g roups. Pa thogen ic  m icroorganism s w ere a b se n t in  55 o u t of 23 h y p e rac id  an d  43 no rm acid  
sam ples while in  54 of th e  27 hypacid  an d  50 an ac id  sam ples p ro tozoa , b a c te ria  or fungi were 
d em o n s tra ted . W hen besides h y p acid ity  or a n ac id ity  an  in fection  w as revea led , d e te rm inab le  
a m o u n ts  of serum  pro te in (s) were p re sen t in  th e  g astric  flu id  and in  bile sam ples A, В an  C.

FO R EC A ST OF T H E  H U M A N  E P ID E M IO L O G IC A L  V A L U E  OF 
VA CCINES B A S E D  ON L A B O R A T O R Y  ST A N D A R D IZ A T IO N  TESTS

L. R é t h y , L. H e g e d ű s  a n d  L. B á c s k a i

H um an In stitu te  fo r  Serobacteriological Production and Research, Budapest

W hile in v es tig a tin g  th e  u tiliza tio n  of v acc in e -s tan d ard iza tio n  procedures in  h u m an  
im m u n iza tio n , i t  was show n th a t  (i) th e  d ip h th e r ia  an d  te ta n u s  im m une effect m easured  in th e  
gu inea  pig by  “ one s tim u la n t m eth o d ” (U S P ) p red ic ts  w ith  99%  p ro b ab ility  the  h u m an  
p o ten c y  of the  an tig en  an d  also the  degree of a tta in a b le  p opu lational im m u n ity . The sm allest 
la b o ra to ry  an tig en ic ity  w hich m ay be ex p ec ted  to  induce  safe im m u n ity  in  m an  was d e term ined  
in hu m an s, (ii) The ac tiv e  p ro tec tion  te s t  evo lved  b y  P rig g e  was found  su itab le  for m easuring
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“ in trin s ic  an tig en ic ity ” . T he sm allest p ro tec tiv e  v a lu e  was de te rm in ed  and  given in  In te rn a 
tio n a l Im m uniz ing  U n its  ( I IU )  necessary  for in ducing  safe p o p u la tio n a l im m u n ity  ag a in st 
d ip h th e ria  an d  te tan u s.

T H E  R O L E  O F  О A N T IG E N  IN  T H E  IM M U N ITY  A G A IN ST 
S A L M O N E L L A  T Y P H I-M U R IU M  IN F E C T IO N

I. J a s z o v s z k y

N ationa l Institu te  o f  H ygiene , Budapest

One to 10 pg  o f a ribosom e p re p ara tio n  o b ta in ed  from  a m o use-v iru len t Salmonella  
typ h i-m u r iu m  s tra in  was fo u n d  to  p ro tec t m ice ag a in st 1000 L D 50 of th e  hom ologous s tra in . 
T he fa c t th a t  the  blood se ru m  of the  im m unized  an im als co n ta in ed  a n ti -0  agg lu tin in  p ro v ed  
th a t  th e  p re p ara tio n  was co n ta m in a te d  by  О an tig en . To clarify  th e  role of th e  0  an tigen , th e  
m ouse-im m unizing  cap ac ity  o f  killed vaccines and  ribosom al an tig en s p repared  from  0 + 
and  0 — v a ria n ts  was ex am in ed . The 0 + vaccines p roved  m ore effic ien t th a n  th e  O-  ones.

ASSAY OF L E U K O C Y T O SIS- (LY M PH O C Y TO SIS-) PR O M O T IN G  FA CTO R 
F O R  ESTIM A TIO N  O F  T H E  PR O PH Y L A C T IC  V A LU E  O F  P E R T U S S IS  V A C C IN E

Z. O S lZ E R , L. SzTANK OV an d  I. JoÓ 

H um an In stitu te  fo r  Serobacteriological Production and Research , Budapest

Several biological a c tiv itie s  of th e  leukocytosis- (lym phocytosis-) p rom oting  fa c to r 
(L P F ) of Bordetella pertussis  h av e  been described. L P F  induces h y p e rsen s itiv ity  to  h istam in e , 
leukocytosis, lym phocy tosis a n d  hypoglycaem ia in  mice. I t  show s th e  ch aracte ris tics o f a 
biological ad ju v a n t, an d  increases th e  p ro d u c tio n  of Ig E  an tibod ies . L P F  ag g lu tin a tes  red  
cells an d  p ro tec ts  mice a g a in s t B. pertussis  challenge. H igh am o u n ts  of L P F  increase  th e  
m ouse to x ic ity  of pe rtu ssis  vaccine . The ex p erim en ta l resu lts  were as follows, (i) F reeze-dried  
re ference vaccine was developed  for th e  s ta n d a rd iza tio n  of L P F  assay , (ii) The to ta l  leuk o cy te  
co u n t can  be used for th e  q u a n tita tiv e  d e te rm in a tio n  of L P F  of p e rtu ssis  and  D P T  vaccines.
(iii) A positive  co rre la tio n  w as found  be tw een  th e  p o tency  a n d  L P F  co n ten t o f vaccines.
(iv) A m ong th e  in b red  m ouse s tra in s  CBA/Ca, B A LB /c, C57B1, D B A /2 and A K R , D B A /2 
was th e  m ost sensitive a n d  th ere fo re  m ost su itab le  for th e  L P F  assay , (v) The leukocytosis- 
an d  ly m p h o cy to sis-p ro m o tin g  effects of L P F  decreased in m ice p re im m u n ized  w ith  pe rtu ssis  
vaccine.

P R E P A R A T IO N  A N D  LA B O R A TO R Y  T E S T IN G  O F F R E E Z E -D R IE D  
A D SO R B E D  D IP H T H E R IA -P E R T U S S IS -T E T A N U S  (D P T ) VA CCINE

N .  N i e d e r m a y e r , A .  B e n k ő , Z .  C s i z é r , I. Joó,
К. S í k o s  and  J .  Z s i d a i

H um an Institu te  fo r  Serobacteriological Production and Research , Budapest

D P T  has an im p o r ta n t  role in  th e  E x p an d e d  P rogram m e on Im m u n iza tio n  of th e  W H O  
a im ed  a t ex tend ing  im m u n iza tio n  against six  dangerous in fectious childhood diseases. In  t r o p 
ical a reas th e  s tab ility  o f D P T  is lim ited  by  th e  h e a t sen sitiv ity  o f th e  pertussis com ponent.
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To increase its  s ta b ility , d iffe ren t freeze-dried D P T  vaccines were developed . The experim en ta l 
re su lts  were as follows, (i) T he pertussis co m p o n en t of D PT freeze-d ried  w ith  9 %  sucrose m et 
th e  req u irem en ts  a fte r  a 6 -week storage a t  35 °C. A fter th is period  th e  po ten cy  decreased, 
(ii) N ine per cen t lac tose  w as also su itab le  as a freeze-drying m en s tru u m , (iii) T he toxoid  
co m ponen ts proved to be stab le  in  p o ten cy  over a period of a t  le a s t 20 weeks a t  35 °C. (iv) 
A dsorbed  D PT conta in ing  9 %  sucrose or lac to se  was m ore stab le  th a n  a D P T  of sim ilar com po
sitio n  w ith o u t sugar stab ilizers, (v) To avo id  th e  freeze-drying of a lu m in iu m  p h o sp h a te  gel, 
p re p a ra tio n  of freeze-dried  D P T —ty p h o id  vacc in e  is recom m ended . T he p o ten cy  of D P T —ty 
p h o id  vaccine was stab le  a t  4 °C over a period  of 8 years.

ISO LA TIO N  O F  SA PO N IN  FR A C T IO N S  AND IN V E S T IG A T IO N S 
IN T O  T H E IR  B IO L O G IC A L  E F F E C T S

T .  P e r é n y i , S .  E r d é l y i , F .  C z e l l e n g , L .  F a r k a s  a n d  A .  F a z e k a s

P hylaxia  Veterinary Biologicals and F oodstuffs L td ., B udapest

T w enty-six  sapon in  p rep ara tio n s  w ere frac tio n a ted  b y  gel f i ltra tio n . On th e  basis of 
th e ir  e lu tion  profiles, th e  m ain  com ponents w ere characterized  b y  m eans of th in -lay er chro
m a to g rap h y , colorim etric  reac tio n s of selective sen sitiv ity , an d  q u a n ta tiv e  haem olysis, (i) 
D epend ing  on th e ir orig in , com m ercial saponins can  be calssified in to  th e  3 m ain  ty p es Q uillaja, 
G ypsophilla  and Sm ilax. (ii) T heir com m on fe a tu re  is th a t  a haem olysing  (H ) an d  a non- 
haem olysing  (N H ) frac tio n  can  be sep a ra ted  from  each. These frac tio n s  a m o u n t to 80 -9 0 %  of 
th e  sam ples. F rac tio n  H  has a  m olecular w eigh t o f 40 000. I ts  com p o n en ts  fo rm  a com plex of 
lab ile  s tru c tu re  un d er th e  cond itions of sep a ra tio n , (iii) The th in - la y e r  ch ro m ato g rap h ic  com 
p o sitio n  of the  H  frac tio n  is ch arac te ris tic  o f th e  m ain  type. All H  frac tio n s  are rich  in  aldo- 
p en to se  and  con ta in  genius of tr ite rp en o id  s tru c tu re , (iv) T he th in - la y e r  ch ro m atograph ic  
p a t te rn  o f the  N H  frac tio n s  is sim ilar in  m a n y  respec ts; k e tohexose  d o m in a tes  am ong th e  
ca rb o h y d ra te  com ponents. T h eir genin s tru c tu re  differs con sid erab ly  fro m  th e  tr ite rp en o id  
sk e le to n  of th e  H frac tio n s , (v) The im m une response to FM D v iru s  is enh an ced  b y  th e  H 
frac tio n s  b u t  no t by  th e  N H  fractions.

IM M U N O LO G IC A L C H A R A C T E R IS T IC S  O F T H E  FO O T A N D  M O UTH
D IS E A S E  V IR U S

F .  C z e l l e n g , L .  F a r k a s , T .  P e r é n y i  a n d  A .  F a z e k a s

P hylaxia  Veterinary Biologicals and Foodstuffs L td ., B udapest

(i) The rep lica tion  p ro p e rtie s , im m u n o g en ec ity  and  s ta b ili ty  o f som e su b ty p e s  of O, A, 
an d  C ty p es  of FM D vaccine s tra in s  have b een  stu d ied . The v iru s  y ield  o f th e  ty p e -0  and C 
s tra in s  was h igher th a n  th a t  of ty p e  A. As to  th e  im m unological p ro p e rtie s , ty p es  A an d  C 
exceeded  ty p e  O. (ii) T he v irio n s syn thesized  in  th e  su b s tra tes  a n d  co n d itio n s ap p lied  re ta in ed  
th e ir  im m unological p ro p e rtie s  du rin g  the  p ro ced u res of vaccine p ro d u c tio n , (iii) T he in a c tiv a t
ing  effects of fo rm aldehyde  a n d  e thy leneim ine w ere s tud ied  c o m p ara tiv e ly . T h e  h igh capsid
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d a m a g in g  effect of fo rm a ld eh y d e  can  be m o d era ted  b y  low ering th e  co n cen tra tio n . Low 
c o n ce n tra tio n s  of fo rm a ld eh y d e  can  be m ade  effective b y  ra is ing  th e  p H  over 8.2. The in ac 
t iv a t in g  effect of e th y le n e im in e  is qu ick  and  com plete, th o u g h  th e  capsid  is only sligh tly  
d a m a g e d  b y  the  com pound. T h e  vaccines, regard less of th e  vaccine s tra in  an d  th e  in ac tiv a to r 
u sed , a re  stable for a t  le a s t  one  year.

V IR U L E N C E -E N H A N C IN G  E F F E C T  O F IR O N  ON K L E B S IE L L A  
P N E U M O N IA E  A N D  PSEU D O M O N A S A E R U G IN O S A

I .  JO Ó  a n d  Z . CSIZER

H um an In s titu te  f o r  Serobacieriological Production and Research , Budapest

T he influence o f  fe rr ic  am m onium  c itra te  (FAC) w as s tu d ied  on  th e  v iru lence of 3 
K lebsiella  pneum oniae  a n d  7 Pseudom onas aeruginosa  s tra in s  belonging to  d iffe ren t sero types 
a n d  im m uno types. G roups o f  m ice of 20-24  g body  w eigh t w ere in o cu la ted  in tra p e rito n ea lly  
w ith  d ifferen t am o u n ts o f 6 h r  cu ltu res  of th e  s tra in s ; o th er groups of m ice received th e  sam e 
in o cu la  and  sim ultaneously  2 m g FAC per m ouse. The resu lts  o f re p ea te d  assays have show n 
t h a t  th e  m ouse-viru lance o f all K . pneum oniae  and  P . aeruginosa s tra in s  te s te d  w as s ign ifican tly  
en h an c ed  by FAC.

Mycology

P R O T O PL A S T  F U S IO N  IN  C A N D ID A  T R O P IC A L IS  A N D  T H E  
A N A L Y SIS  O F  FU SIO N  PR O D U C T S

C . V a l l i n  and  L .  F e r e n c z y

In s ti tu te  o f Chemistry and E xp erim en ta l Biology , Academ y o f Sciences o f  Cuba , H avana , Cuba and  
D epartment o f  M icrobiology , J ó zse f A ttila  U niversity , Szeged, H ungary

H aploid  a u x o tro p h ic  m u ta n ts  were p roduced  from  tw o w ild ty p e  s tra in s  of Candida  
tropicalis  (CBS 644 an d  94 T ). P ro to p la s t fusion was in d u ced  b y  p o ly e th y len e  glycol (P E G ). 
T h e  influence on th e  fu sio n  freq u en cy  of th e  co n cen tra tio n  of CaCl2 an d  P E G  as well as of 
th e  m olecular w eight o f P E G  h as  been stud ied . The resu lts  confirm ed  th e  d a ta  of o th er a u th o rs  
fo r filam en tous fungi in  t h a t  th e  co n cen tra tio n  of CaCl2 an d  P E G  is c ritica l in  the  process of 
p ro to p la s t  fusion. T he re su ltin g  n u tr itio n a l co m p lem en ta tion  a fte r  th e  fusion  process was due to  
h e te ro k a ry o n  fo rm atio n  a n d , a t  a  m u ch  low er frequency , to  sp o n tan eo u s  d ip lo id ization . 
T h e  h e terokaryons w ere u n s ta b le  and , a t  segregation  of th e  genetic  m ark e rs , th e  p ro p o rtio n  
o f  p a re n ta l  types was in  som e cases equal an d  in  o thers th ere  was a b ias  fo r one of th e  p a rtn e rs . 
T h e  cells of the  stab le  p ro to tro p h ic  iso lates were m ore e lo n g a ted  th a n  th o se  of th e  p a ren ta l 
cells, usually  also la rg e r a n d  th e y  co n ta in ed  m uch  m ore D N A  p e r cell. B o th  p a ren ta l ty p es  
co u ld  be  recovered fro m  th ese  iso lates b y  hap lo id iza tio n  w ith  ch lora l h y d ra te  and low  doses 
o f  U V  ligh t sim u ltan eo u sly . T he re su lts  in d ica te  th a t  th e  s tab le  p ro to tro p h ic  iso lates were 
d ip lo id .
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IN T E R S P E C IF IC  P R O T O PL A S T  F U S IO N  B E T W E E N  C A N D ID A  
A LBICA N S A N D  C A N D ID A  T R O P IC A L IS

J .  KUCSERA a n d  L .  FERENCZY

D epartm ent o f M icrobiology , J ó zse f A ttila  U niversity , Szeged

Fusion  of C andida albicans an d  C andida tropicalis p ro to p la s ts  w as im plem en ted  u sing  
a u x o tro p h ic  m u ta n ts  o f these stra ins . P ro to p la s t  fo rm atio n  w as in d u ced  b y  snail en zy m e in  
0.6 M KC1, th e  fusion  b y  30%  p o ly ethy lene  glycol (P E G , m ol w t 4000) in  th e  presence o f Ca+ + . 
D uring  selective re g en a ra tio n  of th e  fusion  p ro d u c ts , v iab le  a n d  m u ltip ly in g  p ro to tro p h ic  
h y b rid s  were o b ta in e d . The co m p lem en ta tio n  freq u en cy  w as 2 X to  5 X 10—6 if  th e  ca lcu la tio n  
was based  upon  th e  n u m b er of colonies grow ing  on  m in im al m edium  d iv ided  by  th e  n u m b er of 
those  grow ing on com plete  m edium . T he re su ltin g  colonies consisted  of yeast-like  cells, w h ich  
con ta in ed  only one nucleus in  c o n tra s t to  th e  cells f req u e n tly  o b ta in e d  b y  in tra sp ec ific  p ro 
to p la s t  fusion of C andida  species. B oth  th e  D N A  c o n te n t o f th e  fusion  p ro d u c ts  and  th e  ana ly sis  
o f hap lo ids in d u ced  b y  chem ical an d /o r b y  U V -ligh t suggested  th a t  th e y  were aneup lo ids.

IN D U C E D  IN T E R S P E C IF IC  P R O T O PL A S T  F U S IO N  IN  
F IS S IO N  Y E A STS

M . S lP lC Z K l

D epartm ent o f M icrobiology , J ó zse f A ttila  U niversity , Szeged

P ro to p las ts  o f  th e  44four-spored”  Schizosaccharomyces pombe a n d  th e  44e ig h t-sp o red ”  
Schizosaccharomyces octosporus were fused . T he p ro to p la s ts  w ere o b ta in e d  from  th e  cells b y  
cell w all ly tic  en zy m es produced  b y  Trichoderm a viride. W hen  a m ix tu re  of th e  p ro to p la s ts  o f 
co m p lem en ta ry  a u x o tro p h ic  m u ta n ts  was t r e a te d  w ith  30%  po ly e th y len e  glycol 4000, cell 
fusion  an d  c o m p lem en ta tio n  was a tta in e d  w ith  a freq u en cy  of 10—5—10—7. T he “ in te rsp ec ific”  
fusion  p ro d u c ts  show ing  a tran s itio n a l m o rp h o lo g y  ex isted  on ly  on  m in im al m edium  an d , in  
th e  absence of n u tr it io n a l  pressure w hen  co m p le m e n ta tio n  w as no longer necessary , th e y  
seg regated  im m ed ia te ly  in to  aux o tro p h ic  cells w ith  th e  m ark ers  o f S  octosporus. No seg reg an ts  
were fo u n d  d isp lay ing  th e  m orphology or m ark e rs  o f S. pombe. T his a sy m m etric  seg reg a tio n  
in d ica tes  th a t  S. octosporus m igh t be d o m in a n t in  th e  fused  cells a n d  th e y  p ro b ab ly  d id  n o t  
accep t th e  whole genom e of S. pombe b u t  o n ly  th e  nucleus or less, or even  on ly  one chrom osom e.

T R A N S F E R  O F  M IT O C H O N D R IA  V IA  A N U C L E A T E  PR O TO PL A STS 
IN  SA CCHAR OM Y CES C E R E V IS IA E

A . M a r á z  a n d  L .  F e r e n c z y  

D epartm ent o f  M icrobiology, J ó zse f A ttila  U niversity , Szeged

D uring  p ro to p la s t  fo rm ation  in  b u d d in g  y e as ts , p ro to p la s ts  1 /urn. o r less in  d iam e te r  a re  
f req u e n tly  released  fro m  th e  buds. A lth o u g h  th e  m a jo r ity  of these  sm all p ro to p la s ts  do n o t  
possess nuclei, th e y  do co n ta in  m itochondria . A n u c lea te  sm all p ro to p la s ts  are easily  se p a ra te d  
from  those  co n ta in in g  nuclei by  low -speed cen trifu g a tio n . A fter f rac tio n a tio n  less th a n  5 %  o f
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th e  sm all p ro to p lasts  c o n ta in e d  nuclei. An a n u c lea te  p ro to p la s t  frac tio n  was p rep ared  from  
an e ry th ro m y c in  re s is ta n t (e ry R) au x o troph ic  m u ta n t  o f Saccharomyces cerevisiae. I t s  e ry th ro 
m ycin  resis tan ce  is d e te rm in e d  b y  a m ito ch o n d ria l gene. P o ly e th y len e  glycol and  Ca++ were 
used  to  in d u ce  fusion b e tw een  th is  sm all p ro to p la s t  f ra c tio n  an d  th e  n u c leu s-con ta in ing  p ro 
to p la s ts  o f a n eu tra l p e ti te  (rho°) m u ta n t derived  from  an  aden in e-req u irin g  s tra in  of S. cere
visiae. U n d e r  p a rtia lly  se lec tive  conditions, th e  m a jo r i ty  o f fusion  p ro d u c ts  were h ap lo id  an d  
e ry R, co n ta in in g  the  nucleus o f th e  recip ien t ad en in e-req u irin g  s tra in  an d  th e  m ito ch o n d ria l 
genom e fro m  the  e ry R re sp ira to ry -co m p e te n t d o nor cells.

IM M U N O P E R O X ID A S E  S T A IN IN G  O F Y EA ST C ELLS 
AND PR O T O PL A S T S

L. S z t a n k o v , R . V a r r ó , M. B. V a j d a , A. P ó l a y  and E . K. N o v a k

H u m a n  Institu te  fo r  Serobacteriological Production and Research , B udapest, County H o sp ita l , 
G yula and N ational Institu te  o f  H ygiene , B udapest

F o r  iin m u n o cy to ch em ica l inv estig a tio n  of y e a s t cells and  p ro to p la s ts , an  In d ia - in k  
im m u n e  reac tio n  an d  an  im m unofluorescence m e th o d  have  been developed. In  th e  p re sen t 
w ork , u tiliz a tio n  of an  a n ti - r a b b i t  IgG  sheep-serum  c o n ju g a ted  w ith  h o rse -rad ish  pero x id ase  
is p re sen te d . T rea tin g  C andida albicans and  Saccharomyces cerevisiae cells a n d  p ro to p la s ts  w ith  
an  a p p ro p ria te  im m une se ru m , w ith  the  above co n ju g a te  an d  w ith  a bu ffered  H 20 2—diam ino 
ben zid in e  su b s tra te  m ix tu re , a  w ell-evaluable a n d  h ig h ly  sensitive s ta in in g  can  be ach ieved , 
w hich  is im p roved  w ith  a V ic to ria  blue co n tra s t s ta in . H igh sen sitiv ity , easy  and  cheap  rea liza 
tio n  are  th e  ad v an tag es o f th e  m ethod  over in d ire c t im m unofluorescence. U tiliz a tio n  of th e  
m e th o d  is d em o n s tra ted  in  d e tec tio n  of S. cerevisiae cells and p ro to p la s ts , as well as in  th e  
d iffe re n tia tio n  of S. cerevisiae a n d  C. albicans p ro to p la s ts , and  also in th e  de tectio n  of C. albicans 
a n tib o d ie s  in  p a tie n t sera.

IN T E R G E N E R IC  PH Y SIC A L  F U S IO N  O F  Y EA ST PR O T O PL A ST S 

E. K . N o v a k . A. P ó l a y  and L. S z t a n k o v

N ational In s titu te  o f Hygiene , B udapest and County H osp ita l, Gyula

C andida albicans a n d  Saccharomyces cerevisiae p ro to p la s ts  were induced  to fuse a n d  in 
th e  fu sio n  p ro ducts th e  f ir s t  p a r tn e r  was de tected  w ith  th e  a u th o rs ’ In d ia -in k  im m uno reac tio n , 
u tiliz in g  a n ti -Salmonella  0 7  serum , w hich reac ts  specifically  only w ith  C. albicans. T he S. cere
visiae  p a r t  o f the  fusion p ro d u c t  was visualized  w ith  safran ine  T sta in ing . D uring  su b seq u en t 
in c u b a tio n  of the  fusion p ro d u c t  in a stab ilizer, th e  C. albicans m em brane  an tigens w ere seen to  
sw im  in to  th e  S. cerevisiae m em b ran e , in d ica tin g  m em b ran e  flu id ity . T hus th e  m eth o d  allows 
to  ob se rv e  the  efficiency of th e  physical p a r t  of fu sion , even  in th e  case o f genetic—m etab o lic  
in co m p a tib ility  w hen n e ith e r  regeneration  nor co lony  fo rm atio n  occur. W hen S. cerevisiae 
p ro to p la s ts  were p re s ta in ed  w ith  rose bengal. d u rin g  th e  in cu b a tio n  su b seq u en t to  fusion  th e  
dye w as tran sferred  in to  th e  C. albicans p a r t  due to  cy top lasm ic  in te rm ix in g  (the  C. albicans 
p a r t  w as again  v isu a lized  w ith  th e  In d ia-in k  im rnuno  reac tion ). A d d itiona lly , w hen p a rtic le s  
w ere in tro d u c ed  p rio r to  fu sio n  in to  C. albicans p ro to p la s ts , as in  situ  reduced  té traz o liu m  
v io le t, th e  m arker was tra n s fe rre d  in to  the  S. cerevisiae p a r t  due to  cy top lasm ic  in te rm ix in g .
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PR O T O P L A S T  F U S IO N  B E T W E E N  P O L Y E N E -R E S IS T A N T  AND 
S E N S IT IV E  M U TA NTS OF C A N D ID A  A L B IC A N S

M. P e s t i , E .  K . N o v a k , A .  S v o b o d a  and L. F e r e n c z y

Department o f M icrobiology , J ó zse f A ttila  U niversity , Szeged, H ungary , N ational In stitu te  
o f H ygiene , B udapest, H ungary and Institu te  o f B io logy, J . E . P u rkyn e  U niversity , M edical

School, B rno , Czechoslovakia

In  order to  s tu d y  th e  m echan ism  of resistance to  polyene a n tib io tic s , n y s ta tin  re s is ta n t 
m u ta n ts  were p ro d u ced  by  n itro so g u an id in e  tre a tm e n t from  au x o tro p h ic  m u ta n ts  o f C andida  
albicans. N y s ta tin  re s is ta n t  and  sensitive  s tra in s  w ere ch arac te rized  b y  cross-resistance to 
am p h o te ric in  B , cand ic id in , p im aric in , an d  cogom ycin; ergostero l c o n te n t; th in -lay er c h ro m a
to g rap h ic  stero l sp e c tru m ; po lyene-induced  ion leakage; n y sta tin -in d u ce d  u l tra s tru c tu ra l  
a lte ra tio n s  of the  p lasm a  m em brane  by  freeze-etching e lec tro n  m icroscopy; and  s ta in ing  of th e  
cells b y  U 0.7  P o n ceau -red  a fte r  po lyene tre a tm e n t. T he re su lts  in d ica te  th a t  re sistan ce  
arises due to changes, e ith e r q u a lita tiv e  or q u a n tita tiv e , in  th e  (ergo)stero l co n ten t o f re s is ta n t 
stra in s . Po lye thy lene  g lyco l-induced  p ro to p la s t fusion  w as carried  o u t betw een  a sensitive  
(his“ , th r “ , m e t- ) an d  a n y s ta tin - re s is ta n t (ade- ) s tra in , an d  h e te ro k a ry o tic  fusion p ro d u c ts  
w ere o b ta ined  u p  to  a freq u en cy  o f 4 .6 x 1 0 “ 4. P ro to tro p h ic , u n in u c lea te , stab le , e rgostero l- 
con ta in ing  hy b rid s w hich  proved  to  be sensitive  to n y s ta tin , were iso la ted . The h y b rid  o f th e  
n y s ta tin  sensitive p h en o ty p e  re su lted  in  co m p lem en ta tio n  to ergostero l p roduction . T h u s, th e  
resistance  to polyenes can  be considered as a recessive ch arac te r.

P E N IC IL L IN  PR O D U C T IO N  O F P E N IC IL L IU M  C H R Y SO G EN U M  
S T R A IN S  O B T A IN E D  BY PR O T O P L A S T  F U S IO N

M. P e s t i , E. K o n s z k y , J .  E r d e i , К . P ó l y a  and L. F e r e n c z y

Department o f  M icrobiology , J ó zse f A ttila  U niversity , Szeged and B iogal Pharmaceutical
W orks , Debrecen

E x p erim en ts were carried  o u t w ith  various a u x o tro p h ic  an d  colour m u ta n ts  o f tw o 
P énicillium  chrysogenum  s tra in s  d iffe ren t in  origin an d  fe rm e n ta tio n  cap acity . P E G -in d u ced  
p ro to p la s t fusion p ro d u c ts  were form ed up  to a freq u en cy  of 3 .2% . F ro m  he te ro k ary o n s s tab le  
p ro to tro p h ic  progenies o f larger conidial volum e and  of h igher penicillin  yield were iso la ted  
com pared  to th e  a u x o tro p h ic  p a rtn e rs . One of them  p roved  to  be d iploid. F ro m  th e  six  o th e r  
s tra in s  exam ined on ly  one of th e  a u x o tro p h ic  p a rtn e rs  could be re iso la ted  w hich suggests th e ir  
aneuplo id  na ture .

T H E  P O S IT IO N  O F Y E A STS IN  T H E  SYSTEM  O F F U N G I  

E .  K .  N o v a k  an d  J .  Z s o l t

N ational Institu te  o f  H ygiene. B udapest and D epartment o f  M icrobiology, J ó zse f A ttila
U niversity , Szeged

Significant changes in  th e  sy s tem atiza tio n  of liv ing  w orld have  been  induced  b y  re ce n t 
chem otaxonom ic  an d  fu n c tio n al cyto logic results . P a r t  o f these  concerned th e  position  an d  
sphere of the  group fungi. In  consequence of th is  (i) th e  g roup  has o b ta in ed  th e  ra n k  of a regnum

Acta Microbiologica Academiae Scientiarurn Hungaricae 27, 1980



250 EIG H TH  CONGRESS

e q u iv a le n t to  th e  Plantae, th e  A n im a lia  e tc ., and  (ii) i ts  p u rg ing  has been s ta r te d , in  ad d itio n  to 
M ycetozoa , th e  ta x a  Oomycetes, Plasmodiophoromycetes an d  H yphochytridiom ycetes h av e  been 
t ra n s fe r re d  to  th e  regnum  P rotista . W ith in  th e  reg n u m  F ungi some ad d itio n a l rearren g em en ts  
co n cern ed  th e  position  o f y e a s ts  a n d  yeast-like  fungi. The position  of y eas ts  could on ly  be 
e s tab lish e d  in  accordance w ith  a  re a rra n g e m e n t of th e  system  of th e  w hole reg n u m , a n d  th u s  a 
p ro p o sa l is m ade for p a r ti t io n in g  th e  regnum  F u n g i  in to  7 +  1 div isions ( C hytridiom ycota , 
Zygom ycota , Zym om ycota , A scom ycota , Taphrinom ycota , Ustomycota , B asidiom ycota  an d  Deutero- 
m yco ta ). T he heterogeneous g ro u p  of y eas ts  and  yeas t-lik e  fungi should  be d is tr ib u te d  am ong 
d iv is ions 3, 5, 6, 7 and 8.

M E L T IN G  F I N E  S T R U C T U R E  O F  N U C L E A R  D N A  
O F  F IL A M E N T O U S FU N G I

Á . SzÉCSI and A. DOBROVOLSZKY 

Research In s titu te  fo r  P lant Protection , Budapest

N u m erical analysis o f th e  th e rm a l d é n a tu ra tio n  profiles of D N A  is a useful tool fo r ex am 
in in g  loca l f in e -s tru c tu ra l f e a tu re s  o r m elting  m odes. T he m elting  m odes re flec t th e  d é n a tu ra tio n  
o f a  seg m en t (or therm osom e) in sid e  th e  D N A  m olecule. T herm al d é n a tu ra tio n  of F u sa riu m  
cu lm orum  nuc lear DN A  w as p e rfo rm ed  b y  a u to m a tic  an d  continuous increase  o f th e  tem p e ra 
tu re  b y  0.25 °C/min; d é n a tu ra t io n  a t  260 and  270 m in  was recorded  a t  full eq u ilib riu m  (45—95 °C). 
U n d e r su ch  conditions, th e  m e ltin g  curve (m o n ito rin g  p a ram ete r vs te m p e ra tu re )  ex h ib its  re- 
p ro d u c ib ly  fine s tru c tu ra l fe a tu re s  o r m elting  m odes. A b e tte r  v isu a liza tio n  of th e  m eltin g  m odes 
w as ach iev ed  by  recording th e  m eltin g  d a ta  ( tem p era tu re , op tica l d en sity ) a u to m a tica lly  and 
tra n s fo rm a tio n  in to  d e riv a tiv e  fo rm  b y  a n u m erica l d iffe ren tia tio n  p ro g ram  w ith  a H e w le tt-  
P a c k a rd  H P -97  S P ro g ram m ab le  P rin tin g  C alcu lator. A ccording to  n u m erica l d a ta , th e  d iffer
e n tia l  fo rm  of th e  th erm al d é n a tu ra t io n  profile of nu c lear DNAs w as rep re sen ted  b y  a g raphical 
m e th o d . In  th is  w ay a t  lea s t 40 s ig n ifican t peaks (or therm osom es) can  be id en tified  in  th e  th e r 
m al d é n a tu ra tio n  profile o f fu n g i n u c lear DNA. V alues for the  p a ram ete rs  (Tm, % G  +  C, A T, S) 
o f  th e  m o st significant p eak s w ere determ ined .

U L T R A S T R U C T U R E  OF T H E  M A C R O C O N ID I UM 
O F  M IC R O SPO R U M  G Y PSEU M

M. C s í k , A. P i n t é r , J .  G a l g ó c z y , M. B ö r z s ö n y i  and E. K . N o v a k

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

T h e  wall of m acrocon id ia  consists o f four lay e rs , i.e. from  ou tside  to  inside, a stro n g ly  
e le c tro n -sca tte rin g  surface la y e r  covered  b y  s ig n ifican t w arts; e x te rn a l g ran u la r  lay e r; f ila 
m en to u s  lay er; and an  in te rn a l  g ra n u la r  layer. A t th e  origin of th e  sep ta , th e  in te rn a l g ran u la r 
la y e r  is hom ogeneous, w hile th e  filam en to u s one d iv id ing  in to  tw o p a r ts  ben d s inside  an d  com 
poses th e  sep tum . A t r ip a r t i te  space  b o rdered  by  a trian g le , is com posed b y  th e  b ifu rca te  ben d 
in g -in  o f  th e  filam entous la y e r  from  tw o opposite  sites. On th e  sep ta , pores could  n o t be seen 
d ire c tly  b u t  th e  inw ards ta p e r in g  of sep ta  and th e  presence of W oronin-bodies in d ire c tly  in d i
c a te  th e ir  presence. In  th e  a rea  o f  th e  trian g le  and  in  th e  o th er p a r ts  o f th e  wall e le c tro n -sc a tte r
ing , irreg u la r  inclusion-like b o d ies , n o t delim ited  by  a m em brane, are to  be seen, w hich  h av e  no t 
b een  d e tec ted  in  o th er fungi. T he p lasm a m em b ran e  is tw o-layered , sim ilarly  as th a t  o f th e
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h y p h a e  an d  corresponds to  th e  u n it  m em brane . T he presence of n um erous sm all lip id-bodies 
am ong  th e  cy top lasm ic  organelles b o rd ered  b y  a sim ple  m em b ran e  seems ch arac te ris tic . M icro
bodies were in freq u e n tly  observed.

K A R Y O LO G Y  O F D E R M A T O P H Y T E S  

E. K . N o v a k , J. G a l g ó c z y  a n d  N g u y e n  N g o c  T h u y

N ational Institu te  o f  H ygiene, Budapest

The v eg e ta tiv e  h y p h ae  and  v eg e ta tiv e  re p ro d u c tiv e  (m acro- an d  m icroconid ia) o f d e r
m a to p h y te s  were in v es tig a te d  using  m an y  k in d s of n u c lear-s ta in in g  m eth o d s, d iffe ren t f ix a tiv es 
a n d  sta in in g  so lu tion . The in te rse p ta  o f th e  v e g e ta tiv e  h y p h ae  of E piderm ophyton floccosum , 
M icrosporum  gypseum , Trichophyton ajelloi, Trichophyton vanbreuseghemii a n d  Trichophyton  
qu inckeanum  c o n ta in  1—2 (rare ly  8—12) nuclei. In  th e ir  m icroconidia 1—2 n ucle i can  be seen. 
In  th e  in te rse p ta  of m acroconid ia  o f E . floccosum , 1—4, o f M . gypseum  n u m ero u s , of T. ajelloi 
1—5, o f T. qu inckeanum  3—5 and  of T. vanbreuseghemii 3—8 nuclei can be d e tec ted .

T H E  M O R P H O G E N E T IC  E F F E C T  O F C Y S T E IN E  ON D E R M A T O P H Y T E S  

N g u y e n  N g o c  T h u y , J. G a l g ó c z y  and E. K. N o v a k

N ational Institu te  o f  H ygiene, Budapest

T w en ty -fo u r s tra in s  belonging to  21 d e rm a to p h y to n  species were in v es tig a te d  on cu ltu re  
m ed iu m  fo r m o rphogenetic  changes inducib le  w ith  cy ste ine . None of th e  s tra in s  grew  a t  37 °C  
on  a  sy n th e tic  m ed ium  con ta in ing  0.06 м  or m ore of cy te in e . Im p o r ta n t d ifferences in  to le ran ce  
to  0.01—0.02 M cysteine  were d e tec ted  am ong  s tra in s  a n d  species. The cy ste in e  co n cen tra tio n  
allow ed th e  s tra in s  to  grow; g row th  was slow  an d  th e  m orpho logy  was m o stly  sh ifted  to w ard s 
a g lab rous, w ax y  surface . The m o rphogenetic  effec t o f cyste ine  m anifests i ts e lf  m icroscopically  
w ith  in d u c tio n  of th e  p ro d u c tio n  of ch lam ydospore-like  fe a tu res  on th e  c u ltu re  m ed ium  surface  
reg ion  of th e  colonies. T he cell-wall o f th e  “ ch lam y d o sp o res”  is th ic k  a n d  w ith  and  w ith o u t 
Congo red  sta in in g  i t  is an iso trop ic  in p o larized  lig h t. T h e  chains o f “ ch lam y d o sp o res”  m ay  re 
sem ble b u d -ch ain s an d  pseu d o h y p h ae, b u t  re a l b u d d in g  form s were n o t seen. In jec tin g  in tra -  
p e rito n ea lly  to m ice of suspensions grow n on cyste in e-co n ta in in g  m ed ium , so lita ry  b u d d in g  
cells an d /o r chains o f th em  were seen in  P A S -sta in ed  sm ears of th e  p e rito n ea l ex u d ate  ta k e n  
fro m  an im als sacrificed  on  th e  10—15th  d ay .

2 -D E O X Y -d -G LU CO SE IN D U C E D  M O R PH O L O G IC A L  AN D  C H EM IC A L  
C H A N G E S O F T H E  C ELL W A L L  IN  R H O D O S P O R ID IU M  T O R U L O ID E S

M. S i p i c z k i , V. F a r k a s  a n d  I .  R o j l i k

D epartm ent o f  Microbiology, J ó zse f A ttila  U niversity , Szeged, H ungary, In s titu te  o f  Chemistry, 
Slovak A cadem y o f  Sciences, Bratislava, Czechoslovakia and Electron M icroscope Laboratory, 

Jó zse f A ttila  U niversity , Szeged, H ungary

2-Deoxy-D-glucose (DG) in  th e  g ro w th  m ed iu m  caused  m arked  m orpho log ical changes 
o f th e  cells o f Rhodosporidium  loruloides. T he o rig ina lly  e lo n g a ted  ellipsoidal cells o f  th e  a s tra in s  
grew  spherically , show ed incom plete  cell d iv ision  a n d  sep ara tio n , an d  w ere  la rg e r th a n  th e
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co n tro l cells. U ltra th in  sec tio n s revealed  th a t  th e  w all of cells g row n  in  th e  presence o f D G  w as 
th in n e r  w ith  som ew hat less d is tin c t con tours th a n  th e  wall o f th e  con tro l cells. T he effective  
glucose to  D G  ra tio  (4 : 1—1 : 4) was m uch  low er th a n  fo r Saccharomyces and  Schizosaccharomyces. 
A fte r  e x h au s tio n  of th e  glucose in  th e  m ed iu m  th e  cells died, a lth o u g h  p rac tica lly  no ly sis w as 
observed . T he m orpho log ical changes were p ro b a b ly  a consequence of th e  a lte ra tio n s  in  th e  
c a rb o h y d ra te  com position  o f th e  cell wall: i t  co n ta in ed  h igher p ro p o rtio n s  of ch itin  an d  g lucan , 
w hile th e  re la tiv e  co n te n ts  o f m an n an  and  ga lactose  po lym ers decreased  drastically .

S T A IN IN G  O F Y EASTS — V IT A L  AN D  PO ST V IT A L

A . PÓLAY an d  E .  K .  NOVAK 

County H o sp ita l, Gyula and N a tiona l Institu te  o f  H ygiene , Budapest

F o rty -fo u r h isto log ical an d  in d ica to r dyes w ere exam ined  in  0.6 M KC1 for v i ta l  s ta in in g  
a n d  fo r sta in in g  a fte r  fo rm ald eh y d e  or c e ty lp y rid in iu m  brom ide  tr e a tm e n t  of C andida albicans 
an d  Saccharomyces cerevisiae cells and  p ro to p la s ts . Some dyes o f th e  an ion ic  type  s ta in ed  n e ith e r  
th e  n a tiv e  cells n o t th e  t r e a te d  ones. The n a tiv e  cells took  on ly  c e r ta in  dyes, an d  in  som e cases 
q u a lita tiv e  differences we re observed  be tw een  th e  tw o species. T he dyes sta in ing  th e  tre a te d  
b u t  n o t th e  n a tiv e  cells a llow ed  in  some cases a d iffe ren tia tio n  b e tw een  sta ined  p ro to p la s t  and 
u n s ta in e d  n a tiv e  cells a n d /o r p ro te in  d é n a tu ra tio n  (fo rm aldehyde  tre a tm e n t)  o r m em b ran e  
dam age (ce ty lp y rid in iu m  b ro m id e  trea tm e n t) .

A M O D EL O F  T H E  C ELL 

E .  K . N o v a k , B. N o v a k  and L. S z i g e t i

N ationa l Institu te  o f H ygiene, Budapest and Institu te  o f A gricu ltura l Chemical Technology, 
U niversity  o f  Technical Sciences, B udapest

F o r th e  in te rp re ta tio n  o f th e  resu lts o f cell m u ltip lica tio n  an d  its  inh ib ition  a b asic  m a th e 
m a tica l m odel of th e  e le m en ta ry  liv ing  system  (living being -|- its  re lev an t e n v iro n m en t)  has 
been  c o n stru c ted . In  th e  m odel, th e  living sy s tem  is considered a closed system , while th e  “ liv ing  
be ing”  inside i t  as an  open  one. As to th e  b e h av io u r o f th e  “ liv ing  b e in g ” , th e  co n stan t in tr in s ic  
d en sity , i.e. th e  c o n s tan t co n cen tra tio n  of th e  liv ing  m ate ria l in  th e  open p a rt-sy s tem  is also 
p o s tu la te d . The su b s tra te  o f en v iro n m en t is p a r t ly  decom posed by  th e  “ living be ing” (y ield ing  
energy), a n d  is p a r tly  in co rp o ra te d  in to  th e  liv in g  m ate ria l (from  w hich  it  can ag a in  be  com 
posed). T he s ta tio n a ry  life o f th e  “ living b e in g ” is su b s tra te -d e p e n d e n t (m ain tenance), b u t  w ith  
a su b s tra te  supp ly  above th e  m ain tenance  lim it i t  a tta in s  an  e x p o n en tia l g row th  (b a lan ced  
g row th ). The grow th  ra te  follow s w ith a lag  th e  increase or decrease  o f su b s tra te  c o n cen tra tio n . 
A t a su b s tra te  su p p ly  be low  th e  m ain ten an ce  lim it, th e  “ liv ing  b e in g ”  decom poses a n d  dies. 
T he p o s tu la te d  c o n s tan t surface-vo lum e ra tio  fo recasts th e  change  in  fo rm , or a d iv is ion  of th e  
“  iv in g  b e in g ” . S tim u la tio n s  m ad e  w ith  su itab le  p a ram ete rs  re su lt in  curves of m icrob ial g row th . 
A lth o u g h  th e  m odel is b a se d  on  simple chem ical reac tions an d  does n o t include su b s tra te  pools 
and  enzym es, n ev ertheless i t  gives good ap p ro ach  to  cell (m icrobe) m u ltip lica tio n  a n d  im plies 
also th e  m odels of von  B e r t a l a n f f y , P e r r e t  a n d  Monod  as m arg in a l cases.
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A N T IF U N G A L  P R E S E R V A T IO N  O F  P H A R M A C E U T IC A L  PRO D U CTS 

G. M i h o l i c s  and E. K. N o v a k

H ungarian A ssocia tion  o f Pharmaceutical In d u s try , B udapest and N a tiona l Institu te  o f H ygiene ,
B udapest

The effic iency of p re serv a tiv e s w as s tu d ied  on fungal suspensions and  p h a rm aceu tica l 
p ro ducts . N ipag in  an d  sorbic acid  were w eakly  fungicidal ag a in st C andida albicans and Saccharo
myces cerevisiae. N ipaso l killed  a t  a som ew hat h igher ra te , only th e  la t t e r  species. For th e  in e f
ficiency n e ith e r th e  decom position  nor th e  d e to x ica tio n  of th e  p re se rv a tiv e s  is responsible. 
F o r the  p ro tec tio n  of in su lin  a rtific ia lly  c o n tam in a ted  w ith  C. albicans a n d  Aspergillus niger , 
th e  com bination  of N ipag in  -}- N ipasol p roved  ineffective, even b a c te r ia  in tro d u ced  artific ia lly  
show ed a tra n s ito ry  grow th . A com b in a tio n  of v e ra tr ic  acid m eth y l e s te r  -f- high-dose N ipag in  
gave b e tte r  resu lts . T he n a tu ra l or a rtific ia l fun g a l co n tam in a tio n s o f prednisolone o in tm e n t 
could h a rd ly  be suppressed  or e lim inated , th u s  a decrease in p redn iso lone  co n te n t was freq u e n tly  
observed.

T R A N S M ISS IO N  O F Z E A R A L E N O N E  AN D  Z E A R A L E N O L  INTO 
P O R C IN E  M IL K

M. P a l y u s i k , B. H a r r a c h , C. J .  M i r o c h a  and S. V. P a t h r e

Veterinary Research In s titu te , H ungarian  A cadem y o f Sciences, B u d a p est, H ungary and D epart
ment o f  P lant Pathology o f  the U niversity o f  M innesota , St. P a u l , M inneso ta , U SA

Sows were k e p t on  a d ie t co n ta in ing  40 m g/kg  crysta lline  zearalenone  from  the  8th  d a y  
a f te r  p a rtu ritio n , fo r 9 days. The v u lv a  of th e ir  suckling  fem ale p ig le ts becam e swollen and  red  
on th e  4—5th day  of th e  exp erim en t, th en  g rad u ally  th e  swelling p rogressed . L ab o ra to ry  analysis 
show ed the  presence in  th e  m ilk  o f zearalenone, th o u g h  in an a lte red  fo rm . B eta-zearalenol w as 
fo und  in  th e  la rg est q u a n titie s  (82—86% ), w hereas a lpha-zearaleno l an d  zearalenone occurred  
in  sm aller q u an titie s  (13—17%  and  0.5—1.3% , respec tive ly ). T he h ig h est con cen tra tio n  of zeara- 
lenol found in  th e  m ilk  was 0 .51-0 .79  m g/kg. The to x in  was d e tec ted  in  th e  m ilk sam ples as 
early  as 42—44 h r a f te r  s ta r tin g  th e  d iet, and  its  residue p ersisted  fo r 5 d ay s a fte r d iscontinu ing  
th e  diet.

P R O D U C T IO N  O F P O R P H Y R IN  BY C A N D ID A  G U IL L IE R M O N D II 
V A R . G U IL L IE R M O N D II ST R A IN S

P. SUTKA and I. DURKÓ

A rtific ia l Insem ination  S ta tion , B udapest and D epartment o f  N eurology , University M edical
School, Szeged

P o rp h y rin  sy n th esis b y  an im al-pa thogen ic  and  s ta n d a rd  C andida guillierm ondii va r. 
guillierm ondii s tra in s  w as stud ied . The stra in s  were found  to sy n thesize , besides th e  precursors, 
all m em bers of th e  2—8 carboxy lic  p o rp h y rin s, th e  u ro  I I I  and  сорго I I I  isom ers being th e  dom i
n a tin g  ones. The presence of serum  in  th e  cu ltu re  m edium  is fav o u rab le  fo r m u ltip lication  of th e  
s tra in s , b u t p o rp h y rin  p ro d u c tio n  is less in tensive  in  serum -con tain ing  m ed iu m , p resum ab ly  due 
to  th e  feed-back in h ib itio n  b y  haem e.
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S P O R O T R IC H O S IS  O F  R A R E  LO C A LIZA TIO N  

L . P é k , É .  K o n y á k , J .  R e é  and  E .  K .  N o v a k

László Central H ospital fo r  In fectious D iseases , B udapest, Semmelweis Pest County H ospita l, 
B u dapest and N ationa l In s titu te  o f H ygiene , B udapest

In flam m atio n  of th e  lac h ry m a l g lan d  accom pan ied  by  co n ju n c tiv itis  caused  b y  th e  d i
m o rp h ic  fungus Sporothrix schenckii is re p o rte d . T he infection  was p ro b a b ly  acq u ired  occupa
tio n a lly  a n d  provoked  b y  co rtisone  t re a tm e n t. T h e  following p o in ts  m e r it  a tte n tio n . S p o ro tri
chosis is a ra re  disease in  H u n g a ry ; sp o ro tr ich o tic  in fection  of eyes is in fre q u e n t con junctiva l 
lo ca liza tio n  has no t been  obse rv ed  in  M iddle E u ro p e; invo lu tion  o f th e  lach ry m a l g land  has 
n ev er been  reported .

Agricultural and Industrial Microbiology

E F F E C T S  OF P E S T IC ID E S  ON  N IT R O G E N  F IX A T IO N  (C2H 2 R E D U C T IO N )
B Y  A ZO TO B A C TER  CHROOCOCCUM  A N D  A Z O S P IR IL L U m " L IP O F E R U M J

G . J a g n o w

In s ti tu t  fü r  Bodenbiologie, Bundesforchungsanstalt fü r  Landw irtschaft, B raunschw eig-
- Völkenrode, G F R

T he effect of p estic id es was stu d ied  on  n itro g en  fixation  by  aerob ic  soil bac teria  grow ing 
in  sem isolid  m edia w ith  0 .2 %  ag ar w here th e  oxy g en  supply  was lim ited  b y  diffusion. Azotobacter 
chroococcum  was grow n on  a N -free sa lt glucose m edium , A zosp irillum  lipo ferum  in  D öbereiner’s 
m a la te  m edium  a t 30 °C fo r 1 w eek w ith  an d  w ith o u t add ition  of com m erc ial pesticides. The h e r
b ic ides d inosebaceta te  (A re tit ,  H oechst) a n d  io x y n il (T revespan, Cela) w ere ad d ed  a t  co n cen tra 
tio n s  o f 20 and 100 /zg • m l“ 1 of active  in g red ien ts , th e  herbicide p a ra q u a t  (G ram m oxone, 
Cela—M erck) and th e  fu ng icide  dodine (Q u estu ran , U ran ia) a t  co n cen tra tio n s  o f 20 /ug • m l-1 . 
A cety len e  reduction  w as m easu red  for 60 m in  in  12 replicate  tu b es a f te r  2, 4 a n d  7 days o f in 
cu b a tio n . D epending on pestic id e  and  o rgan ism , fo u r d ifferent responses w ere observed. (i)N o in 
h ib itio n  and /o r s tim u la tio n  ( A .  lipoferum  w ith  dinoseb and ioxynil); (ii) in it ia l  in h ib itio n  was 
re v e r te d  in to  strong  s tim u la tio n  (A . chroococcum  w ith  ioxynil an d  dod ine, A . lipoferum  w ith  
d o d in e); (iii) in itial s tim u la tio n  re v e rted  to  s tro n g  inh ib ition  (A . lipo ferum  w ith  dodine) and  
(iv) s tro n g  inh ib ition  p e rs is ted  th ro u g h o u t g ro w th  ( A . chroococcum w ith  p a raq u a t) . A ctiv ities 
o f cu ltu res  were no t m od ified  by  rep ea ted  ace ty len e  reduction  tests .

A D SO R P T IO N  O F  N O N IO N IC  T E N S ID E S  ON T H E  S U R F A C E  OF 
C O R O N IL L A -R H IZ O B IU M  K40 AND K59 S T R A IN S

M . K e c s k é s , T. C s e r h á t i , J .  J a k a b  and B . B író

Research Institu te fo r  P lan t Protection , B u d a p est, Department o f B o ta n y , K ossu th  Lajos U niver
s i ty , Debrecen and Research Institu te  fo r  Soil Science and Agricultural C hem istry , H ungarian

Academ y o f  Sciences, Budapest

N onyl-pheny l-e thy lene  oxide po ly m ers belonging to th e  nonion ic  su rfa c ta n ts  show  a 
m a rk e d  in h ib ito ry  effect on  m icroorganism s o r enhance the  biological a c tiv ity  of o th er xeno- 
b io tic s. To stu d y  th e  co rre la tio n  betw een  m icrob icidal effect and  chem ical s tru c tu re , th e  a d 
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so rp tio n  of th e  n o n y l-pheny l-e thy lene  oxide co n ta in in g  4, 5, 6 , 8, 9, 10, 13, 15, 23 and  30 e th y len e  
oxide groups per m olecule was m easured  a f te r  5, 15, 30, 45, 60 and  90 m in  in cu b a tio n  a t  150 p p m  
co n cen tra tio n . T he a d so rp tio n  after 5 m in  o f nonion ic  tensides on  th e  surface of Coronilla—R h izo 
b ium  cells in  ^g /m l in  th e  above order o f e th y len e  oxide groups pe r m olecule was for s tra in  K 40, 
132.7, 107.2, 109.8, 103.5, 99.5, 101.5, 100.5, 103.2, 101.2, 101.9, 103.8, for s tra in  K59 129.9, 
100.6, 102.7, 108.4, 103.8, 96.1, 104.6, 95.1, 64.0, 79.7, 97.7. A fter 5 m in  th e  adsorbed  am o u n t 
show ed no sign ifican t change, i.e. th e  tim e  o f surface sa tu ra tio n  w as less th a n  5 m in.

C O M PA R A TIV E  IN V E S T IG A T IO N  O F  C O R O N IL L A -R H IZ O B IU M  ST R A IN S  

B . B í r ó , J .  J a k a b , A .  M á t é  an d  M . K e c s k é s

D epartm ent o f  B o ta n y , K ossuth Lajos U n iversity , Debrecen, D epartm ent o f  P lant Growing , 
U niversity  School o f  A gricu ltura l Sciences, Gödöllő and Research In stitu te  fo r  Soil Science and  

A gricu ltura l Chemistry , H u n g a ria n  A cadem y o f Sciences, B udapest

R hizob ium  s tra in s  were isolated fro m  ro o t  nodules of w ild ty p es  and  cu ltiv ars  of Coronilla 
varia  L. occurring  in  d iffe ren t soil ty p es  a n d  c u ltiv a ted  in  d iffe ren t ex p erim en ta l tre a tm e n ts . 
F if tee n  o f th e  31 pu re  cu ltu res  m ain ta in ed , w ere selected fo r d e ta iled  ex am in atio n , (i) Coronilla- 
R hizobium  s tra in s  belong  to  th e  “ fast g ro w in g ”  rh izob ia  d iffe ren tia ted  from  tax o n o m ica l an d  
inocula  p ro d u c tio n  p o in ts  of view, (ii) On sa n d y  soil 45 kg N /h a  dose was fav o u rab le  for th e  fo rm 
a tio n  of C oronilla-Rhizobium  sym biosis, b u t  doses h igher th a n  90 kg /h a  decreased  th e  nodule  
fo rm atio n , (iii) A m ong th e  8 fungicides s tu d ie d  G erm isan an d  F a lisan , co n ta in in g  Hg h a rm fu l 
to  th e  en v iro n m en t, e x e r ted  the  s tro n g est in h ib itio n  on th e  ex am ined  15 s tra in s  o f R h izob ium . 
S tra in s  o f 15 F u sa riu m  species, considered  as p o ten tia l p a th o g en s fo r Coronilla, were m ore 
sensitive  to  fungicides th a n  the  rhizobia. T he in h ib ito ry  effects fo r R hizobium  s tra in s  were fa irly  
un ifo rm , b u t  d iffered  sign ifican tly  for d iffe ren t species of F usarium .

T H E  R O L E  O F  SL IM E -M A T E R IA L  O F  X A N TH O M O N A S V E SIC A T O R IA  
IN  T H E  D E V E L O PM E N T  O F  B A C T E R IA L  B L IG H T  O F TOM ATO

Z. K l EMENT and M . CRUZ

Research Institu te  fo r  P lan t Protection, B u d a p es t , H ungary and Centro Nációnál de Investi-
gaciones C ien tificas , H avana , Cuba

W a te r  soaking lesion  is th e  f irs t sy m p to m  w hich ap p ears  on leaves in fec ted  w ith  p la n t  
p a th o g en ic  bac teria . In  th e  case of some p h y to p a th o g e n ic  pseudom onads, b ac teria l m ucopo ly 
saccharides are responsib le  fo r w ater so ak ing  of th e  in te rce llu la r spaces of p a ren ch y m a to u s  
tissues. P ro d u c tio n  o f slim e m ate ria l of a v iru le n t  an d  an  a v iru len t s tra in  o f X anthom onas vesica- 
toria  pa th o g en ic  to  to m a to  and  pepper p la n ts  w as s tu d ied  to g e th e r w ith  th e  role o f slime in  th e  
b ac te ria l b lig h t disease o f to m ato . I t  w as fo u n d  th a t  v iru le n t an d  av iru len t s tra in s  b o th  p ro 
duced slim e m ate ria l in  a sim ilar q u a n tity  a n d  th e  m ate ria l in jec ted  in to  d ifferen t h o st p lan ts  
caused w a te r  soaking lesion  on the  leaves. T hese  re su lts  suggest th a t  th e  v iru lence of th e  p a th o 
gen is u n re la te d  to  th e  slim e p roduction  of X . vesicatoria  in  com parison  w ith  o th e r m ucopo ly 
saccharides iso lated  fro m  phy to p ath o g en ic  p seudom onads.
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IN F L U E N C E  O F  N IT R O G E N  F E R T IL IZ A T IO N  ON PR O T E O L Y T IC  
A C TIV ITY  O F C E R T A IN  SO ILS

У. R a n k o v , G. D i m i t r o v  and V. B a r o v

M a rtisa  Vegetable Crops Research In stitu te , P lovdiv , Bulgaria  and H igher A gricu ltura l In stitu te  
o f Zootechnics and Veterinary M ed ic ine , Stara Zagora , B ulgaria

In  m odel tria ls , u n d e r  con tro lled  co n d itions, th e  influence of fe rtiliz a tio n  w ith  am m onium  
su lp h a te , sodium  n itra te , am m o n iu m  n itra te  a n d  ca rb am id e  was in v es tig a ted  on th e  p ro teo ly tic  
a c t iv i ty  o f soils w ith  d iffe re n t physico-chem ical p ro p e rties : leached  chernozem , leach ed  cherno- 
zem -sm oln itza , leached m eadow -cinnam onic  a n d  a lluv ial-m eadow  soil. Doses o f 120, 240, 360, 
480, 600 kg of N /ha w ere te s te d  on th e  basis of P 240K 24(J in  th e  course o f 90 days a f te r  fe rtiliz a 
tio n . Changes in enzym ic a c t iv ity  a fte r fe rtiliz a tio n  w ith  am m onium  su lp h a te  a n d  am m onium  
n i t r a te  were g reater th a n  th o se  caused b y  sodium  n itra te ,  and  m ore expressed  in  a lluv ial-m eadow  
soil th a n  in  leached chernozem  and  leached ch ernozem -sm oln itza . The d iffe ren t n itro g en  fe rtili
zers h a d  a sim ilar in fluence  o n  th e  developm en t o f am m onify ing  b ac teria .

P A T H O G E N IC  F E A T U R E S  O F  ST R E PT O M Y C E T E S

E. B r e t t e r , E. B o r d a s  a n d  V .  V .  P a p i l i a n

In stitu te  o f  H ygiene and Public H ealth , C luj-N apoca , R u m a n ia

T he to x ic ity  of tw o  Streptomyces s tra in s  iso la ted  from  d rin k in g  w a te r  has been  in v es tig a 
te d  fo r 240 days. A ch lo ro fo rm  e x tra c t in  oil o f  a cu ltu re  o f Streptomyces venezuelae w as in o 
c u la te d  in tram u scu la rly  in to  w h ite  m ale ra ts  w eighing 119.5 ±  5.8 g. Doses o f  1 m g /an im a l da ily  
in d u ced  in flam m ato ry  m y o ca rd ia l lesions a n d  h e p a tic  an d  ren al changes. T he to x ic  su b s tan ce  
o b ta in e d  from  Streptomyces griseus, ad m in iste red  u n d e r  id en tica l con d itio n s, in d u ced  in te rs ti tia l  
p n e u m o n itis  and te s tic u la r  changes. I t  is sup p o sed  th a t  in  th e  Streptom yces genus th e re  are 
sev e ra l o th er species possessing  toxic  p ro p e rtie s  an d  i t  is necessary  to  c larify  th e ir  significance 
in  th e  co n tex t of h u m an  écologie re la tions.

W IL D  Y E A S T S O C C U R R IN G  IN  T H E  PR O C E SS O F B A K E R ’S 
Y EA ST P R O D U C T IO N

K. G r u IZ  a n d  P .  B lA C S

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

D ifferent w ild y e a s t s tra in s  in fecting  b a k e r’s y e as t were iso la ted  b y  th e  p la tin g  m eth o d . 
In v e stig a tio n s  com paring  th e  V D H  stra in  o f Saccharomyces cerevisiae w ith  th e  in fec tin g  C I an d  
C I I I  iso la ted  wild y e as ts  w ere carried  out. M orphological s tu d ies  show ed th a t  colonies of w ild 
y e a s ts  g rea tly  differ from  th o se  of Saccharomyces cerevisiae ; th e  cells o f th e  fo rm er were sm aller 
in  size an d  form ed pseu d o m y ce lia  on p o ta to -g lucose  agar. D uring  fe rm e n ta tio n  in  a 6 litre  vessel, 
th e  gen era tio n  tim e of th e  C I I I  w ild y eas t w as t (r =  2.0 h r, sligh tly  less th a n  th a t  of V D H  
(t„  =  2.3 hr). B oth  V D H  a n d  C I I I  show ed effective  p ro life ra tion  on glucose an d  m olasses. 
C I w ild y east rap id ly  p ro life ra ted  on glucose ( tg =  1.2 h r) b u t i t  grew  slowly on m olasses h av in g
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no in v ertase  ac tiv ity . M ixed cu ltu res  of C I w ith  Y D H  show ed a b e t te r  y ield  and a 1.5 tim es  
h ig h er cell co n cen tra tio n  th a n  th e  p u re  cu ltu re  of Y D H . D uring  c u ltiv a tio n  th e  ra tio  of C I in  th e  
m ix ed  cu ltu re  increased  from  5%  to  57%  a n d  from  15%  to  86% . C I w as fo u n d  to m ake use  o f 
th e  sucrose in v erted  b y  V D H . A ccording to  s ta n d a rd  fe rm e n ta tio n  p ow er, w ild yeasts p roduce 
50—70 ml СО о gas, w hereas w ith  average q u a lity  b a k e r’s y e as t C 0 2 d ev elo p m en t am ounts to  700 
m l in  60—70 m in. T hus, iso la ted  wild y eas ts  are unab le  to  fe rm en t sucrose a n d  m altose.

IN F L U E N C E  O F LO W  T E M P E R A T U R E  ST O R A G E  ON  R A W  M IL K  

M. R A S H E D  and F. B U D A Y

Institu te  o f  M icrobiology, U niversity  o f  A gricultural Sciences, Gödöllő

T he influence on  raw  m ilk o f low  te m p e ra tu re  sto rage has been  s tu d ied . The b acterio lo 
gical an d  chem ical q u a lity  o f raw  m ilk  w as in v es tig a te d  du rin g  s to rag e  a t  5, 7 and 10 °C fo r 
th re e  d ays. The counts o f m esophilic, p sy ch ro tro p ic  therm o p h ilic , th e rm o d u ric , p ro teo ly tic  a n d  
coliform  organism s w ere de te rm in ed  a n d  th e  ac id ity , p H , a n d  co ag u la tio n  b y  alcohol were in 
v es tig a ted . The coun ts o f  m esophilic  a n d  p sy ch ro tro p ic  o rgan ism s in creased  a t  5, 7 and 10 °C 
m ore th a n  those of th e  p ro teo ly tic  a n d  coliform  organism s. T he th e rm o d u ric  organism s in 
creased  th e  least while th e  co u n ts  o f therm o p h ilic  b a c te ria  d id  n o t change  during  th e  3-day  
s to rage. S torage of raw  m ilk  a t  low tem p e ra tu re s  caused chem ical changes. T he p H  varied  w ith  
te m p e ra tu re  and  sto rage tim e ; a t  5 °C, i t  decreased  s lig h tly  du ring  th e  f ir s t  2 days and stro n g ly  
on  th e  th ird  day ; a t  7 °C th e  p H  decreased  a fte r  1 or 2 days. A t 10 °C, th e  decrease was m ore 
m ark e d  th a n  a t 5 °C and  7 °C. A lcohol te s t  w as negative  a t  each  te m p e ra tu re , on ly  a t  10 °C w ere 
som e sam ples coagulated .

M IC R O B IO L O G IC A L  IN V E S T IG A T IO N S IN T O  SO D IC L E A C H IN G  
O F M E C SE K  U R A N IU M  O R E S

B. C z E G L E D I .  K. C Z A K O ----V É R ,  L. F E K E T E  and M. K E C S K É S

M ecsek Ore M in ing  C om pany , Pécs and Research Institu te  o f  Soil Science and Agricultural 
C hem istry , H ungarian  Academ y o f  Sciences, B udapest

A t th e  Mecsek Ore M ining C om pany prism  p e rco la tio n a l leach ing  techno logy  has been  
used  for processing ores w ith  low  u ran iu m  co n ten t, (i) In  th e  sodic u ra n iu m  leaching system , 
a t  p H  9.0—9.5 th e  n u m b er o f h e te ro tro p h ic  b ac te ria  was 103 cells/m l, an d  th a t  o f  ch em oau tro tro - 
ph ic  b a c te r ia  105—106 cells/m l. ( ii)T h e  n u m b er of ch em o au to tro p h ic  b a c te r ia  w as 106 cells/ml a t  
85 g /litre  N a 2C 0 3 co n cen tra tio n , (iii) D eclining from  th e  to p  of 8—12 m h igh  perco la tio n a l p rism s 
th e  “ to ta l”  num ber of b a c te r ia  decreased , th e n  in creased  ag a in  in  th e  low er drainage level, 
(iv) In  th e  prism s hav in g  p ro p er yields a n d  good perco la tio n  ab ility , b a c te r ia l  counts were 
co n sid erab ly  h igh  (107/g) w hereas u n d e r b a d  p e rco la tion  cond itions an d  a t  less ad v an tageous 
y ield , re la tiv e ly  low (103—104/g). (v) In  o rd er to  id en tify  b ac te ria , c o n tr ib u tin g  to  u ran ium  yield 
ac tiv e ly , d ifferen t iso la tes w ere collected  from  th e  m in ing  w a te r, surface  w a te r  and  from  ore 
sam ples. T he m ajo rity  o f iso la ted  b a c te r ia l s tra in s  belonged  to  th e  Thiobacillus genus, hav ing  
w eakly  a lkaline  or n e u tra l p H  op tim u m . In  ch arac te ris tics  th e y  d iffered  considerab ly  from  re 
p re sen ta tiv e s  o f Thiobacillus ferrooxidans app lied  in  h y d ro m eta llu rg y  so fa r.

6 Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



258 EIG H TH  CONGRESS

E F F E C T  O F  SOM E A B IO T IC  FACTORS O N  T H E  
F E  ( I I )  O X ID A T IO N  ACTIVITY

J .  B á n h e g y i , T. C s e r h á t i  a n d  M. K e c s k é s

Geochemistry Research Laboratory , H ungarian  Academ y o f Sciences, B udapest, Research 
In s titu te  fo r  Plant Protection , B udapest and Research Institute fo r  So il Science and A gricultural 

C hem istry , H ungarian  A cadem y o f Sciences, B udapest

F ifteen  stra in s  of Thiobacillus ferrooxidans  w ere selected fo r eco-physio logical in v es tig a 
tio n s  fro m  stra ins iso lated  f ro m  copper, iro n , m anganese  and coal m ines as well as surface  w a ters  
( s tre a m  a n d  spring). These s tra in s  w ere co m p ared  w ith  four a u th e n tic  s tra in s  o f T . ferrooxidans  
in  s ta tio n a ry  liqu id  cu ltu res . T h e  s tra in s  w ere co m pared  to  each o th e r  acco rd ing  to  F e ( I I I )  p ro 
d u c tio n , i.e. th e ir o x id a tio n  c ap a c ity . S ig n ifican t differences w ere fo u n d  am ong th e  s tra in s  
iso la te d  a t  th e  same site , to o . S tu d y in g  th e  d ependence  of F e (II)  o x id a tio n  a c tiv ity  a n d  th e  seed 
o f  re d o x  po ten tia l change o n  th e  te m p e ra tu re  in  4—45 °C in te rv a l, th e  o p tim u m  w as be tw een  
2 0 -2 8  °C. F o u r stra in s  w ere reco rd ed  w ith  v a lu es h igher th a n  th is , n a m e ly  37 °C. T he o x id a tio n  
c a ta ly z e d  by  b acteria  cou ld  n o t  be  m easu red  a t  4 an d  45 °C. As re g a rd s  th e  p H  sen sitiv ity  of 
s t r a in s  on  th e  basis o f F e (I I )  o x id a tio n  speed in  th e  p H  1.0-3.0 in te rv a l , th e  m ax im u m  p H  value 
w as p H  2 pH  2.5 fo r 2 s tra in s . S im ilarly  th e  s tra in s  could he g rouped  on  th e  basis o f p H  dep en 
d en ce  o f redox  p o ten tia l o f  fe rm e n ta tio n  liqu ids. T he pH  and C u(II) co n ce n tra tio n  h a d  a com 
b in e d  effect on th e  F e (II)  o x id a tio n  speed of th e  stra in s . The C u (II) to le ran ce  could  be  ch arac 
te r iz e d  as a hyperbolic  fu n c tio n  v a ry in g  m ark e d ly  w ith  th e  s tra in s . To prove  th e  ap p licab ility  
o f th e  iso la ted  stra ins fo r leach in g  of ores, th e  p e rco la tion  te s t a n d  “ fa s t”  leach ing  of calcoperit 
o f R ecsk  were carried ou t.

M IC R O B IO L O G IC A L  D E G R A D A T IO N  O F O IL P O L L U T IO N  O F SO ILS

F. B u d a y , L .  S a s s , G .  T ö r ö k , Z. G e r g e l y ,

Ä .  S z a k á c s  and I. V ö r ö s

In s titu te  o f  Microbiology, U n iversity  o f  A gricu ltura l Sciences, Gödöllő, H igh-Pressure Research 
In s titu te , Szászhalombatta, P h yla x ia  Veterinary Biologicals and F oodstu ffs L td ., B udapest and 

H u n g a r ia n  M inera l Oil Trading  Company, B udapest

M icrobiological d e g ra d a tio n  of oil p o llu tio n  has been s tu d ied  w ith  m ixed  cu ltu res , iso lated  
fro m  oil po llu ted  areas, in  w h ich  Nocardia , Pseudom onas, Flavobacterium  and  Candida  species 
d o m in a te d  and w hich d ecom posed  80%  of th e  oil ad d ed  to th e  cu ltu re  m ed iu m  u n d e r lab o ra to ry  
c o n d itio n s in  5 days. L arg e  scale ex p erim en ts  w ere set up using  d iffe re n t ty p es  of oils an d  oil 
sludges. In  th e  in o cu la ted  a rea s , 70—90%  of th e  oil, depending on i ts  q u a lity , w as ra p id ly  de
g ra d e d  in  th e  soil. F o r d e te rm in in g  th e  resid u al p a r t ,  gas ch ro m a to g ra p h y  an d  in fra re d  spec tro 
p h o to m e try  were app lied . I t  w as observed  t h a t  th e  n -paraffins p ra c tic a lly  d isap p eared  from  th e  
re s id u e . In frared  sp ec tro sco p y  revea led  in  th e  residue m any  ox y g en -co n ta in in g  com pounds, 
a n d  th is  fac t confirm s i ts  a d v an c ed  o x id ation .

Acta Microbio>ogica Academiae Scientiarum  Hungaricae 27, 1980



IN D E X

É liá s , В .:  Im m uno log ica l P ro p ertie s  o f Staphylococcus aureus Coagulase .................................  177

É liá s, В .,  K äfer, J .:  Staphylococcus aureus H aem olysins: th e ir  Use in  S tra in  T y p in g  . . . .  183

Szilágyi, T ., C sernyánszky, H ., Gazdy, E ., Berták, L .:  T he P ro co ag u lan t A c tiv ity  o f L eu k o 
cy tes P re tre a te d  w ith  R ad io d e to x ified  E n d o to x i n ................................................................  191

In  M em óriám  Gyula Taká tsy  .......................................................................................................................... 195

E ighth  Congress o f  the H ungarian  Society o f  M icrobiology, B udapest, A u g u st 27 -29 , 1979 197

B acterio logy  ........................................................................................................................................................... 199

V irology .................................................................................................................................................................. 222

Im m unology  ........................................................................................................................................................  240

M y c o lo g y .................................................................................................................................................................. 246

A g ricu ltu ra l a n d  In d u s tr ia l  M icrobiology ................................................................................................ 254



Printed in Hungary

A k ia d á s é r t  felel az A k ad ém ia i K ia d ó  ig azg a tó ja . M űszaki szerkesztő : Z acsik  A n n a m á ria
A  k é z ira t  n y o m d á b a  é rk eze tt: 1980. I I I .  21. —  T e rjed e lem : 7,35 (A /5) ív , 12 á b ra

80.8153 A k a d é m ia i N y o m d a, B u d a p e s t —  Felelős v ez e tő : B e rn â t  G yörgy



Die A cta  M icrobiologica  v e rö ffen tlich en  A b h an d lu n g en  aus d em  B ereiche de r M ik ro 
b io log ie  in  d e u tsch e r , englischer, fran zö sisch e r u n d  ru ss isch er Sprache.

D ie A cta M icrobiologica  e rsch e in en  in  H e ften  w echselnden U m fanges. M ehrere H e f te  
b ild e n  einen B an d .

D ie zur V eröffen tlichung  b e s tim m te n  M an u sk rip te  sind  an  fo lgende  A dresse zu  se n d e n  

A c ta  Microbiologica, Staatliches In s ti tu t  f ü r  H ygiene, H -1966  Budapest, P .O .B . 64, U ngarn .

A n die g le iche  A nschrift i s t  je d e  fü r  die R e d a k tio n  b e s tim m te  K o rrespondenz  zu  
r ic h te n .

B este llbar be i »K ultura«  A u ß e n h an d e lsu n te rn e h m en  (H-1389 B u d a p e s t 62, P .O .B . 149, 
B a n k k o n to  N r. 218-10990) oder se inen  A u sla n d sv e rtre tu n g en .

Les A cta M icrobiologica  p a ra is s e n t en  frança is , a llem and , ang lais e t  russe e t p u b lie n t  
des t r a v a u x  du d o m a in e  de la m icrobiologie.

Les Acta M icrobiologica  so n t p u b lié s  sous fo rm e  des fascicules q u i seron t ré u n is  en  
v o lu m es.

On est p rié  d ’en v o y er les m a n u sc r its  destinés à  la  réd ac tio n  à  l’ad resse  su iv an te :

A cta  M icrobiologica, In s ti tu t  N ational d 'H yg ièn e  Publique, H -1966 B udapest, P .O .B . 64, H ongrie

T o u te  co rresp o n d an ce  avec la  ré d a c tio n  do it ê tre  envoyée à c e tte  m êm e adresse.
O n p eu t s’a b o n n e r  à l’E n trep rise  d u  Com m erce E x té r ieu r  « K u ltu ra »  (H-1389 B u d a 

p e s t  62, P .O .B . 149, Com pte c o u ra n t N o. 218-10990) ou  chez re p ré se n ta n ts  à  l’é tra n g e r .

«Acta M icrobiologica» публикуют трактаты из области микробиологии на русском, 
немецком, английском и французском языках.

«Acta Microbiologica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta  Microbiologica, Институт Здравоохранения, H-1966 Budapest, P .O .B . 64, Венгрия

По этому же адресу направлять всякую корреспонденцию для редакции.
Заказы принимает предприятие по внешней торговле «Kultura» (H-1389 Budapest 

62, P.O.B. 149, Текущий счет № 218-10990), или его заграничные представительства и 
уполномоченные.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C.B.D. LIBRARY AND SUBSCRIPTION SERVICE,
Box 4886, G.P.O., S y d n e y  N .S .W .  2 0 0 1
COSMOS BOOKSHOP, 145 Ackland Street, S t.
K ild a  ( M e lb o u r n e ) ,  V ictoria  3 182

AUSTRIA
GLOBUS, Höchstädtplatz 3, 1 2 0 0  W ie n  X X  

BELGIUM
OFFICE INTERNATIONAL DE LIBRAIRIE, 30 
Avenue Marnix, 1050 B ru xe lle s
LIBRAIRIE DU MONDE ENTIER, 162 Rue du
Midi, 1 0 0 0  B r u x e lle s

BULGARIA
HEMUS, Bulvár Ruski 6, S o fia  

CANADA
PANNÓNIA BOOKS, P.O. Box 1017, Postal Sta
tion “B”, T o ro n to , O ntario  M 5 T  2 T 8  

CHINA
CNPICOR, Periodical Department, P.O. Box 50, 
P e k in g

CZECHOSLOVAKIA
MAD’ARSKÁ KULTÚRA, Národni tíida 22, 
115 6 6  P r a h a
PNS DOVOZ TISKU, Vinohradská 46, P raha 2  
PNS DOVOZ TLACE, B r a tis la v a  2  

DENMARK
EJNAR MUNKSGAARD, Norregade 6, 1165
C o p e n h a g e n

FINLAND
AKATEEMINEN KIRJAKAUPPA, P.O. Box 128, 
S F -0 0 1 0 1  H e ls in k i  10

FRANCE
EUROPERIODIQUES S. A., 31 Avenue de Ver
sailles, 7 8 1 7 0  L a  C elle S t . -C lo u d
LIBRAIRIE LAVOISIER, 11 rue Lavoisier, 7500  
P a ris
OFFICE INTERNATIONAL DE DOCUMENTA
TION ET LIBRAIRIE, 48 rue Gay-Lussac, 75240  
P a r is  C e d e x  0 5

GERMAN DEMOCRATIC REPUBLIC 
HAUS DER UNGARISCHEN KULTUR, Karl- 
Liebknecht-Strasse 9, D D R -1 0 2  B e r l in  
DEUTSCHE POST ZEITUNGSVERTRIEBSAMT, 
Strasse der Pariser Kommüne 3—4, D D R - 104 B erlin

GERMAN FEDERAL REPUBLIC
KUNST UND WISSEN ERICH BIEBER, Postfach
46, 7 0 0 0  S tu t tg a r t  1

GREAT BRITAIN
BLACKWELL’S PERIODICALS DIVISION, Hythe 
Bridge Street, O x fo r d  0 X 1  2 E T
BUMPUS, HALDANE AND MAXWELL LTD., 
Cowper Works, O lney, B u c k s  M K 4 6  4 B N  
COLLET’S HOLDINGS LTD., Denington Estate. 
W e llin g b o r o u g h , N o r th a n ts  N N 8  2 Q T  
WM. DAWSON AND SONS LTD., Cannon House, 
F o lk e s to n e ,  K e n t C T 1 9  5 E E
H. К. LEWIS AND СО., 136 Gower Street, L o n d o n  
W C 1 E  6 B S

GREECE
KOSTARAKIS BROTHERS, International Book
sellers, 2 Hippokratous Street, A th e n s - 1 4 3

HOLLAND
MEULENHOFF-BRUNA B.V., Beulingstraat 2, 
A m s te r d a m
MARTINUS NIJHOFF B.V., Lange Voorhout 9-11, 
D e n  H a a g

SWETS SUBSCRIPTION SERVICE, 347b Heere-
weg, L is se

INDIA
ALLIED PUBLISHING PRIVATE LTD., 13/14 
Asaf Ali Road, N e w  D e lh i  110001  
150 B-6 Mount Road, M a d r a s  600002  
INTERNATIONAL BOOK HOUSE PVT. LTD., 
Madame Cama Road, B o m b a y  40 0 0 3 9  
THE STATE TRADING CORPORATION OF 
INDIA LTD., Books Import Division, Chandralok, 
36 Janpath, N e w  D e lh i  110001  

ITALY
EUGENIO CARLUCCI, P.O. Box 252, 7 0 1 0 0  B a r i  
INTERSCIENTIA, Via Mazzé 28, 1 0 1 4 9  T o r in o  
LIBRERIA COMMISSIONARIA SANSONI, Via
Lamarmora 45, 5 0 1 2 1  F ire n ze
SANTO VANASIA, Via M. Macchi 58. 2 0 1 2 4  
M ila n o
D. E. A., Via Lima 28, 0 0 1 9 8  R o m a  

JAPAN
KINOKUNIYA BOOK-STORE CO. LTD., 11-1  
Shinjuku-ku 3 chôme, Shinjuku-ku, T o k y o  160-91  
MARUZEN COMPANY LTD., Book Departmnet, 
P.O. Box 5050 Tokyo International, T o k y o  100-31  
NAUKA LTD. IMPORT DEPARTMENT, 2-30-19 
Minami Ikebukuro, Toshima-ku, T o k y o  171  

KOREA
CHULPANMUL, P h e n ja n  

NORWAY
TANUM-CAMMERMEYER, Karl Johansgatan
41—43, 1000 O slo

POLAND
WÇGIERSKI INSTYTUT KULTURY, Marszal- 
kowska 80, W a rsza w a
CKP 1 W ul. Towarowa 28 00-9 5 8  W a rsa w a

ROUMANIA
D. E. P., B u c u re s ti
ROMLIBRI, Str. Biserica Amzei 7, B u c u r e s t i  

SOVIET UNION
SOJUZPETCHATJ — IMPORT, M o s c o w  
and the post offices in each town 
NEZHDUNARODNAYA KNIGA, M o s c o w  G -200  

SPAIN
DIAZ DE SANTOS, Lagasca 95, M a d r id  6  

SWEDEN
ALMQVIST AND WIKSELL, Gamla Brogatan 26, 
S -1 0 1 -2 0  S to c k h o lm
GUMPERTS UNIVERSITETSBOKHANDEL AB,
Box 346, 401 2 5  G ö te b o r g  1

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4 0 1 1  B a se l  

USA
EBSCO SUBSCRIPTION SERVICES, P.O. Box 
1943, B irm in g h a m , A la b a m a  35201  
F. W. FAXON COMPANY, INC., 15 Southwest 
Park, W estw o o d , M a s s ,  0 2 0 9 0  
THE MOORE-COTTRELL SUBSCRIPTION 
AGENCIES, N o r th  C o h o c to n , N .Y .  1 4 8 6 8  
READ-MORE PUBLICATIONS, INC., 140 Cedar 
Street, N e w  Y o r k , N .  Y . 10006
STECHERT-MACMILLAN, INC., 7250 Westfield
Avenue, P e n n sa u k e n  N .J .  08110

VIETNAM
XUNHASABA, 32, Hai Ba Trung, H a n o i  

YUGOSLAVIA
JUGOSLAVENSKA KNJIGA, Terazije 27, B e o g ra d  
FORUM, Vojvode Mi§iéa 1, 2 1 0 0 0  N o v i  S a d

30. IX .  1980 HU ISSN 0 0 0 1 -6 1 8 7 Index: 26016



ACTA
MICROBIOLOGICA

ACADEMIAE SCIENTIARUM  
H U N G A R I C A E

A D IU V A N T IB U S

L .  A L F Ö L D I ,  I .  B É L Á D I ,  I .  D Ö M Ö K , E .  F A R K A S ,  G .  F A R K A S ,  
L .  F E R E N C Z Y ,  I .  F Ö L D E S ,  I .  H O R V Á T H ,  I .  J O Ó ,  I .  K É T Y I ,  

В . L Á N Y I ,  I .  N Á S Z ,  G .  S Z A B Ó ,  I .  M . S Z A B Ó ,  L .  V Á C Z I ,
J .  W E I S Z F E I L E R

R E D IG IT

G. I V Á N O V I C S

T O M U S  X X V I I F A S C I C U L U S  4

A K A D É M IA I  K IA D Ó , B U D A P E S T  

1 9 8 0

АМАНА 5 27(4) 259 — 345 1980

Acta microbiol. Acad. Sd. hung.



ACTA MICRO BIOLOGIC A
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

M I K R O B I O L Ó G I A I  K Ö Z L E M É N Y E I

KIADÓHIVATAL: 1954 BUDAPEST, ALKOTMÁNY UTCA 21.

A szerkesztőbizottság elnöke:
IV Á N O V IC S G Y Ö R G Y

akadémikus

Főszerkesztő :
L Á N Y I B É L A

A z Acta  Microbiologica n é m e t, angol, f ra n c ia  és orosz n y e lv e n  közöl é rtek ezések e t 
a  m ik rob io lóg ia  tárg y k ö réb ő l.

A z A cta Microbiologica v á lto z ó  te r je d e lm ű  füzetekben  je le n ik  m eg. T öbb  fü z e t a lk o t 
egy k ö te te t .

A  közlésre szánt k é z ir a to k  a következő  c ím re  küldendők:

A cta  Microbiologica, Országos Közegészségügyi Intézet, 1966 B udapest, P f. 64.

U g y anerre  a cím re k ü ld e n d ő  m inden  szerkesztőségi levelezés.
M egrendelhető a b e lfö ld  szám ára  az A k ad ém ia i K iad ó n ál (1363 B u d a p es t P f. 24, 

B a n k sz ám la : 215-11448), a  k ü lfö ld  szám ára  p e d ig  a „ K u ltú ra ”  K ü lk eresk ed e lm i V á lla la tn á l 
(1389 B u d a p es t 62, Pf. 149, B an k szám la : 218-10990) vagy a n n a k  k ü lfö ld i képv isele te iné l.

T h e  A cta Microbiologica p u b lish  p ap ers  o n  m icrobiological su b je c ts  in  E ng lish , G erm an, 
F re n c h  a n d  Russian.

T h e  A cta  M icrobiologica a p p ea r in  p a r ts  o f  v a ry in g  size, m a k in g  u p  volum es. 
M anuscrip ts should  h e  ad d ressed  to

A c ta  Microbiologica, N a tio n a l In stitu te  o f  H yg iene , H-1966 B u d a p est, P .O .B . 64, H un g a ry

Correspondence w ith  th e  ed ito rs sh o u ld  b e  sen t to  th e  sam e  address .
O rd ers m ay he p lac ed  w ith  “ K u ltu ra ”  F o re ig n  T rad ing  C o m p an y  (H-1389 B u d a p es t 

62, P .O .B . 149, A ccount N o . 218-10990) o r i ts  rep re sen ta tiv es a b ro a d .



Acta microbiol. Acad. Sei. hung. 27, 259 — 268, 1980

AQUATIC BACTERIA AND FUNGI IN DANUBE  
RIVER AND IN THE WATER PRODUCING 

SYSTEMS OF THE BUDAPEST WATERWORKS

T.  H o r t o b á g y i

U niversity  o f  A gricu ltura l Sciences, Gödöllő 

(R ece ived  M arch  29, 1979)

O f 635 m icroorganism s belong ing  to  d iffe ren t ta x a  iso la ted  in  th e  y ears  1968-1976 
fro m  D an u b e  w a te r  in  th e  B u d a p es t reg ion  an d  fro m  w ater-p roducing  in sta lla tio n s , 13 b a c te r ia  
a n d  1 fu n g u s (Schizomycophyta  a n d  M ycophyla) a re  described. A new  genus (C aulastrum  gen. 
n o v .), tw o  new  species (Caulastrum  danubiale  H o rto b á g y i sp. nov ., Planctomyces h a jd ú i  H o r
to b ág y i sp. nov .) an d  a subspecies ( Planctomyces crassus H o rto b ág y i subsp . m a xim u s  H o r to 
b ág y i subsp . n ov .) are defined. P la n c to m y ce te s  belonging  to  th e  a lph a-m eso sap ro b io n ts  w ere 
rep re se n ted  b y  a g re a t nu m b er o f  ta x a  an d  occu rred  in  g rad u ally  increasing  n u m b ers asso c ia ted  
w ith  th e  in creas in g  po llu tion  of th e  riv er. O f th ese  organism s Planctomyces békefii G im esi was 
th e  m o st p re v a le n t, Planctomyces crassus H o rto b á g y i an d  Planctomyces gracilis H o rto b á g y i 
w ere n e x t in  o rder. O ther species o ccurred  in  g re a te r  num bers only in  c e rta in  sam ples.

I n  t he  years 1968 to  1976, I  exam ined  th e  m icroflora  of th e  B u d a p e s t 
reach  of th e  D anube (river k ilo m eters  1586-1654) and  o f th e  w a te rw o rk s 
u tiliz in g  D an u b e  w ater.

T he p resen t p ap er deals w ith  th e  m icroorganism s belonging  to  th e  
p h y la  Schizom ycophyta  and  M ycophyta  from  th e  iso lated  635 ta x a . O f th e  14 
organ ism s descibed 13 are b a c te r ia , 1 fungus.

T re a te d  are 1 genus: C aulastrum  gen. n o v ., 2 species: Caulastrum danubiale  
H o rto b á g y i sp. nov., Planctom yces ha jd ú i H o rto b ág y i sp. nov. an d  1 su b 
species: Planctomyces crassus H o rto b á g y i subsp . m axim us  H o rto b ág y i sups, 
nov .

T he h igh  num ber of ta x a  o f 7 Planctomyces belonging to  th e  a lpha- 
m eso sap rob ion ts and th e ir  increasin g  p ro life ra tion  d u ring  th e  in v es tig a tio n  
period  w as rem ark ab le ; i t  in d ica te s  th e  r iv e r’s increasing  po llu tion .

T he tax o n o m y  applied  does n o t en tire ly  correspond to  th a t  used  in  
B ergey ’s M anual of D e te rm in a tiv e  B acterio logy , 8 th  ed., 1975. T he w a te r  
sam ples a t  issue are a t th e  B o tan ica l an d  P hy tophysio log ica l D e p a rtm e n t of 
th e  U n iv e rs ity  of A g ricu ltu ra l Sciences a t  Gödöllő.

Materials and methods

In  th e  y ears  1968 to  1976, o n  th e  re q u e s t o f th e  B u d ap est W aterw o rk s, a  te a m  (leader 
D r. A . B e r c z ik ) exam ined  th e  D an u b e  w a te r  b e tw een  th e  r iv e r k ilom etres 1586 an d  1654, 
th e  re ac h  be ing  th e  feed-w ater o f th e  w a te r  su p p ly in g  in sta lla tio n s, fu r th e r  th e  h o rizo n ta l,
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Plate / ,  F igs 1 —3. Agrobacterium  stellulatum  S tap p  e t  K nösel; Fig. 4. Caulastrum  danubiale  
H o rto b ág y i; Fig. 5. Crenothrix fu sc a  Dorff: Fig. 6. Crenothrix po ly  spóra Cohn; Fig. 7. Gallio-

nella ferruginea  E h ren b e rg

Acta Microbiologica Acadcmiae Scientiarum  Hungaricoe 27, 1980



AQUATIC BACTERIA 261

te s t,  dug  or p roductive  w ells, th e  te s t  d rillings, th e  se ttlin g  and  en rich ing  b asins a n d  th e  reser
voirs, from  th e  aspects of genera l hydrob io logy , ecology, tax o n o m y  a n d  saprob io logy . M y ta sk  
was to  exam ine  q u a lita tiv e ly  a n d  p a r tly  q u a n ti ta t iv e ly  th e  m icro flo ra  o f th e  d ip p ed  w a te r  
sam ples. T he E n u m era tio n  sec tio n  of th is p a p e r  lis ts  on ly  th e  sam pling  sites w here th e  organism s 
described  could be d e tected . T he d ipped  w a te r  sam ples were p reserv ed  in  2 %  fo rm alin  and  
exam in ed  b y  phase c o n tra s t m icroscopy w ith  im m ersion  o b jec tive .

D u rin g  th e  9-year p e rio d , 635 ta x a  of th e  ph y la  Schizom ycophyta , M yco p h y ta , Cyano- 
p h y ta , Euglenophyta , C hrysophyta , P yrrophyta  an d  Chlorophyta w ere d e te rm in ed . T he p re sen t 
p ap er d iscusses th e  13 ta x a  belonging to  th e  p h y la  Schizom ycophyta  a n d  M ycophyta  ; am ong 
th em , th e re  were 12 b ac te ria  an d  1 fungus.

Ecological notes

T he high num ber of ta x a  (7 o f Planctom yces) t h a t  can  be reg a rd ed  as 
a lpha-m esosap rob ion ts an d  th e ir  co n tin u o u sly  increasing  p ro life ra tio n  in  th e  
9-year period  was rem ark ab le . I t  w as especially  th e  y e a r  1975 w hen  th e ir  
n u m b e r p e r litre  was re m a rk a b ly  h ig h , b u t  th e y  w ere fre q u e n t b o th  in  th e  
prev ious years and in  1976. The m o st freq u en t were th e  m o rp h o ty p es  w ith  
s lender an d  th ick e r s ta lk s  of th e  species Planctomyces békefii G im esi dem ons
tra b le  in  th e  D anube, th e  Soroksár A rm  o f th e  D anube, th e  s e ttlin g  an d  en rich 
ing b asin s  and  in  th e  te s t  wells. T h e  organism s p ro life ra ted  m o stly  in  th e  
D an u b e , th e  Soroksár A rm  o f th e  D a n u b e  and  in  th e  basin s. T he n e x t freq u en t 
organism  of th e  Caulobacteriales w as Planctom yces crassus H o rto b á g y i. I t  w as 
m ore ra re  in  th e  D an u b e , th o u g h  a t  tim es  th e  n um ber w as u n e x p ec ted ly  h igh  
as e.g. in  A ugust, 1971, an d  S ep tem ber, 1975. The o rganism  occurred  fre q u e n tly  
in  th e  Soroksár A rm  o f th e  D an u b e  in  A ugust, 1972.

A m ong th e  Planctom yces, P lanctom yces gracilis H o rto b á g y i was th e  
th ird  in  o rder of frequency . On one occasion, in  Ju n e , 1975, a h ig h  n u m b er of 
coenobia w as d e tec ted  in  th e  D an u b e . M any ind iv id u a ls  o f Planctom yces 
guttaeform is  H o rto b ág y i (D anube , J u ly ,  1973) and  o f Planctom yces ha jdú i 
H o rto b á g y i (D anube, S ep tem b er, 1975) occurred  in  one co llection  each. T he 
considerab le  p ro life ra tio n  o f Planctom yces ind ica tes th e  in c reasin g  po llu tio n  
of th e  river.

Enumeration

Schizom ycophyta

1. Agrobacterium stellatum  S ta p p  e t K nösel 1954 (P la te  I ,  F igs 1— 3).

In  m y  book pu b lish ed  in  1973, I  described  th e  species u n d e r th e  nam e 
“H yphom ycetes  sp. I ”  (p. 53, Fig. 10). M ore recen t o b se rv a tio n s  allow ed its  
d e te rm in a tio n  and a c la rific a tio n  o f its  dim ensions.

T he cells are colourless, s tra ig h t, rod -shaped , th e  ends are  ro u n d ed , 
som etim es som ew hat cu rv ed . The cells a re  3—12 pm  in  len g th , a p p ro x im a te ly  
1.0 p m  in  b re a d th , th e y  ra d ia te  from  a com m on base to  fo rm  ro se tte s . The

1* Acta Microbiologica Academiae Scientiarum Hungaricae 27,1980
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colonies are rad ia l. I  h av e  observed  th e ir  rep ro d u c tio n  b y  d icho tom y; th e  
cells are constric ted  p e rp en d icu la rly  to  th e  lo n g itu d in a l axis.

The specim ens w ere o b ta in ed  from  th e  D an u b e , D an u b e  riv e r k ilom etre  
(h en cefo rth  rkm ) 1674 fro m  N ovem ber, 1968 to  O ctober, 1971 an d  th e  en rich ing  
b a s in  of th e  B u d a p e s t W ate rw o rk s in  O ctober, 1971.

Caulastrum  gen. nov . H o rto b ág y i (caulis =  s ta lk , a s te r  =  star)
The cells, b ro a d ly  ro u n d ed  a t  th e ir  base, are  a tta c h e d  to  each o th e r on a 

sm a ll surface. T hey  en d  g rad u a lly  a tte n u a tin g  in  b lu n t tip s . T here  is a cav ity  
fo rm a tio n  a t th e  a tta c h m e n t. T he cells are  a rran g ed  in  p lane . R eproduc tion  
occu rs by  th e  con id ia  sep a ra tin g  from  th e  end o f th e  cells. T ype :

2. Caulastrum danubiale  H o rto b ág y i sp. n o v .; Syn. Planctomyces actinas- 
troides H ortobágy i; d an u b ia le  =  from  th e  D an u b e  (D anub ius) (P la te  I, Fig. 4)

T he m uch e lo n g a ted  d rop -sh ap ed  cells h av e  a b ro a d ly  rounded  base, th e  
t ip s  are b lu n t. T h ey  a re  s tra ig h t or som ew hat cu rv ed , th e  c o n ta c t at th e  base 
is re s tr ic te d  to  a v e ry  sm all su rface , w here a c a v ity  is fo rm ed . The colourless 
cells are  arranged in  a p lane . T h ey  m easure 11.7—14.3 pm  in len g th , and a t th e  
h a se  1.5-2.0 pm  in  b re a d th . T he spores develop a t  th e  ends facing o u tw ard , 
th e y  are spherical in  sh ap e , 0.3—0.5 pm  in d iam ete r. T h ey  sep a ra te  from  th e  
m o th e r  p lan t b u t  m ore  fre q u e n tly  th e re  is a b u d d in g  process on th e  m o th er 
p la n t  from  w here th e  spores are released . W hen describ ing  th e  species in  1973 
u n d e r  th e  nam e “ Planctom yces actinastroides H o rto b á g y i”  (p. 52, Fig. 11), I  
a lre a d y  m entioned th a t  i t  d iffered  from  th e  ty p ic a l Planctom yces, since th e  
cells did not form  a rad ia l c lu ste r b u t  were a rran g ed  in  one p lane. A fu r th e r  
d ifference is th e  la rg e  c a v ity  a t  th e  a tta c h m e n t o f th e  cells, w hich can n o t be 
o b serv ed  in ty p ica l Planctom yces. T he p la n a r a rra n g e m en t of th e  cells and  th e  
c a v ity  form ation  ju s t ify  a d iffe ren tia tio n .

Specim ens w ere o b ta in ed  from  th e  se ttlin g  b asin  of th e  B u d ap est W a te r
w orks fed w ith D an u b e  w a te r, in  Ju ly  an d  A ugust, 1969.

3. Crenothrix fu sc a  D orff 1934 (P la te  I ,  F ig . 5)

The b ran ch in g  fila m e n ts  m easu re  5.0—7.0 p m  a t  th e ir  base. The u p p e r 
a tte n u a tin g  ends a re  1.5 pm  in  b re a d th . T he cells are 2 .0 -6 .0  /tin long. T he 
s h e a th  is colourless or b row nish -red . T hey  are alone or in  pubescences.

Specim ens w ere o b ta in ed  from  th e  h o rizo n ta l w ell alongside the  D an u b e  
in  A ugust, 1971.

4. Crenothrix po lyspora  C ohn 1870 (P la te  I ,  F ig . 6)

The trichom a g rad u a lly  b ro ad en s; a t th e  base i t  is 2.5 pm  in b re a d th , a t 
i ts  end  i t  m easures 5.0 pm . U sually  no b ran ch in g  occurs. T he cells in  th e  f i la 
m e n ts  are m ostly  cy lin d rica l an d  3.0—7.5 pm  long. T he d iam e te r  o f th e  spherical 
c e lls  released from  th e  tr ic h o m a  m easures 1.5—3.0 pm .

A cta  Microbiologica Academiae Scientiarum Hungaricae 27, 1980
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Specim ens were derived  from  th e  h o rizo n ta l well along th e  D an u b e  in  
J u n e  and  A u g u st, 1971; from  th e  te s t  well in  O ctober, 1971; from  th e  te s t  well 
an d  h o rizo n ta l w ell in  M ay, J u ly  a n d  A u g u st, 1973 and  from  th e  re se rv o ir in  
N ovem ber, 1975.

5. Gallionella ferruginea  E h re n b e rg  1838 (P la te  I , F ig. 7)

T he tr ic h o m a  is 0 .3-0 .5  pm  in  b re a d th . I t  is colourless or l ig h t y e llo w  
sy m m etrica lly  tw isted .

Specim ens were derived  from  th e  h o rizo n ta l well in D ecem ber, 1971, 
an d  O ctober, 1972; from  th e  S o roksár A rm  of th e  D anube in  A u gust, 1972; 
from  th e  te s t  an d  ho rizon ta l w ells in  M ay, J u ly , A ugust an d  O ctober, 1973; 
from  a te s t d rillin g  in  Ju ly , 1973; from  th e  dug  well or p ro d u c tiv e  well in  J u ly  
and  O ctober, 1973; and from  th e  re se rv o ir in  N ovem ber, 1975.

6. Planctom yces békefii G im esi 1924 (P la te  I I ,  Figs 8—11)

The species is varied  in  s tru c tu re , th e  rich  colonies grow  a t a h igh  r a te .  
T he sta lk s  are slender, s tra ig h t or slig h tly  cu rved . The spherical cells found a t  
th e  end  of th e  s ta lk s  are 1.0—1.6 p m  in  d iam ete r. I t  is th e  m ost f req u en t P lanc
tomyces in  th e  w ells, th e  b asin s an d  th e  D anube .

Specim ens were o b ta in ed  from  se ttlin g  an d  enrich ing  basins in  A u g u st 
to  O ctober, 1968, from  se ttlin g  an d  enrich ing  basins in  Ju n e  to  S ep tem ber, 
1969; from  th e  D anube 1674 rk m  in  J u ly , 1970; from  th e  D an u b e  rk m  1674 in  
M ay, A ugust an d  O ctober, 1971; from  th e  se ttlin g  basin  in  A u g u st to  S ep tem 
b e r, 1971; from  th e  Soroksár A rm  of th e  D an u b e  in  A ugust, from  th e  s e t t l in g  
b as in  in  S ep tem b er, from  th e  en rich in g  b asin  in  M ay and  S ep tem b er, 1972; 
from  th e  D an u b e  rkm  1634 in  J u ly ,  from  th e  te s t  well in  J u ly , 1973; from  th e  
D an u b e  rkm s 1608, 1598 in  M ay, rk m s 1654 an d  1633 in  Ju n e , rkm s 1628, 1623 
1618, 1592, 1598, 1643, 1623, 1618, 1608, 1588 in  Sep tem ber, 1975; from  th e  
D an u b e  rkm s 1654, 1638, 1630, 1628, 1623, 1613, 1603 in  M ay, rkm s 1654 to  
1603 in  A u g u st, 1976.

7. Planctom yces békefii G im esi fo rm a (P la te  I I ,  Figs 12-14)

The species differs from  th e  p ro to ty p e  b y  its  th ic k e r s ta lk s  an d  g en era lly  
sm alle r spores. T he rep ro d u c tiv e  cells ap p ea r also here on th e  cells an d  e ith e r  
s e p a ra te  or b u d  w hile on th e  cells. T he cells are 0 .8-1 .2  pm  in  d iam ete r. T he 
rep ro d u c tiv e  cells are som etim es p erceivab le  w hile still included  in  th e  s ta lk .

In  ad d itio n  to  th e  th ic k e r  s ta lk s , th e  colonies have less s ta lk s  th a n  does 
Planctomyces békefii Gimesi. In  th is  species th e  num ber of sta lk s  u su a lly  
am o u n ts  to  5—6.

The coenobia  are rem in iscen t of Planctomyces crassus H o rto b ág y i b u t  
here  th e  s ta lk s  are m uch th ic k e r  and  becom e b ro ad er to w ard s th e  cen tre ,
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Plate I I ,  F igs 8 —11. Planctom yces békefii G im esi; F igs 12 —14. Planctomyces békefii G im esi 
fo rm a; F igs 15, 16. Planctom yces crassus H o rto b ág y i; Fig. 17. Planctomyces crassus H o rto b á g y i 

subsp . m axim us  H o rto b á g y i; Figs 18, 19. Planctomyces gracilis H o rto b ág y i
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w hile in  Planctom yces békefii G im esi fo rm a  th e  s ta lk s  are sligh tly  th ic k e r  only 
a t  th e  ends.

T h is ty p e  occurs side by w ith  th e  colonies of th e  s lender-sta lked  p ro to ty p e  
and  can  be d iffe re n tia ted  well.

Specim ens w ere  derived from  se tt l in g  and  en rich in g  basins in  A u g u st to  
O ctober, 1968, in  J u n e , 1969, and  b e tw een  1970 an d  1976 w ith  th e  sam e fre 
q u en cy  as th e  p ro to ty p e .

8. Planctom yces crassus H o rto b ág y i 1965 (P la te  I I ,  F igs 15, 16)

T he colonies a re  9 .0-13.0 pm  in  d iam e te r . T he s ta lk s  are th ick  and  occur 
in  g re a te r  num bers th a n  in the  coenobia  o f Planctom yces békefii G im esi fo rm a, 
th e y  m ay  n u m b er 10 -12 . The sta lk s  becom e th ic k e r to w ard s th e  cen tre  o f  th e  
colony. T he m a tu re  rep roduc tive  cells a re  1 .2-1 .4  pm  in  d iam eter. Below  th e  
m a tu re  rep ro d u c tiv e  cells sm aller ones a re  perce ivab le  inc luded  in  th e  s ta lk s . 
C oncretion  m ay occu r in  the  cen tre  o f th e  colony.

Specim ens w ere derived from  th e  se ttlin g  b as in  in  Ju n e , A ugust an d  
S ep tem b er, 1969; fro m  th e  D anube rk in  1674 in  A u g u st, 1971; from  th e  
S o roksár A rm  of th e  D anube in A u g u st, 1972; from  th e  D anube rk m  1623 in  
Ju n e , rk m  1633 in  S ep tem ber, rkm  1598 in  S ep tem ber, 1975; from  th e  D an u b e  
rkm s 1654, 1643, 1638, 1632, 1630, 1628, 1623, 1613, 1603 from  M ay to  A u g u st, 
1976.

9. Planctotnyces crassus H o rto b ág y i subsp . m a xim u s  H o rto b ág y i subsp . 
nov . (P la te  I I ,  F ig . 17)

T he edges of th e  robust th a liu s  h av e  an u n ev en  surface, th e y  bend  
in w ards, th e  side le n g th s  are 5 .2 -6 .0  pm . T hick  so m ew hat tap e rin g  s ta lk s , 
1 .5-2 .0  p m  long, grow  from  th e  th a llu s . S pherical cells and  rep ro d u c tiv e  cells
0 .8 -1 .2  pm  in d ia m e te r  grow a t th e  end of th e  s ta lk s . Y ounger rep ro d u c tiv e  
cells are  perceivable  in  th e  stalks.

T he subspecies differs from  Planctom yces crassus H orto b ág y i in  its  
ro b u s t th a llu s  sim ilar to  th a t  of Planctom yces condensatus S ku ja , h u t its  shape  
is d iffe ren t as is th e  developm ent o f re p ro d u c tiv e  cells.

Specim ens w ere o b ta ined  from  en rich in g  basins in  A ugust, 1971.

10. Planctomyces gracilis H o rto b ág y i 1965 (P la te  I I ,  F igs 18, 19, P la te  
I I I ,  F igs 20, 21)

T he sta lk s ra d ia te  from  a com m on cen tre  to  from  a ro se tte . T heir len g th  
m ay  a t ta in  14 pm . T h e y  m easure 0.3—0.4 pm  in b re a d th  and  0 .3-0 .4  p m  in  
d iam e te r, th e y  are s tra ig h t  or arched .

Specim ens w ere fo u n d  in  en rich ing  b asin s  in  M ay, 1972; from  h o rizo n ta l 
and  te s t  wells in  M ay, J u ly , A ugust an d  O ctober, an d  from  dug wells in  A pril 
to  O ctober, 1973; from  th e  D anube rk m  1598 in  Ju n e , 1975.
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Plate I I I , Figs 20 , 21. Planctomyces gracilis  H o rto b ág y i; Figs 22, 23. Planctomyces hajd\ 

H o rto b ág y i; Figs 24  — 36. Siderocapsa coronata R ed inger
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11. Planctom yces guttaeform is H o rto b ág y i 1965. Specim ens derived  from  
th e  D an u b e  rk m  1634 in  Ju ly , 1973.

12. Planctom yces ha jdú i H o rto b ág y i sp. nov. (P la te  I I I ,  Figs 22, 23)

T he colonies h av e  3-5  sta lks. T h ey  are tr ia n g u la r  in  shape, th e  edges are 
concave or slig h tly  convex , th e ir  surface is sm ooth , th e ir  len g th  is 6.0—10.0 p m .  
The s ta lk s  b ran ch in g  from  th e  th a llu s  are  tap e rin g . Spherical re p ro d u c tiv e  
cells develop  in  th e  s ta lk s , th e  m a tu re  cells are 0.6—1.0 /im  in  d iam eter.

Specim ens w ere o b ta in ed  from  th e  D an u b e  rk m  1654 in  A ugust, 1974; 
and  from  th e  D an u b e  rk m  1643 in  S ep tem b er, 1975.

T he species is n e a re s t to  Planctom yces crassus H o rto b ág y i b u t  d iffers 
from  it  in  its  b ro ad  th a llu s  and th e  p ro jec tin g  th in n e r  s ta lk s . Species d e d ica ta  
in h o n o r e m  doctoris L a j o s  H a j d ú .

13. Siderocapsa coronata R edinger 1931 (P la te  I I I ,  Figs 24-36)

T he cells are sp h erica l, 0 .5-1.3 p m  in  d iam ete r. T h ey  num ber 1—7 p e rce iv 
able in  a b ro ad , colourless m ucilage sh e a th , 2 .0 -8 .0  p m  in  d iam eter.

Specim ens w ere o b ta in ed  from  th e  D an u b e  rk m  1674 in  O ctober, from  
en rich m en t basins in  M ay and A ugust, from  h o rizo n ta l wells in  May and  A u g u st 
from  te s t  wells in  J u ly ,  1971.

M ycophyta

14. Tetracladium  m archalianum  W ild em an  1839 ( =  A sterothrix rhaphidio- 
des P r in tz )

Specim ens d eriv ed  from  h o rizo n ta l wells in  Ju n e , 1971.

Diagnoses

C aulastrum  gen. no v . H ortobágy i

C ellulae ad basis  la te  ro tu n d a ta e , versus apic.ein ob tusum  g ra d a tim  
ten u iescen tes , p a r te  b a sa li v ix  in te r  se con tin g en tes , in  uno  piano d isp o sitae ; 
in te r  p a r te s  basales ce llu larum  h ia tu s  m éd ius. M ultip lica tio  per constric tionem  
deinde abscissionem  conid iorum  in p a r te  ap icali ce llu larum .

C aulastrum  danubiale  H orto b ág y i sp . nov. (P la te  I ,  Fig. 4)
C ellulae h y a lin ae , gu ttu lifo rm es, v a ld e  elongatae , basi la te  ro tu n d a ta e  

hie p a r te  va ld e  p a rv a  in te r  se con tin g en tes , h ia tu m q u e  conspicuum  in  m edio  
in te r  seipsos e ffo rm an tes , apice ob tu sae , rec tae  vel p a ru m  inc lin a tae , 11.7— 
14.3 pm  longae, ad b as in  1 .5-2.0 p m  crassae , in  uno p iano  dispositae. Sporae 
s in g u la rite r in  apicibus cellu larum  ex tro rs is  o rtae , globosae 0.3—0.5 p m  d iam ., 
a u t —  p eru m q u e  —  effo rm atae  prim o germ in an tes , dein  discedentes, a u t —
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ra r iu s  —  s ta tim  s e p a ra n tu r . J u l .— A ug. 1969. In  aquariis sed im en ta iiis  aq u a  
f lu m in is  D anuvii re p le tis . O fficina A quae D u c tu s  U rbis B u d a p e s t (F ővárosi 
V ízm ű v ek , B u d ap est), H u n g ária . -— R aro .

Planctomyces crassus H o rto b ág y i su b sp . m axim us  H o rto b á g y i subsp . 
n o v . (P la te  I I ,  F ig . 17)

T halli crassi, m arg in ib u s in tro rs is , la te rib u s  5.2—6.0 pm  longis, superfic ie  
n o n  lev i, b ra d a is  crassiuscu lis, in  ipsis ve l (et) in  apicibus eo rum  sporis globosis, 
0 .8 -1 .2  pm  diam .

L acus sep ten tr io n a lis  accu m u la tio n is  soli aquae cau sa  c o n stru c tu s  
(B u d a p e s t) , Aug. 1971. —  V alde ra ro .

A Planctomycete crasso th a llo  crasso  d is tin c tu s . T ha llu s subsp . novae  
n o s tra e  illo Planctom ycetis condensati S k u ja  crassitud ine  aequalis , sed fo rm a  
eius e t  m odo n ascend i sp o ra ru m  subsp . n o v a  ab illo d is tin c ta .

Planctomyces h a jd ú i H o rto b ág y i sp. no v . (P la te  I I I ,  F igs 22, 23)
T halli superne v isu  trig o n i, superfic ie  lev i, la te rib u s concavis, in  m edio 

fo r te  p aru m  convexis, 6—10 pm  longis, b r a d a is  3-5 versus apicem  ten u ies- 
c e n tib u s , sporas fe re n tib u s . Sporae iam  lib e rae  0 .6-1 .0  pm  diam .

D anub ius. A ug. 1974. —  R aro .
Planctomyces crassus H o rto b ág y i ei p ro x im u s, sed ab eo tlia llo  eom pacto , 

b r a d a i s  longis te n u ib u sq u e  d is tin c tu s .
Species d ed ica ta  in  honorem  docto ris  L. H a j d ú .
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THE ROLE OF WILD BIRDS IN THE SPREAD 
OF INFLUENZA VIRUSES

J .  R o m v á r y , J . M é s z á r o s , K a t a l i n  B a r b  

and  I .  M a t SKÁSI

Veterinary Research Institu te, H u n g a ria n  A ca d em y  o f  Sciences, B udapest and  
N ational Institu te  o f  H ygiene, B udapest

(R eceived M ay 30, 1979)

E g g s deposited  b y  d iffe ren t m ig ra tin g  w ild  b ird  species in  pond fa rm  a reas in  H u n g a ry  
were ex am in ed  for y o lk  an tib o d ies  to d iffe re n t v a r ia n ts  o f  h u m an  A /H 3N 2 in flu en za  v iru s. 
A n tib o d ies  to  V ictoria/75 a n d  Texas/77 o ccu rred  in  17.9 a n d  32.0%  of gull eggs, an d  5.6 an d  
16.4%  o f com m on te rn  eggs, respectively , w h ile  a n tib o d ies  to  A /H 1N 1/77 occu rred  in  ro u g h ly  
sim ilar p rop o rtio n s (10.2 a n d  13.4% ) in th e  eggs o f b o th  species. In fec tion  of th e  gull an d  te rn  
p o p u la tio n s  o f given a rea s b y  hum an  and  a v ia n  in flu en za  A viruses d iffered  g re a tly  in  tw o 
consecu tive  hatch ing  p e rio d s . W hile in 1978 7.6 an d  1 .1%  o f th e  gull and  te rn  eggs, re sp ec tiv e ly , 
co n ta in ed  an tibodies to  th e  av ian  su b ty p e  H a v i, no such  an tib o d ies w ere fo u n d  in  1977. 
S u b ty p e  A /H 3N 2/T exas/77  v iru s was iso la ted  fro m  a d u lt  gulls an d  1-3 weeks old gull ch icks, 
an d  su b ty p e  HUNT v iru s fro m  m allard  duck s. T hree  m o n th s  before th e  onse t o f th e  T exas/77  
ep idem ic, 9 5 %  of S P F  ch ickens, and 7 1 -8 1 %  o f chickens h a tc h e d  3 m o n th s a f te r  te rm in a tio n  
of th e  A /H 1N 1/77 ep idem ic , had  had H I, Y N  and  S R H  an tib o d ies to  th e  T exas/77  s tra in  
and  A /H 1N 1/77 stra in s , respectively .

Iso la tio n  of A /H 3N 2 v a ria n t P o r t  C halm ers/73 from  a w ild b ird  —  a 
co llared  dove (Streptopelia decaocto) c a p tu re d  in  th e  prem ises of th e  B u d a p e s t 
Zoo —  w as rep o rted  fo r  th e  firs t t im e  b y  R o m v á r y  and  T a n y i  [1]. Im m u n e  
response  to  th e  v a r ia n t  Á ictoria/3/75 w as d e m o n s tra te d  in  29—4 0 %  of m ig ra t
ing  w ild  b ird s as w ell as in  13.6 and 2 8 .6 %  o f zoo b ird s , rep resen tin g  35 species. 
A m ong th e  collared doves, hooded crow s (Corvus corone cornix) an d  house 
sparrow s (Passer dom esticus) shot a n d  c a p tu re d  in  farm lands along th e  riv e r 
T isza, 37.1 and 17 .7 % , respectively , p ro v ed  to  be positive serologically  to  
V ic to ria /75 . Iso la tion  o f th e  v a r ia n t  V ic to ria /75  from  a sparrow  cap tu re d  
along th e  river T isza  w as also u n p re c e d e n ted  in  th e  l ite ra tu re  [2]. E a rly  
in  1977, evidence w as ob ta ined  of p e rs is ten ce  o f th e  v a r ia n t V icto ria /75  in  a 
c o u n try s id e  Zoo, an d  in  gulls and te rn s  e s tab lish ed  for egg-laying on th e  p e a t 
m arsh  is le ts  of a p o n d  fa rm  by  presence of H I  an tibod ies in  sera  an d  in  th e  
yolk  o f  th e  eggs la id  b y  th e  wild b ird s , an d  b y  iso la tio n  of V icto ria /75  v iru s  
from  a  b lack -headed  gu ll [3]. Serological te s ts  an d  v irus iso la tio n  show ed 
th a t ,  in  add ition  to  V ic to ria /75 , th e  gulls an d  te rn s  h ad  also becom e in fec ted  
w ith  th e  sub type  H av 7  v irus a t a s im ila r  p ro p o rtio n . This v iru s w as iso la ted  
from  b lack -headed  gulls and com m on te rn , m o reo v er a su b ty p e  H av 6  s tra in  
was iso la ted  from  a s ta rlin g  (S turnus vulgaris) sh o t in  a w ild b ird  re se rv a t
ion area .
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T his p ro m p ted  exp erim en ta l s tu d ie s  of th e  n a tu re  of th e  in flu en za  v iru s  
su b ty p e s  in tro d u ced  b y  m ig ra ting  w ild  b ird s  in to  H u n g a ry  on th e ir  re tu rn  
from  th e  M ed ite rran ean  area and  A frica . In  sp ring  1978, a t th e  tim e  o f egg- 
la y in g  and  h a tch in g , th e  eggs of com m on  te rn s , b lack -headed  gulls, an d  in  a 
lesser n u m b er th o se  o f  m allard  ducks w ere co llected  along w ith  one d a y  and  
1—3 w eeks old gull ch icks, m oreover carcases of w ild b ird s sho t for ex a m in a tio n  
to  d e te c t th e  possib le presence of in flu e n z a  v irus(es).

Materials and methods

V irus isolation. T h is  w as a tte m p ted  fro m  a to ta l  of 93 w ild  b irds resid en t in , o r m ig ra t
in g  th ro u g h , a fish p o n d , a b ird  reserva tion  a rea , an d  in  d iffe ren t areas along th e  shore  o f r iv e r 
T isza . M ainly th e  sh o t com m on  tern s , b lac k -h ea d e d  gulls an d  m alla rd  ducks w ere ta k e n  in to  
co n sid era tio n  as carrie rs  o f influenza v iruses, b u t  we exam in ed  for th e  presence of in flu en za  
v iru se s  also ferrug inous du ck s (A ythya  nyroca), p o ch ard s (A y th ya  fe r in a ), m oorehens (G allinula  
chloropus), coots (F u lica  atra), p h easan ts (P h a sia n u s colchicus), hooded crows (Corvus corone 
cornix) and  th ree  spa rro w s (Passer m ontanus).

Sam ples were co llected  for v irus iso la tio n  fro m  th e  re sp ira to ry  tra c t  and c loaca l m ucosa. 
T h e  h om ogenated  sam p les w ere in o cu la ted  in to  em b ry o n a te d  h e n ’s eggs p re -in c u b a te d  for 
9—11 days. The eggs w ere opened on th e  d a y  o f th e  em b ry o ’s d e a th  or 3-7 days a f te r  in o cu la 
tio n . T hree  b lind  p assages w ere perform ed w h en  req u ired .

V irus strains. T h e  A /H 3N 2/V ictoria /3 /75 , th e  A /H 3 N 2/T exas/l/77  re ference s tra in s , 
th e  A /H 1N 1/29/B P /78  s tra in , th e  av ian  in f lu e n za  v iru s su b ty p es  H a v l-H av 9  reference s tra in s , 
a n d  a n tise ra  were u sed  fo r id en tific a tio n  o f th e  iso la tes in  th e  h a em ag g lu tin a tio n -in h ib itio n  
(H I) , single rad ia l h aem olysis (SR H ) a n d  v iru s  n e u tra liz a tio n  (VN) tests.

Serum  and yo lk  sam ples. The yolks o f eggs la id  by  b lack -headed  gulls, com m on  te rn s  
a n d  m alla rd  ducks, a n d  se ru m  sam ples fro m  w ild  b ird s sh o t fo r v iru s iso lation , m o reo v er sera 
o f a few  days to  1-3 w eeks old gull chicks w ere also in c luded  in  th e  serological screen ing .

Serological tests. T he H I and VN te s ts  w ere p e rfo rm ed  as recom m ended b y  th e  W H O  
in  c ircu la r No. Z2/180/11/67. The SR H  te s t ,  a new  m eth o d  fo r th e  assay  of a n tib o d y  to  in 
flu en z a  h aem ag g lu tin in  w as done as d escribed  b y  S c h il d  et al. [4]. A ntibody  in  th e  egg yo lks 
w as d e tec ted  as p ro p o sed  b y  Ch u  and  B a r h o u m a  [5].

Table I

Num ber and percentage o f  w ild  bird eggs containing H I  antibodies to variants 
The eggs w ere collected in  1978, a t  different sam pling  sites

Number/percenti. ge of eggs

Wild bird species Date of collec
tion No. of eggs A/Victoria/75 A/Texas/77 A/H1N1/77

variants subtype

Com m on te rn 22 May 196 N 45/22.9 N
1978 148

191
N

30/15.7
21/14.1
22/11.4

31/20.9
41/21.4

T otal 535 30/5.6 88/16.4 72/13.4

B lack-headed  gull 22 May 90 10/11.1 34/37.7 N
1978 66 18/27.2 17/25.7 16/24.2

N  =  negative

T otal 156 28/17.9 51/32.0 16/10.2
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R esults

T h e results o f  y o lk  antibody  a ssay s  differed  betw een  species and  sam p lin g  
sites. T h e  incidence o f infection w ith  T exas/77 an d  V ictoria/75  v a r ia n ts  w as 
tw o- a n d  th reefo ld , respectively , a m o n g  th e  b lack -h ead ed  gulls w hich  h a d  
a rr iv ed  from  th e  B a lcan , M ed ite rran ean  an d  B lack  Sea regions co m p ared  
w ith  th e  incidence am o n g  th e  com m on te rn s , w hich  h ad  re tu rn e d  from  A frica. 
T he su b ty p e  A/H1N1/77 showed a ro u g h ly  equal incidence in  b o th  species. 
T he a v ia n  in fluenza  v iru s  subtype H a v i  w ith  7 .6%  w as co m p ara tiv e ly  fre q u e n t 
am ong  b lack -h ead ed  gulls. In  the  co m m o n  te rn  p o p u la tio n  th e  su b ty p e  H av 7  
show ed a com parab le  incidence, w h ile  yo lk  an tibod ies to  th e  o th e r su b ty p es  
w ere fo u n d  in 1.0—2 .0 %  of the eggs s tu d ie d  (Table I).

T h e  yolk an tib o d ie s  differed b e tw e e n  m arsh lan d s w ith in  th e  sam e pond  
fa rm . In  tw o p ea t m a rc h  islets th e  t e r n  eggs co n ta in ed  an tibod ies exclusively  
to  T exas/77 , while th e  eggs collected in  a th ird , n o t too  d is ta n t, m arch  is le t, 
also co n ta in ed  an tib o d ie s  to  su b ty p e  H1N1/77. In  a fo u rth  sam pling  a rea , a t 
th e  so u th -w este rn  sh o re  of the p o n d , H I  an tibod ies to  V ic to ria /75 , T exas/77  
and  su b ty p e  H1N1/77 were d e m o n s tra te d  in  th e  egg yolks. T he b lack -h ead ed  
gulls, w h ich  no t in fre q u e n tly  nest in  th e  sam e co m m u n ity  w ith  com m on te rn s , 
tra n s m itte d  th ro u g h  th e  egg an tib o d ie s  to  V ictoria /75  and  T exas/77 in  all 
sam p lin g  areas, u su a lly  a t higher p ro p o rtio n s  th a n  th e  te rn s . O nly  in  a single 
gull g roup  was th e  occurrence of an tib o d ie s  sim ilar to  th a t  e s tab lished  in  th e  
te rn  p o p u la tion .

T h e  yolk t i t re s  o f  H I an tibod ies to  th e  above A /H 3N 2 v a r ia n ts  and  to  
su b ty p e  A /H 1N 1/77 ranged  from 1 : 20 to  1 : 160 in  th e  eggs of b o th  species. 
The m ean  titre s  o f y o lk  antibodies to  T exas/77  d id  n o t n o ta b ly  d iffer b e tw een

A /V ic to r ia /75 and A /T exa s/7 7 , subtype A /H 1 N 1 /7 7 , and certain influenzavírus subtypes 
of p e a t m arsh  islets belong ing  to a pond fa rm

containing HI antibodies to

Havi Hav3 Hav4 Hav5 Hav6 Hav7

avian subtypes

N N 2/1.0 3/1.5 N 9/4.5
N N N N 2/1.3 11/5.6

6/3.1 N 4/2.0 N 2/1.0 21/17.1

6/1.1 N 6/1.1 3/0.9 4/0.7 41/7.6

2/2.2 4/4.4 N 3/3.3 7/7.7 6/6.6
10/15.1 N N N N N

12/7.6 4/2.5 N 3/1.9 7/4.5 6/3.8
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Table II

H I  titre o f  yo lk antibodies to A /V iotoria/75, A /T exas/77 , and subtype A /H 1 N 1 /7 7  in  the w ild bird
eggs shown in  Table I

W ild  b ird  species
D a te  o f  co llec

t io n
No.

o f eggs

H I  a n tib o d y  t i t re s  to

A /V ic to ria /75 A /Texas/77 А /Н Ш 1 /7 7

v a r ia n ts su b ty p e

C om m on te rn 22 M ay 1 : 20 (26)
1978 196 1 : 10 ( 5 ) 1 : 40 (И ) N

1 : 80 (6)
1 : 160 (2)

1 : 20 (8) 1 : 20 (И )
1 : 40 (9 ) 1 : 40 (8)

148 1 : 10 ( 3 ) 1 : 80 (3) 1 : 80 (9)
1 : 160 (1) 1 : 160 ( 3 )

1 : 20 (И ) 1 : 20 (10) 1 : 20 ( 9 )
191 1 : 40 (8) 1 : 40 ( 7 ) 1 : 40 (9)

1 : 80 ( 9 ) 1 : 80 (4) 1 : 80 (18)
1 : 160 (2) 1 : 160 (1) 1 : 160 ( 5 )

B lack-headed  gull 22 M ay 1 : 20 (6) 1 : 20 ( 7 )
1978 90 1 : 40 12) 1 : 40 (16) N

1 : 80 (2) 1 : 80 (9)
1 : 160 (2)

1 : 20 ( 3 ) 1 : 20 (6) 1 : 20 (11)
66 1 : 40 ( 6 ) 1 : 40 ( 7 ) 1 : 40 ( 4 )

1 : 80 (4) 1 : 80 ( 3 ) 1 : 80 (1)
1 : 160 ( 5 ) 1 : 160 (1)

Figures in b ra ck e ts  =  num ber of eggs 
N  =  negative

Table 1П

N um ber and percentage o f  w ild  bird eggs containing H I  antibodies to variants A IV ictoria/75 and
The eggs were collected in  th e  sam e nesting

Number/percentage of eggs

Wild bird species Date of collection No. of eggs A/Victoria/75 A/Texas/77 A/H1N1/77
variants subtype

C om m on te rn 6 M a y -2 1  
Ju n e  1977 144 17/11.8

30/5.622 M ay 1978 535 88/16.4 72/13.4

B lack-headed  gull 6 M a y -2 1  
Ju n e  1977 129 10/7.7

22 M ay 1978 156 28/17.9 51/32.0 16/10.2

— =  n o t te s te d ; N  =  negative
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gulls an d  te rn s , b u t  tho se  of an tibod ies to  V ic to ria /75  w ere considerab ly  h ig h e r 
in  p a r t  of th e  gu ll eggs. A t th e  sam e tim e , th e  m ean  level of an tib o d ies  to  
H 1N 1/77 was s ig n ifican tly  h igher in  th e  te rn  th a n  in  th e  gull eggs (T able I I ) .

Y olk  a n tib o d y  stud ies co n d u c ted  in  th e  sam e sam pling a rea  in  tw o  
su b seq u en t h a tc h in g  periods, in  M ay, 1977, an d  1978, revealed  considerab le  
in ter-species d ifferences in resp ec t o f in fluenza  v iru s  in fection  (Table I I I ) .  
In  M ay, 1977, th e  incidence of V ic to ria /75  was assessed as 12 and 8%  am ong  
th e  te rn s  and gulls, respective ly , w hile  b y  M ay, 1978, i t  dropped  to  h a lf  am ong  
th e  fo rm er, b u t  rose  to  more th a n  tw ofo ld  am ong  th e  la tte r , re la tiv e  to  th e  
p rev ious year. A t th e  same tim e , th e  occurrence of Texas/77 was tw ice as 
h igh  am ong th e  gulls th a n  am ong th e  te rn s . T he su b ty p e  I f lN l/7 7  show ed 
ro u g h ly  th e  sam e incidence in  b o th  species. In fec tio n  b y  av ian  in fluenza  v iru s  
w as d issim ilar in  th e  tw o h a tch in g  periods. In  1978, H I  an tibodies to  su b ty p e  
H a v i  (fowl p lague v iru s) were d e m o n s tra te d  in  7.6 and  1.1%  of gull an d  te rn  
eggs, resp ec tiv e ly , a lth o u g h  in  1977 no in d ica tio n  w as found of th e  p resence 
of th is  agen t am ong  th e  gulls. B o th  species h ad  considerable p ro p o rtio n s of 
y o lk  an tibod ies to  H av 7  in b o th  h a tc h in g  periods, a lthough  th e  gulls show ed a 
75%  decrease of incidence 1977 to  1978. A low p ercen tage  of th e  yo lks also 
co n ta in ed  H I  an tib o d ie s  to  o th e r H av -su b ty p es .

In  th e  po n d  fa rm  used as sam p lin g  area, 11 m allards b u ilt th e ir  n es ts  
n e a r to  th o se  o f th e  p red o m in an t gull and  te rn  p o p u la tion . A to ta l  o f 54 
m a lla rd  eggs w as exam ined  for y o lk  an tibod ies to  th e  v a rian ts  V ictoria /75  and  
T exas/77  and  su b ty p e  H a v i av ian  in fluenza  v iru s  w ith  n egative  re su lts . 
N e ith e r  w ere such  an tibod ies dem o n strab le  in  48 eggs of cap tive  m allards k e p t 
a t  th e  riv e r T isza .

T hree  m o n th s  before th e  onse t of th e  h u m a n  epidem ic due to  T exas/77 , 
H I  an tibod ies to  th is  agent h ad  been  d e m o n s tra te d  in  th e  t i t re  range  o f

A /T exas/77 , subtype A /H 1 N 1 /7 7  and certain avian in fluenza  v irus subtypes in  tivo subsequent years  
a rea  in  b o th  breed ing  seasons

containing HI antibodies to

Havi Ilav3 Hav4 Hav5 Hav6 Hav7
avian subtypes

N N N 2/1.3 N 10/6.9
6/1.1 N 6/1.1 4/0.7 5/0.9 41/7.6

N N N N N 20/15.5
12/7.6 4/2.5 N 3/1.9 7/4.5 6/3.8
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1 : 4 8 -1  : 256 in  19 o f 20 serum  sam ples derived  from  5-11 m o n th s old S P F  
(specific  pa th o g en  free) chickens k ep t in  th e  h ird  u n it  of a p lan t m a n u fac tu rin g  
b io log ica l p rep a ra tio n s . T h e  sam e b ird s  h a d  no an tibod ies to  th e  IR  s tra in  of 
th e  v a r ia n t  V ic to ria /75 . Two to  th re e  m o n th s  old chickens, h a tc h e d  th ree  
m o n th s  a f te r  th e  T exas/77  and  th e  H 1N 1/77  epidem ic h ad  subsided , an d  reared  
in  com p le te  iso la tion  in  tw o d ifferen t p rem ises, show ed a 71—86%  incidence 
o f H I ,  Y N  and S R H  an tib o d ies  to  A /H 1N 1/29R P /78  influenza v iru s  a t  t i tre s  
ra n g in g  from  1 : 24 to  1 : 128.

Serological sc reen ing  of a large tu rk e y  flock  k e p t in  a farm  n e a r th e  river 
T isza  d u rin g  th e  h u m a n  influenza  v iru s  ep idem ic in  M arch, 1978, revea led  in  
H I  a n d  S R H  te s ts  a 20 and  17.5%  inc idence  of an tibod ies to  th e  v a r ia n t 
T exas/1 /77  and to  th e  ow n isolate o f th e  su b ty p e  A /H 1N 1/29B P/78, re sp ec ti
v e ly . I n  th e  goose flo ck  k e p t in  th e  sam e fa rm , 29%  of th e  b irds p ro v ed  to  be 
p o sitiv e  reacto rs to  su b ty p e  H av5 a v ian  in flu en za  v iru s, h u t none h a d  a n t i 
bod ies to  th e  above h u m a n  in fluenza  v iru ses .

W ild  birds sh o t in  th e  nesting  a rea  sim u ltan eo u sly  w ith  egg co llection , a 
few  day s to  2—3 w eeks o ld  gull chicks an d  w ild  b ird s sh o t dow n in  th re e  d ifferen t 
reg ions along th e  r iv e r  T isza were used  fo r iso la tio n  experim en ts. A  s tra in  in  
ev e ry  resp ec t s im ila r to  A /H 1N 1/77 in flu en za  v iru s  was iso la ted  from  th e  
c lo aca  o f a m allard  in  th e  th ird  chick  em b ry o  passage. F u rth e r  iso la te s , corres
p o n d in g  to  th e  A /T exas/25B P/78  s tra in  iso la ted  from  hum ans d u rin g  th e  
ep id em ic , were o b ta in e d  from  th e  cloaca  scrap ings of tw o b lack -h ead ed  gulls 
an d  fro m  mixed te s t  m a te ria l collected  from  th e  cloaca of six 1-3  w eeks old 
gu ll chicks. The la t te r  iso la tions w ere ca rr ied  o u t in  em b ry o n a ted  h e n ’s eggs.

Discussion

Serological and  viro logical in v es tig a tio n s  w ere carried  ou t in  a nestin g  
a n d  h a tc h in g  area o f m ig ra tin g  w ild b ird  w ith  th e  purpose to  o b ta in  m ore 
in fo rm a tio n  of th e ir  ro le in  th e  sp read  o f h u m an , m am m alian , an d  av ian  
in f lu e n z a  v iruses. D u rin g  spring, 1977, ev idence was p resen ted  of in fec tio n  of 
b lack -h ead ed  gulls n e s tin g  in  th e  m arsh es a round  a pond farm  w ith  v a r ia n t 
V ic to ria /7 5  of h u m an  in flu en za  v iru s. T he b lack -h ead ed  gulls and  th e  com m on 
te rn s , w hich es tab lish ed  them selves in  th e  sam e pond farm , re tu rn e d  to  
H u n g a ry  for egg-laying and  h a tch in g  from  M ed ite rranean  areas, w here h u m an  
o u tb re a k s  due to  V ic to ria /75  had  o ccu rred  early  in  1977. A t re tu rn  in  spring , 
1978, b o th  w ild b ird  species h ad  becom e in fec ted  b y  th e  v a r ia n t T exas/77  and 
s u b ty p e  A /H 1N 1/77, fo r  a t  ex am in a tio n  a fte r  egg-laying, 32 an d  10%  of th e  
gu lls , an d  16 and  13 %  of th e  te rn s , re sp ec tiv e ly , were found to  h av e  t r a n s 
m itte d  an tibodies to  th e  above v iruses th ro u g h  th e  egg. As egg-laying followed 
soon  u p o n  a rriva l in  tw o  to  th ree  w eeks, th e  in fection  of th e  layers h a d  clearly
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ta k e n  p lace before th e ir  a rr iv a l in  H u n g a ry . T he gulls h ad  obv iously  p icked  u p  
T exas/77  d u rin g  th e ir  w in te r s ta y  along th e  M editerranean  Sea, for o u tb reak s  
d u e  to  th e  ag en t did occur th e re  am ong  th e  popu la tion  th ro u g h o u t th e  f irs t  
q u a r te r  o f 1978. The com m on te rn s  w hich  h a d  spent th e  w in te r  in  A frica, m ay  
well h av e  becom e infec ted  b y  T exas/77  during  th e ir  re tu rn  f lig h t via  th e  
M ed ite rran ean  area. B o th  species h ad  am ple  chance to  pick  u p  H 1N 1/77, to o , as 
th is  su b ty p e  had  been responsib le  fo r even  m ore h u m an  in flu en za  o u tb reak s  
th a n  h a d  T exas/77  in  severa l h o s t co u n trie s . In  add ition  to  an tibod ies ag a in s t 
T exas/77 , a low er percen tage o f th e  gull an d  te rn  eggs also co n ta in ed  an tib o d ies  
to  V ic to ria /7 5 ; th is  ind ica ted  a b o o ste r-lik e  or p rim ary  ex posu re  of th e  lay ers  
to  th e  la t te r  v a r ia n t, w hich h ad  acco u n ted  fo r ou tb reaks in  th e  M ed ite rran ean  
a rea  an d  in  ce rta in  p a rts  of A frica  up  to  th e  beginning o f 1978.

In  th e  pond  farm  m arsh  isle ts  se rv in g  as sam pling a rea , th e  av erag e  
lay in g  of b o th  gulls and  te rn s  w as th re e  eggs. O ur yolk a n tib o d y  assays covered  
th e  egg-lay ing  of ab o u t 60 b lack -h ead ed  gulls and 180 to  190 com m on te rn s , 
b u t  on ly  o f ab o u t 10 m alla rd s; in  th e  l a t te r  case th e  lim ited  n u m b er o f eggs 
p e rm itte d  no  defin ite  conclusions. W ith in  one nesting  co m m u n ity  or sam pling  
s ite , an tib o d ies  were genera lly  d em o n strab le  e ither to  T exas/77  alone, o r to  
b o th  T exas/77  and  H 1N 1/77; less o ften  w ere  antibodies p re se n t ag a in st V ic to 
ria /75 . T h is observ a tio n  in d ica ted  th a t  b ird  groups re tu rn in g  from  th e  sam e 
w in te rin g  a rea  prefer to  es tab lish  th em selv es  as one co m m u n ity  a t th e  sam e 
n e s tin g  site .

A n o th e r rem ark ab le  fac t disclosed b y  th e  p resen t s tu d ies  w as th e  p resence 
o f  serum  an tib o d ies  to  T exas/77 in  an  iso la ted  group of grow ing  S P F  chickens 
th re e  m o n th s  before th e  onse t of th e  T exas/77  epidem ic in  H u n g a ry . I t  shou ld  
be n o ted  t h a t  th e  te s tin g  of serum  sam ples from  these b irds had  been  p ro m p ted  
b y  th e  occurrence of an  acu te  re sp ira to ry  disease in  th e  flock . N o t less re m a rk 
ab le  w as th e  detec tio n  of serum  an tib o d ies  to  sub type  A /H 1N 1 in  tw o flocks 
o f  grow ing chickens w hich h ad  been h a tc h e d  th ree  m onths a f te r  th e  ep idem ic. 
I f  follows t h a t  hum ans w ho c o n tra c te d  in flu en za  spo rad ica lly  long before  or 
a f te r  th e  ep idem ic period, m ay  sp read  th e  in fection  to  dom estic  p o u ltry . M ass 
incidence o f  h u m an  in fluenza  v iru s  in fec tions in p o u ltry  flocks is th u s  of 
p rog n o stic  im p o rtan ce , if  i t  occurs in  ad v an ce  of th e  ep idem ic, and  serves as 
in d ic a to r  o f th e  persistence of th e  v iru s s tr a in  if  i t  occurs a f te r  th e  o u tb reak  has 
subsided .

D e m o n s tra tio n  of yo lk  an tib o d ies  to  su b ty p e  H a v i in  th e  gull and  te rn  
eggs la id  in  1978 suggested th a t  th e  te rn s  h a d  picked up th e  H a v i  v irus d u rin g  
in te r ru p tio n s  of th e ir  m ig ra tio n  fo r re s t in  enzootic foci a t  th e  A frican  shore of 
th e  M ed ite rran ean  Sea and  in  E g y p t, w h ich  are on th e ir  m ig ra tio n  ro u te . 
T h e  gulls, w h ich  m igra te  to  d iffe ren t te rr ito r ie s  b u t have a lik in g  for ram b lin g , 
m a y  h av e  p ick ed  up  th e  agen t in  th e  re s tin g  p laces. The range of y o lk  an tibod ies 
to  th e  a v ia n  in fluenza  v iruses classified  b y  h aem ag g lu tin a tin g  p ro p erties  as
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H a v 6  ten d ed  to  increase  from  1977 to  1978, in d ica tin g  exposure  of th e  lay e rs  
to  an  increased  n u m b e r o f  such  s tra in s  in  th e  m ean tim e.

Y olk  a n tib o d y  assay s revealed  th a t  th e  com m on te rn s  and  b lack -headed  
gulls w hich arrived  to  H u n g a ry  in  th e  p rev ious tw o sp rings h a d  become in fec ted  
b y  h u m a n  in fluenza  v iru s  s tra in s  d u ring  th e ir  s ta y  o u ts id e  th e  coun try . I so la 
tio n  of v iru s s tra in s  in  e v e ry  respect s im ila r to  T exas/77 from  adu lt gulls an d  
new ly  h a tch ed  to  1—3 w eeks old gull chicks show ed th a t  th e  infection  pers is ted  
d u rin g  h a tch in g . T he m a lla rd s  h ad  no an tib o d ies  to  th e  h u m a n  influenza v iru s  
s tra in s , b u t were in fec ted  b y  a v iru s sim ilar to  A /H 1N 1/77, as show n in iso la tio n  
experim en ts. In fec tio n  b y  th is  s tra in  occu rred  p ro b ab ly  a f te r  th e ir  re tu rn  to  
H u n g a ry  b u t, as m a n y  in fec ted  m allards fa iled  to  show  a d istin c t im m u n e  
response, it  m ay  as w ell h av e  ta k e n  p lace d u ring  th e ir  absence from  th e  
co u n try . In  aggreem ent w ith  o ther a u th o rs  [6, 7] we, to o , have found t h a t  
a lth o u g h  an a tid  b ird s  a re  as a rule e x tra o rd in a rily  suscep tib le  to  in flu en za  
v iru ses, th e ir  im m une response  to  p rim ary  in fection  b y  th e se  is m ostly  v e ry  
low. Iso la tions o f V ic to ria /75  from  gulls, an d  of H av7  from  gulls and te rn s  in  
1977, of Texas/77 from  gulls and  A /H 1N 1/77 from  m alla rd s  in  1978, p resen ted  
firm  evidence of th e  in tro d u c tio n  of h u m a n  and  av ian  in fluenza  virus s tra in s  
b y  m ig ra tin g  w ild b ird s . C erta in  o th e r s tra in s , to  w hich an tibod ies were fo u n d  
in  a low  percen tage  of egg yo lks and  se ru m  sam ples (e.g. H a v i) ,  m ay also h a v e  
b een  in tro d u ced  in to  th e  c o u n try  v ia  th e se  carriers. T h e  n a tu re  of th e  in t r o 
du ced  viruses alw ays dep en d ed  on th e  in fec ted  h u m an  an d  av ian  popu la tio n s 
or env ironm en ts w ith  w hich  th e  m ig ra tin g  b irds h a d  co n tac t during  th e ir  
w in te r  absence from  th e  co u n try . In  th e  m ig ra tin g  b ird  populations, w hich  
rep re sen t several th o u sa n d  ind iv idua ls, th e  virus(es) p icked  up  during m ig ra 
tio n  m ay  persist and  sp re a d  to  o th e r p o p u la tio n s , e.g. to  pigs [8].

In  enzootic foci o u tb reak s  of in flu en za  v irus d isease am ong d om estic  
b ird s  have freq u en tly  co incided  w ith  th e  re tu rn  of m ig ra tin g  wild b irds to  th e  
a rea  [9]. In fec tion  an d  carrie rsh ip  in  w ild  b ird  p o p u la tio n s  are a p o te n tia l 
h aza rd  to  dom estic b ird s . In flu en za  v iru s  in fection  u su a lly  takes a c lin ica lly  
in a p p a re n t course in  w ild  b ird s, b u t tran sm issio n  to  dom estic  birds u su a lly  
increases th e  v iru lence  o f th e  s tra in , w hich  th e n  e lic its sym ptom s of d isease 
w ith o u t a lte ring  its  an tig en ic  p a tte rn  [10]. In  th e  n es tin g  areas of th e  in fec ted  
w ild b irds, iso la tions o f  in fluenza  v iru s  succeeded ch ie fly  from  dropp ings. 
R ep lica tion  tak es  p lace  in  th e  d igestive t r a c t  a fte r aerogenic tran sm issio n , 
an d  th e  agent is a b u n d a n tly  shed w ith  th e  faeces. F luorescence m icroscopic 
evidence of in te s tin a l rep lica tio n  of th e  v iru s  has re c e n tly  been p resen ted  by  
S lem ons and  E a s t e r d a y  [11].
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SUSCEPTIBILITY OF BIRDS TO TYPE-B 
INFLUENZA VIRUS

J .  R o m v á r y , J .  Mészáro s  and K a t a l in  B arb

Veterinary Research In s titu te , H ungarian  Academ y o f  Sciences and N ationa l 
Institu te  o f  H ygiene, Budapest

(R eceived  M ay 30, 1979)

A m ong Zoo b ird s an d  m ig ra tin g  wild b ird s  exam ined  serologically  du rin g  a n  o u tb re a k  
due to  in flu en za  В v iru s, 4 .1%  w ere fo u n d  to  h av e  serum  an tib o d ies to  th e  a g en t. E v id en ce  
o f a v ia n  su scep tib ility  to  th e  a g en t w as em erg ing  fro m  reiso lations o f  th e  v iru s a n d  p r im a ry  
an d  seco n d ary  H I  an tib o d y  response of th e  b ird s  in  subsequen t in fec tio n  ex p erim en ts  p e r
fo rm ed  on a d u lt  p h e asan ts  an d  m alla rd s , as well as one-day-old dom estic  duck lings a n d  chicks. 
T he v iru s p e rsis ted  in  th e  p h e asan ts  for a t  le a s t  th ree  weeks, an d  a d u lt  p h e asan ts , m a lla rd s  
a n d  dom estic  duck lings w ere fo u n d  to  tra n s m it  i t  b y  co n tac t to  p a r t  o f th e ir  suscep tib le  m ates .

T he sp read  of ty p e -B  in flu en za  v iru s  infection  to  horses has been  know n 
from  in d irec t serological evidence [1] an d  equine su scep tib ility  w as show n b y  
K a se l  et al. [2] in  a g roup  o f w ild ponies. Spread  of in flu en za  В in fec tio n  to  
pigs w as fo r th e  f irs t tim e  d e m o n s tra te d  in  H u n g ary  [3—5] in  v illage co m m u n i
ties w here in h a b ita n ts  h ad  acq u ired  in flu en za  В in fection . S u scep tib ility  of 
ca ts  to  in flu en za  v iru s В w as re p o rte d  b y  L ozovaya [6] decades ago. P a n ik e r  
and  N a ir  [7 ], too , w ere able to  in fec t c a ts  and  even m onkeys w ith  in flu en za  В 
v iru s . C anine su scep tib ility  to  th e  ag en t was d em o n stra ted  ex p e rim en ta lly  by  
severa l a u th o rs  [8—10].

D urin g  o u tb reak s of in flu en za  В in  H u n g ary  early  in  1977, I I I  an tib o d ies  
to  th e  v iru s  w ere d e tec ted  in  4 .1 %  o f th e  sera of several Zoo b ird s (shelduck , 
ru d d y  shelduck , raven ) and  m ig ra tin g  w ild  birds (b lack-headed  gulls, com m on, 
an d  li ttle  te rn s) , as well as in  th e  y o lk  o f gull and te rn  eggs la id  in  p e a t is le ts  
belonging  to  a pond  fa rm . Since th e  Zoo an d  th e  pond fa rm  w ere b o th  s itu a te d  
in  th e  endem ic  area , closer in v es tig a tio n s  w ere perfo rm ed  in to  th e  su scep ti
b ility  of b ird s  to  in flu en za  В v iru s , in  v iew  of th e  lack  of p e r tin e n t d a ta  in  th e  
l i te ra tu re .

Materials and methods

B irds. O ne-year-o ld  p h e asan ts  a n d  m a lla rd  ducks reared  in  c a p tiv ity , an d  one-day- 
o ld  duck lings an d  chicks, as w ell as 2 -4  w eeks old b ro iler chickens w ere used  in  th e  ex p eri
m en ts .

V irus. T he s ta n d a rd  reference s tra in  В /H o n g  K ong/8/73 w as used  for ex p erim en ta l 
in fec tio n  an d  co m p ara tiv e  stud ies.
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For re-isolation  o f in f lu e n za  B v irus sam ples w ere ta k e n  fro m  th e  in frao rb ita l c av ity  
a n d  th e  cloacal m ucous m em b ran e s  o f b irds, a n d  e m b ry o n a te d  eggs p re -in cu b ated  for 9 — 11 
d a y s  were in o cu la ted  in tra -am n io tic a lly . The eggs w ere  opened  as th e  em bryo  h ad  d ied  or 
3 -7  days a fte r  inocu la tio n . I n  th e  absence o f h a e m ag g lu tin a tio n  (H A ), 3 or 7 consecutive b lin d  
passages were carried  ou t.

Sera. Serum  sam ples w ere  o b ta in ed  for a n tib o d y  assay  fro m  ex p erim en ta lly  in fec ted  
b ird s o f d ifferen t age groups. Sam ples ob ta in ed  fro m  Zoo b ird s an d  m ig ra tin g  wild b irds, as 
w ell as yolks of eggs la id  b y  th e  la t te r  were used  fo r serological screening.

Serological tests. T he h aem ag g lu tin a tio n -in h ib itio n  (H I)  te s t  w as perform ed according 
to  th e  in s tru c tio n s  issued  b y  th e  W H O  E x p e rt C o m m ittee  on  R e sp ira to ry  V irus Diseases [11]. 
N on-specific  in h ib ito rs  w ere e lim in a ted  from  th e  sera  b y  in a c tiv a tio n  a t  56 °C for 30 m in  and  
su b seq u en t tre a tm e n t w ith  K I 0 4, a n d  in  positive  a n d  d o u b tfu l cases, w ith  recep to r d estroy ing  
enzym e (R D E , W ellcom e R e a g e n ts  L td .,  L ondon) as well.

The assays for y o lk  a n tib o d ie s  were carried  o u t  b y  th e  p ro ced u re  proposed by  Ch u  
a n d  B a r h o u m a  [12].

D ifferentia tion  o f  I g M  fr o m  other antibody types. T he an tib o d ies  ap p earin g  during  p r i 
m a ry  an d  secondary  H I  a n tib o d y  response were te s te d  fo r se n sitiv ity  to  2 -m ercap toe thano l 
{2-M E; C albiochem ) b y  th e  m e th o d  o f H eg e  an d  Co le  [13], u sing  0.1 м  2-M E as te s t  con 
c en tra tio n .

Table I

H I  antibody response o f  adult pheasants to B /H K /8 /7 3  influenza virus

Group
No.

Pheasants
Virus reisolation

Immune

Designation

Date of Exp. infection

experimen
tal

infection

exposure 
to contact 
infection

Date Results

after

12 20

I

347
348 
346
349
350
351

K l°
K2°

16
M arch
1977

16
M arch
1977

21 M arch 
21 M arch

Positive
Positive

N egative*

1 : 4 
1 : 32

N
1 : 16

N

1 : 48 
1 : 128 
1 : 96 
1 : 32

1 : 96

i l

352°
353°
354°
355°
356°
357°
358°
359°

6 A pril 
1977 9 May 

19 April
N egative
Positive

п т

360
361
362
363

364°
365°

28
April
1977

28
A pril
1977

2 May 
2 May

Positive
N egative

0 in -con tac t controls
* sinusitis developed; re iso la tion  from  sinusal ex u d ate  was negative
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Results

D etection  o f a n tib o d y  to  in fluenza  В v iru s in  se ru m  sam ples from  Zoo 
a n d  m igra to ry  b ird s  p ro m p te d  us to  s tu d y  th e  a v ian  su scep tib ility  to  th e  
a g e n t by  ex p erim en ta l in fec tio n  o f ad u lt p h easan ts  an d  m alla rds, as well as o f 
d ay -o ld  dom estic ducklings an d  chicks.

The v irus could  be re iso la ted  from  th e  u p p e r  re sp ira to ry  m ucosa and  
lu n g s of 2 fem ale p h e a sa n ts  5 day s a fte r th e  ex p e rim en ta l in fection . T he o th e r 
in fec ted  p h easan ts  and  one in -c o n ta c t con tro l h ird  d isp lay ed  d ifferen t serum  
levels of H I an tib o d ies  a t  d iffe ren t sam plings. F o u r  b ird s  of th is  lo t died 
be tw een  days 38 and  41 po stifec tio n  (p.i.). A m ong e ig h t p h easan t cocks 
(g roup  II) p laced  w ith  th e  in fec ted  fem ales (group I) 3 w eeks p.i. to  serve as 
in -co n tac t con tro ls , in flu en za  В v irus was iso la ted  from  one (No. 356) a t  13

on infection or contact exposure. Results o f  virus re-isolation

response to

contact infection challenge

days

29 40

1 : 32 1 : 24
1 : 128 1 : 64
1 : 64 1 : 24
1 : 8 N

1 : 96

(26 May)
7

(1 July)

emergency
slaughter

1 : 24 

1 : 16

1 : 512

1 : 192 

1 : 64

1 : 256 
1 : 512

1 : 256 
1 : 128

27 M ay

23 M arch

10 M ay 
10 M ay 
10 M ay

10 M ay

2 M ay 
2 M ay

6 M ay 
3 M ay 

29 April

23 April

9 May 
19 April

1 Ju n e

N  =  Negative
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d ays o f  exposure, and  tw o  developed  p rim ary  and secondary  H I  an tib o d y  
resp o n se  to  th e  agent. O n d a y  46 p .i., a d d itio n a l six p h easan t cocks (group I I I ) ,  
fo u r in fec ted  and tw o u n in fe c te d  w ere p laced  w ith  th e  u n ite d  g roups I  and II . 
F o u r  d ay s  la te r  in flu en za  В v iru s  w as re iso la ted  from  one in fec ted  group I I I  
cock, a n d  on challenge w h ich  follow ed 64 days a fte r in fec tio n , v iz . exposure, 
all g ro u p  I I I  cocks deve loped  a seco n d ary  H I an tib o d y  response  (Table I). 
A m o n g  a to ta l  of 22 p h e a sa n ts  inc luded  in  th is  ex p erim en t, seven  (32% ), 
w h ich  h a d  been in  a p o o rer co n d itio n  th a n  th e  re st, died b e tw een  13 to  56 days 
fo llow ing  upon  infection  or exposure . F igu re  1 shows th e  f lu c tu a tio n s  of th e  H I

F ig . 1. H a em ag g lu tin a tio n  in h ib itin g  serum  a n tib o d y  titre s  o f a d u lt  p h e a sa n ts  in fec te d  w ith  
or e x p o se d  to , В/H ong  K ong  /8 /73  in flu en za  v iru s  a t  d ifferen t tim es; a n d  H I- t i tr e s  in  egg 
y o lk  o f  in fec ted  (group I) fem ales; X =  H I- t i tr e s  in  th e  yo lk  of eggs la id  b y  th e  th ree  in fec ted

p h e a sa n t hens in  A pril

a n tib o d y  t i tre  of m ost b ird s  inc luded  in  th e  above ex p e rim en t, an d  of th e  
y o lk  t i t r e s  of H I an tib o d ies  found  in  eggs la id  by  singly-caged p h e a sa n t hens 
k e p t  in  th e  sam e room  as th e  ex p e rim en ta l b irds. F ig u re  1 also shows th e  
se c o n d a ry  H I an tib o d y  response  of th e  experim en ta l b ird s  to  challenge, and 
th e  f irm  an tibody  response  developed  by  one b ird  (No. 357) in  consequence of 
th e  b o o ste r  effect o f th e  challenge dose.

In  th e  n ex t ex p e rim en ta l series a d u lt  m allard  ducks w ere in fec ted  experi
m e n ta lly  w ith  th e  B /H K /8 /73  v iru s  s tra in , and  th e n  caged w ith  6 in -co n tac t 
c o n tro l b irds. The v iru s  w as re iso la ted  4 days p.i. from  th e  u p p e r re sp ira to ry  
m u co sa  of one in fected  m alla rd  (No. 577), and  sinusal ex u d a te  o b ta in ed  from  
th is  b ird  was used for in fra -o rb ita l in fec tio n  of tw o o thers. T he in fec ted  m allards 
a n d  tw o  of th e  in -co n tac t b ird s  developed  p rim ary  H I  a n tib o d y  response during
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th e  th ird  to  f if th  week p .i., an d  th e  la t te r  tw o reac ted  to  challenge a t  34 days 
p.i. by  seco n d ary  a n tib o d y  response. T he tw o b irds in fec ted  w ith  th e  sinusal 
ex u d a te  also showed seco n d a ry  H I a n tib o d y  response on exposure to  a b o o ste r  
dose 30 d ay s  la te r  (T able I I ) .

Table II

E xperim enta l in fection  o f  mallards w ith  in fluenza  v irus strain B /H K /8 /7 3

Mallards Virus reisolation HI antibody response to

Desig
nation

Date of

Date Results

exp. infection contact 
exposure

challenge 
(28 July, 1977)

exp.
infection

exposure to 
contact 

infection

after days

18 33 7
(4 August 1977)

577* 24 28 Ju n e Positive
578 Ju n e 1 : 32 1 : 8 1 : 256
579 1977 1 : 64 1 : 32 1 : 512

L N N 1 : 32
2 16 Ju lv N egative N
3 24 Ju n e 11 Ju ly N egative
4 1977 N N 1 : 64
5 N 1 : 16 1 : 128
6 N 1 : 8 1 : 192

580* 28 Ju n e N N 1 : 128
581* 1977 N N 1 : 256

* T he m allards Nos 580 an d  581 were in fec ted  in trao rb ita lly  w ith  the  sinusal ex u d a te  of 
No. 577

N  =  N egative
• N o t tes ted , previously k illed  for v irus reiso lation

In  ea rlie r surveys o f a v ian  su scep tib ility  to  type-A  in fluenza  v iruses, th e  
an a tid  b ird s  proved to  be m o st suscep tib le , especially  a t 10 to  21 days of age. 
In  view  o f th is , 3 one-day-o ld  ducklings w ere in fec ted  ex p erim en ta lly  w ith  
in fluenza  В v iru s  and a d d itio n a l 3 one-day-o ld  ducklings w ere p laced  w ith  th e m  
in  th e  sam e cage for d ire c t exposure. S erum  sam ples ta k e n  from  th e  in fec ted  
b irds a t  2, 3 and  4 weeks o f  age show ed H I  an tib o d y  ti t re s  of 1 : 16 to  1 : 64; 
am ong th e  in -co n tac t b ird s  only  one show ed a m easu rab le  serum  a n tib o d y  
ti tre . G row th  of the  ex p e rim en ta l ducklings was in fe rio r to  th e  breed average. 
On challenge a t 70 days p .i., th e  in fec ted  b irds developed  a secondary  H I  
an tib o d y  response; in  a single case (No. 575) th e  b o o ste r effect was pronounced  
a t  7 w eeks (F ig . 2). A m ong th e  in -co n tac t b ird s one (No. 389) and  tw o  infected  
b irds developed  a p rim ary  an d  secondary  H I  a n tib o d y  response, resp ec tiv e ly . 
S u b seq u en tly  25 one-day-o ld  ducks, 10 in fec ted  as above and  15 n o t in fec ted , 
were caged to g e th e r. In f lu e n z a  В v irus w as re iso la ted  from  th e  u p p e r re sp ira 
to ry  m ucosa  of tw o in fec ted  b ird s  killed 4 days la te r . A t 31 days p .i., 5 in fec ted
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Table Ш

H I  antibody response o f  day-old domestic ducklings to B /H K /8 /7 3

Post-infection I Designation
(1 August 1977) 

day of infected

sampling challenge 582 583 584 585 586 587 588 589

31 N 4 16 4

(1.9)

36

16 8 N 32

43 5 Sept. 196 128 16 64

(12.9) 256 512 128 32

67 512 128 32 64

(6.10) 196 512 64 64

80 32 16 N 16

(19.10) 64 64 32 N

109 N 8 N N

(17.11)

115

32 32 N 4

23 Nov.

122 128 1024 256 512

(30.11) 1024 1024 256 128

E xp lanation : P o sitiv e  isolation  of influenza v iru s В on  4 th  day  p.i. (5 A ugust 1977) from  
N N egative; — D ied previously
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F ig . 2. F lu c tu a tio n s  o f  H I-a n tib o d y  levels to  В/H o n g  K ong /8/73 in  th e  sera  o f th ree  in fec ted  
a n d  th re e  exposed o n e-d ay -o ld  ducklings. N os 574, 575 a n d  576 w ere in fec ted ; Nos 389, 390 

a n d  391 were exposed to  in fec tio n  b y  c o n ta c t
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d u ck lings and  2 in -co n tac t con tro l b ird s  h a d  low serum  H I  a n tib o d y  levels. 
S ev en  days a f te r  challenge 6 b ird s  each  o f  th e  in fected  (75% ) and  co n tro l 
g roups (40% ) developed  a secondary  H I  a n tib o d y  response (T able I I I ) ,  w h ich  
p e rs is te d  over 10 a n d  7 weeks, re sp e c tiv e ly . H I  an tibody  response  to  a second 
b o o s te r  dose g iven  a t  115 days p .i. a lso  show ed  th a t  the  in fec tion  h ad  sp read  b y  
c o n ta c t to  a su b s ta n tia l  p a rt of th e  c o n tro l b irds.

Domestic chickens o f different ages (one-day-o ld  or 2 -4  w eeks old) w ere 
in o cu la ted  w ith  th e  in fluenza v iru s  s t r a in  B /H K /8/73 . T he ag en t could  be 
re iso la te d  from  th e  u p p er a irw ays o f  a few  b irds 3-4  days p .i. A m ong th e  
ch icks in ocu la ted  in fra -o rb ita lly  w ith  th e  s in u sa l exudate  of b ird s  tre a te d  w ith  
in flu e n z a  В v iru s  3 days earlier, one dev e lo p ed  a secondary  H I  a n tib o d y  
resp o n se , while th e  u n tre a te d  in -c o n ta c t co n tro ls  showed a p r im a ry  response  to  
challenge a t 70 d ay s  p .i. A t 4 -8  w eeks p .i., th e  serological H I  a n tib o d y  levels 
w ere  scarcely m easu rab le  in  m o st in fe c te d  b ird s , b u t seco n d ary  a n tib o d y  
resp o n se  to  challenge a t  45-70 d ay s  p .i. s t i l l  persisted  a t  H I  t i t r e  levels o f 
1 : 192 to  1 : 512 m ore th a n  a m o n th  la te r .  The b irds exposed  to  c o n ta c t 
in fec tio n  developed  p rim ary  a n tib o d y  resp o n se  to  challenge in fec tion .

in flu en za  virus on infection  and exposure by contact

o f  d u c k lin g s

e x p o sed

366 367 368 369 370 590 591 592 593 594 595 596 597 598 599

N N N 8 N N N N
N 8 N 4 N N 4

N 8 32 128 128 128
4 64 256 96 16 8 32

32 64 64 16 64 32 32 64
N 64 128 16 32 32 64

N 16 8 N N died N N
N 32 32 8 N (14.11) 8 32

N N N N N — N N
N N N N N 8 N

128 128 256 512 128 — 64 64
128 1024 1024 256 256 64 256

th e  u p p e r  resp ira to ry  m ucosa of ducklings N os 580 a n d  581
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T he p rim ary  H I  a n tib o d y  response of b ird s  to  in fec tio n  w ith  th e  В /Н К /8 / 
73 s tra in  w as ch iefly  associa ted  w ith  IgM -type (2-M E sensitive) a n tib o d ie s , 
s im ila rly  as th e  re sp o n se  to  h u m an  in flu en za  A v iru s . The serological H I  
a n tib o d y  levels deve loped  during  p rim a ry  a n tib o d y  response were m a rk e d ly  
depressed  by  t r e a tm e n t  w ith  0.1 M 2-M E, w hile th e  h ig h  secondary H I  t i t r e  
levels w ere scarcely  a ffec ted  b y  it, if  a t all. T he g rea te r  p a r t  of th e  an tib o d ie s  
form ed d u ring  th e  seco n d ary  an tib o d y  response to  in flu en za  В virus in fe c tio n  
w as 2-M E re s is tan t.

D iscussion

P h easan ts  an d  m alla rd s  reared  in  c a p tiv ity  could  be infected w ith  th e  
B /H K /8 /73  reference s tra in  of h u m an  in flu en za  v irus, as verified  b y re - iso la tio n  
of th e  agen t from  th e  a irw ays 4 -5  days p .i. and  d em o n stra tio n  of p r im a ry  an d  
secondary  an tib o d y  responses to  in fec tion  and  challenge, respective ly . T h e  
agen t sp read  b y  c o n ta c t to  contro l b ird s  housed w ith  th e  infected ones, to  
ju d g e  from  th e  seco n d a ry  H I an tib o d y  response of th e  form er to  cha llenge , 
and  from  iso lation  o f th e  v iru s from  in -c o n ta c t p h easan ts  13 days a fte r p lac in g  
th em  w ith  th e  in fec ted  g roup  a t 3 weeks p.i. I t  follows th a t  th e  virus p e rs is ted  
in  th e  in fec ted  b ird s  fo r a t  least 3 w eeks. A ntibod ies w ere found in  th e  y o lk  o f 
eggs la id  b y  th e  in fe c te d  p h easan ts a t  t i t re s  sim ilar to  th e  serum  levels , b u t  
10-14 days la te r. T h e  H I  an tibod ies fo rm ed  d u ring  th e  prim ary  a n tib o d y  
response occasionally  persisted  for 3 -4  w eeks, and  those  form ed in re sponse  to  
challenge, for as long as 2 -3  m onths. T he p h easan ts  in fec ted  ex p erim en ta lly  or 
b y  c o n ta c t were re ta rd e d  in  com parison  to  th e ir  h e a lth y  con tem poraries , an d  
several o f them  died  in  2 -8  weeks. T he v iru s  could be reisolated fro m  th e  
in fec ted  m allards 4 d ays p.i. and it even could  be tra n sfe rre d  to  tw o su scep tib le  
ones w ith  th e  s inusa l ex u d a te  of a d iseased  b ird . T he in-con tac t d o m estic  
ducklings and  chicks d id  n o t show a p rim a ry  H I a n tib o d y  response, h u t  p a r t  
of th e m  developed a long-lasting  seco n d ary  a n tib o d y  response to  cha llenge . 
T he in fec ted  chicks d id  n o t tra n sm it th e  v iru s  b y  c o n ta c t to  susceptib le  ones. 
T he an tibod ies asso c ia ted  w ith  th e  p rim a ry  H I a n tib o d y  response to  in f lu e n z a  
В v iru s  w ere p re d o m in a n tly  of th e  IgM  class, w hile th o se  associated w ith  th e  
b o o stc red  secondary  a n tib o d y  response w ere m ostly  re s is ta n t to  2-M E also  in  
ducks and  chicks.

Serological sc reen ing  of seabirds in th e  F a r-E a s te rn  region of th e  U S S R  
revealed  an tibod ies to  in fluenza  В v iru s  in  1 .7%  of th e  exam ined se ra  [14]. 
A ccord ing  to  Ch e r n e t s o v  et al. [15], 7 .7 %  of w ild b ird s  m igra ting  and  h a tc h in g  
in  th e  P rim orye  reg io n  h ad  been infec ted  b y  in fluenza  В v irus, and S o l o u k h i n  
et al. [16] found  a s till g rea te r percen tag e  of in fec tio n  am ong dom estic  an d  
w ild b irds s tu d ied  in B yelorussia . A m ong Zoo b irds and  w ild birds ex am in ed  b y
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us d u ring  o u tb reak s  of in fluenza  В v iru s  in fec tio n  in  H u n g a ry , 4 .1%  has serum  
an tib o d ies  to  th e  agen t. S ubsequen t ex p e rim en ts  perfo rm ed  on ad u lt p h e a sa n ts  
an d  m allard  ducks, as well as on one-day -o ld  dom estic ducklings and ch icks 
h a v e  show n th a t  these  species, too , a re  suscep tib le  to  th e  agent, an d  th e  
in fec tio n  of th e  p h easan ts  m ay  p e rs is t fo r 3 weeks a t le a s t. E vidence of tra n s -  
m issib ility  of th e  in fec tion  by  c o n ta c t w as also ob ta in ed  in  all exam ined species 
ex cep t the  dom estic  chicken, a lthough  sp re a d  w as of a lesser degree co m p ared  
to  th a t  of in fluenza  A v irus.
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PURIFICATION AND CHARACTERIZATION OF A 
DNA-DEPENDENT ATPase FROM 

BACILLUS CEREUS*

G. B á n f a l v i , A d é l  Oh l b a u m , S. C suzi and F . A n t o n i

F irst In s titu te  o f  B iochem istry, Sem m elw eis U niversity  M edical School, B udapest 

(R ece ived  Ju n e  29, 1979)

A  D N A -d ep en d en t A TPase (m olecu lar w e ig h t 71 000) free o f  nuclease  a c t iv ity  has 
b een  p u rif ied  fro m  Bacillus cereus. T he enzym e show s sim ilar ch a ra c te ris tic s  as th e  enzym e 
iso la ted  fro m  Escherichia coli and  B acillus sub tilis. H e a t d en a tu red  D N A  s tim u la te s  th e  ra te  
o f  A T P  h y d ro ly sis  to  A D P and Pj to  an  e x te n t  a b o u t tenfold h ig h er th a n  th e  n a tiv e  D N A . 
D ouble  s tra n d e d  D N A  w ithou t single s tra n d e d  reg ions is n o t a su itab le  co fac to r fo r th e  enzym e. 
T h e  A T Pase  is in h ib ite d  by  adenosine /i. y -im in o )-d ip h o sp h a te , w hile a n o th e r  A T P  analogue, 
adenosine  5’-(/J, y -m eth y lene)-d iphosphate  h a s  no effec t on A T Pase a c tiv ity . fo r A T P  is 
0.38 mM, th e  a p p a re n t  К у, for n u c leo tide  e q u iv a le n t D N A  is 1.2 рм . E v id en ce  o f th e  u n w in d , 
in g  fu n c tio n  o f th e  enzym e is p resen ted .

D N A -d ep en d en t A TPases c o n ta in in g  A T P -d ep en d en t D N ase  a c tiv ity  
w ere described  in  various b a c te ria  [1 -5 ] an d  w idely accep ted  as th e  enzym es 
o f reco m b in a tio n . D N A -dependent A T P ases w ith o u t n u c leo ly tic  a c tiv ity  h av e  
been  d e te c te d  in  Escherichia coli [6—9], B acillus subtilis [10], v acc in ia  v iru s  
core [11], in  m am m alian  [12, 13] a n d  p lan t cells [14]. These A T Pases 
s tim u la te d  b y  single stran d ed  D N A  m ay  belong  to  th e  m u ltien zy m e sy s tem  of 
D N A  re p lic a tio n , unw inding double  s tra n d e d  D N A  for th e  D N A  sy n th es iz in g  
enzym es [15].

A n A T P -d ep en d en t D N ase h av in g  D N A  s tim u la ted  A T Pase a c tiv ity  
w as described  earlier in B . cereus [5]. Som e properties of th is  A T Pase seem ed 
to  be s im ila r to  th e  D N A -dependen t A T P ases devoid o f nuclease a c tiv ity  
iso la ted  from  o th e r bac te ria  [10, 16]. T he question  arose w h e th e r th e  D N A - 
d ep en d en t A T P ase  of B . cereus could be iso la ted  in  itse lf, s e p a ra te d  from  
nuclease  a c tiv ity . The p resen t p a p e r describes th e  p u rif ic a tio n  an d  m ain  
c h a ra c te ris tic s  of a D N A -dependen t A T P ase  from  B . cereus, specific  to  single 
s tra n d e d  D N A  and  free of D N ase a c tiv ity .

M ateria ls an d  m ethods

B u ffe r  A :  20 m M  Tris-HCl p H  7.5, 0.1 m M  e thy lene-d iam ine te tra a c e tic  acid , 2 m M  
2 -m erc ap to e th a n o l, 10%  v /v  glycerol. B u ffe r  B :  20 m M  T ris-H C l p H  7.5, 0.1 m M  e th y len e- 
d ia m in e -te tra ac e tic  acid, 2 m M  2 -m ercap to e th an o l, 30%  v /v  glycerol. B u ffe r  C: 20 m M  T ris -

* W o rk  su p p o rte d  by  th e  H u n g a rian  M in istry  o f H ealth  (4.01.5).
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HCl p H  7.5, 1 ш м  M gCl2, 2 ш м  2 -m ercap to e th an o l 30%  v /v  glycerol. S S C  buffer: 150 m M  
N aC l, 15 m M  sodium  c itra te  p H  7.0.

3H — D N A  was p re p a re d  from  B . cereus 130 th y~  as described  earlie r [17]. U n labelled  
D N A  from  chicken e ry th ro c y te s  and  y eas t R N A  w ere th e  p ro d u c ts  o f R eanal (B u d ap est) 
PM  2 DN A  was o b ta in e d  fro m  D r. P . Med v ec zk y  ( In s t i tu te  o f M icrobiology, Sem m elw eis 
U n iv e rsity  Medical School), T7 D N A  was o b ta in ed  fro m  D r. A. F e k e t e  ( In s ti tu te  of B io p h y s
ics, Sem m elweis U n iv e rs ity  M edical School). H e a t d é n a tu ra t io n  o f D N A  was carried  o u t  a t  
100 °C for 10 m in in SSC b u ffe r  follow ed b y  ra p id  chilling  in  ice. D N A  w as sonicated  by  m eans 
of a Sonic 300 d ism em b ra to r (A rtek ) for 1 m in  in  ice b a th .  UV  lig h t ir ra d ia te d  DNA w as o b 
ta in e d  by  irrad ia tio n  o f n a tiv e  D N A  b y  100 000 e rg /m m 2 using  a G erm icid  F  lam p  (T ungsram ).

Single stranded D N A  from  chicken e ry th ro c y te s  w as lin k ed  to  C N B r-Sepharose 4B 
b y  th e  m ethod  of Ar n d t  — J o v in  e t al. [18] as m od ified  b y  Y o ung  [10].

y -32P - A T P  (200 Ci p e r  m ole) was p rep ared  acco rd ing  to  P ost an d  Se n  [19]. U nlabelled  
A T P  analogues, adenosine  5’-(/?, y -m eth y len e)-d ip h o sp h ate  and  adenosine  5’-(/?, y-im ino)- 
d ip h o sp h a te  were from  B oehringer.

Protein ivas determ ined  b y  th e  m ethod  of L o w r y  et al. [20]; c ry sta llin e  bovine se ru m  
a lb u m in  (Serva) was used  as s ta n d a rd .

IgG  p repared  ag a in s t D N A  helicase I I  from  E . coli (50 m g p e r m l) was th e  g ift o f D r. 
M. A b d e l -Mo nem .

Conditions fo r  nuclease treatment o f  D N A .  In c u b a tio n  w ith  p a n c re a tic  endonuclease  
(D N ase I) in  0.3 ml co n ta in ed  3 //m oles of T ris-H C l b u ffe r  p H  7 .5 ,1 .5  nm ole o f MgCl2, 48 nm oles 
o f 3H -labelled  B . cereus D N A  and  3 u n its  o f p a n c re a tic  deoxyribonuclease  (Serva). T he 
m ix tu re  was in cu b a ted  a t  35 °C fo r 30 m in. T he re a c tio n  w as te rm in a te d  by  heating  a t  60 °C 
fo r 10 m in. Acid soluble D N A  w as rem oved  b y  d ia lysis ag a in st 200 vo lum es of SSC b u ffer. 
T he dialysed  m ate ria l w as used  as D N ase I t r e a te d  D N A . T he co n tro l sam ple was t r e a te d  
sim ilarly  excep t th a t  n u c lease  w as in ac tiv a te d  before ad d itio n  to  th e  in cu b a tio n  m ix tu re .

Sj nuclease w as u sed  to  rem ove single s tra n d ed  regions o f D N A . T he reac tion  m ix tu re  
(0.3 m l) con tained  10 //m oles o f  sodium  ace ta te  p H  4.7, 50 //m oles o f N aC l, 0.3 //mole of Z n S 0 4, 
48 nm oles of 3H -labelled  D N A  an d  20 u n its  of Sx nuclease  (Sigm a). T he m ix tu re  was in cu b a ted  
a t  35 °C for 10 m in. T he re a c tio n  was te rm in a ted  b y  h e a t  in a c tiv a tio n  an d  d ialysed ag a in s t 
SSC buffer as described  above.

Nuclease assay  w as carried  o u t as described  [5]. T he re ac tio n  m ix tu re  con ta in ed  in  
a  vo lum e of 0.15 m l, 10 nm oles o f nucleo tide  e q u iv a len t 3H -D N A  (7 X Ю3 cpm  per nm ole), 
30 nm oles of A TP, 6 //m oles o f M gCl2, 7.5 //m oles o f T ris -H C l b u ffer p H  8.0 and enzym e. 
A con tro l assay  w ith o u t A T P  was alw ays m ade.

D N A -dependent A T P a se  assay was carried  o u t b y  th e  m easu rem en t of 32Pj re leased  
from  y —'32P -A T P . T he re a c tio n  m ix tu re  (0.15 m l) co n ta in ed  10 nm oles o f DNA, 0.5 nm ole 
o f y —'32P -A T P  (1-4  X 105 cpm  per nm ole), 150 nm oles o f u n labe lled  A T P , 150 nmoles o f M gCl2, 
1.5 jumole of T ris-H C l b u ffe r  p H  8.0 and enzym e. A fte r in cu b a tio n  a t  35 °C for 20 m in , th e  
reac tio n  was te rm in a te d  b y  a d d itio n  of 0.2 m l N o rit A (S erva) suspension  (4%  in 0.1 M  HC1) 
an d  0.05 m l m ethano l. A fte r  sh ak in g  for one m in u te  an d  s tan d in g  in  ice fo r 10 m in, the  ch arco al 
w as rem oved  by  cen tr ifu g a tio n  a t  4000 g  and  th e  32Pj rem a in in g  in  th e  su p e rn a ta n t w as m ea 
su red  in an  aqueous so lu tio n  b y  m eans of th e  C erenkov effect. P a ra lle l assay  w ith o u t D N A  
w as perform ed. One u n it  m eans th e  a m o u n t o f enzym e w hich d egrades 1 nmole of A T P  to  
A D P  and  Pj in  20 m in  u n d e r  th e  above m en tio n ed  conditions.

D N A  duplex un w in d in g  assay. The re ac tio n  m ix tu re  (0.3 m l) con tained  10 nm oles 
3H -D N A , 10 //m oles T ris -H C l b u ffer p H  8.8, 1 //m ole CaCl2, 30 nm oles A TP, 50 //g bovine  
serum  album in , 6-30  u n its  o f p u rified  D N A -d ep en d en t A T Pase (F ra c tio n  V I) and 2.5 m U  
m icrococcal nuclease (B oehringer). The con tro l re ac tio n  d id  n o t co n ta in  nuclease, A T Pase  or 
e ith e r of the  enzym es. T he reac tio n  was in cu b a ted  a t  35 °C for 20 m in  an d  th en  te rm in a te d  
b y  th e  ad d itio n  of 0.2 m l 2 м perch loric  acid  an d  0.1 ml 5 m g p e r m l bovine serum  a lb u m in  
so lu tion . U ndigested  D N A  w as p re c ip ita te d  and  a f te r  s tan d in g  a t  0 °C fo r 10 m in th e  sam ple  
w as cen trifuged  a t  4000 g  fo r 10 m in; 0.2 m l a liq u o ts  from  th e  su p e rn a ta n t were p ip e tte d  
in to  coun ting  v ials a n d  ra d io a c tiv ity  was m easu red .

Results

P urifica tion  o f  D N A -dependen t A T P a se . T he p rocedure  was sim ilar to  
t h a t  used for p u rif ic a tio n  of A T P -dependen t D N ase  [5]. B . cereus N R R L  B-569 
w as grown on C asam ine m edium  [5]. T he log phase  cells ( 5 x l 0 8 cells
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per ml) w ere h a rv e s te d  b y  cen trifu g a tio n  and  w ashed  once w ith  0 .5%  N á d -  
О.5%  KC1 so lu tio n  an d  once w ith  cold B uffer A. Cells w ere resuspended  b y  
add ing  tw o m l of B u ffe r A to  each g o f cells (w et w eight). T he cell suspension  
w as stored  a t  —20 °C. A ll o th e r o p era tio n s w ere ca rried  o u t a t  0—4 °C an d  
centrifuged  in  a B eck m an  J-21 cen trifuge  a t 12 000 g  fo r 20 m in unless o th e r
wise no ted . A su m m a ry  of th e  p u rif ic a tio n  p rocedure  is given in  T able I .

Table I

S u m m ary  o f  the purifica tion  procedure

Fraction Volume
(m!)

Protein
(mg)

kU of 
activity

Specific
activity
(kU/mg)

Purification
(fold)

L E x tra c t 23 571 70 0.12 l

11. 40%  AS super-

n a tan t 22.5 416 72 0.17 1.4

I I I .  50%  AS precipi-

tä te 1 24.4 23.8 0.98 8.1

IV . Gel filtra tion 12 11.0 13.8 1.25 10.4

V. DEAE-cellulose 20 0.8 12.5 15.6 130

V I. DNA-Sepharose 8 0.04 5.4 135 1125

T he frozen  cell suspension  w as slowly th a w e d  a t 4 °C. F ive  m l a liquo ts 
w ere d is ru p te d  w ith  ten  30 s pu lses by  a Sonic 300 d ism em b ra to r (A rtek). 
The debris w as rem oved b y  cen trifu g a tio n . The su p e rn a ta n t was cen trifuged  
a t  110 000 g  fo r 60 m in using  a B eck m an  m odel L  cen trifuge. T he pelle t was 
d iscarded , th e  su p e rn a ta n t re ta in e d  an d  dialysed ag a in st 200 volum es of 
B uffer A (F rac tio n  I).

F re sh ly  p repared  10%  s tre p to m y c in  su lp h a te  so lu tion  in  B uffer A was 
slowly ad d ed  by  co n stan t s tir r in g  over a 20 m in period  to  F rac tio n  I . The 
volum e of th e  added  strep to m y c in  w as 1/20 of F ra c tio n  I . A fter m ix ing  for 
an o th e r 20 m in  th e  suspension w as cen trifuged  and  th e  pellet co n ta in in g  
nucleic acids w as d iscarded. To th e  s u p e rn a ta n t solid pu lverised  am m onium  
su lp h a te  (AS) w as added  slowly over a 20 m in  period to  4 0 %  sa tu ra tio n . A fte r 
s tirrin g  for fu r th e r  20 m in  th e  suspension  w as cen trifuged  an d  th e  su p e rn a ta n t 
w as saved  (F rac tio n  II) .

Solid am m onium  su lphate  w as ad d ed  to  F rac tio n  I I  and  b ro u g h t to  
50%  sa tu ra tio n  as described before, an d  th e n  cen trifuged . T he p rec ip ita te  
was resuspended  in  1 m l Buffer В an d  d ia ly sed  against 200 m l of th e  sam e 
bu ffe r (F rac tio n  I I I ) .

F ra c tio n  I I I  w as applied  to  a G-100 co lum n ( 5 0 x 2  cm) prev iously  
eq u ilib ra ted  w ith  B uffer B . A ctive frac tio n s  o f th e  gel f i l t ra te  w ere pooled 
(F rac tio n  IV).
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Fraction number

Fig. 1. D E A E -cellu lose  ch ro m ato g rap h y  o f D N A -d ep en d en t A T Pase. A T Pase a c tiv ity  in
th e  presence of ssD N A  • -----•  and  in  th e  absence of D N A  О ----- О - D N ase  a c tiv ity  on ssD N A

▲ N aC l g rad ien t — — —

F ra c tio n  1У was app lied  to  a D E A E -cellu lose co lum n (1 2 x 1 .5  cm ), 
eq u ilib ra ted  w ith  Buffer B , w ash ed  w ith  30 m l B uffer В and  w ith  a lin ea r 
g rad ien t (200 m l to ta l vo lum e from  0-0 .6  м N aC l in  th e  sam e bu ffe r (F ig . 1). 
D N ase, sp ec ific  for d en a tu red  D N A  e lu ted  in  a single p eak  a t  0.32 м NaCl 
c o n c e n tra tio n . D N A -d ep en d en t A T Pase e lu ted  in  a b ro a d  peak , h av in g  D N A  
in d e p e n d e n t A TPase a c tiv ity , to o . F rac tio n s  (20-40) co n ta in in g  on ly  A T Pase 
a c tiv ity  w ere  com bined a n d  d ia lysed  a g a in s t B uffer C. T he d ia lysed  enzym e 
was c o n c e n tra ted  to  20 m l u sin g  an  A m icon p ressu re  co n cen tra to r  (F rac tio n  Y).

I n  o rd e r to  sep ara te  D N A -d ep en d en t A T Pase from  th e  D N A  in d ep en d en t 
one, a co lum n of single s tra n d e d  D N A -S epharose  (1 .5 x 1  cm) w as applied. 
T h e  co lu m n  was e q u ilib ra te d  p rev iously  w ith  B uffer C. F rac tio n  Y  w as loaded 
o n to  th e  colum n. B ou n d  A T Pase w as e lu ted  b y  a lin ea r g rad ien t ( to ta l 40 ml)

10 20 
Fraction number

Fig. 2. D N A -Sepharose  ch ro m a to g rap h y  of D N A -d ep en d en t A T P ase . A TPase a c t iv ity  in  th e
presence of ssD N A  # ——•  and  in  th e  absence of i t  О--- О- D N ase a c tiv ity  on ssD N A  ▲ • • - A .

NaCl g ra d ie n t — — — —
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of 0—0.6 м NaCl in  B uffer C and  1 m l frac tions w ere collected. D N A -dependen t 
A T P ase  was e lu ted  a t  0.45 м N aC l co n cen tra tio n , D N A  in d e p e n d e n t A T Pase 
d id  n o t b ind to  th e  colum n (Fig. 2). D N A -dependen t A TPase co n ta in in g  frac 
tio n s  w ere collected and  dialysed a g a in s t B uffer C (F rac tio n  V I). T his m a te ria l 
w as s to red  a t —20 °C and used fo r su b seq u en t experim en ts.

Molecular weight determ ination. One m l of F ra c tio n  V I w as app lied  to  th e  
S ep h ad ex  G-100 co lum n p rev iously  ca lib ra ted  u sing  bovine serum  a lb u m in , 
p ep sin , try p s in  an d  cytochrom e C. T he A T Pase was e lu ted  w ith  B uffer C 
so m ew hat earlier th a n  was the  b o v in e  serum  album in . The m olecu lar w eight 
of D N A -d ep en d en t A TPase co rresponds to  71 000 d a lto n  as ca lcu la ted  b y  th e  
e q u a tio n  of D e t e r m a n n  and M i c h e l  [21].

Properties o f  the pu rified  enzym e. A ssa y  conditions. The cond itions o p tim al 
for th e  ca ta ly tic  fu n c tio n  were te s te d . T he p H  in  th e  range from  7 .0-9 .5  h ad  
l i t t le  influence on th e  D N A -dependen t A T Pase ac tiv ity . T he enzym e w as 
s tim u la te d  by  M gCl2 w ith  an o p tim u m  a t 1 т м .  A dd ition  of C aC l2, CuCl2 an d  
CoCl2 a t  1 т м  s tim u la te d  85% , 5 1 %  and  7% , respective ly , o f th e  m easured  
o p tim a l level.

Requirem ent o f  A T P .  D N A -d ep en d en t A T Pase a c tiv ity  teas m easured  a t  
d iffe ren t co n cen tra tio n s of ATP in  o rd e r to  d e te rm in e  th e  m ax im u m  ra te  and 
su b s tra te  req u irem en t of the  re a c tio n . A reg u la r s a tu ra tio n  curve  w as o b ta in ed . 
T he v a lu e  of K m w as 0.38 т м  (F ig . 3). C om petition  experim en ts w ith  tw o A T P 
analogues, adenosine 5’-(/3,y-im ino)-diphosphate and  adenosine 5’-(/?,y-m ethyl- 
ene)-d ip h o sp h a te  show ed (Fig. 4) t h a t  only th e  im ino  analogue com peted  w ith  
A T P  fo r th e  enzym e and  caused a 6 5%  in h ib itio n  a t  0.8 т м  analogue concen
tra t io n . The m eth y len e  analogue h a d  no in h ib ito ry  effect.

Requirem ent o f  D N A .  The co fac to r specific ity  of th e  D N A -dependen t 
A T P ase  was in v es tig a ted  using d iffe ren t n a tiv e  an d  d en a tu red  nucleic acids

[ATP] mM
Fig. 3. E ffec t of A T P  concen tra tion  on  D N A -d ep en d en t A T Pase ac tiv ity . T he enzym e w as 
assay ed  un d er s ta n d a rd  conditions w ith  v a r io u s  am o u n ts  o f y-32P-labelled  A T P. In se t: L ine- 

w eaver-B urk  p lo t  o f th e  sa tu ra tio n  d a ta
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(T ab le  I I ) .  L inear single s tra n d e d  D N A  e ith e r  from  B . cereus, ch icken e ry th ro 
c y te s  or from  T7 phage s tim u la ted  a considerab ly  h ig h er p h o sp hohydro ly tic  
c leavage  o f A TP th a n  th e  dup lex  one. A m ong th e  n a tiv e  D N A  m olecules 
te s te d , UV ligh t tre a te d  D N A  did n o t s tim u la te  m ore effectively  th e  A TPase 
a c t iv i ty  th a n  th e  u n tre a te d  one, in d ica tin g  th a t  UV induced  p h o to p ro d u c ts  
w ere  n o t  th e  in itia to rs  o f A TP hydro ly sis . U ltra so u n d  produced  b reak s  in  th e  
n a tiv e  D N A  backbone a p p a re n tly  d id  no t in fluence  th e  A T Pase ac tiv ity .

15 r

or
я I_____ ____ ____________,

0.2 0.4 0.6 0.8
[ATP analogue] mM

F ig . 4. In h ib itio n  of D N A -d ep en d en t A T Pase a t  d ifferen t co n cen tra tio n s of adenosine
y -m eth y len e)-d ip h o sp h ate  # -----•  and  adenosine  y-im ino)-d iphosphate  О--- О* A TPase
a c t iv i ty  w as m easured  acco rd ing  to  “ M ethods”  w ith  the  ex cep tio n  th a t  th e  re ac tio n  m ix tu re  

co n ta in ed  only y-32P -A T P  (0.5 nm ole)

Table II

Effect o f  nucleic acid cofactors on the D N A-dependent A T P a se  activity  
T he re ac tio n  m icture (0.15 m l) contained 150 nm oles of y-32P-A T P  and  5 nmoles of nucleic acid

cofactor

Nucleic acid P i  nmole/20 min

B . cereus du p lex  DN A 2.8

B. cereus du p lex  DN A  UV lig h t trea te d 2.9

B . cereus du p lex  DN A  u ltra so u n d  sheared 2 . 0

B. cereus du p lex  DN A  D N ase I trea te d 9.1

jB . cereus du p lex  DN A  Sj nuclease trea ted 0.82

B . cereus single stran d ed  DN A 15.8

T7 duplex D N A 1.9

T7 single s tra n d ed  DNA 21.5

PM 2 0.53

Chicken du p lex  DNA 2.8

Chicken single s tran d ed  DNA 14.7

Y east RN A 0.45
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[DNA] /iM

Fig. 5. E ffec t o f A T P ase  ac tiv ity  of n a tiv e  О -----О  an d  h e a t  d en a tu red  D N A  • ----- 9  S ta n 
d a rd  A T P ase  re ac tio n  was carried  o u t a t  va rio u s co n cen tra tio n s of T7 DN A

D N ase I  th a t  re su lte d  in  o lygodesoxynucleo tides w ith  5’-ph o sp h a te  te rm in a ls  
increased  th e  A T P ase  ac tiv ity  a b o u t th ree-fo ld . O n th e  o th e r h an d , Sj e n d o 
nuclease th a t  d eg rad ed  any single s tra n d e d  regions to  m ononucleo tides d e 
creased  th e  A T P ase  ac tiv ity . C ircular d u p lex  of PM  2 and RN A  were in ac tiv e  as 
cofactors.

T he D N A -d ep en d en t A TPase as a fu n c tio n  of double and single s tra n d e d  
T7 D N A  show ed a regu lar s a tu ra tio n  curve (F ig . 5). The h a lf  s a tu ra tio n  co n 
c e n tra tio n  w as 1.2 /гм for th e  single s tra n d e d  D N A .

D N A  u n w in d in g  activity. T he  s tra n d  se p a ra tio n  effect of th e  enzym e w as 
follow ed by  m easu rin g  th e  acid soluble D N A  released  by  m icrococcal nuclease  
— a З’-o ligonucleo tidohydroIase p re fe ren tia l to  single s tran d ed  D N A  —  in  th e  
presence and  in  th e  absence of D N A -dependen t A T Pase from  B . cereus. N a tiv e  
and  h e a t d e n a tu re d  D N A  were used  as su b s tra te  (Table I I I ) .  T he A T Pase h a d

ТгЫ е II I

Stim ulatory effect o f  D N A-dependent A T P a se  on micrococcal nuclease activity 
U nw inding was m easured  as described in  “ M ethods”

Micrococcal
nuclease

(mU)
ATPase
(units)

Acid soluble material released from

native DNA denatured DNA

(nmole)

— 6 0.006 0.007

— 15 0.005 0.008

— 30 0.009 0.008

2.5 — 1.4 7.4

2.5 6 1.8 7.3

2.5 15 2.5 7.6

2.5 30 2.9 7.4
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no m easu rab le  D N ase a c tiv ity  by  its e lf  e ith e r  on n a tiv e  or h e a t d en a tu red  
3H -D N A . The D N ase a c tiv ity  of m icrococcal nuclease w as s tim u la te d  ab o u t 
tw o-fo ld  in  th e  presence  of 30 u n its  o f D N A -d ep en d en t A T Pase on n a tiv e  
D N A . T he contro l re a c tio n  w ith  d e n a tu re d  D N A  did  n o t show  D N ase s tim u 
la tio n  in  th e  presence o f  D N A -d ep en d en t A TPase.

Im m unolog ica l s im ilarities b e tw een  th e  D N A -dependen t A T P ase from  
B . cereus and  E . coli w ere s tud ied  by  a d d itio n  of IgG  produced  ag a in st helicase 
I I  fro m  E . coli to  th e  re a c tio n  m ix tu re . F i f ty  pg of helicase I I  an tise ru m  cavised 
an  ap p ro x im a te ly  80 %  inh ib itio n  on th e  D N A -dependen t A T Pase from  B . 
cereus. C ontrol sam ples fa iled  to  in fluence  th e  A T Pase ac tiv ity . T h is o b se rv a 
tio n  suggested  an  im m unological re la tio n sh ip  betw een  th e  E . coli an d  B . cereus 
D N A -d ep en d en t A T P ases.

D iscussion

E x p erim en ts  u n d e rta k e n  w ith  a 1100-fold purified  D N A -dependen t 
A T P ase  free of nuclease a c tiv ity  show ed th a t  th e  enzym e from  B . cereus has 
s im ila r ch a rac teris tic s  as those  of E . coli [7, 16] and  B . subtilis [10]. T he Км 
o f A T P  is 0.38 т м  fo r th e  B . cereus D N A -d ep en d en t A T Pase, 0.4 т м  for th e  
B . subtilis  [10] and  a b o u t 0.15 т м  fo r th e  E . coli enzym es [7, 16]. T he B . 
cereus enzym e has a m o lecu la r w eight o f  71 000, s im ilar to  th e  B . subtilis  [10] 
an d  th e  E . coli [7, 9, 16] A TPases. I t  is in h ib ite d  by  adenosine 5’-(/3,y-imino)- 
d ip h o sp h a te  like u n w in d in g  ATPases fro m  E . coli [16, 22] and  its  a c tiv ity  is 
h in d e red  b y  IgG  p re p a re d  against helicase  I I  from  E . coli, also suggesting  th e  
re la tio n sh ip  betw een  th e  tw o enzym es.

L in ea r single s tra n d e d  DNA is th e  m o st effective co facto r of th e  enzym e. 
A m ong th e  n a tiv e  D N A  m olecules te s te d , UV lig h t tre a te d  and  u ltra so u n d  
sh ea red  D N A  show ed n e a rly  the  sam e w eak  s tim u la tio n  of A T Pase a c tiv ity  
as th e  u n tre a te d  d u p lex  DNA. The n eed  fo r single s tran d ed  regions of th e  
B . cereus A TPase w as d em o n stra ted  also  b y  th e  fa c t th a t  th e  s tim u la to ry  
effect o f linear dup lex  D N A  was decreased  b y  Sj nuclease d igestion  and  in 
c reased  b y  D N ase I  t re a tm e n t.

T he D N A -d ep en d en t A TPase from  B . cereus increased  th e  a c tiv ity  of 
m icrococcal nuclease on ly  on na tive  D N A . T he increase was exp la ined  b y  th e  
ra ised  level of single s tra n d e d  DNA p ro d u ced  b y  th e  effect of D N A -dependen t 
A T P ase , p ro b ab ly  b y  th e  unw inding o f d u p le x  regions. A sim ilar ch a in  se p a ra 
tio n  w as observed w ith  th e  E . coli rep p ro te in  [9], w ith  DNA b ind ing  p ro te in  
[23] an d  w ith  D N A  u n w ind ing  A T P ases [24].

C oncerning th e  bio logical role o f  th e  D N A -dependen t A T Pase, D N A  
d u p le x  w ith  single s tra n d e d  regions seem s to  be th e  ta rg e t m olecule of th e  
enzym e. T he D N A -dependen t A T P ase -A T P  com plex p ro b ab ly  b inds to  single
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s tra n d e d  regions, u s in g  th e  energy  o f  A TP hydro lysis fo r m elting  th e  base  
p a irs  and  keeping th e  s tra n d s  se p a ra te d . T he m elting  o f d u p lex  D N A  b y  m eans 
o f D N A -dependen t A T P ase  is im p o r ta n t  n o t only because  i t  po in ts  to  th e  
possib le function  o f th e  enzym e in  th e  rep lica tion  p rocess, b u t  also gives a 
possib le  exp lication  how  a D N ase, e.g. m icrococcal nuclease can be A TP- 
d ep en d en t in  co o p e ra tio n  w ith  a D N A -d ep en d en t A T P ase  as d em o n stra ted  in  
T ab le  I I .  In  o rder to  confirm  th e  h y po thesis  th a t  A T P -d ep en d en t D N ase 
a c tiv ity  is the  re su lt o f  a co o p era tio n  betw een  D N A -d ep en d en t A T Pase an d  
a  D N ase  specific to  sing le  s tran d ed  D N A , fu r th e r  ex p e rim en ts  are in  progress.
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ENTEROTOXIN PRODUCTION OF YERSINIA  
ENTEROCOLITICA STRAINS*

D ó r a  V e l i n , L. E m ő d y , S. P á c s a  and T. K o n t r o h k  

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

(R eceived S ep tem b er 6, 1979)

E ig h teen  Y ersin ia  enterocolitica se ro g ro u p  0 3 , rham nose  n eg ativ e  s tra in s  iso la ted  in  
H u n g a ry  from  h u m an  en te ritis , have  b e en  s tu d ied  for en te ro to x in  p ro d u c tio n . F resh ly  iso
la te d  s tra in s  c u ltiv a ted  a t  25 °C p ro d u ced  h e a t  s tab le  (ST) e n te ro to x in  d e m o n s trab le  in  suck 
ing m ice, w hereas s tra in s  iso lated  earlier a n d  m a in ta in ed  in  su b cu ltu re  lo s t  th e ir  to x in  p ro d u c 
ing  cap a c ity . No h e a t lab ile  e n te ro to x in  (L T ) w as fo u n d  in  th e  f i l t r a te  o f th e  cu ltu res  or in  
th e ir  son icated  ly sa te . T he ST of one s t r a in  ex erted  a d ila tin g  effec t on  th e  in te s tin a l loop 
of ra b b its . S tra ins c u ltu red  a t  37 °C p ro d u c e d  no to x in . T ox in  p ro d u c tio n  w as dem o n strab le  
in  S yncase  m edium  b u t  n o t in  th e  m o d ified  S akazak i m edium . N one of th e  s tra in s  caused 
k e ra to co n ju n c tiv itis ; th ree  stra in s  e lic ited  m ild  co n ju n c tiv itis  in  gu inea  pigs.

Y ersin ia  enterocolitica is a fre q u e n tly  iso la ted  en te ric  p a th o g en  in  
H u n g a ry . The f irs t  s tra in  was iso la te d  h y  R é d e y  [1] in  1965. A ccord ing  to  th e  
la te s t  re p o rt of S zita  and Svidr ó  [2 ] th e  organism  occurs in  every  p a r t  of th e  
c o u n try  and  m ore th a n  2000 s tra in s  w ere iso la ted  b e tw een  1969 an d  1976. 
T hus it  occurs as th e  th ird  en te ritis -cau sin g  pa thogen  in  H u n g a ry  a fte r  salm o
nella  and  shigella [2]. In  th e  p a th o m ech an ism  of Y . enterocolitica besides 
sy m p to m s referring  to  en d o tox in , th e  role of th e  e n te ro to x in  m ay  also be 
assum ed  [3, 4]. S ero types of h u m a n  orig in , especially  s tra in s  n o t fe rm en tin g  
rh am nose , were found  to  p roduce ST ty p e  en te ro to x in  [4, 5]. T he a im  of th e  
p resen t s tu d y  w as to  determ ine w h e th e r  ST or LT p ro d u c tio n  could  be found  
in  c e r ta in  rep re sen ta tiv e  s tra in s  iso la te d  in  H u n g ary  an d  to  d e te rm in e  th e  
cond itions necessary  for d e m o n s tra tio n  of th e  en te ro to x ig en ic ity .

Materials and methods

Bacterial strains. F ive  of th e  18 s tra in s  s tu d ied  were iso la ted  a t  th e  I n s t i tu te  o f M icro
b io logy of U n iv ersity  M edical School, Pécs. F u r th e r  stra in s  were o b ta in ed  fro m  D r. A. Svidró  
(N a tio n a l In s t i tu te  o f H ygiene. B u d ap est) a n d  D r. B. R é d e y  (Public  H e a lth  S ta tio n , V eszprém ) 
P a r t  o f th e  stra in s  w as iso lated  be tw een  1974 and  1975 and a n  earlie r iso la ted  lab o ra to ry  
s tra in , to o , was s tud ied . T he o th er s tra in s  w ere fresh  isolates. T he s tra in s  w ere a ll rham nose  
n eg a tiv e , belonged to  serogroup 0 3  a n d  w ere iso la ted  from  h u m an  en te ritis  cases (Table I).

* S u p p o rted  b y  th e  Scientific R e se a rc h  Council. H u n g a rian  M in istry  o f H e a lth  (3— 
1 0 -0305-03-1 /K ).
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Culture media, cultivation . Syiicase m edium  [6]: C asam ino acid  2 % , y eas t e x tra c t 
(D ifco ) 1% , glucose 0 .4 % , p H  8.5. M odified S akazak i m ed iu m  [7]: L ev in th a l b ro th  1000 m l; 
N aC l 0 .35% ; m ann ito l 0 .1 % ; K ,H P 0 4 0 .368% ; K H 2P 0 4 0 .132% , p H  7.6. C ultiva tion  was 
p e rfo rm e d  a t 25 °C fo r 48 h r  in  a P sy cro th e rm  (N ew -B runsw ick) sh ak in g  in cu b a to r.

Filtrates. Shake c u ltu re s  w ere cen trifu g ed  a t  7000 rp m  fo r 30 m in  an d  th e  su p e rn a ta n t 
w as filte red  th rough  a  m em b ran e  f i lte r  (No. 1121, G ö ttin g en , pore  size: 0.45 /tin). F o r th e  
d e m o n s tra tio n  of h e a t lab ile  e n te ro to x in , th e  cu ltu res w ere so n ica ted  (M SE, 500 W ) before 
c en trifu g a tio n .

Molecule filtra tio n .  T h e  f i l t r a te  o f  th e  cu ltu res sh a k e n  a t  25 °C fo r 48 h r  was d ialysed  
a n d  lyophilized. Two h u n d re d  m g o f th e  m ate ria l were d isso lved  in  3 m l o f 0.005 m ole/litre  
T ris—HCl buffer of 0.001 m o le /litre  p H  7.6 E D T A  co n te n t a n d  p laced  on a 1.5 X 90 cm Sephadex  
G—100 colum n. E lu tio n  w as pe rfo rm ed  a t  20 m l/h r speed, u sing  th e  above described buffer 
a s  e lu en t. F ractions o f 5 m l w ere collected.

Testing  of h e a t  s ta b le  (ST) en te ro to x in  was carried  o u t in  3 -day-o ld  suckling m ice 
acco rd in g  to  the  m eth o d  o f D ea n  et al. [8] as m odified  b y  J acks a n d  W u  [9]. Three m ice in  
e ac h  group were in o cu la te d  o ra lly  w ith  0.1 ml o f th e  m a te ria l, th e n  se p a ra ted  from  th e ir  
m o th e rs  for 4 h r and  su b seq u e n tly  sacrificed . T he w eigh t o f th e  in te s tin a l t r a c t  was de term ined  
a n d  d iv ided  by th e  w e ig h t o f tb e  b o d y  deprived  of th e  in te s tin a l t r a c t .  A  ra tio  exceeding 
0.083 was considered p o sitiv e  [10].

Iso la ted  ra b b it  in te s t in a l  loop accord ing  to  D e  et al. [11] w as used  w ith  th e  m odification  
o f  u s in g  5 cm long in te s t in a l  segm ents. In  ra b b its  o f 2—3 kg  w e ig h t, e m p ty  a n d  contro l loops 
w ere  p repared  and  1 m l o f  th e  crude to x in  w as in tro d u ced . Sacrificing  th e  an im als 6 h r la te r  
, . . . .  , . . . fu ll-em p ty  in te s tin a l loop w e ig h t , , ,

th e  f lu id  accum m ulation  in d e x  ---------------- :------- :— r—=------------;—;-------  w as calcu la ted ; a ra tio n
e m p ty  in te s tin a l loop w eigh t

exceed in g  1 was considered  positive .
To dem onstra te  h e a t  lab ile  e n te ro to x in  (LT), th e  P F  te s t  w as used  according to  E vans 

et al. [12]. P e rm eab ility  w as d e te rm in ed  b y  in tro d u c in g  in tra v e n o u s ly  5 %  P o n ta m in  Sky blue 
(S e rv a , Heidelberg) in to  w h ite  ra b b its  o f  2—3 kg w eight, 18 h r  a f te r  th e  in tra cu ta n eo u s  inocu la
t io n , an d  the  resu lt w as re a d  a f te r  1 h r. B lueing re ac tio n  5 m m  in  d iam e te r was th e  low est 
l im it  o f positiv ity . In  som e cases th e  ra p id  P F  effect [13] w as s tu d ied  b y  in tro d u c in g  th e  s ta in  
1 h r  a f te r  the  in tra c u ta n e o u s  inocu la tio n . F o r th e  d e m o n s tra tio n  o f h e a t  lab ile  en te ro to x in , 
th e  L T  effect m an ifesting  i ts e lf  w ith  a n  e longation  of Chinese h a m s te r  o v a ry  cells (CHO [14]) 
w as also studied. Se r Ên y ’s te s t  [15] w as app lied  for e s tim a tin g  invasiveness. The eyes of th e  
g u in ea  pigs were o bserved  fo r  1 week.

Results

In  the f irs t p a r t  o f th e  experim en ts, th e  Y .  enterocolitica s tra in s w ere 
k e p t  a t  25 °C for 48 h r  in  th e  in c u b a to r  and  th e  d ila tin g  a c tiv ity  of th e  f iltra te s  
w as stud ied  in  g roups o f 3 suck ling  m ice. Syncase m ed ium  an d  th e  s ligh tly  
m od ified  S akazaki m ed iu m , w hich  w as successfully  app lied  for th e  d em o n stra 
t io n  of en te ro to x ig en ic ity  o f d iffe ren t en te ra l b a c te r ia , w ere used in these  
experim en ts.

Tahié I sum m arizes th e  re su lts . As s ig n ifican t d ifferences w ere found  in  
ST  p roduction  b e tw een  th e  su b cu ltu red  and  fresh ly  iso la ted  s tra in s , these tw o 
g ro u p s are p resen ted  sep a ra te ly . T he cu ltu re  m ed ia  ap p lied  an d  th e  lyophilized  
c ru d e  Escherichia coli ST served  as contro l (T able I).

A ccording to  T ab le  I ,  ST p ro d u c tio n  o ccu rred  in  each  of th e  fresh ly  
iso la ted  stra ins, w h ereas  only  one of th e  su b cu ltu red  s tra in s  had  a d ila ting  
e ffec t in  suckling m ice. H igh  in d ex  values (as com pared  w ith  th e  resu lts  
o b ta in e d  w ith E . coli s tra in s) p roved  th a t  th e  Syncase m ed ium  was su itab le  
a n d  th e  S akazaki m ed ium  u n su itab le  for th e  d e m o n s tra tio n  of ST entero-
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Table I

S T  producing capacity o f  Y .  enterocolitica strains

E a rlie r  iso la ted  s tra in s  m e a n  in d ex  value F re sh ly  iso la te d  s tra in s  m ean  in d ex  v a lu e

D es ig n a tio n  o f  s tra in S y n c a se  m ed iu m
S a k a z ak i
m ed iu m

D esignation  of 
s tra in S y n case  m edium

S ak a z ak i
m ed iu m

3064 0.054 0.051 29002 0.150

1087 0.152 0.045 6676 0.090
O K I 134 0.069 0.048 4472 0.138 0.072

797 0.063 0.056 31620 0.127 0.052

1866 0.079 0.051 6998 0.121

269 0.066 0.053 52535 0.087

3812 0.101

48731 0.132

45320 0.155

62476 0.176

61907 0.162 0.070

40476 0.145

C ontrol: E . coli

crude ST 0.092
C ulture m edium

contro l 0.049 0.045

Indices p rin ted  in  ita lic s  ind icate  positive  reac tion

to x ig en ic ity  of Y . enterocolitica. C onditions of ST p ro d u c tio n  by  a s tra in  w ere 
observed  and  the  p ro d u ced  to x in  w as an a ly sed . This fresh ly  iso la ted  s tra in  
N o. 4472 w as found to  p ro d u ce  su ffic ien t ST. S tudy ing  th e  effect of in c u b a tio n  
te m p e ra tu re , it  was fo u n d  th a t  while th e  f i l t r a te  of th e  s tra in  c u ltu red  a t  25 °C 
d isp lay ed  an  ac tiv ity  o f 0.138 index v a lu e , th e  index  w as 0.059 and  no a c tiv ity  
w as d e tec ted  after c u ltu r in g  a t 37 °C. T h e  f iltra te  of th e  s tra in  re ta in e d  its 
a c tiv ity  w hen  k ep t a t  100 °C for 15 m in , w hich confirm ed  th e  h e a t s ta b ility  
o f  th e  to x in . The a c tiv ity  o f th e  Y . enterocolitica s tra in  No. 4472 an d  th e  
co rrespond ing  p rep a ra tio n s  w as s tud ied  in  r a b b it  in te s tin a l loop 6 h r  a fte r  th e  
in o cu la tio n . R esults su m m arized  in T ab le  I I  show th a t  th e  f i l tra te s  an d  ly sa tes 
o f  Y . enterocolitica e x e rte d  on th e  iso la ted  ra b b it  in te s tin a l loop a flu id  accu
m u la tin g  effect ty p ica l o f  ST stab le  a t 100 °C. This a c tiv ity  ap p eared , how ever, 
on ly  w hen  cu ltu ring  w as done a t 25 °C a n d  i t  d isappeared  up o n  in c u b a tio n  a t 
37 °C. L ive  bac te ria  d id  show  an a c tiv ity  d u ring  th e  sh o rt- te rm  ex p erim en t. 
A tte m p ts  w ere m ade to  d em o n stra te  L T  a c tiv ity  w ith  f i l tra te s  (active) and
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Table II

D ilating  effect on isolated rabbit intestinal loop o f  Y . enter ocolitica strain. No. 4472 and its filtra te s ,
after 6 hours

Material Mean index 
value

Live b acteria* 0.70

S akazak i (25 °C) f iltra te 1.00

Syncase (25 °C) f i ltra te 1.11

U ltraso n ic  lysa te 1.34

Syncase (37 °C) f iltra te 0.30

Syncase (25 °C) f i ltra te  100 °C 30 m in 1.09

P ositive  con tro l: E . coli crude ST 1.36

N eg ativ e  contro ls:

S akazak i 0.74

Syncase 0.32

* B acteria l co u n t corresponding to f iltra te  Indices p rin ted  in  ita lics indicate positive  
reac tio n

Table III

Fractionation on Sephadex G-100 o f  the filtra te  o f  Y . enterocolitica strain N o. 4472 concentrated by 
lyophilization. D ila ting  activity on suckling mice intestine

F ra c tio n
M ean in d ex  v a lu e

N o. v o lu m e , m l

1-24 1-120 < 0 .0 8 3

25 120-125 0.082

26 125-130 0.122

27 130-135 0.128

28 135-140 0.142

29 140-145 0.129

30 145-150 0.122

31 150-155 0.085

32 155—160 0.084

33 160-165 0.067

34 165-170 0.056

35 170-175 0.053

Indices p rin ted  in  ita lics in d ica te  positive values
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w ith  u ltra so n ica ted  ly sa tes . The c lassica l (delayed) P F  te s t  and  th e  CHO te s t  
gave n eg a tiv e  resu lts. T he rap id  P F  a c tiv i ty  is no t specific  fo r LT as observed 
also b y  o thers [16].

To o b ta in  in fo rm atio n  on th e  m o lecu la r w eight o f th e  У. enterocolitica 
ST, th e  f i l t ra te  of th e  s tra in  No. 4472 concen tra ted  w ith  ly o p h iliza tio n  was 
su b jec ted  to  frac tio n a tio n  on S ep h ad ex  G-100. R esu lts a re  p resen ted  in  T able
I I I .

T he a c tiv ity  b eg an  to  appear in  th e  2 5 th  frac tio n  (120—125 m l), reached  
its  p eak  in  th e  28 th  fra c tio n  (135—140 m l), and was s till p re sen t in  th e  32nd 
frac tio n  (155—160 m l). T h is resu lt co rresponds rou g h ly  to  th e  d a ta  on th e  
m olecu lar w eight of E . coli ST, th u s  i t  refers to  a m o lecu lar w eight of 10 000.

F in a lly , th a  in vasive  capac ity  w as  s tud ied  w ith  S e ren y ’s te s t . N e ith e r  of 
th e  s tra in s  caused k e ra to c o n ju n c tiv itis , a lthough  a m ild  co n ju n c tiv itis  develop
ed u p o n  th e  effect o f a few freshly iso la te d  stra in s . D a ta  in  th e  li te ra tu re  [17] 
concern ing  th e  en te ro tox igen ic ity  o f  У . enterocolitica em phasize th a t  to x in  
p ro duc ing  s tra in s ra re ly  ferm en t rh a m n o se  and  salicin. I n  th e  p resen t ex p e ri
m en ts none of th e  s tra in s  fe rm en ted  rham nose  and  o n ly  tw o  s tra in s  caused 
salic in  fe rm en ta tio n .

D iscussion

T he p resen t re su lts  showed t h a t  en te ro to x ig en ic ity  w as n o t u n freq u en t 
w ith  fresh ly  iso lated  Y . enterocolitica s tra in s . The a m o u n t of e n te ro to x in  
p roduced  was no t negligible, as sh o w n  b y  th e  d ila ta tio n  in d ex  de te rm in ed  in 
suck ling  m ice. The ST en te ro to x in  h a d  a ch arac teris tic  a c tiv ity  in  suckling  
m ice, caused  an early  reac tio n  on th e  r a b b it  in te s tin a l loop, and  show ed a 
c h a rac te ris tic  range of m olecular w e ig h t. I le a t  tre a tm e n t a t 100 °C d id  no t 
in fluence  its  ac tiv ity . T h u s th e  re su lts  confirm ed th e  d a ta  pub lished  [3—5].

N o d a ta  are av a ilab le  concern ing  th e  genetic b a ck g ro u n d  on e n te ro to x in  
p ro d u c tio n . Considering th e  fact t h a t  each  of the  s tra in s  iso la ted  b y  P a i  and 
Mors [5] from  clinical cases p ro d u ced  en te ro tox in , th e se  au th o rs  assum ed a 
ch rom osom al origin. T he o b se rv a tio n , how ever, th a t  th e  m a jo rity  of su b 
cu ltu red  s tra in s  lost th e ir  ST p ro d u c in g  capacity  refers ra th e r  to  a p lasm id  
in fo rm atio n . The questio n  requ ired  d ire c t exam inations. D e te rm in a tio n  of th e  
o p tim u m  cu ltu ring  cond itions was a n  essential req u irem en t of th e  p resen t 
w ork. T he ad van tage  o f th e  Syncase m ed iu m  over th e  m ore com plete S akazak i 
m ed ium  w as strik ing . T he b ac te ria l c o u n t y ielded by  th e  fo rm er m edium  was 
by  1 loglO exponen t h igher.

O p tim um  grow th a t  25 °C is a n o th e r  generally  observed  ch a rac te ris tic  
o f У . enterocolitica. T he  p resen t ex p e rim en ts  revealed  a d ifference in  g row th  
as g re a t as 3 loglO ex p o n en t be tw een  a t  25 °C and 37 °C. I t  is also know n th a t
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th e  V o g es-P ro sk au er re a c tio n  [18] and  th e  c ilia ry  m ovem ents [19] are p o sitive  
o n ly  a t  room  te m p e ra tu re . A ccording to  L e e  et al. [20] som e Y .  enterocolitica 
s tra in s  of hum an  o rig in  p e n e tra te  in to  H eL a  cells only  if  c u ltu re d  under 36 °C. 
C a r t e r  and Co ll in s  [21 ] described  a re la tio n sh ip  be tw een  in cu b a tio n  te m 
p e ra tu re  and m ouse-v iru lence . T he m echan ism  o f th e  p a th o g en ic  cha rac teris tic  
o f  Y .  enterocolitica is s till  obscure. One m ay  assum e th a t  h e a t  stab le  en tero- 
to x in  plays a role in  i ts  cap ac ity  to  cause en te ritis , b u t  th e  question  arises 
w h e th e r  tox in  p ro d u c tio n  occurs in  vivo a t 37 °C. Several d a ta  prove [22, 23]  
t h a t  only  ST p ro d u c in g  E . coli s tra in s  are capab le  of causing  en te ritis .

Acknowledgement. W e are  in d eb ted  to  D r. A. Sv idro  (N a tio n a l In s t i tu te  of H yg iene, 
B u d a p e s t)  and to  D r. B . R é d e y  (P ub lic  H e a lth  S ta tio n , V eszprém ) fo r stra ins .
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CHARACTERIZATION OF CONIDIATION MUTANTS 
IN TRICHODERMA VIRIDE BY HYPHAL 

ANASTOMOSIS AND PROTOPLAST FUSION

A g a t a  B o j n a n s k á , M. S i p i c z k i  and L .  F e r e n c z y  

D epartm ent o f  Microbiology, A ttila  J ó zse f U n iversity , Szeged

(R eceived O ctober 9, 1979)

C onidiation m u ta n ts  w ere iso lated  fro m  th e  fungus Trichoderm a viride, a n d  te s te d  fo r 
co m p lem en ta tio n  b y  b o th  anastom osis and  p ro to p la s t  fusion. T h ey  could  be g rouped  in to  th ree  
classes: (1) colour m u ta n ts ;  (2) m u ta n ts  w ith  red u ced  con id ia tio n ; a n d  (3) n o n co n id ia tin g  
m u ta n ts .  Several m u ta n ts  o f classes (2) a n d  (3) w ere in capab le  o f anastom osis, b u t  v ia  p ro to 
p la s t  fusion  th ey  p ro d u ced  h e te ro k ary o n s su itab le  for co m p lem en ta tio n  tests .

Colonies of Trichoderm a viride do n o t con id ia te  in  th e  d a rk , b u t  b y  m eans 
o f a sh o rt ligh t pu lse  th e y  can be in d u ced  to  p roduce con id ia . V arious aspects 
o f th is  process h av e  been  stud ied , h u t  little  a tte n tio n  has been pa id  to  th e  
gene tic  featu res o f co n id ia tion . In v es tig a tio n  of its  genetic  back g ro u n d  w ould 
p ro b a b ly  c o n trib u te  to  a deeper u n d e rs ta n d in g  of th is  pho to -in d u ced  m o rp h o 
gene tic  system . M u ta n ts  defective in  con id ia tio n  can  easily  be iso la ted  [1—3] 
an d  te s te d  for co m p lem en ta tio n  b y  anastom osis [2, 3].

In  th e  p resen t s tu d y  we have iso la ted  b o th  n o n -co n d itia tin g  m u ta n ts  
an d  m u ta n ts  w ith  n o rm a l con id ia tion  b u t  a lte red  co lour, and  te s te d  th em  
fo r com plem en ta tion . O n pairing  th e  m u ta n ts , we found  th a t  n o t all are able to  
form  h e te ro k ary o n s. In  ce rta in  com binations no co m p lem en ta tio n  w as observed  
in  m ixed  cu ltu res, b u t  fo rm atio n  of green w ild -type  con id ia  could be re sto red  
b y  fusion  of p ro to p la s ts .

Materials and methods

Strain . The w ild -ty p e  Trichoderma viride  ex  S. Г. G ray 8—7 w as k in d ly  p ro v id ed  by  
P ro fesso r V. B et in a  (B ra tis lav a).

M edia. L iqu id  c u ltiv a tio n  m edium  (CzD) was Czapek—D o x  w ith  0 .5%  y e as t e x tra c t  
a n d  4 %  glucose. A gar c u ltiv a tio n  m edium  (CzDA) w as as CzD b u t  su p p lem en ted  w ith  1.5%  
ag ar. F o r  iso lation  of m orpholog ical m u ta n ts , CzDA was su p p lem en ted  to  co n ta in  2 .4%  
so d iu m  deoxycholate  (C zD A D ), and  in  fusion  ex p erim en ts  to  c o n ta in  0.8 M m an n ito l (CzDAM ).

Inducation  o f  m utations. M uta tions w ere in d u ced  by  UV  accord ing  to  B o jN A N S K Á  et 
al. [1]. A ll m u ta n ts  w ith  a lte re d  colour, or w ith  reduced  or no co n id ia tio n  were iso la ted .

Heterokaryon fo rm a tio n  by anastomosis. T h ree  m ethods w ere em ployed  for h e te ro k ary o n  
p ro d u c tio n . (1) A gar b locks w ere cu t from  colonies o f each  m u ta n t  grow n on CzDA, an d  
p laced  3 -4  cm  a p a r t  o f fresh  CzDA plates. T he p ro d u ced  colonies w ere th e n  allow ed to  in te r 
m ingle  a n d  produce h y p h a l connections. (2) Suspensions of th e  spores o r m ycelium  fro m  th e  
m u ta n ts  to  be an asto m ised  w ere m ixed an d  a liq u o ts  from  th e  m ix tu re s  were tran sfe rre d  on to  
CzDA p lates . (3) E ach  m u ta n t  was f irs t c u ltu red  in  2 m l CzD fo r 48 h r. Sm all pieces from
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th e  p a d  form ed were th e n  ta k e n , m ixed pairw ise  in  all possible co m b in a tio n s, an d  suspended 
in  2 m l fresh  CzD. A fter a  fu r th e r  48 h r  in cu b a tio n , pieces o f th e  m ixed p a d  w ere tran sfe rred  
to  th e  c en tre  of CzDA p la te s . The p ro ced u res w ere carried  o u t in  th e  lig h t.

Heterokaryon fo rm a tio n  by protoplast fu s io n .  P ro to p la s ts  w ere p re p a re d  from  young  
m y ce liu m  grow n on cellophane  sheets, acco rd ing  to  th e  m eth o d  described  b y  F er en c zy  et 
al. [4] fo r A spergillus. As o sm otic  s tab ilize r, 0.8 м  m an n ito l was used . P ro to p la s ts  o f two 
m u ta tn ts  to  be fused  w ere m ixed  1:1 a n d  sed im en ted  b y  cen trifu g a tio n  (2000 g, 10 m in). 
A fte r  rem o v a l of th e  su p e rn a ta n t,  th e  pe lle t w as re su sp en d ed  in  2 m l 30%  po lye th y len e  glycol 
(P E G , m ol w t 4000) d issolved in  10 m il CaCl2- In  P E G , p ro to p la s t agg reg a tes  o f various sizes 
d eveloped . A fter 30 m in  th e  suspension w as m ixed  in to  unsolid ified  CzDAM a t 42 °C and  
tra n s fe r re d  as a th in  la y e r  to  th e  surface of CzDAM p lates . A fter so lid ification , th e  p la tes were 
in c u b a te d  a t  23-25 °C for 5 days in  th e  lig h t.

R esults and  D iscussion

Six ty-seven  s tab le  co n id ia tio n  m u ta n ts  of T . viride  w ere iso la ted  and  
te s te d  for th e  ab ility  to  produce  h e te ro k a ry o n s  and  resto re  th e  w ild  p h eno type  
in  th e  h e te ro k a ry o tic  s ta te .

W ith  respect to  th e  dev ia tio n s in  m orpho logy , th e  m u ta n ts  could be 
g ro u p ed  in to  th ree  classes. (1) M u tan ts  w ith  no rm al co n id ia tio n  b u t a lte red  
co lo u r; (2) m u ta n ts  w ith  reduced  co n id ia tio n ; and  (3) no n -co n id ia tin g  m u tan ts . 
In  th e  f irs t group th re e  fu r th e r  subclasses could be d is tin g u ish ed : w h ite , 
yellow  and  brow n m u ta n ts . In  g roups (2) an d  (3) no fu r th e r  division was 
possib le , a lthough th e  defect in  co n id ia tio n  w as u sua lly  accom pan ied  by  
c h a n g e s  in  colony m orpho logy , changes in  g row th  ra te  and  release of p igm ents 
n to  th e  m edium .

Table I

Complementation test o fTrichoderm a viride conidiation m utants by anastomosis and protoplast fu s io n

Group Morphology Anastomosis Protoplast fusion

1 changed colour 
(white, 
yellow or 
brow n)

com plem entation  betw een 
m u ta n ts  of d ifferen t 
colours an d  groups (2) and  (3); 
no com plem entation  betw een 
m u ta n ts  o f iden tical colour

com plem en ta tion  betw een 
m u ta n ts  o f d ifferen t colours 
and  g ro u p s (2) and (3); no 
com plem enta tion  betw een 
m u ta n ts  o f identical colour

2 reduced
conidiation

(a) com plem enta tion  w ith  any 
o th er s tra in

(b) no com plem entation  in 
certa in  pairings

com plem entation

3 no conid ia tion (a) com plem enta tion  w ith  any 
o th er s tra in

(b) no com plem entation  in 
certa in  pairings

com plem enta tion
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H ete ro k a ry o n  te s ts  b y  anastom osis on th e  m u ta n ts  revealed  th a t  in  m ost 
pa irings th e  green w ild p h en o ty p e  can  be resto red  (T able I).

I n  a few m u ta n ts  belonging to  classes (2) and (3), how ever, a red u ced  
c a p a b ility  fo r co m plem en ta tion  w as observed . G reen secto rs ap p eared  ra re ly , 
an d  only  w hen  th e  th ird  m ethod  o f p ro d u c tio n  of anastom osis was em ployed . 
M oreover, in  ce rta in  pairings of som e m u ta n ts  no green sec to r was fo u n d , i.e. 
th e  re s to ra tio n  to  w ild ty p e  was n o t  co m p le te .

T he fea tu re  of a green colour to  a p p e a r in  pairings o f m u ta n ts  id e n tic a l 
in  colour can p ro b ab ly  be a ttr ib u te d  to  m u ta tio n s  occurring  a t id en tica l loci. 
C o m p lem en ta tion  groups in  colour m u ta n ts  of Trichoderma  have a lread y  been  
found , and  a hypo thesis  w as suggested  th a t  4 s tru c tu ra l and  1 re g u la to ry  
genes in te ra c t in  th e  p ro d u c tio n  of green  con id ia  [3]. O ur find ings su p p o rt th e  
ex istence of s tru c tu ra l genes, b u t  we fa iled  to  iso late  m u ta n ts  w ith  re g u la to ry  
fu n c tion .

In  classes (2) and (3) no co m p lem en ta tio n  groups w ere found , a lth o u g h  som e 
pairings d id  n o t re su lt in  obvious com p lem en ta tio n . T he n o n ap p ea ran ce  of 
w ild m orphology  was a consequence n o t o f m u ta tio n s  a t  id en tica l loci b u t  on ly  
th e  lack  of anastom osis. B y p ro to p la s t fusion  all m u ta n ts  o f these  ty p e s  cou ld  
p roduce  h e te ro k ary o n s w ith  w ild -type  m orpho logy  (Table I). These re su lts  are 
in  c o n s tra s t w ith  previous ob se rv a tio n s. W e i n m a n -G r e e n s h p a n  an d  G a l u n  

[2 ]  and  G r e e n s h p a n  and G a l u n  [ 3 ]  fo u n d  th a t ,  b o th  in  colour an d  non- 
co n id ia tin g  m u ta n ts , anastom osis, and  h c te ro k ary o sis  can  be induced  b e tw een  
in ta c t  m ycelia. O ur m u ta n ts  are p ro b a b ly  unab le  to  accom plish  an a to m o sis ; 
th is  can  be a ttr ib u te d  e ith e r to  a seco n d a ry  m u ta tio n  a ffec ting  th e  p a ra se x u a l 
processes, or m ore likely  to  a single p le io tro p ic  m u ta tio n  w hich in te rfe res  w ith  
b o th  anastom osis and fo rm ation  of con id ia .
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M ethylene blue en h an ced  th e  p lasm id  curing  efficiency o f ch lorp rom azine, im ip ram in e  
a n d  am itr ip ty lin e  w ith  s tra in s  of Escherichia coli K12 carry ing  F -p rim e  lac or th e  re sis tan ce  
fa c to r  R -144. In  c o n tra s t , m ethy lene  b lue  in h ib ited  th e  e lim in a tio n  of p lasm ids by  acrid ine  
o ran g e  a n d  e th y d iu m  b ro m id e  a t  all co n cen tra tio n s tes ted . T w o m etab o lic  d e riv a tiv e s  o f 
ch lo rp rom azine, ch lorp rom azine  su lphoxide an d  7 .8-d ioxochlorprom azine had  no p lasm id  
cu rin g  effect even in  th e  p resence of m eth y len e  blue. A m itrip ty lin e , 7 ,8 -d ioxochlorprom azine 
a n d  acrid in e  orange w ere effective  in h ib ito rs  o f  th e  conjugal tra n s fe r  o f th e  resistance  p lasm id , 
R —144, w h ilst m ethy lene  b lue, ch lorprom azine  sulphoxide, a n d  im ip ram in e  h ad  on ly  slig h t 
effec ts . W e were th ere fo re  u n ab le  to  d em o n s tra te  a simple c o rre la tio n  be tw een  curing  a b ility  
a n d  in h ib itio n  of p lasm id  tra n s fe r  am o n g st th e  psychoactive  d ru g s  te s te d . A m echan ism  of 
p lasm id  curing by  surface  a c tio n  of th e  d ru g s  is suggested as a n  a lte rn a tiv e  to  d irec t in te r 
c a la tio n  of th e  drugs in to  p lasm id  DNA.

In  previous s tu d ies  [1-3] we h av e  show n th a t  sev era l pheno th iaz ines can  
e ffic ien tly  e lim inate  R -fac to rs or an  F -prim e lac p lasm id  from  Escherichia  
coli. A t th e  sam e tim e , some com pounds having a s im ila r s tru c tu re  h av e  no 
p lasm id  curing effect, e.g. m ethy lene  blue and ch lo rp rom azine  su lphox ide  
[4 -6 ]. T hese com pounds are all tr icy c lic  and in som e cases, a t  least, a lm o st 
p la n a r  m olecules s im ila r in  s tru c tu re  to  acridines, com pounds w hich have b een  
used to  elim inate a v a r ie ty  of b ac te ria l plasm ids [4, 7]. F u rth e rm o re , acrid ines 
and  e.g . ch lorprom azine are able to  in te rca la te  in to  D N A  in  vitro [8—10]. 
C onsequen tly , we suggested  p rev iously  [3, 11] th a t  th e  m echan ism  of p lasm id  
cu rin g  b y  pheno th iaz ines m igh t be b ased  on an acrid ine-like in te rca la tio n  in to  
D N A  in  vivo w hich re su lts  in  d iffe ren tia l inh ib ition  o f p lasm id  rep lica tio n . 
A s im ila r  hypothesis has been p u t fo rw ard  by  H a h n  et al. [9, 12], who show ed 
th a t  a num ber of in te rc a la to ry  com pounds includ ing  ch lo rp rom azine, a re  
effec tive  curing agen ts. Several observa tions ind ica te , how ever, th a t  th e  
m ech an ism  of ac tion  o f p sych o ac tiv e  drugs on b ac te ria  m a y  differ from  th a t  
of ac rid in e . T hus, w hile acrid ines are  m u tagen ic  under ce rta in  conditions [13] 
ch lo rp rom azine  is n o t m u tagen ic  [11, 14]; Ion m u ta n ts  o f  E . coli re s is tan t to  
severa l psychoactive d rugs are sen sitive  to  acridine [11]; im ip ram ine , a non- 
p la n a r m olecule, does n o t in te rca la te  in to  DNA [15] b u t  is an  effective cu ring  
ag en t [6], and  m ethy lene  b lue, a m olecule w hich does in te rc a la te  in to  D N A  in  
vitro, h a s  no curing a c tiv ity  [4, 6]. F in a lly , curing b y  im ip ram ine  can be 
en h an ced  b y  m ethy lene  b lue [6], w hile th e  dye a c tu a lly  in h ib its  curing  b y
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ac rid in es  [4]. In  th e  p re se n t s tu d y  we so u g h t to  confirm  th is  effect w ith  a 
n u m b e r  of o ther p sy ch o ac tiv e  drugs as well as to  com pare th e  effect o f acridine 
an d  tr icy c lic  drugs up o n  con jugal tran sfe r of p lasm ids. B y ta k in g  accoun t of all 
a v a ila b le  d a ta  on p lasm id  curing  by  p h y ch o ac tiv e  drugs and  in  p a rticu la r  th e  
n u m ero u s  reports th a t  ph en o th iaz in es  are  su rface active com pounds in b o th  
pro - an d  eukaryotes [16—19], we also suggest an a lte rn a tiv e  m echanism  of 
p la sm id  curing to  a d ire c t in te rac tio n  w ith  DNA.

Materials and methods

Chemicals. Im ip ram in e , a m itrip ty lin e  and  ch lorp rom azine  w ere o b ta in e d  from  EGYT 
P h a rm ac eu tica ls , B u d ap es t; 7 ,8 -d ioxochlorprom azine w as k in d ly  p ro v id ed  b y  Professor Dr. 
A. A. M a n i a n , P sy ch o p h arm aco lo g y  R esearch B ran ch , D ep artm en t o f M en ta l H ealth , R ock
ville , M ary lan d , U.S.A. C hlo rp rom azine  su lphoxide w as p repared  by  th e  m eth o d  of F i s h m a n  
a n d  G o l d e n b u r g  [ 2 0 ] .  E th id iu m  brom ide was o b ta in e d  from  Serva, m e th y len e  blue and 
ac rid in e  orange were o b ta in e d  from  R eanal, B u d ap es t.

Bacterial strains. E . coli K12 LE140, tsx , str , Л lac, s u ~, AR, m al (F -p rim e  lac+ [3]). 
E . coli C 600/R -144 drd+ (an  R -p lasm id  bearing  s tra in  carry in g  k an am y cin  resistance, ob tained  
fro m  D r. B. W i l k i n s , U n iv e rs ity  of L eicester), w as used  as donor an d  E . coli K l 2 W 1A2, 
a zi la c~ , F ” (a lab o ra to ry  s t r a in  [21]) was th e  re c ip ie n t in  m atin g  ex p erim en ts .

Culture media. M TY b r o th  and  MTY agar w ere p rep ared  according to  A l f ö l d i  et al. [22]. 
E o s in  m ethy lene  blue a g a r (E M B ) was used fo r d e tec tio n  of lac~  colonies [23].

E lim ina tion  o f  the F 4 a c  p lasm id  was carried  o u t as described b y  M á n d i  et al. [3]. An 
o v e rn ig h t  p recu ltu re  o f E . coli K12 LE140 w as d ilu te d  104 fold an d  0.05 m l (abou t 5 X Ю3 
b a c te r ia )  was used to in o c u la te  5.0 ml MTY b ro th  cu ltu res. D ifferen t co n cen tra tio n s (0 to  
200 jug m l-1) of te s t c o m p o u n d s were added  an d  th e  tu b es  were in c u b a te d  a t  37 °C for 24 hr. 
F ro m  tu b es  showing g ro w th , d iffe ren t d ilu tions w ere p rep ared  and  0.1 m l sam ples were p la ted  
o n  E M B  agar. The p la te s  w ere  in cu b a ted  a t  37 °C fo r 24 hr th en  co u n ted  fo r lac~  (plasm idless) 
a n d  lac+ (plasm id ca rry in g ) b a c te ria l colonies.

E lim ina tion  o f  R -p la sm id s . An overn igh t p recu ltu re  of E . coli C 600/R -144  was d ilu ted  
104 fo ld  an d  d is trib u ted  in  0.05 ml volum es (ab o u t 103 b ac teria ) in to  tu b e s  w ith  5.0 ml MTY 
b ro th .  C ultures were su p p le m e n ted  w ith  d ifferen t co n cen tra tio n s of im ip ram in e  and  100 //g m l-1 
m e th y le n e  blue. The sam p le s were then  in cu b a ted  w ith o u t shak ing  a t  37 °C for 48 hr. D ilu 
tio n s  o f  th e  cultures w ere th e n  spread in 0.1 m l am o u n ts  onto MTY p la te s . A fter in cubation  
o v e rn ig h t, the  iso lated  colonies were rep lica ted  on to  MTY p la te s  c o n ta in in g  kanam ycin  
(50 jug m l-1). A fter in c u b a tio n  a t  37 °C for 24 h r, th e  n u m b er o f colonies w as com pared w ith  
th e  n u m b e r of colonies g ro w in g  on th e  m aste r p la te . C ontrol cu ltu res w ere tre a te d  in a sim ilar 
m a n n e r  w ith  the  sam e co n cen tra tio n s  of im ip ram in e  b u t w ith o u t m e th y len e  blue. The R ” 
b a c te r ia  were checked fo r i/ir, leu and  thi au x o tro p h y .

Inh ib ition  o f  R -p la sm id  transfer. E . coli C 600/R -144 was used  as donor and E. coli 
K l 2 W 1A2 as recip ien t. F ro m  o v ern igh t p recu ltu re s  o f th e  tw o s tra in s  g row n w ith o u t sh a k 
in g  a t  37 °C, 100-fold d ilu tio n s  were p rep ared  in  M TY m edia and  in c u b a te d  a t  37 °C for 6 h r, 
w h e n  th e  absorbance (A G20) w as 0.4. D onor a n d  rec ip ien t cu ltu res w ere  each  d ilu ted  10-fold 
in  M TY  m edia and eq u a l vo lu m es m ixed an d  in c u b a te d  w ith o u t sh ak in g  in  th e  presence of 
d iffe re n t concen tra tions o f  va rio u s drugs ad d ed  before or a f te r  m a tin g  p a ir  fo rm ation  as 
a p p ro p ria te . Sam ples ta k e n  a t  various tim es w ere d ilu ted  10-fold in  saline and vigorously  
sh a k e n  in  a Mickle d is in te g ra to r  for 1 m in. F u r th e r  d ilu tio n  were m ade  a n d  0.1 ml were p la ted  
o n to  selective agar p la te s . M TY agar co n ta in in g  50 jug m l” 1 k a n a m y c in  plus 500 //g m l-1 
so d iu m  azide was used fo r th e  estim ation  of k a n am y c in  re s is tan t tra n sco n ju g an ts . The n u m b er 
o f  d o nors was de te rm in ed  on  kanam ycin , and  th e  recip ien ts on sod ium  azide con tain ing  M TY 
a g a r . T he plates were in c u b a te d  a t  37 °C for 48 h r  an d  the  colonies w ere  counted.

In  some e x p e rim e n ts  th e  donor b a c te ria  w ere p re tre a te d  w ith  th e  app ro p ria te  d rugs 
a n d  a f te r  1 m in an  e q u a l vo lu m e of the  u n tre a te d  rec ip ien t b ac te ria l suspension  was added  in  
o rd e r  to  determ ine an y  in h ib itio n  of m ating  pa irs . In  o th er ex p erim en ts  th e  donor and recip ien t 
b a c te r ia  were f irs t m ix ed  to  allow  m ating  p a ir  fo rm a tio n  and a fte r  1 m in  th e  drugs were added  
to  th e  system  in o rd er to  s tu d y  the  in h ib itio n  o f p lasm id  transfer.

Acta Microbiologica Academiae Scientiarum Hungaricae 27, 1980



PLASM ID CURING 311

Results

F irs t of all th e  synerg istic  effect of m eth y len e  b lue was s tu d ied  on th e  
p lasm id  cu ring  ac tio n  of th e  tw o  w ell-know n in te rc a la tin g  d rugs a c rid in e  
orange and e th id iu m  brom ide. M ethylene b lue com plete ly  in h ib ited  th e  cu ring  
effect o f acrid ine orange (Fig. 1), in  good ag reem en t w ith  o th e r d a ta  [5]. 
E th id iu m  brom ide (80 pg m l^ 1) h a d  a w eak cu ring  effect on th e  F ’lac p lasm id  
0 -1 .8 %  and  m eth y len e  blue decreased  th is  va lu e  to  0 .2 -0 .5 % .

e

Fig. 1. E ffec t of m e th y len e  blue on th e  p lasm id  curing ac tio n  of p sy choactive  d rugs an d  som e 
dyes. P lasm id  cu ring  ac tio n  of ch lorprom azine (CZ), am itr ip ty lin e  (A M P), acrid ine orange (AO), 
e th id iu m  brom ide  (E B ) as te s te d  on F ’lac  p lasm id . Im ip ram in e  (IM P ) was te s te d  on  R  fa c to r  

R —144 in  th e  presence of 100 pg  m l-1 m eth y len e  blue (MB)

In  fu r th e r  experim en ts, th e  an tid ep re ssan t a m itr ip ty lin e  and  th e  t ra n q u il
lizer ch loprom azine w ere te s ted  fo r p lasm id  e lim in a tio n  in  th e  presence of 
m ethy lene  b lue. M ethylene blue som ew hat increased  th e  efficiency of curing  
of a m itr ip ty lin e , b u t  th e  enhancing  effect of th e  dye  was m ore expressed  on 
th e  curing  ac tion  of ch lo rp rom azine  (F ig. 1). As show n in  Fig. 1, th e  obser
v a tio n  th a t  m e th y len e  blue p o te n tia te d  th e  effect of im ip ram ine  in  cu ring  
F ’lac w as con firm ed  w ith  th e  R -p lasm id  R-144. O n th e  o th e r h an d , m eth y len e  
blue was no t able to  a lte r  th e  effect of in ac tiv e  m e tab o lite s  of ch lo rp rom azine  
e.g. ch lo rp rom azine  su lphox ide an d  7 ,8-d ioxochlorprom azine. T hese tw o 
com pounds h ad  no p lasm id  cu ring  effect e ith er alone or in  th e  presence of 
m ethy lene  b lue. I t  w as in te re s tin g  th a t  m ethy lene  b lue  increased  th e  p lasm id  
curing  a c tiv ity  o f th e  psycho trop ic  d rugs, b u t in h ib ite d  th e  p lasm id  e lim in a tio n  
by  acrid ine an d  e th id iu m , in  sp ite  of th e  fac t th a t  th e  dye itse lf  w as ineffec tive
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ev en  a t  h igh c o n cen tra tio n  in  solid m edia . O n th e  surface of th e  solid  m edium  
th e  cell co n tac t o r co n ju g a tio n  be tw een  p lasm id  ca rry in g  an d  p lasm idless 
b a c te r ia  can  be ex c lu d ed  (w hich m ay  occur in  liq u id  m ed ia  u n d e r  u su a l con
d itio n s  of curing). I n  th is  ex p erim en t, o f th e  d ilu tions of E . coli K 12 LE140 
F ’lac  a sm all n u m b er o f b ac te ria  w ere seeded on to  M TY agar w hich  con ta ined  
m eth y len e  blue a t  v a rio u s  (0-600 pg m l-1 ) co n cen tra tio n s. T he p la tes  were 
in c u b a te d  a t 37 °C fo r 48 h r, th e n  th e  colonies w ere checked for lac to se  ferm en
ta t io n . I t  was found  th a t  none of th e  colonies h ad  becom e lac-n eg a tiv e .

Since m ethy lene  b lue  was ineffective as a p lasm id  curing  ag en t, and  it 
nev erth e less  ex e rted  an  enhancing  effect on th e  p lasm id  e lim ina tion  o f am itryp - 
ty l in c  and  ch lo rp rom azine, we have  decided to  s tu d y  th e  n a tu re  o f th e  p lasm id 
e lim in a tin g  effect b y  o th e r  m ethods. I t  seem ed reasonab le  to  suppose  th a t  the  
in h ib itio n  of p lasm id  tra n s fe r  m ay  p lay  an  im p o r ta n t role in  th e  efficiency 
of cu ring . T herefore som e experim en ts w ere done to  s tu d y  th e  in h ib itio n  of 
p la sm id  tran sfe r b y  som e psychoac tive  drugs an d  m ethy lene  b lue.

E ffect o f curing agents on the conjugal transfer o f  R-144. S ince in h ib itio n  
o f th e  conjugal tra n s fe r  of p lasm id  m olecules could prov ide a m echan ism  for 
c u rin g  b y  psych o ac tiv e  com pounds or p o te n tia tio n  by  m eth y len e  b lue, th e  
e ffec t o f several tr icy c lic  com pounds on tra n s fe r  of th e  re s is tan ce  p lasm id

Table I

Effect o f  some tricyclic compounds on R -p lasm id  transfer

Drug concentration
е е  ml_1

No. of kanamycin resistant transconjugants ml-1 No. of donor bacteria

1 hr 2.5 hr 5 hr zero 5 hr

A crid ine  orange 0 2 .0  x 1 0 s 4 .5  X 10 s 1 . 2 x 1 0 ° 1.1 x i o 8 4 . 2 X 1 0 °
50 1.0  x i o 5 1.2 X 104 6.0  x i o 4 2 . 0 x 1 0 °
80 5 .0  X l O 2 7 .0  X l O 2 4 .0  x 1 0 s 1.3 x i o 7

100 l . O x l O 2 2 .0  X l O 2 2 .0  X l O 2 2 . 0 x 1 0 °
M ethylene blue 0 1.6 x 1 0 s 2 .4  x 1 0 s 2 . 9 x 1 0 ° 1.3 x 1 0 s 3 . 8 x 1 0 °

50 9 .0  x i o 1 1.7 x 1 0  s 1 . 4 x 1 0 ° 2 . 1 x 1 0 °
100 7 .0  x l O 4 2 .2  x 1 0 s 7 .9  x 1 0 s 3 . 1 x 1 0 °
150 2 .3  X 10J 2 .0  x 1 0 s 8 .7  x 1 0  s 3 . 3 X 1 0 °

Im ip ram in e 0 з.охю5 2 .4  X l O 6 3 . 3 x 1 0 ° 1 . 3 x 1 0 ° 6 . 6 x 1 0 °
50 1.2 x 1 0  s 1.1 X l O 6 2 . 0 X 1 0 ° 2 . 3 x 1 0 °

100 8 .0  X l O 4 4 .5  x 1 0 s 7 .0  x 1 0 s 1 . 7 x 1 0 °
150 3 .7  X l O 4 3 .4  x 1 0 s 1 .0  x 1 0 s 1 . 2 x 1 0 °

A m itrip ty line 0 4 .8  x 1 0  s 5 .0  x 1 0  s 1 . 2 X 1 0 ° 1 . 5 x 1 0 ° 3 . 9 x 1 0 °
50 1.0  x 1 0 s 2 . 1 x 1 0 s 2.5  x 1 0 s 2 . 0 x 1 0 °
80 1.0  Xio1 2.1  X l O 4 3 . 6 X 1 0 4 1 . 2 x 1 0 °

100 0 0 0 4 .0  x l O 7
Chlorprom azine- 0 1.4  x 1 0  s 5 .0  x 1 0 s 8 .2  x 1 0 s 1 . 2 x 1 0 ° 3 . 3 x 1 0 °

sulphoxide 150 6.0  x i o 4 1.5 x 1 0 s 2.0 x 1 0 s 2 .0 x 1 0 °

The kanam ycin  re s is ta n t donor s tra in  was p re -trea ted  for 1 m in w ith  th e  ind ica ted  drug 
th en  m ixed w ith an  equal volum e of the  recip ien t s tra in  an d  th e  num ber o f tran scon jugan ts 
w as determ ined as in  M ethods. E. coli C600/R144 was used  as donor
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R -144, was ex am ined . In ita lly , th e  donor s tra in  was p re tre a te d  w ith  various 
d rugs for 1 m in  before  a d d itio n  of th e  rec ip ien t an d  th e  n u m b er of tra n s -  
co n ju g an t (k an am y c in  re s is ta n t)  clones su b seq u en tly  de te rm in ed . As show n in  
T ab le  I , acrid ine o range m ark ed ly  in h ib ite d  th e  tra n s fe r  of th e  R -p lasm id  as 
found  prev iously  b y  C u z i n  and  J a c o b  [24]; im ip ram in e  w as som ew hat less 
effective, m a tch in g  its  low  level of cu ring , an d  m eth y len e  b lue h ad  alm ost no 
effect. The e ffic ien t cu rin g  agen t, a m itr ip ty lin e , ap p eared  com pletely  to  
in h ib it conjugal t ra n s fe r  a t  a co n cen tra tio n  of 100 /rg m l-1  (Table I).

As th e  above d a ta  show , in h ib itio n  of p lasm id  tra n s fe r  m igh t have arisen  
th ro u g h  th e  in h ib itio n  o f in itia l m a tin g  p a ir  fo rm atio n  ra th e r  th a n  b y  an y  
d irec t effect on D N A  tra n s fe r . T herefore in  fu r th e r  ex p erim en ts , the  donor an d  
rec ip ien t cells w ere f i r s t  m ixed  and  a fte r  1 m in (to allow  com m encem ent of 
p a ir  fo rm ation) th e  d rugs w ere added . T he d a ta  in  T ab le  I I  d em o n stra te  th a t  
th e  add ition  of ac rid ine  o range, a m itr ip ty lin e , 7 .8-d ich lorprom azine and  to  a 
lesser ex ten t im ip ram in e , s till p ro m p tly  b locked  p lasm id  tran sfe r. S im ilar 
re su lts  were o b ta in e d  w hen  th e  drugs w ere added  up  to  15 m in  a fte r m ix ing  th e  
s tra in s .

Table П

Inhib ition  o f  R -p lasm id  transfer by psychoactive drugs and acridine orange

Drug Bacteria
No. colony formers (ml-1) min after mixing

1 30 60

Control D onors 2.8 X 10s 2 .9x10« з.зхю«
R ecipients 3.5x10« 3 .5x10« 3 .8x10«
K an am y cin  re sistan t 

tran sco n ju g an t 1 .2x10« 2.5 x lO 4 9.8 X lO 4

A cridine orange D onors 2 .7x10« 2 .2x10« 5 .9x10«
R ecipients 3.5x10« 2 .7x10« 5.0 x lO 7

(80 pg  m l-1) K an am y cin  resistan t 
tran sco n ju g an t 1.0X10« 2 .0 x 1 0 « 2 .4x10«

A m itrip ty line D onors 2.5x10« 2 .0 x 1 0 « 9.3 x lO 7
(80 pg  m l - 1) R ecip ien ts 3.0X10« 1.8X10« 8 .2 x 1 0 ’

K an am y cin  re sistan t 
tran sco n ju g an ts 1.0X10« 1 .2 x 1 0 « 2 .3x10«

7,8-D ioxochlor D onors 2 .6x10« 9.0 X lO 7 5 .0 x 1 0 ’
prom azine 

(120 fig  m l" 1) R ecip ien ts 3 .5x10« 1 .2x10« 9 .0 x 1 0 ’
K an am y c in  re sistan t 

tran sco n ju g an ts 2 .3x10« 1 .0x10« 7 .0x10«

Im ipram ine D onors 2 .8x10« 2 .8 x 1 0 « 9.0 X lO 7
(300 fig  m l - 1) R ecip ien ts 3.0x10« 2 .0 x 1 0 « 7.7 X 107

K an am y cin  resis tan t 
tran sco n ju g an ts 2 .0x10« 4 .0 x 1 0 « 4 .2x10«

Donor and recip ien t s tra in s  were m ixed and  in cubated  a t  37 °C fo r 1 m in  before ad d itio n  
of th e  drug
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D iscussion

Tw o m ajo r m echan ism s of p lasm id  e lim ination  from  b ac te ria  have  
describ ed ; th a t  acrid ine or e th id iu m  dyes in te rca la te  in to  D N A  m olecules 
e v e n tu a lly  to  in h ib it rep lica tio n  [4, 8, 9 ], a lthough  i t  is n o t  clear w hy  th is  
shou ld  lead  to  a d ifferen tia l effect on p lasm id  rep lica tio n ; cu ring  b y  sodium  
dodecy l su lp h a te  (SDS) has been  ascribed  to  th e  selection of p lasm idless clones 
due to  th e ir  g rea te r re s is tan ce  to  SDS [25, 26]. W e h av e  p rev io u sly  rep o rted  
th a t  E . coli cured  of F -p rim e  lac b y  p h en o lth iaz ines is n o t m ore  re s is ta n t to  th e  
d rugs th a n  th e  p lasm id  b ea rin g  p a re n ta l s tra in  [6] suggesting  th a t  a selection  
m echan ism  is no t o p era tin g . O n th e  o th e r h an d , several te am s have rep o rted  
t h a t  ch lo rp rom azine  in te rc a la te s  in to  D N A  in  vitro [9 ,15 , 27, 28]. I t  was show n 
th a t  th e  d rug  in h ib its  D N A  p o lym erase  in  vitro [10, 29], how ever, un like  
ac rid ines, ch lorprom azine an d  o th e r pheno th iaz ines are  n o t m u tagen ic  fo r 
b a c te r ia  [11, 14]. In  ad d itio n , as in d ic a te d  in  th e  in tro d u c tio n , th e re  is a poor 
co rre la tio n  betw een  th e  k n o w n  cu ring  efficiency of a n u m b e r of psychoactive  
d rugs an d  dyes and  th e ir  a p p a re n t a b ility  to  in te rca la te  in to  D N A  in  vitro. 
W e conclude therefo re  th a t  cu rin g  b y  pheno th iaz ines an d  o th e r p sychoac tive  
tr icy c lic  com pounds m ay  n o t invo lve  in te rc a la tio n  in to  D N A  or indeed  an y  
in te ra c tio n  w ith  D N A . C onsis ten t w ith  th is  are th e  recen t s tu d ies  of th e  n a tu re  
o f th e  surface envelope o f E . coli and  Salm onella typ h i-m u riu m , (review ed b y  
N i k a i d o  [30]), w hich in d ic a te  th a t  h y d ro p h o b ic  drugs an d  dyes like g en tian  
v io le t an d  m ethy lene  b lue  fail to  p e n e tra te  th e  o u te r m em b ran e  of th e  envelope, 
a lth o u g h  th e y  m ay b in d  to  i t  [30-32]. T he hydrophob ic  n a tu re  of com pounds 
like ch lo rp rom azine, im ip ram in e  an d  a m itr ip ty lin e  suggest th a t  th e y  will also 
be excluded  by  th e  o u te r m em b ran e  an d  s tud ies w ith  [3H ]-im ip ram in e  we failed  
to  d e te c t an y  active u p ta k e  of th e  d ru g  b y  E . coli B /r s tra in s  (unpub lished  
resu lts ). C hlorprom azine is know n to  b in d  s trong ly  to  cell m em branes, possib ly  
b y  in te rc a la tio n  in to  p h ospho lip id  or s im ila r b ilayers [19, 33, 34]. C onsequently , 
we suggest th a t  p lasm id  cu rin g  b y  p sy ch o ac tiv e  drugs m ay  be due to  an  ac tion  
a t  th e  b ac te ria l surface, p e rh ap s lead ing  to  fa ilu re  of p lasm id  m olecules to  
seg regate  (p a rtitio n ) to  d a u g h te r  b ac te ria . A n a lte rn a tiv e  possib ility , th a t  
in h ib itio n  of conjugal t ra n s fe r  w ith in  a p o p u la tio n  of p lasm id  hearing  b a c te ria  
m ig h t co n tr ib u te  an  im p o r ta n t  e lem ent in  th e  curing process, appears u n like ly  
since 7 ,8-d ioxochlorprom azine a lth o u g h  an  effective in h ib ito r  o f R  fac to r 
tra n sfe r , has no d e tec tab le  cu ring  a c tiv ity . S im ilarly , th e  p o te n tia tio n  of 
ch lo rp rom azine  ac tion  b y  m eth y len e  b lue  can n o t be ascribed  to  an  effect o f 
th e  dye  on re-in fection  b y  con jugal tra n sfe r , since th e  dye  alone h ad  li ttle  
effect upon  th e  tra n s fe r  process.

T he cause of th e  s tim u la to ry  effect of m ethy lene  b lue on curing  by  
p sy ch o ac tiv e  drugs rem ain s u n c e rta in  b u t  m ay invo lve  an  in te rm o lecu la r 
re a c tio n  in  w hich an  e lec tro n  is tra n s fe rre d  from  th e  d rug  to  th e  dye, p roducing
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a free rad ica l d e riv a tiv e  of th e  d rug  w hich  th e n  b in d s m ore t ig h tly  to  i ts  
bio logical ta rg e t,  p e rh ap s in  th e  b a c te ria l surface. T hese re su lts  suggest t h a t  
in h ib itio n  of conjugal tra n s fe r  is n o t e ssen tia l in  p lasm id  elim ination .
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NEW HAEMAGGLUTINATING FIMBRIAE ON 
ESCHERICHIA COLI STRAINS ISOLATED 

FROM URINE*

В . K u c h , T. P Á L  a n d  L. E m ő d y  

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

(R eceived N o v em b er 19, 1979)

T he h aem ag g lu tin a tio n  p a tte rn s  of 255 u r in a ry  Escherichia coli iso lates were ex am in ed  
w ith  h u m an  (A , R h + ), b o v in e, chicken an d  gu inea pig e ry th ro c y te s  in  th e  presence a n d  a b 
sence o f D -m annose. T he s tra in s  w ere d iv ided in to  fo u r groups acco rd in g  to  their haem agg lu - 
tin a tio n  p ro p e rties . A b o u t 4 0 %  of th e  iso lates ag g lu tin a ted  h u m an  re d  blood cells in  th e  p re s 
ence of D -m annose. T he h aem ag g lu tin in  of one of th ese , E . coli 0 1 8 a , c: К  stra in  No. 119 w as 
stab le , te m p e ra tu re  sensitive , d id  no t develop a t  18 °C and  could be iso la ted  by  th e  m eth o d s 
used  fo r th e  p ro d u c tio n  o f fim b riae . E lec tro n  m icroscopy  show ed fim b riae  on th e  surface  
of s tra in  No. 119. A n ab so rb ed  serum  p rep ared  from  a  d e riv a tiv e  cu red  of h aem ag g lu tin a tin g  
p ro p e rty  (No. 119/1) a g g lu tin a te d  all the  s tra in s  h a e m ag g lu tin a tin g  h u m an  e ry th ro cy te s  in  
th e  presence of m annose, b u t  none of those  h a v in g  o th e r h aem ag g lu tin a tio n  p a tte rn s . S ero 
logically , th e  a n tig en  of No. 119 is in d ep en d en t of th e  K 88, K 99, “ 987”  an d  CF I fa c to rs  a n d  
shows som e re la tio n sh ip  to  CF II .

D u rin g  th e  p a s t few  y ears , severa l adhesive f im b ria e  were iden tified  as 
im p o r ta n t ad d itio n a l v iru lence  fac to rs o f en te ro to x ig en ic  Escherichia coli 
s tra in s . T h ey  p lay  an  essen tia l role in  th e  e n te ro to x ic  e n te ro p a th y  of dom estic  
anim als [1—3] and  m an  [4, 5]. These f im b ria l adhesion fa c to rs  share num erous 
com m on p ro p ertie s , h u t  th e ir  an tigen ic  s tru c tu re s  an d  h aem ag g lu tin a tio n  
p a tte rn s  are d ifferen t. B ased  on th e  la t te r  d ifference E v a n s  et al. [6 ]  developed 
a h aem ag g lu tin a tio n  ty p in g  system  w hich allow s to  d e te c t f im b ria ted  s tra in s  
and  new adhesive  fac to rs . U sing th e ir  m e th o d  we o ften  fo u n d  a h aem ag g lu ti
n a tio n  p a tte rn  am ong u r in a ry  E . coli iso lates, w hich was re la tiv e ly  rare am ong 
th e ir  823 s tra in s  iso la ted  from  faeces.

In  th e  p re sen t p a p e r we rep o rt ab o u t th e  p ro p erties  o f th is  h aem ag g lu ti
n in.

M aterials and  m ethods

Strains. S ta n d a rd  s tra in s  carry in g  adhesion  fa c to rs  were k in d ly  prov ided  by  D rs I  
0R S K O V  an d  F. 0 R S K O V  (K 88, K 99), B. Na gy  (“ 987” ), an d  D. G. E v an s  (CF I, CF II) .

M edia. F o r q u a n tita tiv e  h a em ag g lu tin a tio n  te s ts  or a g g lu tin a tio n  in  facto r sera b a c 
te r ia  were g row n e ith e r on  CF m ed iu m  [7], o r on  n u tr ie n t  agar, b o th  b e in g  equally  su itab le .

Sera. R a b b its  were h y p erim m u n ized  w ith  fo rm a lin -tre a ted  (0 .3 % ) suspensions o f well- 
f im b ria te d  b a c te ria . A fter b leed ing , th e  sera were f ilte red  an d  p reserved  b y  m erth io la te  (0 .01% ).

* S u p p o rted  by  th e  S c ien tific  R esearch  C ouncil, H u n g a rian  M in istry  of H e a lth  (3— 
1 0 -0305-03-1 /K ).
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F a c to r  sera were p ro d u ced  b y  ex h au stiv e  a b so ip tic n  of th e  d ilu ted  (1:10) serum  -with liv ing  
a n d  h ea t-k illed  suspension of th e  non -fim b ria ted  d e riv a tiv e s [4].

H aem agglutination tests. F resh  h u m an  (A, R h + ), bovine and  g u inea-p ig  e ry th ro c y te s  
w ere  w ashed  th ree  tim es in  P B S  p H  7.2 and  k e p t  in  th e  original vo lum e in  A lsever’s so lu tion  
a t  4 °C. Chicken e ry th ro c y te s  w ere w ashed in  d ex tro se -g e la tin -v e ro n a l b u ffe r  (Flow) an d  k e p t 
in  th e  original volum e in  H F P I  S -sa lin e -a lb n m in -g e la tin  buffer (Flow ). W ork ing  suspensions 
fo r  slide a g g lu tira tio n  te s ts  co n ta in ed  8 -1 0 %  e ry th ro c y te s  in the above b u ffers  w ith  or w ith o u t 
3 %  D -m annose. Q u a n tita tiv e  h a em ag g lu tin a tio n  (H A ) tes ts  were m ad e  on T ak á tsy  m icro- 
t i t r a to r  p la tes according to  J o n es  and R u t t e r  [8]. In  H A -inh ib ition  ex p erim en ts , doubling  
d ilu tio n s  of th e  in a c tiv a te d  sera  were in cu b a ted  a t  37 °C w ith 5 х Ю 7- 1 х Ю 8 b acteria /m l fo r 
1 h r , an d  a fte r add ing  th e  red  b lood cell suspension , in cu b a tio n  was co n tin u ed  for 1 h r a t  room  
te m p e ra tu re  and o v ern ig h t a t  4 °C. The ro ck ed -tile  m ethod  of D u g u id  et al. [9] w as used .

E lim in a tio n  o f  the haem agglutinin. A ccord ing  to  Mitch ell  a n d  K en w o r th y  [10], 
a b o u t  1C3 cells were in o cu la te d  in to  n u tr ie n t b ro th  contain ing  100 //g /m l e th id iu m  b rom ide 
a n d  0.8 /rg/m l m ito m y cin  C. A fte r tw o passages in  th is  m edium , n o n -fim b ria ted  d e riv a tiv e s 
w ere  selected  w ith  10%  SD S [11].

Isolation o f  the haem agglutin in  was c a rried  o u t by  the  m ethods o f Stirm  et al. [12] an d  
E v a n s  et al. [13]. A fter c u ltiv a tin g  th e  s tra in  fo r 24—28 h rs  in  R oux b o ttle s , cells were h a rv es te d  
in  P B S  p H  7.2, co n ta in in g  N a N 3 (0.01% ). A fte r  hom ogenization  a t  0 °C fo r 30 m in, b a c te r ia  
w ere rem oved  by  cen trifu g a tio n  a t  5000 g fo r 1 h r  a t  4 °C and th e  s u p e rn a ta n t  w as allow ed 
to  s ta n d  a t  th is  te m p e ra tu re  fo r  48-72 hrs. R e p e a te d  cen trifugation  w as done w ith  20 000 g 
fo r 30 m in  a t  4 °C and  th e  su p e rn a ta n t was ac id ified  w ith  co n cen tra ted  ace tic  acid to  p H  3.5 
a n d  in cu b a ted  ov ern ig h t a t  4 °C. The resu ltin g  p re c ip ita te  was co llected , redissolved in  P B S  
a n d  th e  whole p rocedure  w as rep ea ted  th ree  tim es. A fte r the  las t p re c ip ita tio n  th e  pe lle t w as 
w a sh e d  th ree  tim es in 0.05 rnole/litre  ace ta te  b u ffe r  p H  4.0 and red isso lved  in  0.05 m ole /litre  
T r is -H C l buffer p H  8.0.

Electron microscopy w as perform ed b y  D r. K . T rombitás (C en tra l L ab o ra to ry  for 
E le c tro n  M icroscopy, U n iv e rs ity  M edical School, Pécs). A drop of th e  fo rm alin ized  suspension  
o f agar-grow n cells w as ap p lied  to  grids co a ted  w ith  Form w ar film  a n d  a f te r  w ash ing  w ith  
0.1 m ole/litre  KC1 i t  w as s ta in e d  negatively  w ith  1%  urany l ace ta te . T he p rep ara tio n s  w ere 
e x am in ed  w ith  a Jeo l 100/c ty p e  electron  m icroscope.

R esu lts

1. H aem agglutination patterns o f  u rin a ry  E. coli isolates. Two h u n d red  
a n d  fifty -five  E . coli s tra in s  iso la ted  from  p a tien ts  w ith  u r in a ry  tra c t  in fec tio n  
w ere  exam ined w ith  h u m a n  (A, R h  ), bov ine, chicken an d  guinea p ig  red  
b lo o d  cells in  th e  p resence  and absence of D-mannose. T he collection  of s tra in s

Table I

Haemagglutination patterns o f  255 E . coli strains isolated fro m  urine

Groups HA pattern Number of strains (%)

Hu Bv Ck Gp Hly + Illy-

I
1

— 11 (6.79) 40 (43.01)

и _ -  s s 62 (38.27) 37 (39.78)..

h i R -  - — 56 (34.56) 14 (15.05)

IV R s s 33 (20.37) 2 (2.15)

T o ta l 162 (99.99) 93 (99.99)

— no haem ag g lu tin a tio n  (HA), S =  m annose sensitive HA, R  = m annose re s is tan t HA  
H u  =  hum an (A, R h + ), B v  =  bovine, Ck — chicken Gp =  guinea p ig  e ry th ro cy te
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s tu d ie d  consisted  o f 162 liaem olysing (H ly + ) and  93 non-haem olysing  (H ly - ) 
iso la te s  (Table I).

D raw ing  to g e th e r  groups I I I  an d  IV , sig n ifican tly  m ore H ly + s tra in s  
gave  m annose re s is ta n t h aem ag g lu tin a tio n  (M RH A ) w ith  h u m an  e ry th ro c y te s  
th a n  w ith  H ly -  ones (yf =  34.72; P  %  0 .01% ). A non-m otile , H ly + , 0 1 8 a , 
с : К  s tra in , N o. 119, belonging to  g roup  I I I  w as selected  for fu r th e r  s tu d y .

2. Properties o f  the haem agglutinin N o. 119. The h aem ag g lu tin a tin g  (H A ) 
p ro p e r ty  of th e  s tra in  proved to  be s ta b le ; i t  was n o t in fluenced  b y  passages on 
n u tr ie n t  agar p la te s . C u ltiva ting  th e  b a c te ria  a t 18 °C, fac to r 119 fa iled  to

50 min at 65°C

Fig. 1. E ffec t o f  h e a t on th e  h a em ag g lu tin a tin g  a c tiv ity  o f s tra in  No. 119

develop , and  even if  th e  incu b a tio n  te m p e ra tu re  was 20 °C, t i tre s  in  119 fac to r- 
se ru m  h igher th a n  1 : 80 were n o t observed , w hile th e  corresponding  t i t r e  of 
th e  c u ltu re  grow n a t  37 °C was as h igh  as 1 : 6400. H ea tin g  of th e  ty p e  s tra in  a t 
65 °C qu ick ly  d estro y ed  its H A  a c tiv ity  and  a fte r 50 m in no H A  could  be 
d e te c te d  (Fig. 1).

T he fac t th a t  no t all m annose re s is ta n t h aem agg lu tin in s w ere assoc ia ted  
w ith  fim b riae  led us to  exam ine s tra in  N o. 119 m orphologically . O n its  su rface  
n u m ero u s fim b riae  (156 29/cell), v e ry  sim ilar to  th o se  of CF I  w ere recog 
n ized , w hile th e  cu red  derivative  N o. 119/1 carried  no fim b riae  (F ig. 2). A m ong 
m ore th a n  th o u sa n d  no n -fim b ria ted  b a c te ria  of th e  n o n -h aem ag g lu tin a tin g  
s tra in  N o. 119/1 a few  could only be found  w hich h ad  one or tw o f im b riae . 
S ince th e se  p ro p ertie s  resem bled th e  w ell-know n adhesion  fac to rs, th e  q u estio n  
arose w h e th e r th is  h aem agg lu tin in  w as p lasm id-con tro lled . As sp o n tan eo u s 
loss h a d  n o t been  observed , th e  ty p e  s tra in  w as cured  according to  M i t c h e l l  

an d  K e n w o r t h y  [10] and  n o n -fim b ria ted  b ac te ria  w ere selected in  2 .6 %  b y  
th e  m e th o d  of A d a c h i  et al. [11].

T he serum  p rep a red  against th e  f im b ria te d  ty p e  s tra in  N o. 119 w as 
ab so rb ed  b y  th e  cu red  derivative  No. 119/1. Slide and tu b e  ag g lu tin a tio n  te s ts  
of th e  255 u r in a ry  E . coli isolates gave th e  follow ing resu lts.

As show n in  T ab le  I I ,  s tra in s  belonging  to  groups I and  I I  w ere n o t 
a g g lu tin a te d  in  th is  serum . M em bers of th e  o th e r tw o  groups gave t i tre s  from
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Fig. 2. E . coli (0 1 8 a ,c :K —:H _ ) s tra in  No. 119 an d  i ts  cu red  de riv a tiv e  119/1. N egative  s ta in in g  
w ith  u ra n y l ace ta te , (a) F im b r ia te d  s tra in  No. 119, x 4 6  800; (b) fim briae  o f s tra in  No. 119, 

X 300 000; (c) cu red , n o n  f im b ria ted  d e riv a tiv e  (119/1) of s tra in  No. 119, x 4 6  800

A cta  Microbiologica Academiae Scientiarum Hungaricae 27, 1980
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1 : 800 to  1 : 6400. T his b eh av io u r of group IV  s tra in s  su p p o rted  th e  id ea  th a t  
these  iso la tes  m ig h t h a rb o u r  tw o k inds of surface s tru c tu re s ; th e  119-like 
fim briae , g iv ing  M R H A  w ith  h u m an  e ry th ro cy te s  an d  com m on pili show ing 
m annose sen sitiv e  H A  (M SHA) w ith  ch icken  and  gu in ea  pig red  blood cells.

N ex t, th e  H A  in h ib itin g  cap ac ity  of th is  fac to r-se ru m  was d e te rm in ed  
and  co m p ared  to  those  p rep a red  ag a in st th e  know n ad h esio n  facto rs. T ab le  I I I  
sum m arizes th e  values o b ta in ed  in  H A I te s ts  and  ag g lu tin a tio n  titre s  observed  
w ith  th e  re ference  s tra in s  an d  sera. Some cross-re la tedness can  be seen be tw een  
th e  119 a n d C F  I I  fac to rs an d  th e  find ings suggested  th a t  th e  h aem ag g lu tin a tin g  
an tig en  of s tr a in  No. 119 w as serologically  d is tin c t from  o th e r H A + fim b riae .

A tte m p ts  w ere m ade to  iso la te  th e  liaem ag g lu tin in  b y  m ethods app lied  
earlier fo r s im ila r purposes [12, 13]. The crude m a te ria l o b ta in e d  a fte r re p e a te d  
p rec ip ita tio n s  w ith  acetic  acid  gave M R H A  u n til a d ilu tio n  of 1 : 1024. T he 
H A  a c tiv ity  w as te m p e ra tu re  sensitive  an d  could be in h ib ite d  by  119 fac to r- 
serum .

Table II

A gglutination o f  urinary E . coli isolates in  “119” factor-serum

Groups
HA pattern Agglutinating/all 

strains testedHu Bv Ck Gp

I — — — — 0/51

и — — s s 0/99
h i R - - — 70/70

IV R - s s 35/35

T o ta l 105/255

F or abbrev iations see Table I

Table I I I

Haemagglutination inhibition and tube agglutination w ith fim b ria ted  strains and factor-sera

Anti-fimbiral
factor-sera

Reciprocal
HAItitres

Reciprocal agglutination titres, strains

K88 K99 CF I. CF II. 987 119

K88 < 2 0 1280 < 2 0

K99 < 2 0 2560 < 2 0

CF I < 2 0 . 2560 160

CF I I 80 5120 640

987 < 2 0 640 < 2 0

119 320 40 < 2 0 40 160 < 2 0 5120

H A I =  haem ag g lu tin a tio n  inh ib ition
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Discussion

T he fac t th a t  en te ro to x in o g en ic  E . coli (ETEC) s tra in s  do n o t in v ad e  
e p ith e lia l cells, and  th a t  th e  ty p ic a l d ia rrh o ea  is caused b y  cholera-like to x in  
L T  (an d  ST), led to  th e  d iscovery  of th e  so-called adhesion fac to rs . These are 
resp o n sib le  for th e  h o s t-sp ec ific ity  of E T E C  an d  th e ir  p resence is essen tia l for 
th e  m an ife s ta tio n  of th e  d isease [14, 15]. T h u s, in  th e  case o f E . coli iso la ted  
fro m  faeces, th e  know n  M R H A + fim b riae  (and  987) are th o u g h t to  be th e  
bases  of adherence.

In  th e  case of e x tra in te s tin a l E . coli iso la tes besides o f o th e r  fac to rs [16] 
th e  com m on pili are su p p o sed  to  be im p o r ta n t  v iru lence  fa c to rs , being  re 
sp o n sib le  for adherence. T h e ir  adhesion  a b ility , like th e ir  h aem ag g lu tin a tio n , is 
k n o w n  to  be m annose sen s itiv e  [17, 18] an d  th e y  have been  show n to  adhere  
to  ep ith e lia l and  m ucosal su rfaces. T heir im p o r ta n t role in  adherence  to  h u m an  
u ro cp ith e lia l cells has been  d e m o n s tra te d  [19-22].

I t  seem ed in te re s tin g  to  s tu d y  w h e th e r th e re  are an y  m annose re s is ta n t 
h aem ag g lu tin in s  on u r in a ry  E . coli s tra in s . E xam in in g  th e  H A  p roperties of 
255 iso lates, we often  found  tw o  p a tte rn s  i.e. M RI1A w ith  h u m a n  e ry th ro cy tes  
w ith  or w ith o u t M SH A  w ith  ch icken  an d  guinea pig red  b lood  cells. These 
p a tte rn s  were described  b y  E v a n s  et al. [6] who found th e m  am ong faecal 
iso la te s  in  2.1 and  2 .7 % , resp ec tiv e ly . A b o u t 40 %  of th e  s tra in s  p resen ted  here 
c a rr ie d  these  ty p es of h aem ag g lu tin in s . T he f im b ria te  m orpho logy  of th e  
h aem ag g lu tin in  on ty p e  s tra in  No. 119 w as proved, an d  th e  p lasm id -con
tro lle d  n a tu re  of i t  w as supposed .

There are som e essen tia l questions w hich  canno t y e t be answ ered. T he 
re la tio n sh ip  betw een  sero ty p es and  th e  presence of 119 fim b riae  should  be 
c la rified . I t  is no t know n w h e th e r these  fim b riae  confer a colonizing ab ility  to  
th e  s tra in s  possessing th em . W ork  m ust be continued  in  th is  d irec tion  using  
iso la te d  hum an u ro ep ith e lia l cells [19] an d  som e k ind  of an im al m odel.
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SALMONELLA TYPHI R-PLASMIDS IN HUNGARY

V e r a  G. L á s z l ó  a n d  H e d d a  M i l c h

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

(R eceived N o vem ber 27, 1979)

T he a n tib io tic  sen sitiv ity  o f 4095 Salm onella typ h i  s tra in s  iso lated  in  H u n g a ry  from  
J a n u a ry ,  1974 to  Ju n e , 1979, w as tes ted . Tw elve s tra in s  d e riv ed  from  one p a tie n t a n d  seven 
chronic carrie rs  w ere re s is ta n t to  an tib io tic s  due to  R -p lasm ids. One of th e  S . typ h i  s tra in s  
carried  tw o R -p lasm ids an d  th e  change in  th e  p hage  ty p e  of th is  s tra in  was caused b y  one o f th e  
p lasm ids. R -p lasm id  of th e  sam e re s tr ic tiv e  p ro p e rty  was fo u n d  in  an  Escherichia coli s tra in  
iso lated  fro m  th e  faeces o f th e  co rresponding  carrier. All o f  th e  R -p lasm ids exam in ed  w ere 
f i - , E . coli a n d  Shigella f le x n e r i  phages w ere re s tr ic te d  b y  fo u r R -p lasm ids, S. typ h i  ph ag es 
were re s tr ic te d  b y  one. R -p lasm ids belonged  to  in co m p a tib ility  g ro u p s I I ,  12, W  an d  H .

C hloram phenico l (Cm) was th e  m ost im p o r ta n t th e ra p e u tic  advance  in  th e  
tre a tm e n t o f ty p h o id  fever, and  since 1949, Salm onella ty p h i  cu ltures rem ain ed , 
as a ru le , sensitive  to  a n tib a c te ria l d rugs. T hus, in  c o n tra s t  w ith  o th e r p a th o 
genic en te ro b a c te ria , only  few  in fec tions w ere caused b y  Cm re s is tan t S . typ h i  
[1—5]. A n ex ten siv e  o u tb reak  of ty p h o id  fever was e lic ited  by  a Cm re s is ta n t 
s tra in  in  M exico in  1972—1973. R -p lasm id  w hich coded n o t only a h igh-level 
resistance  to  Cm, causing a m in im al in h ib ito ry  c o n cen tra tio n  of 150 pg /m l, b u t  
also re s is tan ce  to  s trep to m y c in  (Sm), te tracy c lin e  (Tc) an d  su lphonam ides (Su)
[6]. T he R -p lasm id  belonged to  a new  in c o m p a tib ility  group , designated  H I  
[7, 8]. A n u m b e r of foreign  v isito rs to  th a t  co u n try  w ere in fec ted , 52 A m ericans, 
tw o R ritish  and  one Swiss, a f te r  re tu rn in g  to  th e ir  hom es [9, 10].

Jo ó  et al. [11] com pared  th e  b iochem ical, im m unochem ical and  im m uno- 
biological p ro p ertie s  of a C m -resistan t S . typ h i s tr a in  iso la ted  d u rin g  th e  
ty p h o id  fever epidem ic in  M exico an d  tho se  of a C m -sensitive s tra in  u sed  for 
p rep arin g  vaccines. T hey  found  no difference in  th e  chem ical com position  of 
th e  tw o  s tra in s . T he C m -resistan t s tra in  co n ta in ed  less V i an tigen  and  w as less 
v iru len t in  m ice and  its  ac tive  and  passive  m o u se-p ro tec tiv e  ab ility  w as low er 
th a n  th a t  o f th e  C m -sensitive S. ty p h i  s tra in .

P a n i k e r  an d  V i m a l a  [12] described  an  o u tb re a k  of C m -resis tan t 
ty p h o id  fever in  In d ia  in  1972. T he resis tan ce  p a t te rn  o f th e  s tra in  w as th e  
sam e as o f th e  M exican one.

R u t l e r  et al. [13-15] rep o rted  th a t  four Cm, T c, Sm , Su re s is ta n t, 
R -fac to r ca rrie r S . typ h i s tra in s  w ere iso la ted  from  th e  b lood  of 8 p a tie n ts  in  
Saigon, S ou th -V ie tnam , in  1971. T he R -fac to r w as s im ila r to  th a t  iso la ted  in
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th e  M exican  o u tb reak . T h e  com bined  use o f  am picillin  an d  tr im e th o p rim — 
su lp h am eth o x azo le  seem ed to  be  th e  b e s t th e ra p h y .

A m ong 42 s tra in s  o b ta in e d  in  d iffe ren t p a r ts  of C anada in  J a n u a ry  to  
J u n e , 1973, 5 w ere r e s is ta n t to  Cm, T e, Sm , Su, b u t sensitive  to  am picillin  
(Ap) an d  th e ir  phage ty p e  w as degraded . T he s tra in s  w ere iso la ted  from  
p erso n s  who h ad  v is ited  M exico or from  th e ir  con tac ts [16].

I n  th e  N e th e rlan d s, o u t o f th e  142 S . typ h i  s tra in s iso la ted  in  1972 to  
1974 tw o  proved  to  be re s is ta n t to  te tra c y c lin e  and  one w as re s is ta n t to  Cm, 
T c , A p and  k an am y c in  (K m ) [17].

I n  R oum an ia , an  R -p lasm id  ca rrie r Sm , Cm, Tc, Ap re s is ta n t S. typ h i 
s t r a in  w as f irs t iso la ted  fro m  a p a tie n t in  1972 [18].

T he spread of d ru g  re s is ta n t s tra in s  se rv ed  as a w arn ing  to  exam ine th e  
p resen ce  of R -p lasm ids in  S . typ h i  s tra in s  in  H ungary .

Materials and methods

Bacterial strains. W e ex am in ed  4095 S. ty p h i  s tra in s  iso lated  fro m  p a tie n ts  an d  carriers 
in  H u n g a ry , from  J a n u a ry ,  1974, to  Ju n e , 1979. A n  E . coli s tra in  ( res is tan t to  Tc) w as iso la ted  
fro m  a  carrier. R ecip ien t s tra in s  in  crosses: E . coli K 12 H frH  n a lr; E . coli K 12 F + ; E . coli 
K 12  J5  — 3 F _ na lr; s ta n d a rd  S . typ h i  s tra in s  o f p h ag e  ty p e  A and  E la ; S . f le x n er i  232 r if r 
(v a r ia n t  X , phage ty p e  3).

Phages. P h age-set fo r p h ag e  ty p in g  of S. typ h i  s tra in s  o b ta ined  fro m  th e  E n te ric  R efer
ence L ab o ra to ry  an d  B u reau , C en tra l Pub lic  H e a lth  L ab o ra to ry  Service, L ondon . P hag e-se t 
fo r p h ag e  ty p in g  of E . coli s tra in s  [191. P h ag e-se t fo r phage ty p in g  of S. fle xn eri  s tra in s  [20]. 
P h a g e s  Ms2 [21], f2 [22], a n d  Ik e  [23].

Reference p lasm ids  (d e s ig n a tio n  of stra in s /d esig n a tio n  of p lasm id s/in co m p a tib ility  
g ro u p ): 5 1 /p IP  112/11; 5 5 /p IP  175/12; 6 2 /R P 4 /P ; 6 4 /p IP  517/C; 7 2 /p IP  72/lO .B .O .; 73/TP 
116/H ; 6 7 /p IP  518/M (Y. A. Ch a b b e r t , P aris); ./R N 3 /N ; ./S-a/W  (N. D a t t a , L ondon).

Selective media. B ism u th -su lp h ite  agar, eosin  m eth y len e  blue a g a r a n d  desoxycholate  
a g a r  co n ta in in g  an tib io tic s , w ere  used . D ru g  c o n cen tra tio n s : ch loram phenico l (Cm), t e t r a 
cycline  (Tc), k an am y cin  (K m ): 20 /tg /m l; s tre p to m y c in  (Sm ), am picillin  (A p): 30 fig/ml: n a li
d ix ic  acid  (nal): 50 /ig /m l; rifam p ic in  (rif): 250 fig /m l.

Crosses were carried  o u t: (1) cross in  o v e rn ig h t b ro th  culture: the  2 h r  b ro th  cu ltu res of 
th e  d o n o r and recip ien t s tra in s  w ere m ixed  1 : 1; a f te r  overn igh t in c u b a tio n  a t  37 °C th e  
m ix tu re  was d ilu ted , p la te d  in  0.1 m l q u a n titie s  o n  selective agar p la te s  a n d  in cu b a ted  a t  
37 °C fo r 16 h r. (2) by  p la te  m e th o d  [24].

Determ ination o f  f i  character. R -p lasm ids w ere tran sferred  to  E . coli K 12 H frH  n a lr 
s tra in ,  a n d  th e  R + cu ltu re  w as te s te d  for v isible ly sis w ith  phages Ms2 a n d  f2 , b y  sp o t te s t.

Phage restriction. P h ag e  se n s it iv ity  o f  E . coli K 12 H frH  n a lr R _ a n d  11 s tra in s  w as 
e x am in ed  b y  ro u tin e  te s t  d ilu tio n  of th e  E . coli ty p e-p h ag es  by  sp o t-tes t. I n  th e  case o f reduced  
ly sis  (com paring  R + stra in s  to  th e  R _ ones), th e  effic iency  of p la tin g  (e .o .p .) was assessed b y  
th e  a g a r  lay e r m ethod . R e s tr ic tio n  of S . typ h i a n d  S . f le x n e r i  phages w as te s te d  b y  th e  sam e 
m e th o d  using  ad eq u a te  rec ip ien ts  an d  phage-sets. G roup ing  of R -p lasm ids b ased  on  S. f le x n e r i  
p h ag e  re s tr ic tio n  was d escribed  p rev iously  [25].

Incom patib ility  test w as c a rried  o u t accord ing  to  Chabbert  et al. [26].

Results

A ntib io tic  se n s itiv ity  of S. typh i s tra in s  iso lated  from  p a tie n ts  and  
ca rrie rs  in  H u n g ary , from  J a n u a ry , 1974, to  Ju n e , 1979, w as te s te d . O ut of th e  
4095 s tra in s  exam ined , tw elv e  w ere re s is ta n t to  an tib io tics an d  resistance  w as
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due to  R -p lasm id . E lev en  s tra in s  w ere iso la ted  from  7 chronic carriers an d  one 
s tra in  w as iso la ted  from  a p a tie n t.

T he origin o f th e  R -p lasm id  ca rrie r s tra in s  w as as follows.
(1) T he f irs t p h ag e  ty p e  ex am in a tio n  o f th e  S . typ h i s tra in  ex c re ted  b y  

th e  f ir s t  c a rrie r w as ca rried  ou t in  1960, th e  phage ty p e  was E la . D u rin g  th e  
n ex t 15 y ea rs  no ch an g e  in  phage ty p e  w as observed . A s tra in  re s is ta n t to  
Sm, Cm, T e, Ap, Su w as iso la ted  in  1975, w hich  w as u n ty p a b le  by  a d a p te d  Vi 
phages. One y ea r la te r  th e  carrie r ex c re ted  sensitive  S . typ h i of th e  o rig in a l 
phage ty p e .

(2) T he phage ty p e  of th e  s tra in  from  th e  second ca rrie r wras Cl since 1964. 
The ca rrie r s tay ed  in  h o sp ita l for one w eek in 1975 and  th e  s tra in  iso la ted  a t 
th a t  tim e  w as re s is ta n t to  Cm, Tc, A p, w hile th e  phage ty p e  was u n ch an g ed , 
Cl. A fte r  fo u r m o n th s  th e  s tra in  lost its  an tib io tic  resistance .

(3) T he th ird  c a rr ie r  was reg istered  since 1959. In  rep ea ted  ex am in a tio n s 
th e  ph ag e  ty p e  of th e  s tra in  was A. I t  changed  to  Vi n eg a tiv e  in  1974 an d  1976, 
and  th e  s tra in  iso la ted  in  1976 was re s is ta n t to  Tc. In  th e  n ex t y ear th e  s tra in  
excre ted  w as sensitiv e  to  an tib io tics an d  o f phage ty p e  A.

(4) T he s tra in  w as iso la ted  from  a p a tie n t  in  1976. I t  was of phage ty p e  
A, an d  re s is ta n t to  Cm , T c, Ap. A fte r reco v ery , no ca rr ie r  s ta te  developed.

(5) T he phage ty p e  of th e  s tra in  iso la ted  from  a ca rrie r was A -deg raded  
in  1967, an d  D l-d e g ra d e d  since 1969. T he s tra in  becam e re s is ta n t to  Tc in  1977, 
and  p roved  to  be re s is ta n t in  1978 an d  1979.

(6) T h is person  h a d  h ad  ty p h o id  fever in  1965, th e  s tra in  ex cre ted  w as 
o f phage ty p e  C l. P h ag e  ty p e  rem ained  u n ch an g ed  d u rin g  th e  contro l e x a m in a 
tions. In  1977 th e  s tr a in  wras re s is ta n t to  Tc.

(7) T he carrie r h a s  been  reg istered  since 1968. T he phage ty p e  of th e  s tra in  
excre ted  w as D l ,  and  i t  changed  to  Vi n eg a tiv e  in  1971. T he s tra in s  iso la ted  in  
1978 an d  1979 w ere V i n eg a tiv e  an d  re s is ta n t to  Tc.

(8) T h e  8 th  p e rso n  w as a chronic ca rrie r. T he f ir s t  phage ty p e  d e te rm i
n a tio n  w as carried  o u t in  1963, th e  phage ty p e  of th e  s tra in  w as F I .  T he s tra in s  
iso lated  in 1978 and  1979 were of phage ty p e  B 2-degraded  and  re s is ta n t to  
Sm, Tc.

In  th e  course o f ex am in a tio n s th e  R -p lasm ids derived  from  th e  sam e 
persons in  rep ea ted  iso la tio n s proved  to  be id en tica l, th ere fo re  th e  T ables on ly  
d em o n stra te  one s tra in  an d  p lasm id  from  each  person .

Phage restriction by R -p lasm ids. T ran sfe rrin g  an tib io tic  resistance from  an 
an tib io tic  re s is ta n t S . ty p h i  s tra in  iso la ted  from  ca rrie r 1 to  sensitive S . typ h i 
s tra in s  of phage ty p e  A  an d  E la , resp ec tiv e ly , colonies o f tw o  kinds of re s is tan ce  
p a tte rn  w ere o b ta in e d : re s is ta n t to  Sm , Cm, T c, A p, an d  re s is ta n t to  Tc. 
There w as no  change in  phage sen s itiv ity  o f th e  S . ty p h i  s tra in  of phage ty p e  
A a fte r th e  acqu is itio n  o f  Sm , Cm, Tc, A p resis tan ce , h u t  th e  phage se n s itiv ity  
becam e re s tr ic te d  and  th e  phage ty p e  changed  to  u n ty p a b le  a fte r th e  acq u is i
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t io n  o f  T c resistance . T he p lasm id  d e te rm in in g  Sm , Cm, Tc, A p res is tan ce  w as 
d es ig n a ted  la ,  th e  one con tro llin g  Tc re s is tan ce  w as designated  l b .  R -p lasm id  
lb  in tro d u c e d  to  th e  s tra in  of phage ty p e  E la  re s tr ic te d  phages E l  to  E 10 , th e  
s t r a in  w as suscep tib le  on ly  to  phages 46, V i I  -f- IV  and  0 1 , 2, 3. T ab le  I  
p re se n ts  th e  re la tiv e  e.o .p . va lues o f phages A  an d  E l  m ed ia ted  b y  R -p lasm ids 
l a  a n d  lb ,  respective ly .

Table I

R elative e.o.p. values o f  S . typ h i phages in  a S . typ h i strain carrying different R -plasm ids

Designation
of

R-plasmid
Resistance Relative e.o.p. values of S. typhi phages

determinants A El

la Sm , Cm, T c, Ap 1 l

lb Tc 0.2 X 1 0 ~ 3 0 .2 X 1 0 -3

Two R -plasm ids w ere carried  b y  th e  S . typ h i  s tra in  and  p h ag e  re s tr ic tio n  
w as due  to  th a t  one w h ich  de te rm in ed  Tc resistance .

A n E . coli s tra in  iso la ted  from  th e  faeca l flo ra  of th e  co rrespond ing  ca rrie r  
w as also exam ined . A n R -p lasm id , s im ila r in  ph ag e  re s tric tiv e  effect to  p lasm id  
l b ,  w as d em o n stra ted  in  th is  E . coli s tra in . T he S . typ h i s tra in  o f phage ty p e  
E la  changed  to  u n ty p a b le  a fte r  acqu is itio n  o f th e  E . coli p lasm id . T he presence 
o f  R -p lasm id  of th e  sam e re s tr ic tio n  ty p e  in  th e  faecal flo ra  allow s th e  sugges-

ТаЫе II

Relative e.o.p. values o f  E . coli type-phages in  E . coli strain carrying S. typ h i R -plasm ids

Desig
nation

of
R-plas
mids

Resistance
determinants

Relative e.o.p. values of E. coli phages
Plasmid types 
based on re
striction of E. coli phages23 24

la Sm , Cm, Tc, Ap l l RO

lb Tc 0.2 X 10-3 о.зхю-3 R 28a

2 Cm, Tc, Ap 0 . 4 x l 0 - J 1 R 28b

3 Tc О . З х Ю - 3 1 R 28b

4 Cm, Tc, Ap 1 1 RO

5 T c 1 1 RO

6 Tc 0 .2 X 1 0 - 3 1 R 28b

7 Tc, Ap 1 1 RO

8 Sm , Tc 1 1 RO
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tio n  th a t  th e  R -p lasm id  w as tra n s fe rre d  from  th e  E . coli to  th e  S . typ h i  in  th e  
in te s tin e s .

No change w as observed  in  th e  phage ty p e  of th e  S. typ h i  s tra in  of phage 
ty p e  A a fte r th e  in tro d u c tio n  o f p lasm ids 2 to  8. C hanges occurring  in  th e  
p hage  ty p es of s tra in s  3, 5, 7 an d  8 w ere n o t m ed ia ted  b y  R -p lasm ids.

R estric tio n  of E . coli phages w as exam ined  in  E . coli K l 2 H frH  s tra in  
a fte r  R -p lasm id  tra n s fe r . R e s tr ic tio n  of phages 23 an d  24 w as observed . T ab le  
I I  show s th e  re la tiv e  e.o .p . va lues o f  th e  tw o E . coli phages an d  th e  re s tr ic tio n  
ty p es  of R -p lasm ids accord ing  to  E . coli phages.

Table I I I

Characterization o f  R -plasm ids according to phage restriction and incom patibility

Desig
nation

of
R-plas-
mids

Resistance
determinants

Plasmid type based on restriction of
Incompatibility

groupsE .  c o l i S .  f l e x n e r i

phages

la Sm , Cm, Tc, Ap RO R i l l w

lb Tc R 28a RV H

2 Cm, Tc, Ap R 28b RV 11

3 Tc R 28b R I 12

4 Cm, Tc, Ap RO R I w

5 Tc RO R I 11

6 Tc R 28b RV 11

7 T c, Ap RO R I 11

8 Sm , Tc RO R I 11

G rouping  of S . ty p h i  R -p lasm ids on th e  basis o f re s tr ic tio n  o f E . coli and  
S. fle x n e r i  ty p e  phages is p re sen ted  in  T ab le  I I I .  T he p lasm ids belonged  to  
th re e  re s tr ic tio n  ty p e s  accord ing  to  b o th  phage sets. P h ag e  re s tr ic tio n  w as n o t 
caused  b y  plasm ids of ty p e s  RO an d  R I. T ab le  I I I  show s th e  in c o m p a tib ility  
g roup ing  of R -p lasm ids; th e  R -p lasm ids belonged to  th e  in c o m p a tib ility  
groups I I ,  12, W  an d  H .

R -p lasm ids l a  a n d  lb  w ere tra n s fe rre d  to  E . coli K 12 F + s tra in . T he F + 
s tra in  ca rry in g  p lasm id  l b  lost its  se n s itiv ity  to  phages Ms2 an d  f2. H  p lasm ids 
are inco m p atib le  w ith  th e  ex trach ro m o so m al F  fa c to r  [27].

R -p lasm ids te s te d  in  E . coli K 12 H frH  s tra in  p ro v ed  to  he f i_ . V isible 
lysis w as observed w ith  phage Ik e  in  th e  s tra in  c a rry in g  p lasm id  la .

N e ith e r  E . coli n o r S. ty p h i  phage res tr ic tio n  w as observed  b y  an  R- 
p lasm id  iso la ted  from  a S . ty p h i  s tr a in  derived  from  th e  M exican o u tb reak .
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D iscussion

P hage  types c f  a n tib io tic  re s is ta n t S . ty p h i  s tra in s  iso la ted  in  H u n g ary  
w ere A , C l, B 2-deg raded , D l-d e g ra d e d  u n ty p a b le  an d  Yi n eg a tiv e .

P hage  ty p es of re s is ta n t S . ty p h i  s tra in s  re p o rte d  b y  A n d e r s o n  w ere as 
follow s. The M exican s tra in s  (1972) w ere d eg rad ed , th e  s tra in s  from  In d ia  
belo n g ed  to  Y i-phage ty p e  D l-N , th e  s tra in s  iso la ted  in  S ou th -V ietnain  
(1972—1974) belonged to  ty p es  D 6, E 7 , N , 56 an d  u n ty p a b le , s tra in s  from  
T h a ila n d  were of ty p e s  53, D1 an d  V i-negative  [9].

A m ong th e  ex am in ed  8 R -p lasm id  ca rrie r s tra in s , a change in  th e  phage 
ty p e  a fte r  R -p lasm id  acqu is itio n  w as observed  in  one case, w hen  th e  ty p e  
ch an g ed  from  E la  to  u n ty p a b le .

A sim ilar ph en o m en o n  was rep o rted  by  R u s u  et al. [28], who iso lated  an  
a n tib io tic  sensitive S . ty p h i  s tra in  of phage ty p e  А -degraded  from  a p a tie n t, 
a n d  a fte r  four days ch lo ram phen ico l tre a tm e n t th e  s tra in  iso la ted  w as re s is tan t 
to  Sm , Cm, Tc, A p, ca rried  an  fi~  R -p lasm id  and  w as re s is ta n t to  all Vi- 
p h ag es. I t  was suggested  th a t  th e  change in  phage ty p e  w as due to  res tric tio n - 
m o d ifica tio n  m ed ia ted  b y  R -fac to r.

ToucAS [29] described  p h ag e-am p lifica tio n  b y  R -p lasm id . A s tra in  of 
p h ag e  ty p e  E la , sen sitive  to  phage Vi V II , xylose p o sitive , a f te r  th e  acqu isition  
o f a n  R -plasm id d eriv ed  from  a M exican S . ty p h i  s tra in  changed  to  phage ty p e  
A , non-sensitive  to  p h ag e  Vi V II  and  xy lose-nega tive .

E arlie r we e la b o ra te d  an d  em ployed  a ty p in g  m eth o d  for R -p lasm ids 
d e riv ed  from  d iffe ren t b a c te ria l species of Enterobacteriaceae, in  trac in g  the  
epidem iological sp read  o f th e  p lasm ids. T y p in g  w as based  on res tr ic tio n  of 
E . coli and  S .fle x n e r i  phages. S. typ h i R -p lasm ids belonged to  th re e  re stric tio n  
ty p e s  according to  E . coli and  S. fle x n e r i  phage re s tr ic tio n . Subdiv ision  of 
p lasm id s by  p h ag e -re s tric tio n  w as com pleted  w ith  in c o m p a tib ility  grouping. 
T h ere  was no co rre la tio n  betw een  re s tr ic tio n  ty p es  and  in c o m p a tib ility  groups. 
E . coli phages w ere n o t  re s tr ic te d  (RO) by  tw o p lasm ids o f in co m p a tib ility  
g ro u p  W  b u t th e y  belonged  to  d ifferen t re s tr ic tio n  ty p es  (R  I I I ,  R I), according 
to  re s tr ic tio n  of S .f le x n e r i  phages. F ive  R -p lasm ids belonged to  group I I ,  tw o 
o f th e m  were of ty p e  R 28b and  R  V, and  th re e  of th e m  of ty p es  RO and  R I.

C h a b b e r t  an d  G e r b a u d  [30] ch a rac te rized  S . typ h i  R -p lasm ids derived  
fro m  V ietnam  and  F ra n c e . The p ro p erties  of R -p lasm ids iso la ted  in  V ie tnam  
w ere  th e  sam e as th o se  iso la ted  in  th e  M exican o u tb re a k : th e y  were fi~ , 
be longed  to  in c o m p a tib ility  group H , and  d e te rm in ed  S m ,C m , T c, Su resistance. 
T h e  s tra in  iso la ted  in  F ran ce  carried  an  f i+ R -fac to r w hich  belonged to  
in c o m p a tib ility  g roup  F  I  an d  w as re s is ta n t to  Sm , Cm, T c, A p, Su.

ToucAS and  Vieu  [31] used  S . typ h i s tra in s  of phage ty p e  A and  E la  
as rec ip ien ts  and  s tu d ie d  th e  changes in  p h ag e-ty p e  tra n sfe rr in g  22 R -plasm ids 
belong ing  to  d iffe ren t in co m p a tib ility  groups. T h ey  observed  re s tr ic tio n  of
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S. ty p h i  ty p e -p h ag es b y  R -p lasm ids of g roups I I ,  Ю .В .О ., N , W  and  F  I . T hese  
find ings h av e  con firm ed  our o b se rv a tio n  th a t  phage re s tr ic tio n  was caused b y  
p lasm ids of in c o m p a tib ility  groups I I  and  W .

T he s tra in  c a rry in g  a group W  p lasm id  w as ly sed  b y  phage Ike . T h o u g h , 
accord ing  to  D e n n i s o n  and  B a u m b e b g  [ 3 2 ] ,  m u ltip lica tio n  of phage Ik e  w as 
su p p o rted  only b y  th o se  s tra in s w hich  w ere h a rb o u rin g  p lasm ids of in c o m p a 
tib ility  group  N , G r a n t  et al. [ 3 3 ]  re p o rte d  on th e  m u ltip lica tio n  of ph ag e  
Ik e  in  s tra in s  c a rry in g  R -p lasm ids o f in co m p a tib ility  group P.

I n  one case an  E . coli R -p lasm id  was iso la ted  from  th e  faecal flo ra  o f a 
chronic carrie r. T he p lasm id  possessed th e  sam e phage re s tr ic tiv e  p ro p e rty  as 
d id  th e  S -ty p h i  R -p lasm id . I t  was ev id en t th a t  th e  S . typ h i  s tra in  acqu ired  th e  
R -p lasm id  in  vivo in  th e  in testin es . I t  is assum ed th a t  th e  R -p lasm ids w ere 
acqu ired  in  th e  sam e w ay  as in  th e  case of th e  o th e r carriers.

A sim ilar ex p la n a tio n  was g iven  of R -p lasm id  acqu isition  b y  S. ty p h i  
s tra in s  b y  B r a n d i s  an d  A n d r i e s  [34]. T hey  re p o rte d  a ty p h o id  fever o u t
b reak  in  B ad en -W ü rttem b erg  in  1974, w hich  was caused  b y  S. typ h i, p hage  
ty p e  A. O u t of th e  exam ined  262 s tra in s  tw o w ere re s is ta n t to  te tra c y c lin e . 
R esistance  w as due to  f i_ R -p lasm ids. T he tw o R -p  lasm ids h ad  th e  sam e re s tr ic 
tio n  p a tte rn , th e y  re s tr ic te d  Vi te s t-p h ag es  T , D an d  V II . The p a tien ts  w ere  
tre a te d  in  th e  sam e h o sp ita l, th o u g h  n o t a t th e  sam e tim e . I t  was supposed  
th a t  th e  S . typ h i s tra in s  h ad  received  th e  R -p lasm ids from  o th e r T c -re s is tan t 
b ac te ria  in  th e  in te s tin e s . In  consequence, one c a n n o t u n d eres tim a te  th e  
sign ificance of tra n s fe r  in  vivo, th o u g h  in  W a t a n a b e ’s m ouse experim en ts [35] 
and  in  S m i t h ’s se lf-experim en ts [36] no such tra n sfe r  w as observed  or only in  a 
small degree.

O ur stud ies s u p p o r t th e  w arn in g  th a t  i t  is of g rea t im p o rtan ce  to  tra c e  
th e  sp read  of d rug  re s is ta n t S. typ h i s tra in s  in  h u m a n  p o p u la tio n s, th e  o ccu r
rence an d  sp read  of R -p lasm ids in  en te ric  b a c te ria  of h u m a n  and  an im al o rig in , 
th e  possible tra n s fe r  o f R -plasm ids to  S . typ h i and , in  consequence, th e  d ec reas
ing  efficacy  of ch lo ram phen ico l an d  o th e r drugs in  th e  tre a tm e n t of ty p h o id  
fever.
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ALPHA-HAEMOLYSIN: AN ADDITIVE VIRULENCE 
FACTOR IN ESCHERICHIA COLI*

L. E m ő d y , T . P a l , N. У. S a f o n o v a , B. K u c h  an d  N . K .  G o l u t v a

Institu te  o f  M icrobiology , U niversity  M edical School, Pécs, H ungary  and Institu te
P asteur , Leningrad , U S S R

(R eceived  D ecem ber 11, 1979)

H aem oly tic  Escherichia coli, inc lu d in g  h u m an  in te s tin a l an d  e x tra in te s tin a l as well as 
po rc ine  en te ro tox igen ic  an d  oedem a disease iso lates, and  Proteus m organii s tra in s  were s tu d ied  
fo r th e ir  v irulence. H ly + w ild ty p e  s tra in s  an d  H ly + tran sco n ju g an ts  w ere m ore v iru len t th a n  
H ly -  deriva tives as show n in  mice a n d  ch ick  em bryos. T his en h an ced  v iru lence  seems to  be 
co n n ec ted  w ith  th e  a b ili ty  o f diffusible a lpha-haem olysin  p ro d u c tio n  because  clones p roducing  
on ly  non-diffusible, be ta -h aem o ly sin  b eh av ed  as no n -h aem o ly tic  ones. H aem orrhag ic  lung  
sy m p to m s and  haem o g lo b in u ria  were freq u e n tly  observed  a fte r  p a re n te ra l  challenge of m ice 
w ith  a lp h a-h aem o ly tic  clones. T h ough  th e  H ly -  clone e x h ib ited  a h ig h  resistance  ag a in st 
b lo o d  clearance, th e  n u m b er o f c ircu la tin g  b ac teria  w as sig n ifican tly  h ig h er in  th e  case of 
a lp h a-h aem o ly tic  clone. A causal connection  betw een th is  ph en o m en o n  a n d  th e  leukocid in  
a c t iv ity  of a lp ha-haem olysin  is suggested.

Escherichia coli s tra in s  p ro duc ing  a îpha-haem olysin  [1] are know n to  
cause fa ta l h aem o rrh ag ic  lung  oedem a soon a fte r  in tra n a sa l in s tilla tio n  in  
m ouse [2-4]. T he haem olysin  is hea t-lab ile , an tigen ic  in  n a tu re  [1], and  its  
m olecu lar w eight is in  th e  105 d a lto n  range [2].

As th e  lu n g -to x ic ity  is closely re la ted  to  th e  h aem o ly tic  p ro p e rty , 
in v estig a tio n s w ith  H ly + w ild ty p e  s tra in s , H ly~  d e riv a tiv es  an d  H ly + t r a n s 
co n ju g an ts  were ca rried  ou t to  s tu d y  th e  role of haem olysin(s) in  th e  v iru lence 
o f E . coli s tra in s .

Materials and methods

Bacterial stra ins  u sed  are lis ted  in  T able  I.
E xperim ental anim als. B A LB /c a n d  C FL P  (L A T I, Gödöllő, H u n g a ry ) and  R apalovo  

B reed in g  F arm  m ice (U S S R ), T e tra  В h y b rid  stock  chick  em bryos (B ak sa , H u n g ary ) and  
P e a rl  o f Mecsek ra b b its  (Pécs, H u n g a ry ) were used  th ro u g h o u t.

M edia. N u tr ie n t b ro th  and  n u tr ie n t  ag ar (Difco), alkaline  e x tra c t  b ro th  as described b y  
Sm it h  [1] and agar p la te s  con ta in ing  5 %  of d e fib rin a ted  sheep b lood w ere used. In  som e 
cases, especially for d e te c tin g  b e ta -haem olysin , e ry th ro cy te s  were w ashed  th ree  tim es before 
a d d in g  to  agar base. In  m atin g  ex p erim en ts  enriched n u tr ie n t  b ro th  an d  enriched n u tr ie n t 
ag ar [6] were used.

Detection o f  haem olysin. In  th e  f irs t  step , blood agar p la te s  were used . A lpha-haem olysin  
in  cu ltu re  su p e rn a ta n ts  p re p are d  accord ing  to  Sm ith  [1] w as assayed  as described  earlier [2]. 
A m m onium  su lp h a te  p re c ip ita te s  o f su p e rn a ta n ts  [7] were d issolved in  1 : 10 of orig inal

* S upported  b y  th e  Scientific  R esearch  Council, H u n g a rian  M in istry  of H e a lth  (3-10- 
0305-03-1/K )
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vo lu m e in  PB S  (pH  7.2) a n d  d ialysed  aga in st P B S  (500 : 1 vo lum e) a t  4 °C ov ern ig h t, and  
te s te d  as sim ple su p e rn a ta n ts . To de term ine  w h e th e r th e  haem olysis on  th e  blood ag ar p la te  
w as d u e  e n tire ly  to  b e ta -h aem o ly s in , th e  o v erlay er m eth o d  [8] w as used .

H ly ~  derivatives w ere p re p are d  e ith e r b y  p lasm id  curing  w ith  ac tin o m y cin  D [9] or 
acrid in e  orange [10], or b y  e th y l-m eth an e su lp h o n a te  (EM S) m u tag en iza tio n  [11]. Spontaneous 
loss o f H ly  plasm id occu rred  in  som e stra in s .

T ransfer o f  H ly  p la sm id  was perfo rm ed  as described by  G o e b e l  et al. [12]. S tra ins 
P673 a n d  P803 were used  as donor, an d  J5 3  (p lasm id  free K12 s tra in )  a n d  P673/11 (H ly - , 
l a c - , S t r R d eriv a tiv e  o f P673) served  as recip ien ts.

L u n g  test. Mice w eigh ing  10-12 g w ere in fec ted  in tra n a sa lly  w ith  0.05 m l n u tr ie n t 
b ro th  cu ltu re  or its  d ilu tio n  u n d e r  superficial e th e r  anaesthesia . T he an im als were observed  for 
48 h r  an d  d ea th  and p a th o m o rp h o lo g ica l changes w ere recorded.

Intraperitoneal and intravenous inoculation. Mice w eighing 20—23 g w ere in jec ted  in tra -  
p e rito n ea lly  or in trav en o u s ly  w ith  0.5 m l vo lum es of serial d ilu tio n s o f b ac te ria l suspensions. 
T h e  suspensions were p re p a re d  as follows. N u tr ie n t  b ro th  cu ltu res  sh ak en  o v ern ig h t were 
w ash ed  tw ice and re co n s titu te d  to  th e  original vo lum e in  PB S. T he n u m b er o f colony form ing 
u n its  w as de term ined  b y  p la tin g  ap p ro p ria te  d ilu tions. The an im als w ere observed  for a week 
a n d  signs o f oedem a an d  in tra v a s a l  haem olysis w ere searched for b y  au to p sy .

Chick embryo test. T en  d ay s old chick  em bryos were in fec ted  th ro u g h  th e  a llan to is 
m em b ran e  w ith  0.1 m l v o lu m es of serial d ilu tions o f b ac teria l suspensions p re p are d  as described 
a b o v e . D e a th  was reco rded  24 a n d  48 h r a f te r  challenge.

Blood clearance test. M ice w eighing 20-23 g were given ap p ro x im a te ly  3 X 108 germ s of a 
H ly + E . coli s tra in  an d  i ts  H ly -  d eriva tive . Germ  coun t per ml blood was ca lcu la ted  from  
sam p les ta k e n  15 m in  an d  la te r  da ily  from  th e  ta il vein.

Leukocidin  testing. G ranu lo cy tes  were se p a ra ted  from  th e  p e rito n ea l c av ity  of ra b b its  
a s  d escribed  b y  H ir sc h  an d  Ch u r c h  [13] w ith  th e  m odification  th a t  c en trifu g a tio n  was done 
a t  2000 rp m  a t  4 °C fo r 10 m in . T he cells were resuspended  in  PB S  to  give a fin a l co n cen tra tio n  
o f  ap p ro x im a te ly  5 X Ю3 cells/m m 3. More th a n  90%  of th e  cells w ere g ran u lo cy tes  as revealed  
b y  G iem sa stain ing . One t e n th  m l am m onium  su lp h a te  e x tra c t p re p are d  from  alkaline  e x trac t 
b ro th  cu ltu re  su p e rn a ta n ts  o f  d iffe ren t d e riv a tiv e s or PB S con tro l w ere m ixed  w ith  0.9 ml of 
g ra n u lo c y te  suspension an d  in cu b a ted  in  a w a te r  b a th  a t 37 °C fo r tw o hours. T he p ro p o rtio n  
o f  liv in g  granulocy tes w as d e te rm in ed  by  th e  t ry p a n  blue dye exclusion  te s t  using  200 cells 
p ro  sam ple.

Statistical analysis. T he L D 50 e stim a tio n  m eth o d  [5] and th e  Chi squ are  te s t  w ere applied .

Results

1. L ung  toxicity o f  alpha-haem olytic E . coli strains. F ive  s ta n d a rd  en te ro 
to x ig en ic  s tra in s show ing  a lp h a-h aem o ly tic  ch a rac te r w ere te s te d  in  lung  te s t. 
A ll o f th em  caused severe dyspnoea  and  p a r t  of th e  m ice d ied  in  consequence of 
h aem o rrh ag ic  lung  oedem a.

As E . coli s tra in s  causing  oedem a disease in  sw ine are  generally  haem o
ly tic , 22 such s tra in s  w ere also in v es tig a ted . All of th e m  w ere positive in the  
m o u se  lung  tes t.

2. H ly  p lasm id  e lim ina tion  and transfer experim ents. F ive  oedem a disease 
s t r a in s  (P660, P661, P 673, P803 an d  M -S-15), fu rth e rm o re  th e  E n t+ s tra in  
N o. 263 as well as s tra in s  281/54 and  18603 of h u m an  orig in  w ere cured . The 
a lto g e th e r 30 H ly -  d e riv a tiv e s  o b ta in ed  proved  to  be n eg a tiv e  in  th e  m ouse 
lu n g  te s t ,  in  ag reem en t w ith  our earlie r observation  [4].

In  th e  f irs t series of plasm id tra n s fe r  ex p erim en ts, th e  oedem a disease 
s t r a in  P673 was used  as donor. The cured  (ac tinom ycin  D) d e riv a tiv e  of th is  
s t r a in  (P673/1) was EM S m utagen ized  and  a lac -  S trR m u ta n t (P673/11) was
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Table I

L is t o f  strains

Designation Antigenic structure

E . coli K-12 “ J5 3 ” 
263
2176E8

08 : K87, K88 
0138 : K81

P99
P105
P307
M-S-15
P866
P745
P607

0141 : K85, K88
0138 : K81
0 8  : K87, K88
0139 : K82 
0 8  : K4 : H17

J 045

Origin Note

N. D atta  

B. N agy

H . W . Sm ith  

B. N agy

plasm id free 
LT+

ST+
LT+ST+
LT+ST+
LT+ST+

P124
P660
P662
P661
P673

0138 : K81

0139 : K82 : H I

P946
P1442
P803
P130
P804
P809
P1624
P125
P820
P821
P128
P123
P529

0139 : K82 : H ~
G. Se m jé n

oedem a
disease
strains

0139 : K -  

j  0141 : K 85ab

j 0141 : K85ac

)  0147 : K89, K 88ac

“ K rek a”
281/54
18603

0 4  : K12 : H5
0 4
0 4 1 hum an  

faeces

hum an  urine
P. m oreanii 

290
227
305/56
2380
2623

S. V örös

hum an  urine

hum an
faeces

selected . T his m u ta n t  served  as rec ip ien t. T he reco m b in an ts  of H ly + c h a ra c te r  
were te s te d  for th e  n a tu re  of haeinolysin  p roduced . O ne o f th e  clones p ro duc ing  
diffusible haem olysin  (P673/111 oc) w as used  in  fu r th e r  experim en ts. A few 
tra n sc o n ju g a n ts  w ere found  to  p roduce  on ly  non-d iffusib le  b e ta -h aem o ly sin . 
One o f th em  (P673/111 ß ) was used in  an im al m odels.
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In  fu r th e r  ex p erim en ts  H ly  p lasm id  tra n s fe r  was ca rried  o u t using th e  
H ly -  P673 and  P803 s tra in s  as d o n o r an d  th e  p lasm id  free E . coli K12 (J53) 
s t r a in  as rec ip ien t. T ra n sc o n ju g a n ts  p ro d u c in g  a lp ha-haem olysin  a fte r  a cq u ir
in g  H ly  plasm id (J53 /p673  and  J53 /p803) w ere iso la ted  and  used  in  th e  v iru lence 
te s ts .

3. M ouse virulence o f  H ly + w ild  type  stra ins and their d iffe ren t derivatives. 
D iffe ren t s tra in s  of m ice w ere in fec ted  in tra v e n o u s ly  w ith  H ly + E . coli s tra in s  
or th e ir  H ly -  d e riv a tiv e s . In  m o st cases no sign ifican t d ifference could be 
o b serv ed  b u t th e  H ly + clones show ed alw ays som ew hat h ig h er v iru lence.

T he ra th e r  ra p id  “ killing  e ffec t”  o f le th a l doses given in tra v e n o u s ly  w as 
n o t  favourab le  fo r th e  assay  o f th e  to x ic  effect of h aem olysin  and  fo r th e  
o b se rv a tio n  of c lin ical sy m p to m s. T herefo re , in  fu r th e r  ex p erim en ts  in t r a 
p e rito n ea l in fection  w as applied . In  th ese  ex p erim en ts  th e  h ig h e r v iru lence of 
H ly + clones w as c learly  o bservab le  (T able I I ) .

In  all cases, in d e p e n d e n tly  o f th e  orig in  of th e  s tra in s  (K re k a  and  281/54 
o f h u m a n  faecal o rig in , P99 E n t+ an d  P660 pig  oedem a d isease s tra in ), th e  
H ly + w ild typ es w ere a b o u t te n  tim es m ore v iru le n t th a n  th e ir  H ly -  c o u n te r
p a r ts .  The sum m arized  d a ta  show ed s ig n ifican t differences.

N ex t, th e  b e h a v io u r of H ly + oedem a disease s tra in  P673 w as com pared  
to  i ts  H ly -  and  H ly+  d e riv a tiv es . T he w ild ty p e  s tra in  w as s tro n g ly  positive  
in  th e  m ouse lung  screen ing  te s t  b u t  its  cu red  d e riv a tiv e  h ad  lo s t th is  a c tiv ity . 
W h ile  th e  tra n sc o n ju g a n t P673/111 a  reacq u ired  th e  lu n g -to x ic ity , th e  on ly  
b e ta -h aem o ly sin  p ro d u ce r P673/111 ß  fa iled  to  do so. These d a ta  to g e th e r  w ith  
th e  resu lts  of in tra p e rito n e a l m ouse in fec tio n  are sum m arized  in  T able I I I .

Table II

Virulence o f  some I l ly "  E . coli strains and their H ly~  derivatives in  mice infected
intraperitoneally

Hly+ wild-type strains LD60 values* Hly-  derivatives LD50 values Chi square test
(germs) (yielded by) (germs) (Hly+ illy- )

K re k a K reka/7
( 0 4  : K12 : H5) 3.0 X lO 7 (EM S in d uction ) 3.8 x 1 0 s

P99 P99/1
(0 1 4 1  : K85, K88ac) 1.8 X lO 8 (AcD cured) 9.5 x 1 0 s

9.288
P660 P660/1 P  <  0.01
(0 1 3 9  : K82 : I I I )

9.5 X lO 7
(AcD cured)

9.5 x 1 0 s
281/54 281/54/1

(0 4 )
9.5 X lO 7

(AO cured)
3.8 x 1 0 s

AcD =  actinom ycin  D ; AO =  acrid ine  orange; EM S =  e th v l-m eth an e  sulphonate  
* 4 mice for each  dose of th e  s tra in  tes ted
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Table III

Virulence o f E . coli stra in  P673 and its derivatives in  mice infected intraperitoneally
and in tranasally

P673 and its derivatives LD50 values***
Chi square 

test; as com
pared to the 

wild-type

1
J L u n g  test 
(Rapalovo 

mice) survivor/ 
infected

Mean survival 
time (hr)

P673 w ild-type 
H ly+  (0139  : K82 : I I I ) 5.3 x 1 0 s 2/10 2.0

P673/1 H ly -
cured 3 .9 x 1 0 “ 8.571 9/9

P673/111 a
H ly + transcon jugan t* 5 .1 x 1 0 s

P < 0 .0 1

0.050 0/10 1.4

P673/111 ß
H ly+  transcon jugan t** 3 .3X 10“

P —0.80

4.285 9/9
P < 0 .0 5

* T ransconjugant, carry ing  a p lasm id (p673 a) responsible fo r an  a lpha-type haem olysin 
** T ranscon jugan t, carry ing  a plasm id (p673 ß) responsible fo r a b e ta -ty p e  haem olysin  

*** 10 C FLP mice in jec ted  in trap erito n ea lly  fo r each dose of th e  s tra in  tested

D a ta  concerning in tra p e rito n e a l m ouse v iru lence show ed a sig n ifican t 
decrease of v iru lence a f te r  th e  loss o f H ly  p lasm id (P  0.01) and  its  perfec t 
reco v ery  w hen th e  H ly  p lasm id  coding a lpha-haem olysin  was re tra n sfe rre d  
(the  p ro b a b ility  of an  eq u iv a len t v iru len ce  w ith  th e  w ild  ty p e  is s ta tis tic a lly  
ab o u t 80% ). The tra n sc o n ju g a n t ca rry in g  only  p lasm id coding  b e ta -h aem o ly sin  
show ed a viru lence s im ila r to  th a t  of th e  cured  H ly -  d e riv a tiv e .

T h e  H ly+  tra n sc o n ju g a n ts  of th e  E . coli KT2 (J53) s tra in  (J53 /p673 , 
J 5 3 /p 8 0 3 )e lic ite d a p o s itiv e re s p o n s e in th e lu n g  te s to n ly  w ith  u n d ilu ted  sh ak en  
cu ltu res . T heir in tra p e rito n e a l LD 50 v a lu e  showed on ly  a m odera te  decrease 
as co m p ared  to  th e  H ly -  rec ip ien t. T he low  viru lence of th e se  strong ly  h aem o 
ly tic  d e riv a tiv es  m ay  be due to  th e ir  R  like  surface c h a ra c te r .

4 . Clinical sym ptom s observed in  the mouse model. B lood tinged  fo am y  
flu id  could  he d e tec ted  in  th e  nostrils  o f som e mice in fec ted  in tra p e rito n e a lly  
or in trav en o u sly . T hese an im als h ad  haem orrhag ic  lung  oedem a as rev ea led  
a t  necropsy . U sing th e  above rou tes o f in fection , h aem og lob inu ria  w as a 
fre q u e n t sym ptom  in  m ice g iven le th a l doses. Toxic sy m p to m s were observed  
only in  cases of H ly + (a lpha) clones regard less of being  w ild  ty p e  (P673) or 
tra n sc o n ju g a n ts  (J53/p673), J53 /p803, P 6 7 3 / l l l a ) ,  b u t  n ev e r w ith  H ly -  o r 
on ly  b e ta -h aem o ly sin  p ro d u c in g  de riv a tiv es .

T he rap id  course of th e  in fection , causing  dea th  w ith in  a few h o urs, d id  
no t p e rm it th e  developm ent of haem og lob inu ria , while doses lead ing  to  d e a th  
b e tw een  5—24 hrs a fte r in fec tio n  caused haem og lob inu ria  in  m o st of th e  an im als .
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Table IV

Blood clearance o f  H ly + E . coli K reka stra in  and its H ly~  
derivative in  mice given a sublethal dose intravenously

Time
Number of germs per ml blood

Kreka (Hly+)* Kreka/7 (Hly- )**

15 m in 5.6 X 10° 6.4 X 105

1 d ay 8.8x 108*** 7 .6 x 1 0 °

2 days 2.6 X 10° 1.6x10°
4 days 2.3 X 10r> 1.1 X lO 3

6 days 1.7 X 108 9.6 X 10J

8 days 2.8X 10” ** 2.8 X lO 4

* In o cu la ted  w ith  3.4 X 108 germ s 
** In o c u la te d  w ith  2.5 X 108 germ s 

*** One m ouse died

T hough  th e  m orpho log ica l changes in  som e organs (lung), and  th e  
in tra v a s a l  haem olysis suggested  a connection  betw een  th e  h igher m ouse 
v iru le n c e  and a lp h a-h aem o ly sin  p ro d u c tio n , a n o th e r a p p ro ach  of th e  p a th o - 
m ech an ism  was also ta k e n  in to  considera tion . T herefore, th e  resistance of 
H ly +  and  H ly -  b a c te r ia  in  vivo  b y  m eans of th e  blood c learance  te s t w as 
ex am in ed  (Table IV ).

T hough H ly -  b a c te r ia  w ere p resen t in  th e  blood of m ice d u rin g  th e  w hole 
p e rio d  of observ a tio n , th e  n u m b er of H ly + b a c te ria  was h ig h er a t least by  one 
a n d  m ax im ally  b y  th re e  loglO  exponen ts. T his observ a tio n  suggested  a leuko- 
c id in -lik e  effect of a lp h a-h aem o ly sin , being  analogous to  th e  effect of haeino- 
ly s in s  produced  b y  o th e r  b ac te ria  [14].

Table V

Leukocidic effect o f  alpha- and beta-huemolysins o f E . coli stra in  P673

Source of preparation
Percentage of surviving leukocytes

after 60 min after 120 min

P673/111 a 89.0 64.5

P673/111 ß 96.0 87.5

P673/1  (H ly - ) 97.0 97.5

Chi square te s t betw een

alpha  and 

lysins

X 2 =  29.000 

P  <  0.001

beta-haem o-
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E x p e rim en ts  w ith  ra b b it p e rito n ea l leukocy tes show ed a m o d era te  b u t  
sig n ifican t leukocidic a c tiv ity  of a lp ha-haem olysin  as com pared  to  th e  b e ta  
one (Table У).

5. Virulence studies on chick embryos. As ten -d ay -o ld  chick em bryos are  
know n to  be v e ry  sen sitiv e  to  b ac te ria l in fec tions, we hoped  th a t  th is  m odel 
w ould show  g rea te r d ifferences in  v iru len ce  betw een  th e  H ly -  and  H ly -  clones. 
The resu lts  su m m arized  in  Table V I su p p o rte d  th is  a ssu m p tio n .

Table VI

Virulence o f  H ly+ and H ly  clones o f  E . coli strains in  chick 
embryos injected into the allantoic cavity

Strains (derivatives) LDS0 values* 
(germs) Relative potency

P673 (H ly + ) 6 .3 x 1 0 ° l

P673/1 (H ly - ) 2.7 X 10s — 5 x l 0 -4

P673/111 a 1 .0 x 1 0 ' — 1

P673/111 ß 3 .5 x 1 0 ° — 5 x l 0 -5

J53  (H ly - ) 8 .2 x 1 0 ° 1

J53  (p673) 4 .6 X 1 0 1 — 2 x 1 0  s

K reka (H ly + ) 4 .3 x 1 0 ° 1

K reka/7  (H ly - ) 3.6 x 1 0  s — 10-5

* 4 em bryos for each dose of th e  s tra in  tested

T hese d a ta  show ed 4 -5  loglO e x p o n en t d ifferences betw een  th e  L D 5() 
values of H ly + w ild ty p e  or H ly + tra n sc o n ju g a n t s tra in s  an d  H ly -  d e riv a tiv es  
or H ly -  w ild ty p es . T he H ly + d eriv a tiv e  of K 12 s tra in  w as also h igh ly  v iru le n t 
in  th is  m odel.

6. Enhanced virulence shown in  some P . m organii strains. A ccording to  
earlie r observ a tio n s, th e  a lpha-haem olysin  p roduced  b y  P . m organii s tra in s  w as 
an tigen ica lly  re la te d  to  th e  a lpha-haem olysin  of E . coli (unpub lished  d a ta ) . 
In  th is  s tu d y  a few  s tra in s  of P. m organii w ere in v e s tig a te d  for h aem oly tic  
a c tiv ity  an d  for v iru lence  in  th e  m ouse lu n g  te s t . All h aem o ly tic  s tra in s  p roved  
to  be lung  positive w hile non -haem oly tic  s tra in s  and  cured  deriva tives w ere 
negative  in  th is  te s t . One rep re sen ta tiv e  H ly + s tra in  (No. 227) and  its  H ly -  
d e riv a tiv e  w ere te s te d  in  mice in fec ted  in tra v e n o u s ly  an d  in tra p e rito n e a lly . 
D a ta  are  show n in  T ab le  V II.

T he resu lts  p re sen ted  in  T able  V I I  show  a close s im ila rity  to  th e  obser
v a tio n s  m ade on E . coli. The H ly + clone h ad  a h igher v iru lence  for mice b o th  
in trav en o u sly  and  in tra p e rito n e a lly . S um m arized  d a ta  show  sign ifican t differ-
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Table VII

Virulence o f  a H ly + P . morganii stra in  227 and its H ly ~  derivative in  mice infected intraperitoneally
and intravenously

Strain Infective 
doses (germs)

Intravenous infection Intraperitoneal infection

survivor/
infected

mean 
survival 
time, hr

haemo
globinuria/

infected
Survivor/
infected

mean survi
val time, 

hr

haemo
globinuria/

infected

6 . 1  xio9 0/5 1.25 2/5 0/5 2.4 0/5
1 .2  xio9 0/5 3.8 5/5 0/5 3.8 3/5

No. 227 2.4 x 1 0 s 1/5 10 2/5 0/5 4.0 2/5
(H ly + ) 4.8 XlO7 5/5 0/5 3/5 24 0/5

1.6x108 6.1 x io 7

8.3X109 1/5 10 0/5 0/5 15. 0/5
N o. 227/1 1.6x10s 3/5 4.0 0/5 5/5 0/5

( H ly - ) 3.2ХЮ8 5/5 0/5 5/5 0/5
l d 50 4.0X109 4 . 7 X 1 0 9

Chi square  te s t  betw een H I y r an d  H ly -  y f  =  8.988; P  <  0.01

ences in  th is  respect. A m ore  rap id  course o f th e  in fec tion  an d  th e  early  ap p ear- 
ence  o f haem og lob inu ria  w ere also observed .

D iscussion

D a ta  p resen ted  in  th is  p ap e r d e m o n s tra te  th e  en h an ced  v iru lence  of 
h aem o ly tic  E . coli as w ell as P . m organii s tra in s  to  be closely associa ted  w ith  
a lp h a-h aem o ly sin  p ro d u c tio n . This ty p e  o f haem olysin  p ro v ed  in  m ost cases 
an d  also in  th e  p resen t ex p erim en ts  to  be o f p lasm id  (H ly) orig in  [12, 15, 16]. 
T h ere  is alw ays a p o ssib ility  th a t  a p lasm id  genom  carries genes coding d iffe ren t 
e x tra c e llu la r  p ro te in s. E .g . th e  p lasm id  fo r coding p estic in  I is also coding a 
coagu lase  and  a fib rin o ly sin . T herefo re, th e  para lle l loss o f v iru lence  an d  th e  
a b ili ty  to  p roduce pestic in  I  does n o t m ean  th e  role of pestic in  in  v iru lence  [17]. 
A nalogous d a ta  are av a ilab le  concern ing  th e  presence of ColV p lasm id  an d  
en h an ced  v iru lence in  E . coli [18, 19]. T he re la tio n sh ip  b e tw een  a lp h a-h aem o 
ly sin  p ro d u c tio n  and  v iru lence  m ay  be th e  sam e. O ur d a ta  d e m o n s tra te  th a t  
n o t on ly  th e  loss or acq u irin g  of H ly  p lasm id  b u t also m u ta tio n s  a lte rin g  th e  
h aem o ly tic  p h en o ty p e  lead  to  changes in  v iru lence. T his suggests th e  id e n tity  
o f  th e  ad d itiv e  v iru lence  fa c to r  and  o f th e  a lpha-haem olysin  b u t  fu r th e r  s tu d ies  
a re  needed  to  c larify  th is  question .

S m i t h  [1] described  th e  le th a l effect of bac te riu m -free  haem olysin  in  
m ice. A ccording to  S m i t h  and  L i n g g o o d  [20] th e  en h an ced  v iru lence  of 
h aem o ly tic  E . coli s tra in s  is n o t in  co rre la tio n  w ith  th e  a m o u n t of haem olysin  
p ro d u ced . F r i e d  et al. [21] observed  a decreased n ep h ro p a th o g en ic ity  o f a
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Ш у ~  m u ta n t  as com pared  to  th e  H ly + w ild  ty p e  E . coli s tra in . The fa c t th a t  
m an y  o th e r haem olysins of b a c te ria l o rig in  are m ore or less im p o rta n t fac to rs  
of v iru lence , such as S taphylo lysin , s tre p to ly s in , lis te rio ly sin , th e  v ib rio ly sin s, 
e tc ., su p p o rts  th e  a ssu m p tio n  th a t  th e  a lpha-haem olysin , to o , m ay be in v o lv ed  
in  th e  pathogenesis of E . coli in fec tions.

In  dom estic  an im als th e  re la tio n  o f  haem oly tic  c h a ra c te r  and  p a th o g e n i
c ity  is th e  m ost s trik in g  in  oedem a d isease  of pigs. The se lection  of such  p a th o 
gens is b ased  on th e  h aem oly tic  c h a ra c te r  of E . coli colonies.

As regards h u m an  in fec tions, D u d g e o n  et al. [22] observed  a h igh  p ro p o r
tio n  of h aem oly tic  iso la tes from  u r in a ry  tra c t  in fec tions. The incidence of 
haem o ly tic  E . coli am ong e x tra in te s tin a l iso lates is ran g in g  betw een  26 %  [23] 
an d  56.8%  [24]. The p ro p o rtio n  o f h aem o ly tic  s tra in s  in  faecal sam ples is 
m uch  low er [1, 25]. The fa c tu a l role o f  haem olysin  in  th e  p a th o m ech an ism  of 
E . coli in fec tions of hu m an s or dom estic  anim als is, how ever, still sp ecu la tiv e  
an d  needs fu r th e r  in v estig a tio n s. I t  sh o u ld  be ta k e n  in to  considera tion  th a t  
i f  th e  alpha-haem olysin  is rea lly  a fa c to r  o f viru lence, i ts  ro le rem ains a d d itiv e  
and  is only  one fac to r am ong th e  o th e rs  [18, 26-29].
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N O T E

EFFECT OF CHLORHEXIDINE GLUCONATE ON 
THE SURVIVAL OF ACID FAST BACTERIA

T. F o d o r  a n d  I . S z a b ó

K o rá n y i N a tiona l Institu te  o f  Tuberculosis and Pulm onology, Budapest 

(R eceived M ay 28, 1979)

M ycobacterium  an d  Nocardia  species w ere exam in ed  fo r su rv iv a l a fte r  exposure  to  
ch lorhex id ine  g luconate. In  clinical sam ples M . sm egm atis, M . ph le i, M . m arinum , M . gordonae, 
M . scrofulaceum, M . kansa sii, M . chelonei com plex , M . fo r tu ilu m , M . flavescens, M . avium , 
M . xenopi an d  N ocardia  sp. su rv ived  p re - tre a tm e n t w ith  th e  a g en t. A fte r exposure o f saline 
suspensions of b a c te ria  to  ch lorhexidine g lu co n a te , M . sm egm atis, M . phlei, M . m arinum , 
M . gordonae, M . pellegrino, N . corallina, N . rubra  a n d  Rodochrous gordonae were n o t recovered , 
and  M . fo r tu itu m  an d  N . asteroides grew poorly .

B iological s tu d ies  on poly guan id ines have  show n th a t  l,6 -d i-4 ’-chloro- 
ph en y ld ig u an id o -h ex an e  (H ib itane® ) ex e rts  a se lec tive  a n tib ac te ria l effect 
[1]. M ycobacterium tuberculosis can be  recovered  a fte r  an  exposure fo r 24 h r, 
w hereas o th e r b a c te ria  are killed. A n o th e r p o ly g u an id in e , ch lorhexid ine g luco
n a te  ac ts  sim ilarly  [2]. O n th e  basis of th is  fin d in g , ch lo rhex id ine  g luconate  has 
been in tro d u ced  fo r th e  tre a tm e n t of c lin ical sam ples p rio r to  cu ltu rin g  for 
M . tuberculosis [3]. H ence, i t  was of in te re s t  to  exam ine th e  effect o f th e  agen t 
on o th e r acid fa s t b ac te ria .

M ethods. M ycobacterium  and N ocardia  species an d  Rodochrous gordonae 
(Table I) w ere suspended  in  physio logical saline and  a d ju s te d  to  d en sity  grade 
1 of th e  M cF arland  scale. F o u r m l of 0 .125%  aqueous ch lorhexid ine g luconate  
so lu tion  w ere m ixed to  1 m l b ac te ria l suspension . A fte r  shak ing  b y  h a n d , th e  
suspensions w ere left to  s ta n d  a t 37 °C fo r 4 h r, th e n  a t  room  te m p e ra tu re  for 
16 h r. L ö w e n s te in -Je n se n  m edia w ere in o cu la ted  w ith  0.1 ml a liquo ts, in c u 
b a ted  a t  37 °C and  re a d  a t  tw o day  in te rv a ls  for 28 d ay s. Clinical sam ples of 2 
ml vo lum e w ere m ixed  w ith  10 m l 0 .125%  ch lo rhex id ine  g luconate  and  le ft to  
s ta n d  a t  37 °C for 4 h r  an d  th e n  a t room  te m p e ra tu re  o v ern ig h t. The deposit of 
each sam ple was seeded by  P as teu r p ip e tte  in to  3 tu b es  o f L ö w en ste in -Jen sen  
m edium .

R esults and discussion. Table I  show s th a t  several o f th e  lab o ra to ry  s tra in s  
failed to  grow, and  tw o  s tra in s  ex h ib ited  poor g ro w th  a fte r  ch lo rhexid ine 
g luconate  tre a tm e n t. O rganism s belonging  to  th e  sam e species, how ever, 
su rv ived  in  clinical sam ples p re -trea ted  w ith  th e  agen t. T he difference m ay  be 
due to  th e  va riab le  effect of th e  agen t on d ifferen t s tra in s  of th e  sam e species 
or to  a d ifference in  th e  n u m b er of b a c te r ia  in  th e  m odel suspensions and  in  th e
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Tabic I

Survival o f  acid fa s t  bacteria after exposure to chlorhexidine gluconate

Laboratory strains Clinical samples in the 
years 1977—1978, organisms 

culturednot recovered poor growth good growth

M . smegmatis M . fo rtu itu m M . scofulaceum M . sm egm atis
M . phlei N . asteroides M . kansasii M . phlei

M . marinum M . chelonei M . m arinum

M . gordonae M . xenopi M . gordonae
N . pellegrino M . avium M . scofulaceum

N . corallina M . kansasii

N .  rubra M . chelonei com plex

K . gordonae M . fo r tu itu m  

M . flavescens  

M . avium  

M . xenopi 

Nocardia  sp.

clin ica l sam ples. T h e  m o st p ro b ab le  ex p la n a tio n  is, how ever, t h a t  slim e an d  
o th e r  substances p re se n t in  clin ical sam ples in h ib ite d  th e  effect o f th e  ag en t.

T he resu lts h a v e  show n th a t  p re - tre a tm e n t of c lin ica l sam ples w ith  
ch lo rhex id ine  g lucona te  allows to  grow  p a th o g en ic  and  fa c u lta tiv e ly  pa th o g en ic  
m y co b ac te ria  and  m ay , accord ing ly , be recom m ended  as a ro u tin e  d iagnostic  
p ro ced u re . N ocard iae seem  to  be m ore sen sitive  and , accord ing ly , in  su spec ted  
n o card iosis , in  a d d itio n  to  th e  p re - tre a te d  m ate ria l, an  u n tre a te d  sam ple  
sh o u ld  also he cu ltu red .
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