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THE DISTRIBUTION OF VESICULAR-ARBUSCULAR 
MYCORRHIZAL FUNGI IN INDIA

R e k h a  R a n i  an d  K. G. M u k e r j i  

D epartm ent o f  B otany , U niversity o f  D elhi, D elh i, In d ia  

(R ece ived  M ay 29, 1987)

V esicu la r-arb u scu lar m yco rrh iza l fungi a re  w idely d is tr ib u te d  th ro u g h o u t th e  a rea  
s tu d ied  in clud ing  d iffe ren t a ltitu d e s  ran g in g  from  sea level to  2500 f t  above  sea level. YAM 
fungi w ere recorded from  88%  of th e  sites exam ined w ith  G lomus fa sc icu la tu m  and  Glomus 
macrocarpum  being th e  m o st com m only  recorded . M ean species d iv e rs ity  w as found  to he 
m ax im u m  in th e  a reas th ick ly  v e g e ta te d  an d  u n d istu rb ed .

VAM fungi are know n  to  be well d is t r ib u ted  a long  b o th  hemispheres. 
These fungi can he iso la ted  from  a wide v a r ie ty  of n a tu r a l  h a b i ta ts  and  are 
p a r t ic u la r ly  a b u n d a n t  in cu l t iv a te d  lands. L itt le  w ork  has  been  done regard ing  
th e i r  d is t r ib u t io n  in Ind ia .  D u r in g  th e  presen t in v es t ig a t io n  we analysed  soil 
sam ples  from  several p a r ts  o f  In d ia ,  th e  eastern  an d  w es te rn  H im a la y a n  region 
as well as several o the r  p a r t s  o f  eas t  and  west In d ia .  VAM  fungi were well 
re p re sen ted  with m em bers  of  genera  Glomus and  G igaspora  being a b u n d a n t .  
H ow ever ,  th is  synop tic  su rv ey  ind ica ted  th a t  a l th o u g h  such  fungi were a b u n ­
d a n t  ce r ta in  genera were consp icuously  absent.

M aterials and m ethods

D u rin g  th e  period  from  M arch 1985 to  M arch 1986 f if ty  soil sam ples w ere collected 
fro m  d iffe re n t places in  In d ia . T hese co llections w ere m ade from  a  v a r ie ty  o f h a b ita ts  covering  
th e  p rin c ip a l soil an d  v eg e ta tio n  ty p e s  o f th e  region. F u ll d e ta ils  o f each  site , loca tion  and  
p re d o m in a n t p la n t species are  g iven  in  T ab le  I. T hree  rep lica tes  o f each  sam ple  were collected  
a n d  s to re d  in  po ly th en e  bags fo r fu r th e r  s tud ies a t  room  te m p e ra tu re .

VAM spores w ere iso la ted  from  th e  soil sam ples by  w et siev ing  a n d  decan tin g  tech n iq u e  
[1]. T h e  n u m b er o f spores pe r 10 g of soil was d e term ined  fo r each  sam ple . R esu lts  a re  ex ­
p ressed  as m ean  of all th e  th ree  rep lica tes  from  each sam ple.

R e k h a  R a n i , K . G. M u k e r j i

D e p a r tm e n t o f  B o tan y , U n iv e rs ity  o f  D elh i 
D elh i 110007, In d ia
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Table I

Location and predom inant p lan t species o f  sites o f  fu n g a l isolates

Sample
No. Location Dominant vegetation УАМ fungi isolated

i. Old Delhi R idge Azadirachta indica Ab, G F „  G F.„ GiC3, GM3
2. Old Delhi Ridge Prosopis ju liflo ra GiC3, G M „ G M „ GG, G F ,
3. Old Delhi R idge Cassia fis tu la GM „ GL, G M „ G iC „ GF.„ Ab
4. Old Delhi R idge Adhatoda  sp. Ab, GD, GiC.,, G F„, GM,. S
5. Old Delhi R idge Capparis decidua GiC„ Ga, G P „  GM „ GM5, GO
6. Old Delhi R idge A dhatoda, Grasses GiC., G C „ GG. GM,. GM3, G R ,
7. Old Delhi Ridge Prosopis spicigera GC3, A b, GiC.„ G F„, G M „ GM,
8. Old Delhi R idge Z izyp h u s num m ularia G iC „ G C,, A b. GiC, GG. G R ,
9. Old Delhi Ridge Grewia tenaz GiC3, GC,, G F.„ GM „ GM ,

10. Old Delhi Ridge Prosopis ju liflo ra GP, A b, G iC ,, G C,, GF„, GG, 
G R ,

11. Sam astipur, B ihar C ajanus cajan GC„ G F ,
12. Sam astipur. B ihar Phaseolus sp. G F ,
13. Sam astipur, B ihar Brassica  sp. GC,, GM,
14. Sam astipur, B ihar Grasses G F ,, GM ,
15. D arbhanga, B ihar Dalbergia sissoo G F ,
16. D arbhanga, B ihar Bamboo G F ,
17. D arbhanga, B ihar Oryza sativa Nil
18. D arbhanga, B ihar Artocarpus sp. GS, GI)
19. M uzaffarpur, B ihar Zea mays G F ,, G M .
20. M uzaffarpur, B ihar Brassica campestris G F ,

21. M uzaffarpur, B ih ar Triticum  aestivum GL, GM,
22. M uzaffarpur, B ih ar N icotiana tobaccum GL
23. Alm ohra, G argar M archantia  sp. Ga, GC3
24. Alm ohra, G argar A d ia n tu m , Pteris Nil
25. Alm ohra, D isalivum P in u s  sp. GC3, G M „ G F ,
26. Alm ohra, D isaliyum G yrnnosperm s GM „ GG
27. Alm ohra Quercus sp. Nil
28. Gram inaceous F ield Sorghum  vulgare GiC3, GG, GM ,
29. Field outside Delhi Pennisetum  typhoides Ab, G F „  GL, GM ,
30. Field outside D elhi Sorghum vulgare GiC3, G F .,  GM.„ G R ,

31. Field outside D elhi T riticu m  aestivum Ab, Ga, G F„, GM,
32. Field outside D elhi Brassica  sp. Ga, GL, GM'3, G R 3
33. Delhi Zoo B ougainvilia  sp. I. GM,
34. Delhi Zoo Azadirachta indica G F ,, GM .
35. Delhi Zoo B ougainvilia  sp. I I GM,
36. Bhagalpur, B ihar C ajanus cajan G F ,, GC,
37. Bhagalpur, B ihar Solanum  tuberosum Nil
38. Bhagalpur, B ihar Cicer arietinum GM,
39. Bhagalpur, B ihar Triticum  aestivum GM „ G F ,
40. B udkhal lake, H a ry a n a A lb izzia  lebbeck Nil

41. B udkhal lake, H a ry an a B ougainvilia  sp. GM,
42. B udkhal lake, H a ry an a B ougainvilia  sp. G F .
43. Suraj K und, H a ry an a E ucalyptus  sp. GM,
44. Suraj K und, H a ry an a E ucalyptus  sp. Nil
45. Suraj K und, H a ry an a Grasses GG
46. Goa Grasses GiC.., GM,
47. Pune Grasses GiC,, G iC ., GM,
48. G. T. R oad, D elhi M angifera indica G F ,
49. G. T. Road. D elhi A cyranthes , W ithania GiC„ Ga, S
50. G. T. R oad, D elhi Grasses G F „  GM,
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Results  and  discussion

O ur investiga tion  has show n wide d is tr ibu tion  of  YAM fungi in th e  a rea  
s tud ied  rang ing  from lo ng itude  14° E -8 5 °  3" E  to  14° 20" N -25°  N la t i tu d e .  
All th e  YAM fungi iso la ted  are com m only  found  a n d  are  equally  a b u n d a n t  
being recorded  from  8 8 %  of th e  sites exam ined . A m o n g  th e  iso lated  VAM 
fungi were 19 species of Glomus, 4 species of Gigaspora and  one each of Acaulo- 
spora  a n d  Sclerocystis.

Most of th e  VA m ycorrh iza l  fungi were iso la ted  as ch lam ydospores  an d  
some as sporocarps. T h ey  were well d is tr ibu ted  in b o th  cu l t iv a ted  a n d  u n ­
c u l t iv a ted  soils, a lthough  th e i r  nu m b ers  were h igher  in cu lt iva ted  areas. 
Similar resu lts  have  also been  rep o r ted  by  Mosse a n d  Bow en [2], H a y m a n  and  
S tovold  [3]. Details o f  sam ple , location , h a b i ta t  a n d  th e  VAM fungi iso la ted  
are sum m arized  in Table  I. Since th e  p lan t  growing in th e  v ic in ity  of th e  site  
an d  soil ty p e  varied  widely, all th e  f i f ty  soil sam ples were classified in to  one 
of  th i r te e n  m a jo r  h a b i t a t  g roups according to  soil ty p e  and  m ajor  site o f  col­
lection (Table 11). M ax im um  n u m b e r  of soil sam ples [10] were ta k e n  from  th e  
h a b i t a t  re la tive ly  in d is tu rb ed  and dom ina ted  by  Prosojris sp. and Adliu toJa  
sp. M ax im um  n u m b er  of  spores were isolated f rom  these  sites since i t  is a 
po ck e t  of u n d is tu rb ed  n a tu r a l  vege ta t ion . F ive o t  th e  sam ples  h ad  low f re ­
qu en cy  of occurrence of th e  VAM fungi. These sites were w ith  saline sa n d y  
soils and  one of the  sam ple  w ith  c layey  soils which m ig h t  affect th e  f requency , 
since abiotic  factors of th e  soil are know n to in fluence  th e  spore p o p u la t io n  
q u a n t i ta t iv e ly .  V egeta tion  of  th e  pa r t icu la r  a rea  is also de te rm in ing  fa c to r  
and  in te rac t io n  of all these  fac to rs  determ ines th e  spore popu la t ion  of  a pa r-

ТаЫе II

M ajor habitat groups and sites o f  collection o f  fu n g a l isolates

H a b ita t
code

P la c e  of 
co llection

Soil ty p e

л Old D elhi R idge Sandy loam
в S am astip u r Silty  clay  loam
c D a rb hanga Saline s ilty  clay
D M uzaffarpur Silty  clay  loam
E A lm ohra Coarse san d y  loam
F C u ltiv a ted  fields

of D elhi Sandy clay  loam
G D elhi Zoo S andy  loam
II B hagalpur Clay loam
1 B u dkhal lake Saline san d y
.1 Suraj K iind Sandy soil
К Goa Coarse san d y
L Pune Clay loam
М G. T. R oad , Delhi Sandy c lay  loam

Acia Microbiologica Hungarica 37, 1990



6 RANI and M U K E R J I

t i c u l a r  area. E m in en t  in f lu en ce  of host on p opu la t ion  of Endogonaceae was also 
s h o w n  b y  Mukerji e t al. [4].

H a b i ta t  A a n d  F  h a d  the  m ax im u m  n u m b e r  of records a n d  also high 
spec ies  diversity. The m e a n  species d iv e rs i ty  of  each h a b i ta t  gives an indica­
t i o n  o f  the  species r ichness  associated  w ith  h a b i ta t .  H ow ever,  species d iversity  
g ives  a be t te r  in d ica t io n  o f  the  difference in species d iv e rs i ty  be tw een  the  
v a r io u s  hab ita t  c lass if ica tion . I t  showed t h a t  only h a b i ta t  A, F  and F  i.e. 
D e lh i  Ridge, G ram inaceous  fields from  D elhi and  Pune  soil h a d  2.2 and  more 
m e a n  species d iversities  o f  YAM spores (Table  I I I ) .  H a b i t a t  I an d  J  had 
e x t r e m e ly  low freq u en cy  o f  occurrence of  YAM spores. These were slopy sites 
h a v i n g  sandy  loam lo c a te d  n ea r  a lake. T h a t  spores were few in n u m b e r  in 
th e s e  sites, may be d u e  to  th e  fact t h a t  t h e y  would have been  w ashed  away 
w i th  w a te r  or m ight h a v e  se t t led  down. M ukerji  et al. [4] show ed g radation  
in  t h e  density  of th e  sp o re  p o p u la t io n  a t  d ifferen t horizons. The m o st  a b u n d a n t  
e n d o p h y te s  recorded w ere  G. fasc icu la tum  an d  G. m acrocarpum  hav ing  a fre­
q u e n c y  of 46%  an d  4 0 % ,  respectively , followed by  G. mosseae w ith  20%  fre­
q u e n c y  of occurrence. G. macrocarpum  a n d  G. fascicu la tum  were found to  be 
d o m in a n t  species in b o th  ba rren  as well as cu l t iv a ted  areas. T he  percentage 
f re q u e n c y  of occurrence o f  ind iv idua l  VAM spore and the ir  d is t r ib u t io n  in each 
h a b i t a t  is given in T ab le  IV . F rom  th e  low n u m b e r  of sam ples  exam ined  and 
t h e  subsequen t  low n u m b e r  of  records, it  is no t  possible to  id e n t i fy  d istinctive 
spec ie s -h ab i ta t  associa tion . H ow ever, it  is found  th a t  more spore n u m b e r  and 
d iv e r s i ty  were a t  th e  s ites  w ith  u n d is tu rb e d  h a b i ta ts  h a v in g  v eg e ta t io n  th a n  
d i s tu r b e d  hab ita ts .  T h e  w e t  soils had  less n u m b e r  of VAM spores t h a n  the  dry

Table I I I

Species diversity o f  fu n g i  according to habitat

H a b i ta t
N o. of 

sites 
sam pled

N o . o f
s ite s

w i th  fungi

%  o f 
sites

w ith  fu n g i

T o ta l  No. 
o f records

Species
d iv e rs ity

M ean species 
d iv ers ity

A 10 10 100 837 22 2.2
В 4 4 100 72 4 1.0
C 4 3 75 83 3 1.0
D 4 4 100 102 5 1.25
E 5 3 60 122 5 1.6
F 5 5 100 212 12 2.2
G 3 3 100 48 3 1.0
H 4 3 75 72 3 1.0
I 3 2 67 34 2 1.0
J 3 2 67 18 2 1.0
К 1 1 100 40 2 2.0
L 1 1 100 104 3 3.0
М 3 3 100 70 4 1.3
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Tabic IV

Frequency o f  V A M  fu n g i according to habitat

N am e o f th e  fungus
N u m b er  of rec o rd s /h a b ita t

T o ta  1
%

F re-
A В c D E F G H I .1 к L M q u e n c y

(Ab) Acaulospora bireticulata 6 0 0 0 0 2 0 0 0 0 0 0 0 8 16

(GiCj) Gigaspora corroloidea 2 0 0 0 0 0 0 0 0 0 0 1 0 3 6

(GiCj) Gi. calospora 4 0 0 0 0 0 0 0 0 0 1 1 0 6 12
(GiP) Gi. pellucida 0 0 0 0 0 2 0 () 0 0 0 0 0 2 4
(GiC3) Gi. Candida 5 0 0 0 0 1 0 0 0 0 0 0 1 7 14
(Ga) Glomus albidum 1 0 0 0 1 3 0 0 0 0 0 0 1 6 12
(GC.) G. caledonicum 2 2 0 0 0 0 0 1 0 0 0 0 0 5 10

(GCS) G. d a ru m 1 0 0 0 2 0 0 0 0 0 0 0 0 3 6
(GC3) G. constrictum 2 0 0 0 0 0 0 0 0 0 0 « « 2 4
(G F,) G. fla v isp o ru m 1 « 0 0 0 0 0 0 0 0 0 0 0 1 2

(GD)
(G F 2)

G. diaphanum 1 0 1 0 « () 0 0 0 0 0 0 0 2 4

G. fascicula tum 8 3 2 2 1 3 1 1 1 0 0 0 1 2 3 46
(GG) G. geosporum 5 0 0 1 1 1 0 0 0 1 0 0 0 9 18
(GL) G. leptotichum 1 0 0 2 0 2 0 0 0 0 0 0 0 5 10
(GM,) G. macrocarpum 6 1 0 0 2 3 2 l 1 1 1 1 1 2 0 40
(GM2) G. mosseae 4 0 « 1 0 2 1 0 0 0 0 0 0 10 20
(GM.,) G. monosporum 2 1 0 0 0 1 0 0 0 0 0 0 0 4 8

(GM4) G. m ulti caul e 1 0 0 1 0 0 0 0 0 0 0 0 0 2 4
(g m 5) G. m ultisubstensum 2 0 0 0 0 0 0 0 0 0 0 0 0 2 4
(G P) G. p u lv ina tum 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2

(GO) G. occultum 1 0 0 0 0 0 0 0 0 « 0 0 0 1 2

(GR.) G. radiatum 2 0 0 0 0 1 0 0 0 0 0 0 0 3 6
(GS) G. scintillons 0 0 1 0 0 0 0 0 0 0 0 0 0 1 2

(G R .) G. reticulatum 2 0 0 0 0 1 0 0 0 0 0 0 0 3 6

(S) Sclerocystis sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 2 4

ones. E ar l ie r  R ead h ead  [5] and  K h an  [6] also repo r ted  a decrease in spore 
n u m b e r  in soils with high m oisture  con ten t .

A ltho u g h  YAM fungi are well rep resen ted  in th e  area s tud ied  b u t  p e r ­
centage freq u en cy  of occurrence differ w ith  d iffe ren t  areas hav ing  different 
types of soils. Sim ilarly , species d iversity  va r ied  considerab ly  depend ing  upon 
the  d ifferent soil types  and vege ta tion  of t h a t  area.
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CITRIC ACID PRODUCTION WITH MIXED 
STRAINS OF ASPERGILLUS NIGER IN 

SUBMERGED CULTURE

K h a l id  H afe e z  K h a n  and S. S h a h i d  S h a u k a t

D epartm ent o f Pharmaceutics, and  D epartm ent o f  Botany,
U niversity o f  K a ra ch i, K arach i, P akistan

(R eceived .In ly  21, 1987)

C itric acid y ield  o f 8 d ifferen t s tra in s  o f  A sperg illu s  niger in  pu re  and m ix ed  cu ltu re s  
w as in v es tig a ted . T he y ield  varied  re m a rk ab ly  w ith  th e  s tra in  and com b in a tio n  o f s tra in s . 
G enerally , th e  y ield o f c itric  acid  for a g iven  s tra in  was h igher in  p u re  th a n  in m ix ed  c u ltu re . 
H ow ever, low y ield ing  s tra in s  in com b in a tio n  o f te n  au g m e n ted  th e  y ield  un d er m ixed  c u ltu re . 
T he p o ssib ility  of an  a d d itiv e  genic effect is d iscussed .

M any stra ins  o f  Aspergillus niger a re  know n to  produce citric acid [1—5]. 
The cap ac i ty  of citr ic  acid p roduc tion  v ar ies  g rea t ly  w ith  th e  s tra in  [2, 6] a n d  
th e  high yielding s tra ins  are used in  th e  com m ercial p roduc tion  o f  citr ic  
acid [7, 8]. One possible technique o f  im p ro v in g  th e  yield appears  to  be th e  
use of m ixed s tra in s ,  par t icu la r ly  th o se  t h a t  are high yielding. H o w ever ,  
rep o r ts  on citric acid production  u s ing  m ixed  cultures are con trovers ia l .  
Yuill |9], Ciegler a n d  K aper [10] a n d  C hang  et al. 111 ] ob ta ined  dec reased  
yield  in mixed cu ltu res  while B a ra c h o  a n d  M onteiro [5] found a t  le a s t  one 
com b in a t io n  of s tra in s  where citric acid  p ro d u c t io n  exceeded th a t  o f  th e  in ­
d iv idua l  com ponen ts .  The objective o f  th e  p re se n t  investiga tion  was to  e v a lu a te  
th e  p roduc tion  of citric acid using single a n d  mixed stra ins of A . niger.

Acta Microbiologica Hungarica 37 ( l ) , p p .  9—13 (1990)

Materials and m ethods

M edia. F e rm e n ta tio n  m edia used  c o n sis ted  of th e  following in g red ien ts : su c ro se , 
140 g; N H 4NO.„ 2.5 g; K H 2P 0 4, 1.0 g; M g S 0 4 • 7 H „ 0 , 0.25 g; Cu + +, 0.06 m g; Z n + + , 0.25 
m g; F e  + + +, 1.3 m g; M n, 1.0 f i g .  The vo lum e o f  th e  m ed iu m  was m ade up  to  1 l itre  w ith  d is­
tilled  w a te r and  th e  p H  w as ad justed  to  3.5 u s in g  d ilu te d  HC1.

Organisms. T he organ ism s used w ere iso la te d  b y  K h an  [6] and  were k e p t on  p o ta to  
d ex tro se  agar slan ts , an d  id en tified  as s tra in s  o f  A . niger in  accordance w ith  R a p e r a n d  F en n e l 
[12]. E ig h t s tra in s  used  in  th is  s tu d y  were: A , B , C, D , E , F , G an d  H.

K i i ai .id  H a fe e z  K h a n ,

D e p a r tm e n t o f  P h a rm a c e u tic s , U n iv e rs ity  o f K arach i 
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Ferm entation. F i f ty  ml of th e  fe rm e n ta tio n  m ed iu m  were tak en  in each of th e  co tto n - 
p lu g g ed  500 m l E r le n m e y e r  flasks. M edia in  each  f la sk  w ere in o cu la ted  w ith  1 m l o f spore  
su sp en sio n  co n ta in in g  8 X 10G spores/m l o f th e  re sp ec tiv e  s tra in s . M ixed cu ltu res o f tw o  s tra in s  
w ere-estab lished  in  all possib le  com binations b y  in o cu la tin g  th e  m edia w ith  0.5 m l o f  th e  ab ove  
sp o re  suspension o f eac h  o f th e  two stra ins . T he fla sk s  w ere in cu b a ted  a t  30 °C in an  o rb ita l 
sh a k e r  in cu b a to r a t  240 rp m  for 240 h. E ach  tr e a tm e n t  w as rep lica ted  four tim es.

E stim ation  o f  c itric  acid. A t 240 h of c u ltu re , c itr ic  acid  in the  f i ltra te  was e s tim a te d  by 
p y rid in e -ace tic  a n h y d r id e  m eth o d  developed b y  M au rier an d  B oulet [13].

Statistical analyses. T he analysis o f v a ria n ce  w as perform ed on lo g -transfo rm ed  d a ta  
a n d  pair-w ise co m p ariso n s o f m eans, and  g ro u p s o f m ean s were perform ed using  S cheffe 's 
m u ltip le  co n tra s ts  [14]. A ll com p u ta tio n s w ere p e rfo rm ed  on A pple l i e  m icrocom puter.

Results

Table  I show s th e  m ean ( ^  s ta n d a rd  error) of citric acid c o n cen tra t io n  
p ro d u c e d  by  va r io u s  s tra ins  and by  each  o f  th e  com bination  of s tra ins .  The 
p ro d u c t io n  of c itr ic  acid  varied s ign if ican tly  w i th  the  stra in and co m b in a t io n  
o f  s t ra in s  (p <  0.001) as dem o n s tra ted  b y  th e  ANO Y A  table  (Table I I ) .  S tra in  
G gave  the  h ighes t concen tra t ion  (132 mg/inl)  while s tra in  C yielded th e  low est 
co n cen tra t io n  (1.802 mg/ml) which is a b o u t  70 times lower th a n  t h a t  o f  
s t r a in  G.

Table I

M ean citric acid y ie ld  (  ̂  standard error) o f  single stra ins and strain combinations

S tra in  o r 
s tra in

c o m b in a tio n

Citric ac id  
m g/m l

S tra in
c o m b in a tio n

Citric acid 
m g/m l

A 49.029±0.122 B F 2 .023±0.088
В 2.219±0.040 BG 2.327±0.079
C 1.802±0.088 B H 1.759±0.065
D 8.415±0.017 CD 14.201±0.261
E 45.179±0.017 CE 7.036±0.369
F 2 .745^0 .077 CF 9.610±0.194
G 132.831±0.035 CG 0.925±0.006
H 8.888±0.0557 CH 1.551±0.022
AB 0.814±0.020 D E 2.785±0.074
АС 0.749±0.017 D F 13.923±0.428
AD 4.976±0.051 DG 4.627±0.168
A E 0.674±0.017 D H 2.375±0.082
A F 1.619±0.017 E F 0 .757±0.02
AG 1.577±0.009 EG 37.381±0.334
А Н 2.190±0.048 E H 1.037±0.029
ВС 4.992±0.069 FG 1.775±0.041
BD 4.739±0.174 F H 4.963±0.209
B E 0.733±0.050 G H 5.368±0.214
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Table II

A  N O  F A  table for citric acid y ie ld  o f  8  different strains and strain combinations*

S ource  of 
v a ria tio n

Sum  of 
sq u ares

d.f. M .S. F -ra tio

T rea tm en ts 45.084 35 1.288 1502.768**

R esidual 0.093 108 0.001

T o ta l 45.177 143

* Log tran sfo rm ed  d a ta  were used
* *  p  <  0 . 0 0 1

In  general,  th e  yield of citr ic  acid was lesser in th e  com binations c o m ­
pared  w ith  th o se  of  the  single s t ra in s  (F  =  49.3; p <  0.001); the  m ean  yield  
for single s t ra in s  being 31.4 mg/ml while t h a t  o f  s t ra in  com binations being 
4.9 m g/m l. Tab le  I I I  compares th e  yield of  single s tra in s  and  the ir  co m bina tions  
in te rm s  of F -ra t io s  obta ined  in Scheffe’s m ultip le  c o n tra s t  tests .  C om bina tions  
of  s t ra in  A. D , E ,  G, and H gave a s ign if ican tly  lower citric acid yield th a n  
th e  s t ra in s  alone (p <  0.001). S tra in  com bina tions  involv ing  В and  F  (b o th  
low yielding) d id  n o t  differ on an average  from th e ir  respective pure  cu ltu res .  
It is also ev id en t  from Table I I I  t h a t  th e  com bina tions  o f  high yielding s tra in s ,  
in general,  gave  a high average  citric  acid yield while th e  com bina tions  in ­
volv ing  low y ield ing stra ins  (В, C and  F) gave usua lly  a poor yield in m ixed  
cu ltures .

Table III

Comparison o f  citric acid y ie ld  o f  single strains with those o f  the corresponding 
stra in  combinations in terms o f  F-ratios obtained in Scheffe's multiple contrast tests

S tra in s S tra in  co m b in a tio n s

F -R a tio
Code

C itric  acid 
yield 

m g/m l
C odes

A verage  
c itr ic  acid 

y ield  m g/m l*

A 49.029 AB, A C ,. . . . АН 1.796 278.10**

В 2.219 AB, ВС____ . BH 2.480 0.353 NS

C 1.802 АС, ВС____ . CH 5.580 6.668**

D 8.415 AD, B D ____ . DH 6.804 4.178**

E 45.179 AE, B E ____ . EH 7.200 199.099**

F 2.745 A F, B F , . . . . FH 4.953 0.169 N.S.

G 132.831 AG, B G ____ . GH 7.711 294.304**

H 8.888 AH, B H , . . . . GH 2.749 39.101**

N .S . N on-sign ifican t
* G rand  average of various com binations of a given s tra in

* *  p  <  0 . 0 0 1
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Discussion

T he high o rder o f  v a r iab il i ty  in th e  ab i l i ty  of various A . niger s tra ins  
to  p ro d u c e  citric acid  found  in  th e  p re se n t  s tu d y  accords well w ith  th e  
f in d in g s  of Yuill [9], M ah m o u d  et al. [3] a n d  B aracho  and  M onteiro  [5]. The 
c o m b in a t io n s  of 5 ou t  o f  8 s tra ins  y ielded low er concen tra t ions  of  citric acid 
t h a n  d id  th e ir  correspond ing  pure  cu ltu res .  Similarly , Yuill [9] a n d  B aracho  
a n d  M onte iro  [5] fo u n d  t h a t  generally  th e  citr ic  acid p ro d u c t io n  of  two dif­
f e r e n t  unre la ted  high acid s tra ins  of A . niger g row n in mixed cu ltu res  was m uch 
lesser  t h a n  th a t  of o b ta in ed  when  e i ther  o f  th e  s tra in  was grow n separa te ly .  
I n  t h e  presen t s tu d y  th e re  was a te n d e n c y  for th e  low y ie ld ing  s tra ins  to  
a u g m e n t  the  citric acid yield in mixed cu l tu re s  over t h a t  o f  the  respective 
p u re  cu ltu res .  This co rrobo ta te s  the  earlier  f indings of B aracho  and  M on­
te i ro  [5]. F u r th e rm o re ,  Ciegler and  R a p e r  [10] and Chang and  T erry  [1] 
r e p o r t e d  th a t  h e te ro k a ry o n s  of  A . niger p ro d u ce  in te rm ed ia te  or lesser am o u n t  
o f  c i t r ic  acid th a n  e i the r  o f  th e  m oulds a lone, w ith  the  exception  of low y ie ld ­
ing  s t ra in s  in co m bina tion .  The ten d en cy  to  produce in te rm ed ia te  am oun ts  
o f  c i t r ic  acid by  th e  com bina tions  of low a n d  high yielding s tra in  co m b in a­
t io n s  a n d  the  au g m en ted  p ro d u c t io n  in m ixed  cultures  of low-yielding s tra ins  
fo u n d  here  suggests th e  possib ility  of th e  fo rm ation  of h e te ro k a ry o n s  and  
t h e r e b y  an  add itive  genic effect w ith  re sp ec t  to  yield. In  th e  p resen t  work, 
h o w e v e r ,  fo rm ation  o f  h e te ro k a ry o n s  was n o t  investiga ted  and . therefore , the  
r e s u l t s  can  no t be su b jec ted  to  q u a n t i ta t iv e  analysis  of in he r i tance  based  on 
c o m b in in g  abilities o f  var ious  s tra ins. H ow ever ,  th e  possibility  of an  add itive  
gen ic  effect can no t  be ru led  ou t since th e  fo rm a tio n  of he te ro k ary o n s  in mixed 
c u l tu r e s  of  A . niger s tra in s  has been d e m o n s t ra te d  by  Chang et al. [11] and 
B a ra c h o  and  Coelho [15]. The conidia of  th e  different s tra ins  used in the  
p r e s e n t  s tu d y  were m orphologically  v e ry  s im ilar.  I t  would be in te res t ing  to  
use s t ra in s  w ith  read ily  iden tif iab le  c o n tra s t in g  conidial charac ter is t ics  (e.g. 
P r a s a d  [16] as th is  w ould  p e rm it  th e  d e te rm in a t io n  of th e  e x te n t  of hetero- 
k a ry o s is  and  the  p ro d u c t io n  of diploids t h a t  varies with th e  s tra ins  and the  
e n v i ro n m e n ta l  conditions (B aracho  and Coelho [15, 17]).

I n  brief, i t  m a y  be concluded t h a t  s t ra in s  or pairs of s tra in s  of A . niger 
can  b e  found  w ith  en h an ced  citric acid y ie ld  an d  could be exp lo ited  for in ­
d u s t r i a l  p roduc tion  of  citric acid.
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FACTORS INFLUENCING EXTRACELLULAR 
PROTEASE SYNTHESIS IN AN 

ASPERGILLUS FLAVUS ISOLATE

M a l ATHI S r INIVASAN and  S u S IL  C . Ü H A R  

D epartm ent o f  B iochem istry, Central Leather Research In stitu te , M adras, Ind ia  

(R eceived  N ovem ber 17, 1987)

O ur s tu d ies on th e  con tro l o f e x trace llu la r p ro tease  sy n th es is  in  an  A spergillus f la v u s  
s tra in  iso la ted  by  us in d ica te  th a t  in  a defined  m edium  a p ro te in  m u s t be  p re sen t for enzym e 
to  he p roduced . Soya bean  p ro te in  a n d  c o tto n  seed p ro te in  w ere e ffic ien t inducers. T he a b ility  
to  in d u ce  enzym e syn thesis was a ch ara c te ris tic  p ro p erty  o f th e  in d iv id u a l p ro te in . E n zy m e 
a c t iv ity  was n o t derepressed  in  th e  absence of a p ro tein  by  l im ita t io n  of n u trie n ts . Cyclo- 
h ex im ide  b locked enzym e sy n th esis. Low levels (1% ) of va rio u s c a rb o h y d ra te s  d id  n o t repress 
enzym e sy n th esis, w hereas m o st c a rb o h y d ra te s  a t  3 %  levels rep ressed  enzym e syn thesis. 
A d d itio n  of glucose to cu ltu res  ac tiv e ly  p roducing  th e  enzym e b locked  fu r th e r  sy n th esis  of 
enzym e. A d d itio n  of glucose to  cu ltu res  producing  th e  enzym e in  th e  absence of sodium  
n i tr a te  re su lted  in  a decrease o f enzym e a c tiv ity .

P ro teo ly t ic  enzym es are o f  g rea t commercial im p o r ta n c e  c o n tr ib u t in g  
to  m ore  t h a n  40%  of th e  w or ld ’s com m ercially  p ro d u ced  enzymes [1]. E la b o ­
ra t io n  o f  ex trace llu lar  p ro teases  is characteris tic  o f  severa l species of m ic ro ­
o rganism s. R eports  on th e  regu la t ion  of exocellu lar p ro tease  synthesis  in 
va r ious  species of m icroorganism s are varied and  th e re  appears  to  be no co m ­
m on model applicable to  th is  phenom enon. E x o p ro te a se  synthesis  has heen 
v a r ia b ly  repo r ted  to  be inducible , consti tu t ive  or  su b jec ted  to  ca tabo li te  
repression  [2].

In  view of th e  considerab le  im portance  of th e  genus A spergillus  in th e  
in d u s tr ia l  p roduc tion  of enzym es, it  was considered re le v a n t  to  u n d e r ta k e  
a sy s tem atic  s tu d y  on th e  e n v iro n m en ta l  factors in f luenc ing  the  ex trace llu lar  
p ro tease  synthesis  b y  A sperg illus. In  the  presen t s tu d y ,  various factors t h a t  
could  increase enzym e syn thes is  and  the  o ther  fac to rs  t h a t  could repress 
enzym e synthesis  have  been th o ro u g h ly  investiga ted . Such  a s tu d y  w ill prov ide  
an  u n d e rs ta n d in g  of the  m echan ism  of control o f  exocellu lar  p ro tease  sy n ­
thesis  in th is  organism.

M ala thi  S r in iv a s a n , S usil  C. D h a r *

D e p a r tm e n t o f  R io ch em istry , C en tru l L e a th e r  R e sea rch  In s t i tu te  
M udras-600  020, In d ia

* C orrespond ing  a u th o r
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M ateria ls  and  m ethods

Organism. T he o rg an ism  used  in th e  p re sen t s tu d y  is an  A sperg illus f  lav us L ink  s tra in  
iso la te d  from  soil in  th is  la b o ra to ry .

Chemicals. Casein (H a m m e rs te in )  was o b ta in ed  from  SISCO R esearch  L aboratories, 
B o m b a y , Ind ia . All o th e r  chem ica ls  were o f re ag e n t grade.

M edium . The o rg an ism  w as ro u tin e ly  m a in ta in ed  on PD A  (P o ta to  D ex tro se  Agar) 
s la n ts . T h e  defined m ed ium  (D M ) h ad  th e  follow ing com position: glucose, 1% ; sod ium  n itra te , 
0 .2 % ; po tassium  d ih y d ro g en  p h o sp h a te , 0 .1 % ; p o tassiu m  chloride an d  m ag n esiu m  su lphate , 
0 .0 5 %  each, ferrous su lp h a te  a n d  zinc su lp h a te  traces . T he pH  was a d ju s te d  to  7.0 to 7.1. 
A d d itio n s  or deletions to  th e  DM w ere m ade as in d ica ted  in th e  te x t.

Culture conditions. F i f ty  m l o f m edium  DM w ere dispensed in to  E rlen m ey e r flasks 
(250  m l), sterilized an d  in o c u la te d  w ith  1 ml of a con id ium  suspension c o n ta in in g  5-10 X  106 
c o n id ia /m l. Conidia were h a rv e s te d  from  ag ar s lan t cu ltu res  grow n fo r 3 -4  d ay s a t  37 °C on 
P D A . T h e  flasks were in c u b a te d  a t  37 °C a t 250 rp m  in a New B runsw ick  C ontro lled  E n v iro n ­
m e n ta l  Shaker.

Growth measurement. T h e  ra te  o f g row th  of th e  organism  was m easu red  by  collecting 
th e  m ycelia l m ats a t  re g u la r  in te rv a l on ta re d  f i lte r  p apers. T he p ap ers  w ere d ried  a t  80 °C 
in  a v acu u m  oven to c o n s ta n t  w eigh t.

A ssa y  fo r  extracellular proteolytic activity. C u ltu re  f i ltra te s  w ere co llected  by  f iltra tio n  
a n d  a ssay ed  for a c tiv ity  acco rd in g  to  th e  m eth o d  described earlier [3]. To 1 m l o f casein 
so lu tio n  (2 .5% ), 1.9 ml o f  0.1 м ca rb o n a te -b ica rb o n a te  buffer, pH  8.5 an d  0.1 m l o f a su itab ly  
d i lu te d  enzym e so lu tion  w ere  ad d ed  and  th e  m ix tu re  was in cu b a ted  a t  42 °C for 30 min. 
A f te r  th e  period of in c u b a tio n , 3 m l o f 5%  TCA w as added  to each tu b e  a n d  k e p t a t  room  
te m p e ra tu re  for 30 m in. T h e  so lu tio n  was th en  filte red  th ro u g h  W h a tm an  N o. 1 filte r paper. 
T h e  ab so rb an ce  of th e  TCA so lu b le  frac tio n  was re ad  a t  280 nm  in a S h im ad zu  M odel UV-260 
S p e c tro p h o to m ete r. A co n tro l w as ru n  in  an  id en tica l m an n er excep t t h a t  th e  enzym e solu­
t io n  w as added afte r th e  a d d it io n  of TCA to  th e  su b s tra te  solu tion . T he v a lu es o b ta in ed  w ith 
re sp e c t  to  control were a lw ay s  d ed u c ted  from  th e ir  corresponding  v a lu es o b ta in e d  from  ex­
p e r im e n ta l  values. One u n i t  o f p ro tea se  a c tiv ity  is th e  a m o u n t of enzym e cau sin g  an  abso rb ­
a n ce  in crease  equal to  t h a t  p ro d u c ed  by 1 m g of ty ro s in e  u n d e r a ssay  c o n d itio n s. A ctiv ity  is 
e x p re ssed  as un its  pe r ml o f  c u ltu re  filtra te .

Table I

E ffect o f  various organic nitrogen sources on extracellular protease synthesis in  A . fla vu s*

O rg a n ic  n itro g en  source
P ro tease
a c tiv ity

(un its/m l)

N one N il

Casein 0.27

P ep to n e 1.39
G elatin 0.56

A lbum in 2.34

B eef e x tra c t 3.41

M eat e x tra c t 2.97

Y e as t e x tra c t 0.76

Soya b e a n  p ro te in 8.04

C o tto n  seed p ro te in 9.82

Corn steep  liquor 0.23

C asito p ep to n e 0.40

* V alues are the  m ean  o f tw o  in d ependen t experim ents
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Results

Table  I  ind ica tes  the  effect o f  various organic  n i trogen  sources (1 %  level 
w ith  DM) on exocellular p ro tease  synthesis  b y  A . f la v u s .  I t  can be seen t h a t  
am o n g  all th e  com plex n i trogen  sources ev a lu a ted ,  co t to n  seed p ro te in  a n d  
soya  bean  p ro te in  induce m a x im u m  enzyme synthesis .  A large n u m b e r  of  
inorgan ic  n i trogen  salts te s ted  could  n o t  p rom ote  sign if ican t enzym e sy n th es is  
(d a ta  no t included).

F igure  1 illustra tes  th e  co rre la t ion  be tw een  period of g row th, e n z y m e  
ac t iv i ty  and  g row th  yields. I t  is observed  th a t  th e  enzym e p roduc tion  increases  
m a rk e d ly  during  48 h  in cu b a t io n ,  reaches a m a x im u m  b y  th e  72nd h  a n d  
th e re a f te r  rem ains cons tan t  u p  to  120 h. M ax im um  g row th  is reached  b y  th e  
4 8 th  h, w hen  th e  enzym e level beg ins  to  increase rap id ly .

F ig. 1. G ro w th  (d ry  w eight o f  m ycelia , m g/50 m l; О ------ О )  a n d  ex trace llu la r p ro te a se
a c tiv ity  in  u n its /m l ( x ------ X ) o f A . f la v u s  grow n in  DM co n ta in in g  1%  soya b ean  p ro te in
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Table II

E ffect o f different concentrations o f soya bean pro te in  on extracellular protease synthesis by
A . fla vu s*

DM  -f- so y a A ctiv ity  (u n its /m l)  a t  g ro w th  perio d  (h)

(%> 24 48 72 96

0 Nil Nil Nil N il
0.4 1.26 5.27 6.58 6.61
0.8 2.04 6.86 7.98 7.87
1.2 1.41 5.98 7.68 7.61
1.6 0.76 3.30 4.46 5.61
2.0 0.20 1.91 3.37 5.03

Soya b ran  p ro te in  was used in all o u r  subsequen t  ex per im en ts  as an 
in d u c e r  of the  ex oce llu la r  protease syn thes is .  Table I I  shows th e  effect of 
v a r io u s  concen tra t ions  o f  soya bean p ro te in  on exoprotease synthesis  with 
r e s p e c t  to  the  pe r iod  o f  growth. In  th e  case  o f  0 .4% , 0 .8%  a n d  1 .2%  con­
c e n tra t io n s  of soya b e a n  protein , m a x im u m  enzym e ac t iv i ty  is observed  after 
72 h  incuba tion . T he  en zy m e  activ ity  in d u c e d  is m ax im u m  a t  a concen tra t ion  
o f  0 .8 %  level. A t 1 .6 %  a n d  2 %  levels, th e  app ea ran ce  of m a x im u m  ac tiv ity  
is de layed  and th e  to t a l  enzym e p ro duc tion  is reduced.

Table  I I I  in d ic a te s  t h a t  when soya b e a n  p ro te in  is added  to  cultures 
g ro w n  in DM for 48 h ,  enzym e activ ity  a p p e a rs  after  12 h and reaches a m ax i­
m u m  a t  48 h in c u b a t io n .  M axim um  enzym e syn thes is  is induced  b y  0 .8 %  soya 
b e a n  protein .

Since the c o n tro l  o f  media co m p o n e n ts  was impossible by  addition  
e x p e r im en ts ,  a series o f  experim ents  were perfo rm ed  b y  t ran s fe rr in g  washed 
m y c e l iu m  into th e  des ired  medium. The e ffec t of lim iting  n i trogen , carbon  or 
s u lp h u r  on enzym e a c t iv i ty  in the  presence  or  absence of soya b ean  protein 
w as  exam ined  b y  th is  tech n iq u e .  Cultures were  initially grown in DM for 48 h, 
f i l te red  and washed  w i th  sterile distilled w a te r .  The washed m ycelium  was

Table III

E ffe c t o f  addition o f  vary ing  concentrations o f  soya bean protein  on extracellular protease synthesis
by A . fla vu s grown fo r  48  h on D M *

S o y a  b ean A c t iv i ty  (u n its /m 1) a t  grow th  p e rio d  (h) .a f te r  th e  a d d it io n o f  so y a  b ean  p ro te in

P(%> 4 8 12 24 36 48

0 Nil Nil Nil Nil Nil Nil
0.4 Nil 0.26 1.73 5.51 6.01 6.17
0.8 Nil 0.52 2.62 7.12 8.17 8.21
1.2 Nil 0.38 2.09 6.25 7.51 7.68

* Values are th e  m ean  o f tw o indepen ten t ex p erim en ts
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Table IV

Effect o f  lim iting  carbon, nitrogen or su lphur on extracellular protease activity  
o f  A . f la v u s  in the presence or absence o f  soya bean protein

N a tu re  o f  m ed iu m
A c tiv i ty  (u n its /m 1) a t g ro w th  perio d  (h) a fte r tra n s fe r  o f  m y ce liu m

4 8 12 24

DM +  1%  SB P 0.21 0.47 2.14 5.98
DM +  1%  SB P  — carbon 0.19 0.28 1.17 4.11
I)M - f "  1%  SB P — n itrogen 0.26 0.41 2.51 6.31
DM -{- 1%  SB P -  su lphur 0.23 0.32 1.76 4.99
DM Nil Nil Nil Nil
D M -carbon N il Nil Nil N il
D M -nitrogen Nil Nil Nil N il
D M -sulphur Nil Nil Nil Nil

* V alues a re  th e  m ean of tw o in d ep e n d en t experim ents. 
S B P  =  soya bean  protein

t ran sfe rred  to  the  desired m edium . R esu lts  p resen ted  in Table  IV show t h a t  
no derepression o f  p ro teo ly tic  a c t iv i ty  was observed u n d e r  conditions of  l im i t ­
ing n u t r ie n ts  in th e  absence of soya b ean  pro te in . In  th e  presence of soya b e a n  
p ro te in  th a t  also limits  e ither  n i t ro g en  or su lphur  or ca rb o n  in th e  m ed iu m , 
enzym e synthesis  is n o t  enhanced  above  control values.

Various ca rb o h y d ra te  su b s t ra te d  a t  1 %  and  3 %  levels were s tu d ied  for  
th e ir  effect on p ro tease  p roduc tion  in th e  presence of 1%  soya b ean  p ro te in  
(Table V). Several c a rb o h y d ra te  co m p o u n d s  tes ted , induce  enzym e levels even

Table V

Effect o f  different carbohydrates on extracellular protease synthesis by A . f la v u s  in  the presence o f
1%  soya bean protein*

C arb o h y d ra te  source

A c tiv ity  (un its /m l) a t  grow th  perio d  (h)

48 72

1% 3% i% 3%

Glucose 6.71 0.26 8.58 1.23
Fructose 7.80 0 .8 8 8.40 1.55
M annose 8.91 0.85 9.26 1.69
Sucrose 4.91 1.04 6.43 1.79
Maltose 6.63 1.71 8.33 2.61
L actose 7.63 6.25 7.34 7.40
Sorbose 3.84 1.54 4.46 2.70
S tarch 4.33 0 .8 6 8.57 3.96
D ex trin 6.56 1.91 6.87 5.31
Glycerol 4.42 4.44 6,75 4.79
Sodium  c itra te 1.99 2.70 1.76 1.79
N one 5.20 7.57

*  Values rep resen t th e  m ean of tw o  indep en d en t experim ents
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g re a te r  th a n  th e  c o n t ro l  a t  1% levels a t  t h e  end  of b o th  48 a n d  72 h of grow th. 
A t  3 %  levels all th e  c a rb o n  sources, e x c e p t  lactose, severely  repress enzym e 
synthesis .  In  c e r ta in  cases there  is re lief  o f  repression a t  th e  end of 72 h.

The effect o f  v a ry in g  concen tra t ions  o f  glucose on enzym e synthesis  is 
p re sen ted  in Table  V I .  I t  is observed t h a t  glucose a t  a concen tra t io n  of 0 .5%  
a n d  1 %  does n o t  rep re ss  enzym e synthesis .  A t  2 %  levels, how ever, th e  rep re s ­
sion of  enzyme sy n th e s is  lasts  up to  48 h. A t  3 % , 4 %  a n d  5 %  concen tra tions,  
th e  ex ten t  of rep ress io n  is p roportiona l to  th e  concen tra t io n  of glucose and  
th e  repression pe rs is ts  even  at the  end  of 96 h  of  grow th.

Table VI

E ffec t o f  different concentrations o f glucose on extracellular protease synthesis by A . f la v u s  in  the
presence o f  i %  soya bean protein*

G lucose
(%)

A c tiv ity  (u n its /m l)  a t  g ro w th  p e rio d  (h)

24 48 72 96

0 2.46 4.70 7.96 7.82
0.5 2.16 5.78 8.06 8.03
1 2.20 6.71 8.58 8.34
2 0.98 3.11 8.92 8.63
3 0.46 0.81 1.23 5.52
4 0.42 0.19 0.89 1.73
5 0.01 0.06 0.08 0.12

* Values are th e  m ea n  of two independen t experim en ts

Cataholite  rep ress io n  of exopro tease  syn thes is  in A . fla v u s  was also 
s tu d ie d  by the  a d d i t io n  of va ry ing  c o n cen tra t io n s  of glucose to  cu ltu res  
a c t iv e ly  produc ing  t h e  enzym e (Table V I I ) .  I t  can  be seen t h a t  th e  enzym e 
syn thes is  was co m p le te ly  blocked a f te r  in i t ia l  synthesis  a t  4 h  irrespective of 
t h e  add it ion  of d if fe ren t  concen tra t ions  o f  glucose to  th e  m edium .

Table VII

E ffec t o f  addition o f  vary in g  concentrations o f  glucose on extracellular protease synthesis by A .  
f la v u s  grow n fo r  48 h in D M  containing l° /0 soya bean protein*

G lucose
(%)

A c tiv i ty  (un its/m 1) a t  g ro w th  p e rio d  (h) a fte r  th e  a d d itio n  o f  glucose

4 8 12 24

0 _ 6.28 7.03 7.96
l 5.97 5.83 6.18 5.80
2 6.02 5.91 6.12 6.03
3 6.00 5.71 5.79 5.96
4 6.23 5.84 6.05 5.88
5 5.49 6.05 5.98 5.73

*  Values are th e  m ean  o f two independen t ex p erim en ts
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Table VIII

Effect o f  addition o f  varying concentrations o f  glucose on extracellular protease synthesis by A .
fla v u s  grown fo r 48 h in D M  containing 2%  soya bean protein; N aN O ^ is not included in  the m ed ium

G lucose A c tiv ity  (u n its /m l) a t  g ro w th  period  (h) a fte r  th e  add it ion o f g lucose

(%) 4 8 12 24 36 48

0 6.66 7.88 10.13 10.06 10.17 9.88
l 5.82 5.47 5.32 5.78 6.01 6.17
3 3.36 2.75 1.54 0.66 0.52 0.51
5 2.11 1.88 0.83 0.46 0.41 0.39

* V alues are th e m ean of two in d ep en d en t experim ents

In  experim en ts  carried o u t  u n d e r  similar conditions sodium n i t r a t e  w as 
om it ted .  I t  is seen from Table  V I I I  t h a t  add it ion  of glucose to  cu ltu re  m e d iu m  
lack ing  in  sod ium  n i t r a te  resu lted  in a red u c t io n  of enzym e ac t iv i ty .  T h e  
decrease in enzym e ac t iv i ty  para l le led  th e  increase in th e  c o n cen tra t io n  of  
glucose added . W hen  the  glucose was ex h au s ted  from  th e  m edium  e n zy m e  
syn thes is  began  to  increase.

D iscussion

A . f la v u s  is able to  synthesise  ex trace llu la r  p ro teo ly tic  enzym es w h e n  
grow n in a m ed ium  con ta in ing  o rganic  n i trogen  sources (Table I) in d ic a t in g  
t h a t  th is  is an  inducible  enzym e sy s te m  in th is  organism . E x tra c e l lu la r  p r o ­
tease  syn thes is  has been repo r ted  to  be inducib le  in  some m icroorganism s [4] 
and  c o n s t i tu t iv e  in o thers  [5].

I t  appea rs  t h a t  in A . f la v u s  in duc tion  involv ing  m acrom olecu lar  s u b ­
s tra te s  occurs. A n in te res t ing  o b se rv a t io n  is t h a t  th e  cells sense th e  p resence  
of  these  m acrom olecules in th e  m ed iu m , a l th o u g h  these  canno t en te r  th e  cells 
as such due  to  perm eab il i ty  barriers .

I t  is of fu r th e r  in te res t  to  no te  t h a t  n o t  all organic n itrogen  sources  are  
efficient inducers .  The response of t h e  cells to  th e  presence of a p ro te in  source  
appears  to  be a charac ter is t ic  p ro p e r ty  of th e  p a r t ic u la r  pro te in . T here  are  
two w ays  of looking a t  this. I t  is p ro b ab le  t h a t  th e  small peptides  or m ix tu re s  
of  am ino  acids associated w ith  th e  p ro te in  m a y  be th e  ac tua l  inducers .  T h e  
q u a n t i ty  a n d  n a tu re  of these  v a ry  w i th  th e  n a tu re  of th e  pro te in . B u t  i t  has  
been  in d ica ted  th a t  p ro te in  h y d ro ly sa te s  or com bina tions  of am ino acids  a re  
ineffective as inducers [6]. A n o th e r  hypo thes is  is t h a t  t race  (u n d e tec tab le )  
levels o f  enzym e be associated w ith  th e  cells w hich  hydro lyse  m acrom olecu les  
to  p roduce  low am oun ts  of th e  a c tu a l  inducers , w hich  th en  tr igger inc rea sed  
synthesis  of enzym e.
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Studies on th e  effect of different c o n cen tra t io n s  of soya bean  pro te in  
(T ab le  II)  and th e  a d d i t io n  of d ifferen t concen tra t ions  of th is  p ro te in  to  
cu l tu re s  grown for 48 h on DM (Table I I I )  con firm  th a t  exocellular p ro tease  
syn th es is  in A . f la v u s  is indeed an induc ib le  enzym e system . The add it ion  of 
cyclohexim ide a t  5 p g /m l to  cultures a c t iv e ly  synthesiz ing  th e  enzym e (da ta  
n o t  shown) results  in inh ib ition  of fu r th e r  en zy m e  synthesis. This obse rva tion  
in d ic a te s  th a t  p ro te in  synthesis  is essen tia l  for enzym e synthesis  to  occur and 
t h a t  it  is no t m erely  a release of the p re fo rm ed  enzym e molecules from  th e  cell 
wall or m em brane  [7, 8].

Derepression o f  p ro tease  synthesis has  been  observed in o the r  fungi when 
n u t r i e n t s  are l im iting . I n  Aspergillus n id u la n s  E id am  lim ita t ion  of carbon, 
n i t ro g e n  or su lp h u r  com pounds  in the  m e d iu m  results  in exocellular p ro tease  
syn th es is  [9], in d ic a t in g  th a t  derepression is b o th  necessary and  suffic ient for 
p ro te a se  p roduc tion  to  be initia ted. In  N eurospora  crassa [4] and  M ucor miehei 
[6] it  is necessary  h u t  n o t  sufficient; a p ro te in aceo u s  su b s tra te  m u s t  also be 
p re s e n t  for in d u c t io n  of  enzyme syn thes is  to  occur. Cohen [9J has reported  
t h a t  in Aspergillus  species derepression is a suffic ient condition  for enzym e 
syn thes is .  B u t ou r  s tu d ie s  with A . f la v u s  (T ab le  IV) indicate  t h a t  derepression 
is n o t  essential. A p ro te in  m ust he p resen t  in d ica t in g  th a t  exocellu lar p ro tease  
syn th es is  in A . f la v u s  is an  inducible p h en o m en o n .

The am o u n t  of  en zy m e  produced in  a p ro te in  contain ing m ed ium  appears  
to  be regula ted  b y  th e  composition of th e  m ed iu m  w ith  respect to  th e  o ther  
su b s t ra te s .  The effect o f  c a rbohydra te  sources  on enzym e ac tiv i ty  is a m easure 
o f  b o th  the  n a tu re  a n d  am o u n t  of the  su g a r  in question. O ur s tud ies  w ith  
A .  f la v u s  indicate  t h a t  up  to  1% levels, c a ta b o l i tc  repression is n o t  ind ica ted  
b u t  a t  higher c o n cen tra t io n s ,  severe rep ress ion  of enzym e syn thes is  takes  
p lace . In  M . miehei i t  has  been repo r ted  [6] t h a t  only at 16%  levels, glucose 
co m p le te ly  represses exocellular p ro tease  syn thes is .  Catabolite  repression of 
ex trace l lu la r  enzym e syn thes is  has also b een  rep o r ted  [4]. In  some instances 
a d d i t io n  of cAM P relieves the  repression (10].

I n  cultures, a c t iv e ly  synthesizing th e  enzym e, addition  of glucose su p ­
presses  fu r the r  en zy m e  synthesis . B u t w h en  glucose is added  to  such cultu res , 
g row ing  in a m ed iu m  lack ing  sodium n i t r a t e ,  th e re  is a decrease in enzym e 
a c t iv i ty  (Table V I I I ) .  This would ind ica te  t h a t  e i ther  the  enzym e ac t iv i ty  is 
in h ib i te d  by some fa c to r  or th a t  it is b e in g  den a tu red .  In  C ephalosporium  
species a similar p h e n o m e n o n  has been o b se rv ed  [11], and it  has been  p o s tu ­
la t e d  t h a t  the  en zy m e  p ro te in  m ay he u sed  as th e  source of n i trogen  in th e  
ab sen ce  of an ino rgan ic  n itrogen  source.

O ur studies, th e re fo re ,  indicate t h a t  th e  regu la t ion  of th e  ex trace llu lar  
p ro te a se  synthesis  in  th e  A . fla vu s  iso late  m a y  involve several fac tors  a t  the  
m o lecu la r  level, som e of which  “ switch o n ”  th e  process, while o thers  repress it.
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EFFECT OF AMINO ACIDS AND ITS 
ANALOGUES ON GLOEOTRICHIA GHOSEI AND ITS 

NON-NITROGEN FIXING MUTANTS

A. K. MlSHRA and D. N. T lW A RI

Centre o f  Advanced S tudy  in  B o ta n y , B anaras H in d u  U niversity  
V arnasi, In d ia

(R eceived D ecem ber 28, 1987)

M u tan ts  o f Gloeotrichia ghosei f i l 1 het + + and  pol~ het~  fa iled  to grow on m o lecu la r 
n itro g en  and  req u ired  com bined n itrogen  sources. N 0 .“ an d  N H  + su p p o rted  m ax im um  g ro w th  
of p a re n t  an d  m u ta n t  s tra in s  u n d e r aerobic con d itio n s b u t  n o t u n d e r  reducing an ae ro b ic  or 
h e te ro tro p h ic  co n d itions. G lu tam ine and  try p to p h a n  w ere su p erio r fo r th e  p a ren t s tra in  co m ­
p a red  to  in o rgan ic  n itro g en  sources. By m u ta n ts  on ly  g lu tam in e  w as used  w hereas t r y p to p h a n  
was in h ib ito ry  to  th em . D evelopm ent of h e te ro cy s t an d  p o la r ity  in  th e  p a ren t and  in f i l 1 het + + 
was in h ib ited  in  th e  presence of all com bined n itro g en  sources com p ared  to  m olecular n itro g e n  
w hich su p p o rted  th e ir  fo rm ation . M SX an d  AZT (analogues o f g lu tam in e  and t ry p to p h a n , 
respec tive ly ) co m p le te ly  inh ib ited  th e  g ro w th  of all s tra in s  in  th e  n itrogen-fix ing  a n d  N H + -  
m edium . W hen  g lu tam in e  and try p to p h a n  w ere ad d ed  to  M SX- a n d  A Z T -containing m ed iu m , 
g ro w th  of p a re n t s tra in  was sim ilar to  t h a t  of th e  resp ec tiv e  am ino  acids. The m u ta n ts  grew  
only w ith  g lu tam in e  -J- M SX, and t ry p to p h a n  +  A ZT com plex  m edium  inh ib ited  g ro w th .

The deve lo p m en ta l  p a t te rn  enco u n te red  in th e  f i lam ents  of no s to cacean  
cyan o b ac te r ia  en tire ly  differs from  th e  w hiplike revu la r ian  f i lam en ts  o f  
Gloeotrichia ghosei, which have ce r ta in  a d v a n ta g e  for deve lopm enta l  s tud ies .  
I t  has fixed position  of bo th  hete rocyst  and ak ine te  fo rm ation  in the  t r ic h o m e  
(i.e., he te rocyst  a lw ays develops in th e  basa l  position  o f  the  fi lam ents followed 
by  an  ak inete) ,  whose apical end is m odified in to  a colourless hair and g ro w th  
is re s tr ic ted  on ly  to  the  cells near  th e  basal he te ro cy s t .  These cha rac te r is t ic s  
to g e th e r  w ith  th e  p rokaryo tic  n a tu re  m ake th e  cyanobac te r ium  G. ghosei 
especially su itab le  for s tu d y  of th e  genetic contro l o f  developm ent.  I t  has  b een  
m en tioned  earlier  [1] th a t  the  whiplike m orpho logy  of th e  tr ichom e of Gloeotri­
chia develops on ly  under  n itrogen-fix ing  conditions.

In  o rder to  u n d e rs tan d  the  tw o  processes viz. he te rocys t  d if fe ren tia t ion  
and  n itrogen  f ix a t io n ,  it would be useful to  isolate and  characterize  the  m u ta n t s  
defective in e i th e r  processes and to  analyse  th e se  m u ta n t s  by conv en t io n a l  
microbial genetic  m ethods. M u tan ts  defective in  he te rocys t  d if fe ren tia t ion
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(h e t~ )  and  n i trogen  f ixa t ion  ( n i f~ )  h a v e  been  reported  to  be sensitive to 
o x y g e n  [2, 3]. The defin ition  of a u x o t ro p h y  in nitrogen fix ing  cy an o b ac te r ia  
w as  em phasized  [4], in which the  re q u ire m e n ts  for non-n itrogen  f ix ing  (n if~  )  
m u t a n t s  o f  Nostoc linckia  were found  to  be e ither  N0^" or N H |  n itrogen . 
E i g h t y  th ree  a u x o tro p h s  of Anabaena variáb ilis  have been rep o r ted  [5], 65 of 
w h ic h  requ ired  inorganic  sources o f  co m b in ed  nitrogen for g row th ,  while 
o th e r s  showed re q u ire m e n t  for m e th ion ine , u rac il ,  adenine, b io t in  and  nicotinic 
ac id .

E a r l ie r  s tud ies  conducted  w ith  a m in o  acid utilization by  cy an o b ac te r ia  
p ro v id e  var iab le  resu lts  an d  also none of t h e  am ino acids te s te d  se rved  as sole 
sou rce  of  n itrogen  [6]. The failure of  a m in o  acid u til iza tion  b y  th e  cy a n o ­
b a c te r i a  is p ro b a b ly  due to  a p reference  of  o ther  inorganic n i trogen  su b ­
s ta n c e s  [7]. I f  such s tu d y  is carried o u t  w i th  m u ta n ts  defective in n itrogen  
f ix a t io n  b u t  capab le  o f  he terocyst fo rm a t io n  (n i f~  het + ) ,  a t  least  th e  assess­
m e n t  o f  th e  am ino acid serving as n i t ro g en  source m ay be clearly  unders tood .

T h e  p resen t  p a p e r  deals with th e  s t u d y  of non-nitrogen-fix ing  m u ta n ts  
o f  G. ghosei iso la ted  b y  us [8]. These m u t a n t s  have been ch a rac te r ized  w ith  
r e s p e c t  to  the ir  re q u ire m e n t  of n itrogen  sources along w ith  n i t ro g en  f ixa tion . 
I n te r a c t io n  of am ino  acid analoges w ith  a m in o  acids has also been  s tud ied .

Materials and m ethods

O rganisms and  culture. T he p resen t s tu d y  h as  b een  done on G. ghosei an d  its  tw o n i f~  
m u ta n t s  f i l 1 /iei + +, p o l~  het~) iso lated  by  us [8 |. A ll these  stra ins w ere ro u tin e ly  grow n in 
m o d if ie d  chu-10 m ed iu m  [9] w ith  A. so lu tion  a d d e d  fo r m ic ro n u trien t [10], in  a cu ltu re  room  
illu m in a te d  w ith  d a y lig h t flu o rescen t tu b e  (lig h t in te n s i ty  ap p ro x im ate ly  2500 lu x ) w ith  14 h  
l ig h t  a n d  10 h  d a rk  cycles a t  24 ±  1 °C. T he n itro g en -free  m edium  co n ta in ed  C aC l2 (0.0735 
g 1—1) in s te a d  of C a (N 0 3) 2 (1 т м ) .  The n itro g en -free  m edium  to  w hich N H 4C1 (0.5 т м )  had  
b e en  a d d e d  was also used  fo r g ro w th  ex p erim en ts . G ro w th  was m easured  in  te rm s of increase  
in  t o ta l  p ro te in  of th e  c u ltu re  by  th e  m eth o d  o f H e rb e r t  e t al. [11].

N itrogen f ix a t io n  study. N itrogen  fix ed  b y  th e  d iffe ren t stra in s  o f G. ghosei w as s tu d ied  
b y  th e  e s tim a tio n  of in crease  in  to ta l  n itro g en  o f th e  cu ltu res  grown fo r 25 d ay s in  n itro g e n ­
f ix in g  co n d itio n  b y  m ic ro k je ld ah l m ethod. Since th e  m u ta n t  stra ins w ere u n a b le  to  grow  in 
ae ro b ic  n itro g en  f ix in g  m ed ium , th e y  were tr ie d  to  g row  in  an aerob ic /reducing  n itro g en  fix ing  
c o n d itio n s . T he an ae ro b ic /red u c in g  condition  in  th e  m edium  was o b ta in e d  b y  th e  a d d itio n  
o f D C M U  (3)3,4 -d ich lo ro p h en y l)-l,1 -d im e th y l u re a ,  (1 /zg/ml)) along w ith  e ith e r  sodium  
su lp h id e  (1 т м  or glucose (1000 ^g /m l). One se t o f  su ch  experim ental flask s w as k e p t in  d a rk  
w h ile  th e  o th e r grow n in  ligh t.

S tu d y  w ith am ino acids and their analogues. A ll th e  stra in s  were g row n in  N 2-fix ing  m e­
d iu m  w ith  th e  ad d itio n  o f g lu tam in e  an d  t r y p to p h a n  (each 50 /zg/ml). G ro w th  b eh av io u r in  
th e sem ed ia  was co m p ared  w ith  th e ir  g row th  b e h a v io u r  in  NI14+ -m edium . M SX  (L -m eth io- 
n ine-D L -su lphoxim ine, 2 р м )  an d  AZT (7 -a z a try p to p h a n , 20 /ш ) analogues o f g lu tam in e  and  
t ry p to p h a n ,  re spec tive ly  were ad ded  in th e  N H +  as well respective am ino  acid  co n ta in in g  
m ed iu m  sep a ra te ly . T h e  g ro w th  behav iour in  th e se  m ed ia  was also stu d ied .

D evelopmental studies. T he d ev elopm en tal b e h a v io u r  of all th e  s tra in s  especially  w ith  
r e sp e c t  to  th e  fo rm atio n  o f h e te ro cy s t and  d e v e lo p m en t o f po larity  in f ila m en ts  w as s tu d ied  
m ic ro sco p ica lly  u n d e r  th e  above grow th  con d itio n s.
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Results

N itrogen f ix a t io n  u n d e r  aerobic and anaerob ic /reduc ing  condition of  th e  
d ifferent s tra ins  are show n in th e  Table I. None of th e  m u ta n t  stra ins show ed 
f ixa t io n  of n i trogen  (m easured  in te rm s of increase in to ta l  nitrogen of th e  
culture)  un d er  a n y  g ro w th  condition  (either aerobic  or anaerobic/reducing), 
w hereas the  p a re n t  s t ra in  showed considerable increase  in  to ta l  n itrogen only 
under  aerobic n i t ro g en  f ix ing  condition  in light.  B u t  in th e  paren t ,  sim ilarly  
to  m u ta n ts  s tra ins ,  no n itrogen  f ixa tion  was reco rded  u n d e r  aerobic d a rk  as 
well as anaerob ic /reduc ing  conditions. E ven  th e  ad d i t io n  of glucose w ith  
DCMU did no t  su p p o r t  th e  g row th  and n i trogen  f ix a t io n  by  the  pa ren t  s t ra in

Table I

Nitrogen fix a tio n  (m g N /100  ml culture) by d ifferent stra ins o f  G. ghosei*

M edium **
P u ren t f i l 1 het + + pol~ liet~

L ig h t D ark  L ig h t D a rk  L ig h t D a rk

C -  N 1.005
C — N +  glucose 1.065
C -  N +  DCMU 
C — N  +  N a ,S  ■ 9 H .O  
C — N +  glucose DCMU 
C -  N  +  N a ,S  - 9 H .  +  DCMU

* A fter 25 days o f g row th ; (d a ta  are m eans of th ree  in d ep en d en t experim ents)
** C oncentration  of glucose, DCMU and N a 2S • 9 H 20  used  were 1000 ug. m l. 1 //g nil 

and  1 ПШ respectively

100

Fig. 1. G row th  b eh av io u r o f d iffe ren t s tra in s  o f G. ghosei in  in o rg an ic  n itrogen  sources. P a re n t
in C —N (Д ---------- Д ), C +  N ( o ----------о), c -f- N H  I # ---------- • )  m edia; m u ta n t f i l '  het + +
in  C — N ( ■ ----------■ ) ,  C +  N ( □ —-------□ ) ,  C +  N H  ( a  a ) m edia; m u ta n t  pol~hel~

in  C -  N  ( ■ ----------■ ) ,  C +  N (V ---------- 7 ) ,  C +  N H  (▼---------- ▼) m edia
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e i th e r  in  da rk  or light.  W hereas  glucose alone was found to  s l igh tly  increase 
t h e  n i t ro g en  f ixa t ion  only  in  l igh t  for th e  pa ren t  s train.

Tw o inorganic  n i trogen  sources i.e. NO)f~ and  NH^~, were u sed  to  s tu d y  
t h e  g ro w th  charac teris tics  of m u ta n ts .  T he  nitrogen f ix ing  m e d iu m  (C—N 
m e d iu m )  combined w ith  n i t r a te  (C-f-N m edium ) or am m o n iu m  (C-f-NH 
m e d iu m )  supported  g row th  of b o th  m u ta n t s  (Fig. 1). I t  w as observed  th a t  
th e r e  w as  some e n h an cem en t  in  g ro w th  of th e  p a ren t  s t ra in  u n d e r  com bined  
n i t r o g e n  sources (C-f-N an d  C +  N H  m ed iu m ) over the  g row th  in  C — N  m edium . 
F o r  all s tra ins  am m oniaca l n i trogen  w as found  to  he a b e t te r  n i t ro g en  source 
t h a n  n i t r a t e  n itrogen  (Fig. 1). I t  is a p p a r e n t  from the g row th  b e h a v io u r  th a t  
o id y  th e  p a re n t  was aide to  grow in C — N m ed iu m  while th e  m u ta n t s ,  f i l 1 h e t+ + 
a n d  p o l het were unab le  to  grow in C — N  m edium  and  req u ired  com bined  
n i t ro g e n  sources e.g. N 0 ~  or N H f  for th e i r  g row th (Fig. 1).

A m ino  acids, g lu tam in e  an d  t r y p t o p h a n  were used in th e  p re se n t  s tu d y  
to  see th e i r  effect on d ifferen t s tra ins  o f  G. ghosei. F il te r  s terilized  so lu tion  of 
th e s e  am ino  acids were added  in th e  C — N m edium . The g ro w th  beh av io u r  
o f  d i f fe re n t  s tra ins  was com pared  w ith  th e i r  respective g ro w th  b e h a v io u r  in 
C -f -N H  m edium . M SX  (2 цм ) was ad d e d  in  th e  C-f-NH a n d  g lu tam in e  con­
ta in in g  m edium  to  see its effect on d iffe ren t  s trains. S im ilarly  A ZT (20 рм) 
w as a d d e d  in C-f-N H and t r y p to p h a n  c o n ta in in g  m edium  to  see i ts  effect. 
F ig u re s  2, 3 and  4 show th e  g row th  b e h a v io u r  of paren t ,  f i l 1 h e t++ a n d  po l~  
het~  s t ra in s  respectively  u n d e r  th e  afo resa id  grow th conditions. G lu tam ine  
w as fo u n d  to  increase th e  g ro w th  of all th e  s tra ins  com pared  to  th e i r  g row th

F ig. 2. E ffe c t  o f am ino  acid  a n d  am ino  acid  analoges on  g row th  b eh av io u r o f p a re n t  s tra in  
o f G. ghosei: C +  N H  (O ----------O ) , C - f  N H  +  (M SX  o r AZT) (Д ---------- Д ) ,  С -  N  +  g lu­

ta m in e  ( V ----------V )> C — N  -f- g lu tam in e  -f- M S X  ( •  • ) .  C — N  +  t ry p to p h a n
(▼ t ) , C  — N  +  t ry p to p h a n  A ZT (a  a )
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TOO-

Fig. 3. E ffec t o f am ino acids an d  am in o  acid  analoges on g ro w th  beh av io u r of m u ta n t  f i l 1 het + + 
o f G. ghosei: C +  N H  ( O  —  O ) , C +  N H  +  (M SX  or A ZT) ( Д —  — Д ), C -  N +  g lu­

tam in e  ( a  a ), C — N  +  g lu tam in e  +  M SX ( •  • ) .  C - N -f-
try p to p h a n  an d  C — N -f- t ry p to p h a n  +  AZT (Д  Д )

Fig. 4. E ffe c t o f am ino acid  and  am ino  acid analoges on g ro w th  behav iour of m u ta n t  pol hel 
o f G. ghosei: C +  N H  (О —  O ), C +  N H  +  (N S X  or AZT) (Д  Д ) , C — N  -f- g lu ­
tam in e  ( a  a ), C — N +  g lu ta m in e  +  M SX ( •  • ) .  C -  N +  t ry p to p h a n  and

C — N  +  try p to p h a n  -(- AZT ( Д ----------Д )

in  C-f-NH m edium . B u t  in t r y p to p h a n  co n ta in ing  m edium  on ly  th e  p a re n t  
was ab le  to  grow w ith  s ligh tly  less g row th  t h a n  in C +  N H  m ed iu m , w hereas  
b o th  th e  m u ta n t s  were u n a b le  to  grow. E v e n  th e  lower con cen tra t io n s  (5 and  
10 jMg/ml) o f  t r y p to p h a n  te s te d  for m u ta n t s  (d a ta  n o t  shown) failed to  serve 
as com bined  n itrogen source for th e ir  grow th .

B o th  th e  am ino acid analogues (M SX and  AZT) were fo u n d  in h ib i to ry  
for th e  g row th  of all th e  th re e  s tra ins  in C-f-NH m edium  (Figs 2, 3 ,4 ) .  B u t  the
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a d d i t io n  of g lu tam in e  a n d  t ry p to p h a n  in  M S X  and  AZT con ta in ing  m ed ium  
resp ec t iv e ly  re su l ted  in a m ore or less s im ilar  g ro w th  behaviour, for th e  pa ren t  
s t r a in  only, as observed  in  th e  respective am in o  acid m edium . In  case of n i f  
m u t a n t s  only w ith  g lu tam in e  similar resu lts  (recovery  of growth) was ob ta ined  
w h en  i t  was ad d ed  in M SX  m edium  w hereas  t r y p to p h a n  was found  unab le  
to  do so for m u ta n t s  (Figs 2, 3, 4).

F i lam en ts  o f  t h e  p a re n t  s tra in  of G. ghosei showed n o rm al r ivu la r ian  
p a t t e r n  (hav ing  basa l  h e te ro cy s t  and apical po la r i ty )  in C — N m ed ium . O f th e  
tw o  m u ta n t s  s tu d ied ,  f i l 1 het + + showed an  u n iq u e  f i lam entous deve lopm en t.  
I t  show ed th e  fo rm a tio n  of  in te rca la ry  cha ins  of  he terocysts  and in te rca la ry  
p o la r i ty  in C—N m ed iu m . B ut the  f i lam en ts  o f  pol~  het never showed the  
fo rm a t io n  of e i ther  h e te ro c y s t  or po la r i ty  in a n y  g row th  condition. W hen the  
p a r e n t  and  f i l 1 h e t+ + s t ra in  were grown in C +  N  or C + N H  m edium , loss of 
l ie tc ro cy s t  and p o la r i ty  was observed. S im ila rly ,  in the  g lu tam ine  con ta in ing  
m e d iu m  none of th e  s t ra in s  showed fo rm atio n  o f  e i the r  he te rocyst  or po la r i ty .  
T he  f i lam en ts  of all th e  s tra in s  grown in g lu ta m in e  m edium  were longer and 
h e a l th ie r  as co m p ared  to  inorganic n i trogen  m edia .  In t ry p to p h a n  m ed ium  
on ly  th e  pa ren t  s t r a in  grew and absence of  he te ro cy s t  and p o la r i ty  was o b ­
se rved  as found in o th e r  com bined  n i trogen  sources.

W hen  am ino  acid  analoges MSX and  A Z T  were added  in C —N or C + N H  
m e d iu m , f i lam ents  o f  th e  p a re n t  s tra in  were  observed  w ith  he tc ro cy s t  and  
p o la r i ty .  The v e g e ta t iv e  cells of these f i la m e n ts  were found to  be vacu o la ted  
a n d  som etim es th e  f i la m e n ts  found to  be f ra g m e n te d  in to  small pieces. B u t  
th e  a d d i t io n  of g lu tam in e  in MSX and t r y p to p h a n  in AZT con ta in ing  m ed ium  
re su l ted  in th e  recovery  of  g row th  and the  f i la m e n to u s  deve lopm ent was found  
s im ila r  to  t h a t  of re spec tive  am ino acids.

In  case of f i l 1 h e t++ s tra ins , growth in h ib i to ry  effect of M SX and AZT 
re su l te d  in the  m orpho log ica l deve lopm ent of  f i lam en ts  as found  in C— N 
m ed iu m . W hen  ad d i t io n  of g lu tam ine  causes th e  recovery  of g row th  in M SX 
m e d iu m , th e  deve lo p m en ta l  behav iour  of f i la m e n ts  was as found in g lu tam ine  
m e d iu m . S tra in  po l het n ev e r  showed th e  fo rm a t io n  of heterocyst or po la r i ty  
in a n y  m ed ium . W h en  t r y p to p h a n  was ad d ed  in A ZT contain ing m ed ium  th e  
lysis o f  f i lam en ts  of b o th  m u ta n ts  was observed .

Discussion

F re q u e n t  occurrence  of  het n i f  m u ta n t s  o f  Nostoc and A nabaena  b y  
m u ta g e n ic  t r e a tm e n t  s t ro n g ly  support  the  in v o lv e m e n t  of com m on genetic 
d e te rm in a n t  in o rgan iza t ion  of  nitrogen f ix a t io n  a p p a ra tu s  in these  cy a n o ­
b a c te r ia  [4, 12-14], a l th o u g h  several w orkers h av e  rep o r ted  m u ta n ts  of these  
c y a n o b a c te r ia  which lack  only  nitrogen f ix a t io n  b u t  no t he te rocyst  [2, 4, 5,
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15]. These rep o r ts  suggest th a t  n itrogen  f ixa t ion  and  heterocyst d if fe ren tia t ion  
in these cy a n o b a c te r ia  are two d is t in c t  ph en o ty p ic  t r a i t s  which are con tro lled  
b y  indep en d en t  genetic  factors. T he  m u ta n t  s t ra in  pol~  het of G. ghosei 
described in th e  p re sen t  s tu d y  falls in the  f i rs t  c a teg o ry  while the  s t ra in  f i l 1 
het + + falls in th e  second category  described above, a n d  th is  supports  th e  ab o v e  
idea of  two d is t in c t  genetic fac tors  contro lling  in d e p en d en t ly  for n i t ro g en  
f ixa t ion  and  h e te ro cy s t  d ifferen tia tion . A lthough  th e  heterocysts  fo rm ed  in 
th e  s tra in  f i l 1 h e t++ in €  — N m ed iu m  ap p ea r  to  be n o rm a l  under light m ic ro ­
scope, the ir  s t ru c tu ra l  defects a t  u l t r a s t ru c tu ra l  level could not be ru led  o u t .  
M utan ts  defective in glycolipid co m p o n en t  o f  envelope or m em branes  of 
he terocysts  have  been  reported  [3], which were u n a b le  to  fix  nitrogen ae ro b ic ­
ally, bu t  showed high nitrogenase  ac t iv i ty  u n d e r  anaerob ic  condition . T he  
incapab il i ty  of he te rocys tous  m u ta n t  ( f i l 1 het + + )  o f  G. ghosei to fix  n i t ro g en  
u n d e r  anae rob ic /reduc ing  condition  d e m o n s tra te  t h a t  this m u ta n t  m ig h t  be 
changed  in some essen tia l  com ponen t of n itrogen  f ix a t io n .  Spontaneous m u ta n t s  
of A nabaena variábilis  (strain 7118) have been  re p o r te d  [16] which lo s t  th e  
ab ili ty  to  form h e te ro cy s t  and f ix  n itrogen  ae rob ica l ly  b u t  could syn thes ize  
n itrogenase an ae rob ica lly  in th e  absence o f  m o lecu la r  oxygen. Since th e re  
is no trace  of  n i trogen  fix ing g row th  or increase  in to ta l  n i trogen  of 
m u ta n t  pol het g row n under reduc ing  or an ae rob ic  condition, i t  seem s to  
have  lost a c o m m o n  genetic d e te rm in a n t  of b o th  hete rocyst  and n i t ro g e n  
fixation.

Based on th e  negative n i trogen  f ix ing  g ro w th  response of d if fe ren t  
s tra ins  including p a re n t  under he te ro tro p h ic  g ro w th  conditions (with glucose 
in dark), th e y  seem  to be exclusively d e p e n d e n t  on l igh t  energy for th e  s y n ­
thesis of cell m a te r ia ls ,  a lthough  some n itrogen  f ix in g  cyanobac ter ia  h a v e  
been reported  to  show he te ro troph ic  g row th  [17, 18].

B oth  th e  m u ta n t s  stra ins showed the  re q u ire m e n t  of combined n i t ro g e n  
sources for th e ir  g row th . In ab i l i ty  of  t r y p to p h a n  to  ac t  as nitrogen source  for 
th e m  showed t h a t  e i ther  t r y p to p h a n  or its m e tab o l ic  p roduc ts  are in h ib i to ry  
for th e  g row th  o f  n i f  m u ta n ts .  In h ib i t io n  of  h e te ro c y s t  and  polarity  f o r m a ­
tion  in p a re n t  as well as f i l 1 h e t+ + s tra in  in th e  presence  of  combined n i t ro g e n  
sources showed t h a t  these processes are l inked w ith  n itrogen  fixa tion  [1].

MSX, a k n o w n  inh ib ito r  o f  g lu tam ine  s y n th e ta s e  is, known to  cause  
derepression o f  n i trogenase  synthesis  and  h e te ro cy s t  fo rm atio n  in the  presence  
of  N H ,  -n itrogen [19]. The inh ib ition  of g ro w th  b y  M SX  with the  fo rm a t io n  
of  hete rocyst  an d  p o la r i ty  in f i l 1 h e t+ + s tra in  in N H ^ -m e d iu m  m ay be due  
to  inh ib ition  of N H 4 -u p take  which has  a lready  been  rep o r ted  for p a ren t  s t r a in  
of G. ghosei [20]. The observations t h a t  am ino  acid g lu tam ine  p re v e n t  th e  
effect of MSX on  g row th  and he te rocyst  fo rm a tio n  is consistent w ith  ea r l ie r  
reports  [21].
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T h e  action of AZT has heen a t t r i b u t e d  its direct in te rfe rence  w ith  d if­
fus ib le  inh ib i to r  responsible  for con tro l l ing  th e  heterocyst spac ing  p a t te rn s  
[22], t o  its action on n itrogenase  or th e  n i trogenase  associated enzym e [23] 
or i ts  a c t ion  on an  in d e p e n d e n t  r e g u la to ry  sys tem  other t h a n  con tro lled  by  
g lu ta m in e  sy n th e th a se  [24]. R ecovery  of  g row th  inh ib ito ry  effect in the  
p a r e n t  s t ra in  in AZT m ed iu m  b y  th e  a d d i t io n  of t ry p to p h a n  w as observed . 
I t  in d ic a te s  th a t  A ZT m a y  be in c o rp o ra te d  in  protein  in place of  t r y p to p h a n  
a n d  th e  fo rm ation  of  defective pro te in  m ig h t  be responsible for such inh ib i to ry  
effec t.  A dd it ion  of t r y p to p h a n  m ay  be in h ib i t in g  th e  up tak e  of A ZT u l t im a te ly  
c a u s in g  th e  recovery  of g row th. B o th  n i f  m u ta n ts  were u n a b le  to  utilize 
t r y p t o p h a n  as source of com bined  n i t ro g en  a n d  lysis of cu ltu res  w as observed  
b o t h  in  t r y p to p h a n  and  t r y p to p h a n  plus A Z T  m edium . The m etab o l ic  defects 
o f  t r y p t o p h a n  ca tabo lism  in the  m u ta n t  s t ra in s  might be c rea t in g  a condition  
for  t h e  inh ib ition  of g ro w th  and u l t im a te ly  lysis of f i lam ents.

Acknow ledgem ents. A K M  th an k s  to  UGC, N ew  D elh i for financia l a ssis tan ce  in  th e  form  
o f  R A . T h an k s  also to  P ro g ram m e C o o rd inato r, C en tre  of A dvanced S tu d y  in  B o tan y , for 
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THE COURSE OF LCMV INFECTION IN 
GNOTOBIOTIC AND CONVENTIONAL ADULT MICE 
PRETREATED WITH ATTENUATED NDV VACCINE

I lona  S z e r i , L. K. Cs a t a r y , P iro ska  A n d e r l i k , 
Zs u z s a n n a  B á n o s , I. N ász and Zs u z s a n n a  B a r n a

In stitu te  o f  M icrobiology, Semmelweis U niversity  M edical School, Budapest, H ungary  
and U nited  Cancer Research Institu te , A lexandria , V irg in ia , U SA

(R eceived, Ju n e  1, 1988)

A single in tra p e rito n e a l tre a tm e n t w ith  tw o d iffe ren t doses o f live N ew castle  D isease 
V irus (N D V ) co n ta in in g  a tte n u a te d  ND V  vaccine one d a y  before in tra ce re b ra l in o cu la tio n  
w ith  ly m p h o cy tic  choriom en ing itis  v irus (LCMV) h a d  no in flu en ce  on th e  ra tio  an d  tim e  of 
d ea th s a fte r  in fec tion  w ith  a 100 L D 50 dose of LCMV e ith e r in  gn o to b io tic  or in  co n v en tio n al 
mice. T here  w as no d ifference e ith e r in th e  L D -0 va lues d e te rm in ed  on th e  basis o f th re e  
paralle l LCMV titr a t io n  p e rfo rm ed  on m ice p re tre a te d  w ith  tw o  d iffe ren t doses o f v acc in e  or 
u n tre a te d . ND V  vacc ine  p re tre a tm e n t th u s  did n o t in flu en ce  th e  cellu la r im m une response to 
LCMV in fec tion  e ith e r in  gn o to b io tic  or in  co n v en tio n al a d u lt  mice. As th e  ND V  vaccine in ­
creased  th e  cellu lar im m u n e  response to  LCMV in fec tion  in suckling  m ice acco rd ing  to  earlie r 
re su lts , th e  p re sen t re su lts  reinforce ou r earlie r s ta te m e n t th a t  th e  d irec tio n  of im m u n o m o d u ­
la to ry  effects can  be in flu en ced  b y  age.

I t  has been show n th a t  a single in tra p e r i to n e a l  t r e a tm e n t  w ith  live 
Newcastle Disease V irus (NDV) con ta in ing  a t t e n u a te d  N D V  vaccine enhanced  
the  fa ta l  ou tcom e o f  lym phocy tic  choriom eningitis  in suckling mice w ith  
undeveloped  im m u n e  system , th u s  it  proved  to  be im m u n o s t im u la to ry  in 
te rm s  of cellular im m u n e  response [1]. O ur  earlier  experiences w ith  mice 
similarly  p roved  t h a t  th e  direction and  degree of  d ifferent im m u n o m o d u la to ry  
effects of microbial origin could be in fluenced  — besides th e  dosing o f su b ­
stances — b y  th e  age of  mice and  th e  presence or absence of  no rm al m icrobial 
f lora [2-8]. In our presen t experim ent,  we exam ined  w h e th e r  p r e t r e a tm e n t  
w ith  NDV vaccine could  have  an influence on th e  course o f  LCMV infection 
in a d u l t  conven tiona l  mice w ith  developed im m u n e  sys tem  an d  in a d u l t  germ- 
free gnotobio tic  mice w ith  undeveloped  im m u n e  sys tem  due to  an tigen-def ic i­
en t  env ironm en t.
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E xperim enta l anim als. S ix-w eek-old  g n o to b io tic  and  co n v en tional C3H m ice of b o th  
sex es a n d  conventional C F L P  m ice (L A T I, G ödöllő) w ere used . G no tob io tic  s ta te  a n d  its  
c o n tro l w ere m ain ta in ed  acco rd in g  to  m eth o d s described  earlier [9].

N D V  vaccine. T he a tte n u a te d , m ezogene v a r ie ty  (H  s tra in )  o f th e  fowl p lague v irus 
(N D V ) p ro p a g a ted  in e m b ry o n a te d  ch icken  egg w as used  (P h y lax ia , B u d ap es t). Mice were 
t r e a te d  in tra p e rito n ea lly  w ith  0.2 a n d  1.0 ml of vaccine (H A  titre :  log 216/m l), one d a y  before 
LCM V infection .

L C M V  infection. T he s tra in  W E  m a in ta in ed  in  ou r lab o ra to ry  b y  serial in tra ce re b ra l 
p a ssa g es  in mice was used . F o r b ra in  suspensions a n d  v iru s d ilu tions, PB S  so lu tion  was used. 
F o r  t i t r a t io n ,  0.03 ml am o u n ts  o f LCMV d ilu ted  1 : 10 w ere in o cu la ted  in tra ce re b ra lly  in to  
6 -w eek-o ld  ad u lt mice. L D 50 v a lu e  of th e  v iru s w as calcu la ted  accord ing  to  th e  m eth o d  of 
R e e d  a n d  M uench [10]. C ontro l m ice w ere in o cu la ted  s im ilarly  to  th e  v iru s in fec tio n  w ith  
n o rm a l b ra in  suspension. D uring  th e  ex p erim en ts , th e  dev elo p m en t o f neurological sy m p to m s 
( tre m o r ,  spasm ) ch arac te ris tic  o f ly m p h o cy tic  choriom en ing itis  w ere con tro lled  tw ice  a d ay  
a n d  d e a th s  were reg is tered .

M ateria ls and m ethod s

Experim ents and results

T he effect of p r e t r e a tm e n t  w ith  d ifferent doses of N D V  vaccine  on th e  
cou rse  of in tracerebra l LCMV infection in a d u l t  mice was exam ined  in two 
e x p e r im e n ts .

E xperim ent 1. G no tob io tic  (G nt) a n d  conven tiona l (Cv) C3H mice were 
t r e a t e d  with 1 and 0.2 ml doses of N D V  vaccine and  w ith  P B S . On th e  day  
fo l low ing  the t re a tm e n ts ,  tw o - th i rd  of th e  mice in each group were in fec ted  
in t ra c e re b ra l ly  w ith  100 L D 50 of th e  p rev iously  t i t r a t e d  LCMV. One th i rd  
o f  t h e  animals were in o cu la ted  s im ilarly  w ith  virus-free, no rm al bra in  suspen ­
sion. E x p e r im en ts  ended  on th e  21st d a y  a f te r  LCMV infection. No dea ths  
w ere  recorded am ong  mice n o t  in fec ted  w ith  LCMV. In  groups in fec ted  w ith  
LCM V, mice showed th e  ty p ica l  sy m p to m s  charac ter is t ic  of ly m p h o cy t ic  
choriom ening itis .  The n u m b e r  of mice in groups infec ted  w ith  LCMV, the  
ap p l ied  t re a tm e n ts ,  th e  ra t io  and  t im e  of d ea th s  are shown in Table  I.

Table I

Number and treatment o f  Gnt and Cv mice infected with 100 LD 50 o f  L C M V .  
Ratio and tim e o f  deaths

Mice
In o c u la tio n N o . of M o rta lity

ra te
%

T im e  of 
d e a th

i-P- i. cer.
m ice

NDV 1 ml LCM 16 100 8 -1 4 th  day
G nt NDV 0.2 m l LCM 16 100 8 - l l t h  day

PB S LCM 32 100 8—14th  day

NDV 1 m l LCM 14 100 7 -8 th  day
Cv N D V  0.2 ml LCM 14 100 7 -8 th  day

PB S LCM 30 100 7 -8 th  day
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All G nt an d  Cv mice infected w ith  LCMV died of  lym p h o cy t ic  chorio ­
meningitis .  Cv mice died on th e  7 - 8 th  d ay  after  LCMV infection, G n t mice, 
due to  th e ir  undeve loped  im m u n e  sys tem , died on th e  8 -1 4 th  d ay  a f te r  in ­
fection, in d ep en d en t ly  of being p re t re a te d  w ith  vaccine or no t .  In  case of  b o th  
G nt and  Cv mice, th e  ra t io  and t im e  o f dea ths  were s im ila r  in N D V -p re trea ted  
and u n t re a te d  anim als.

This resu lt  shows th a t  N D V  p re t re a tm e n t  has no in fluence  on th e  course 
of LCMV infection, e i ther  in  Cv or in G n t mice.

E xperim en t 2. C onventional a d u l t  C F L P  mice were inocu la ted  in tra -  
per i tonea lly  w ith  tw o d ifferent doses of NDV vaccine (1 m l/m ouse and  0.2 ml/ 
mouse) and with PB S so lution as contro l.  On the d a y  a f te r  th e  t r e a tm e n ts ,  
th ree  paralle l v irus  t i t ra t io n s  were pe rfo rm ed  at the  sam e t im e  and in similar 
c ircum stances  using the  an im als  p re t re a te d  w ith  N D V  v acc ine  or P B S . T i t r a ­
tion  was carried  ou t  by  using ten fo ld  dilutions (1 0 -2—10 e) of th e  LCMV. 
Ten male  and  ten  female mice were inocula ted  w ith  each  v irus  d ilution. There 
were 10 m ale an d  10 female con tro l  mice in the  ex p e r im e n t  t h a t  were in ­
ocu la ted  w ith  P B S  solution or on ly  w ith  different doses o f  NDV. The ex p e r i­
m e n t  las ted  21 days  a f te r  v irus in fec tion . Sym ptom s an d  d e a th s  were registered .

There were no dea ths  am o n g  con tro l  mice no t in fec ted  w ith  LCMV. In  
groups infec ted  w ith  LCMV, th e  ty p ica l  sym ptom s o f ly m p h o cy t ic  chorio ­
m eningitis  were responsible  for th e  fa ta l  outcom e an d  d e a th s  occurred  on th e  
7—10th d ay  a f te r  infection. The ra t io  of dea ths  observed  during  th e  th ree  
para lle l  v irus  t i t ra t io n s  is shown in Table  I I .  Here th e  L D 50 values of  th e  
LCMV ca lcu la ted  on th e  basis o f  d e a th s  are also shown.

The L D S0 value  regard ing  LCMV displays no difference during  th e  th ree  
para lle l  t i t ra t io n s ,  which m eans t h a t  th e  applied doses of  N D V  vaccine do no t  
influence th e  course of LCMV infection.

Table II

Death o f  L C M V  infected conventional C F L P  mice pretreated with N D V  vaccine or P B S

LCM v iru s  
d ilu tio n s

R a te  o f  d eaths*  
P re tre a tm en ts  i.p .

N D V  vaccin e  
1 m l/m o u se

NDV vaccine 
0.2 m l/m ouse

P B S
so lu tio n

10“ 2 10/10 10/10 10/10
i o - 3 10/10 10/10 10/10
10“ J 10/10 9/10 10/10
1 0 -5 2/10 3/10 3/10
10-« 0/10 1/10 0/10

LCM virus 10-4 63 10-4 72 1 0 - 4 ,7 2

LD50 value

* N u m b er of dea th s/N u m b er of in fec ted  mice
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Discussion

I t  is known t h a t  th e  ou tcom e of in trace reb ra l  LCMV infection in mice 
is de te rm in ed  by  th e  a c tu a l  cellular im m u n e  response ab i l i ty  of the  mice. 
T h  e course of in t ra c e reb ra l  LCMV infection in th e  form  of f a ta l  lym phocy tic  
choriom ening itis  is e n h a n c e d  b y  effects increasing  the  ce llu lar im m u n e  response 
a n d  is hindered b y  effects  decreasing th e m  [2—8, 11—20]. Therefore, th e  ra tio  
o f  d e a th s  after the  in fec t ion  w ith  th e  sam e dose of LCMV is increased  by  effects 
s t im u la t in g  the ce llu lar  im m u n e  response a n d  is decreased b y  effects su p ­
p re s s in g  it. The effects o f  d iffe ren t  t r e a tm e n ts  influencing th e  cellular im m une 
re sp o n se  can he d e te c te d  in  mice b y  observ ing  th e  course o f  LCMV infection.

A single p re t r e a tm e n t  w ith  NDV vaccine in doses app lied  in our present 
e x p e r im e n ts  does n o t  in f luence  th e  course of  LCMV infection e i ther  in Gnt 
m ic e  w ith  undeveloped  im m u n e  system  or in Cv a d u l t  mice w ith  norm al im ­
m u n e  system. D ea th s  fo llowing infection w ith  100 L D 50 dose of LCMV occur­
r e d  in  th e  same ra t io  a n d  t im e  in  mice t r e a te d  or n o t  t r e a te d  w ith  NDV v a c ­
c in e ,  b o th  in Gnt a n d  Cv groups. The re su lt  t h a t  d ea th s  in th e  Gnt groups 
o c c u r re d  la ter th a n  in  Cv groups is in accordance  w ith  ou r  earlier  results [14] 
a n d  i t  can be exp la ined  b y  th e  undeveloped  im m u n e  sys tem  of G nt mice due 
to  an tigen-defic ien t en v iro n m e n t .  There was no va luab le  difference between 
t h e  L D 30 values d e te rm in e d  in  th e  th ree  para lle l  v irus t i t r a t io n s  using NDV- 
p r e t r e a t e d  and u n t r e a t e d  anim als. Thus, p r e t r e a tm e n t  w i th  th e  applied two 
doses  of NDV vaccine d id  n o t  influence th e  cellular response to  LCMV in Gnt 
or  C v  adu lt  mice. This experience  is in  accordance  w ith  d a t a  from  our p re ­
l im in a ry  experim ents ,  accord ing  to  which no signif icant differences were 
o b se rv e d  as regards ly m p h o c y te  count de te rm in ed  in th e  periphera l blood 
a n d  re la t ive  spleen w e ig h t  in  G n t  and Cv a d u l t  mice as co m p ared  to  controls, 
on  th e  2nd. 8 th  a n d  14 th  days  after  t r e a tm e n t  w ith  NDV vaccine.

The present re su lts  re inforced  our earlier observa tions  t h a t  the  direction 
o f  im m u n o m o d u la to ry  effect can  be in f luenced  b y  age. In  T ab le  I I I ,  we com ­
p a r e  ou r  present re su l ts  w ith  earlier resu lts  a t ta in e d  in  s im ila r  system  with  
p r e t r e a tm e n t  with k n o w n  m icrobial im m u n o m o d u la n ts  as Bordetella pertussis 
v a c c in e  and ra d io d e to x if ied  Escherichia coli l ipopo lysaccharide  endotoxin  
( rd L P S ) .

According to  th e se  resu lts ,  the  ce llu lar im m une  response  of suckling 
m ice  w ith  physiologically  undeveloped  im m u n e  sys tem  w as s t im u la ted  alike 
b y  N D V  vaccine, B . pertu ssis  vaccine a n d  rd L P S .

The effect o f  th e  sam e  t r e a tm e n ts  on th e  cellular im m u n e  response was 
d i f fe re n t  in adu lt  mice; th e  im m une  response to  LCMV w as s t im u la ted  by  
r d L P S  and suppressed b y  B . pertussis  vaccine b o th  in G n t  mice w ith  u n ­
d e v e lo p ed  im m une sy s te m  and  in Cv mice w i th  developed  one, while i t  was 
n o t  influenced by  th e  N D V  vaccine e i the r  in G n t  or in Cv an im als .  The result
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Table III

The effect o f  microbial im m unom odulants on the cellular im m une response to L C M  V

Mice

Im m u n e  sy stem Im m u n o m o d u la to ry  effect of

S ta te F u n ctio n B . pertussis rd L P S NDV

Conventional suckling undeveloped insufficient stim u la tion  [3] stim u la tion  [4] stim u la tion  [1]

C onventional ad u lt developed norm al suppression [2, 5] 
(delaying)

stim u la tion  [8] no effect

G notobiotic ad u lt undeveloped insufficient suppression [5] 
(inhib ition)

stim u la tion  [8] no effect
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o f  p r e t r e a tm e n t  w ith  N D V  vaccine was no t  dependen t on th e  presence or 
ab se n c e  of norm al microbial flora, as w as experienced in th e  case of B. p er­
tu ss is  vaccine.

The direction of im m u n o m o d u la to ry  effects can be in connec tion  be­
s ides  th e  ac tual s ta te  of th e  im m u n e  sy s tem  — with the  d iffe ren t  m echanism s 
o f  th e  m odu la to ry  effects. The d iffe ren t  im m u n o m o d u lan ts  can  effect the  
im m u n e  system  of sim ilar  s ta te  and func tion  in a d ifferent w ay  an d  degree, 
w hile  th e  same effect on the im m u n e  sy s tem  of defin ite ly  d iffe ren t  s ta te .

O u r  presen t results  d raw  th e  a t t e n t io n  to  the  fact t h a t  th e  a c tu a l  s ta te  
o f  th e  organism  can influence th e  d irec t ion  and  degree of th e  effect o f  im m u n o ­
m o d u la to ry  t r e a tm e n ts  in several w ay , and  it has to be ta k e n  in to  account 
d u r in g  im m u n o m o d u la to ry  t r e a tm e n ts  in  th e  medical p rac tice .
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EXTRACELLULAR ENZYMES OF PULMONARY 
FLUID AND THEIR BACTERICIDAL EFFECTS ON 

MYCOBACTERIUM TUBERCULOSIS

P. K um ar  and Saro j  Ch a n d r a s e k h a r

D epartm ent o f  M icrobiology, Vallabhbhai Patel Chest In stitu te ,
U niversity  o f  Delhi, Delhi, In d ia

(R eceived N o vem ber 21, 1988)

T he enzym e a c tiv ity  an d  bacilla ry  co n te n t o f cell free p u lm o n a ry  lav ag e  flu id  h as been 
com pared  in  in fec ted  an d  im m unized  in fected  an im als. In c reased  enzym e p ro d u c tio n  was 
fo u n d  as a re su lt o f m acro p h ag e  a c tiv a tio n . M arked decrease  in  th e  n u m b er o f tu b e rc le  bacilli 
w as observed  in im m unized  in fec ted  an im als. T he a c tiv e  enzym e p ro d u c tio n  is considered  to  
be  th e  im p a c t o f av a ilab ility  of enzym e specific su b s tra te , p a r ticu la r ly  cell wall com p o n en ts  
o f  tu b erc le  bacilli v iz. a rab in o g a la c tan , a rab in o m a n n a n  and  su lp h a tid es. T hese m acrom ole­
cules a re  considered  as a c tiv e  su b s tra te s  for th e  a c tio n  of a rab in o sid ase  (E C :3 .2 .1 .55), m an- 
nosidase  (E C :3.2.1.24) an d  su lphatase-C  (E C :3 .1.6.1).

The par t ic ip a t io n  of h yd ro ly tic  enzym es in defence against the  invad ing  
organism  is well recognized [1]. S tudies on biochemical p roperties  of p u lm o n a ry  
fluid clearly ind ica te  the  presence of such enzymes. The n a tu re  of  these  enzym es 
and  th e ir  specificity  tow ard s  th e  s t ru c tu ra l  co m ponen ts  of th e  in v ad in g  o rg an ­
ism are im p o r ta n t  fac tors  in revealing th e ir  bacteric idal effects on e x t r a ­
cellular tuberc le  bacilli in p u lm o n a ry  f lu id . Several workers have  e luc ida ted  
b iochem ical an d  func tiona l  activ ities  of cu ltu red  mouse pe r i tonea l  m acro ­
phages [2-4]. P resence  and d is tr ibu tion  of  acid hydro lases  in m ouse  and  
ra b b i t  m acrophages and  the ir  secre tory  po ten t ia l  has been ex tens ive ly  s tud ied  
b y  several p revious workers [1, 3, 5 -9 ] .  Lysosom al association and  secre to ry  
p o ten t ia l  of b o th  per i tonea l  and  alveolar m acrophages  has been ex tens ive ly  
s tud ied  [1, 2, 6, 8].

The presen t inves t iga t ion  is an a t t e m p t  to  delineate  th e  b ac te r ic idal  
effects o f  ex trace llu la r  enzym es and  also to  d e m o n s tra te  th e  e x ac t  sequelae 
of  enzym e action on tuberc le  bacilli p resen t  in the  p u lm o n a ry  f lu id  of  infected 
guinea pigs.
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M aterials and  m ethods

A nim als . R an d o m ly  b re d  a lb ino  guinea pigs w eighing 300-400 g w ere o b ta in ed  from  
th e  an im a l house of th e  in s t i tu te .  T h ey  were k e p t in  a lu m in iu m  cages, fed pelled d ie t (H in ­
d u s ta n  L ever L im ited , B o m b ay ) an d  given w a te r ad  lib itu m .

Im m uniza tion . G u inea  p igs w ere d ivided in to  fo u r g roups. A nim als o f g roup  A were 
in c lu d e d  as norm al co n tro ls. A n im als  o f group C and  D w ere im m unized  in tra m u sc u la r ly  w ith  
B C G  suspension ( 5 -6 x 1 0 °  c .f .u .)  in  0.1 ml of H B SS (H a n k s  B alanced  S a lt So lu tion . C SIR  
C e n tre  for B iochem icals, D elh i). T h ree  weeks a f te r  th e  f ir s t  in jec tio n  a b o o ste r dose of one 
t e n t h  c.f.u . of th e  f irs t in je c tio n  w as given to  group  C an d  D an im als. F ive  weeks a f te r  th e  f irs t 
in je c tio n  all guinea pigs u n d e rw e n t M antoux  te s t  to  assess th e ir  im m unolog ical s ta tu s  and  to  
g ro u p  th em  as norm al an d  im m u n ized .

Intratracheal challenge. G u in ea  pigs of g roups В a n d  D w ere challenged w ith  0.1 ml 
h o m o g en o u s suspension co n ta in in g  ap p ro x im ate ly  4 x l 0 5 c.f.u . o f M ycobacterium  tuberculosis 
( H 37R v). Guinea pigs w ere a n ae s th e tize d  w ith  a n ae s th e tic  e th e r (S arab h a i C hem icals L td ., 
In d ia ) .  An incision was m ad e  a lo n g  th e  v en tra l side o f th e  neck, th e  trac h ea  was exposed and  
lif te d  up . A hom ogenous su sp en sio n  of th e  challenge o rg an ism  w as in jec ted  d irec tly  in to  th e  
lu n g s  o f th e  anim al th ro u g h  th e  tra c h e a  w ith  a sterile  sy ringe . T h ereafte r, th e  guinea pigs per 
g ro u p  w ere sacrificed on d ay s 1, 7, 14, 21, and  28 follow ing in tra tra c h e a l challenge to  s tu d y  
e x tra c e llu la r  enzym e an d  tu b e rc le  bacilli in cell free p u lm o n a ry  lavage  flu id  (C F P L F ).

E nzym e assay and bacillary content o f  C F P L F .  T h e  lungs were lav ag ed  as described 
p re v io u s ly  [10]. T he b ro n c h o a lv eo la r  lavage was m ade  cell free b y  cen trifu g a tio n  fo r 10 m in 
(200  g). T he su p e rn a ta n t w as u se d  for th e  s tu d y  of e x tra ce llu la r  enzym e an d  b acilla ry  co n ten t. 
P ro te in  co n ten t of C F P L F  w as d e te rm in ed  p rio r to  th e  enzym e assay  [11]. T hree  enzym es,

Table I

Extracellular enzymes o f  pulm onary lavage and

D a y s E nzym e

N orm al co n tro l group N o rm al in fected  group

E n zy m e a c tiv ity E n zy m e  a c tiv ity

Specific* T o ta l Specific T o ta l

l A rabinosidase 2 .40± 0 .19 3.44 1.44+0.17 1.49
M annosidase 1 .75±0 .17 2.51 1 .92+ 0 .19 2.01
Sulphatase-C 3 .1 1 ± 0 .3 3 4.45 3.79 +  0.28 3.96

7 A rabinosidase 1.55 +  0.19 2.06 1.42 +  0.15 2.15
M annosidase 1.44+0.16 1.92 1 .31+ 0 .13 1.98
Sulphatase-C 2.65 +  0.24 3.54 3.79 +  0.27 4.70

14 A rabinosidase 1 .78+0.16 2.05 3.11 ± 0 .5 2 4.72
M annosidase 1 .90+0.10 2.18 6.28 +  1.04 9.53
Sulphatase-C 2.78 ± 0 .2 1 3.19 5.06 +  0.33 7.67

21 A rabinosidase 1.64+0.32 1.93 3.11 ±  0.28 3.47
M annosidase 1.41 +  0.19 1.66 4.71 +  0.73 5.26
Sulphatase-C 2 .44+ 0 .29 2.88 6.30 +  0.47 7.03

28 A rabinosidase 0 .7 0 + 0 .0 9 0.92
M annosidase 1 .92+0.36 2.30 AD AD
Sulphatase-C 1.89 +  0.36 2.27

* One u n it of specific a c t iv ity  o f enzym e corresponds to  th e  /гто1 of su b s tra te  hydrolyzed 
p e r  m in , pe r mg of p ro te in  

A D  =  Anim al died 
B A  =  Bacilli absen t
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nam ely  a lpha-L -arab inosidase , a lpha-D -m annosidase  an d  su lp h a ta se -C  were stu d ied  using  4- 
M ethyl U m bellifery l (4-M U )-alpha-L -arabinoside (L o t 32F-078), 4 -M U -alpha-D -m annoside 
(L o t 72F-5020) a n d  4 -M U -su lphate  (L o t 20F-502), S igm a C hem icals Coy., USA.

S u b s tra te  so lu tio n  for th e  re sp ec tiv e  enzym e of 100 //m o l s tre n g th  was p rep ared  sep a ­
ra te ly . The su b s tra te  w as dissolved in  2 ml d im ethy l su lp h o x id e  (DM SO, Sigm a) a n d  s to red  
a t  4 °C as stock. T o p rep are  100 //m ol o f su b s tra te , before use 0.2 m l stock was d ilu ted  to  10 
ml in 0.1 м-ace ta te  b u ffe r  (p H  4.5). E n zy m e  assay  was p e rfo rm ed  sep ara te ly  for each  enzym e 
as described p rev iously  [2]. Briefly, in  a screw capped tu b e  0.1 ml C F P L F  was in c u b a te d  a t  
37 °C for 60 m in w ith  0.1 ml of 100 //m ol buffered  su b s tra te  for th e  assay  of a rab inosidase  and  
inannosidase se p a ra te ly .

T he assay o f su lphatase-C  was perfo rm ed  by se q u e n tia l ad d itio n  of 0.05 ml o f 0.5 м 
im m idazole-H C l b u ffe r  (pH  7.5), 0.05 ml o f 50 т м  b a riu m  a c e ta te  follow ed by 0.1 ml o f a so lu ­
tion  consisting of 400 mM Na.2S 0 4 and 400 т м  NaCl to 0.1 ml sam ple . T his condition  m inim ized 
th e  in terference b y  o th e r  su lphatases [2]. S u b s tra te  4 -M U -su lp h ate  (100 //rro l in DM SO) 0.1 
ml was added  an d  m ix tu re  in cubated  a t  37 °C for 1 h. T hese  su b s tra te s  were checked for hom o­
geneity  before a d d itio n  and  were found  to  co n ta in  no free 4-M U . T he reac tion  was te rm in a te d  
by  th e  add ition  o f 3 ml of 0.5 м sod ium  carb o n a te -b ica rb o n a te  b u ffer (pH  10 .2-10 .4). T he 
lib e ra ted  4-MU w as a ssay ed  in a flu o ro m e te r (K o n tro n  In s t ru m e n t  L TD ., U K ) a t  e x c ita tio n  
360 nm  and em ission 460 nm . S u itab le  enzym e and su b s tra te  b lan k  assays were p e rfo rm ed .

S ta n d a rd iza tio n  w as carried  o u t by  m ixing d iffe ren t co n cen tra tio n s  of 4-MU in  3 ml 
carb o n a te -b ica rb o n a te  b u ffer and th e  a m o u n t of fluorescence w as m easured . For all enzym es, 
one u n it ac tiv ity  co rresp o n d s to  //m ole o f su b s tra te  h y d ro ly zed  pe r m in a t  37 °C.

T he e x tra ce llu la r  tuberc le  bacilli in  CF P L F  were d e te rm in e d  by  s tan d ard  c.f.u . c o u n t 
on M iddlebrook 71110 m edium  as described  previously  [ 12]. D a ta  w ere analyzed using  s ta n d a rd  
s ta tis tic a l form ulae a n d  rep resen ted  as m ean  ^  s ta n d a rd  e rro r o f m ean  (X  ±  SEM ).

their effects on extracellular tubercle bacilli

N o rm al in fec ted  group Im m unized group Im m u n ized  infected group

B a c teria l co n ten t E n zy m e ac tiv ity E n zy m e a c tiv ity B ac teria l c o n te n t

c .f .u ./m l X 103 S pecific T o ta l Specific T o ta l c .f .u ./m l X 103

1 .2 4 ± 0 .0 4 2.40 1 .4 7 ± 0 .1 4 2.12
9 .7±0 .176 1 .6 5 ± 0 .0 9 3.18 2 .0 9 ± 0 .2 7 3.01 5 .8 ± 0 .0 5 5

3 .5 8 ± 0 .1 2 6.91 5 .5 9 ± 0 .3 9 8.05
2 .5 5 ± 0 .2 1 3.79 7 .1 3 ± 0 .4 2 15.58 2 .7 ± 0 .0 5 8

9 .9 ;t0 .0 8 2 .4 7 ± 0 .1 5 3.67 4 .8 6 ± 0 .0 9 10.64
3 .6 6 ± 0 .4 3 5.44 8 .3 9 ± 1 .6 4 18.34

2 .5 6 ± 0 .0 8 4.46 5 .75± 0 .41 10.75
7 .7 ± 0 .1 2 1 .9 5 ± 0 .2 3 3.40 21 .38±1 .22 39.99 ] .7 6 ± 0 .0 4 9

4 .5 9 ± 0 .5 4 8.01 10 .77±1.03 20.14
4 .0 7 ± 0 .3 3 7.18 11 .31±0.20 40.14

8 .5 ± 0 .2 3 2 .2 9 ± 0 .1 6 4.03 9 .15± 1 .51 32.47 1 .63± 0 .028
4 .8 3 ± 0 .7 1 8.52 20 .25±2.11 45.95

2.81 ± 0 .3 2 4.94 12 .95±  1.80 45.91
AD 2 .4 0 ± 0 .2 3 4.22 7 .6 8 ± 1 .0 7 27.23 BA

2 .6 1 ± 0 .2 9 4.59 8 .2 8 ± 0 .5 2 29.36
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Results and  discussion

R e la t iv e  recovery  of  ex trace llu la r  bacilli in p u lm onary  lavage  f lu id ,  one 
d a y  a f te r  challenge was 5 to  6 %  in n o rm a l  infected anim als  (un im m unized  
in fec ted )  and 2 to  3 %  in im m unized  in fec ted  animals. This was m anifested  
b y  th e  increased ph ag o cy t ic  and b ac te r ic ida l  ac t iv i ty  of a lveo lar  m acrophages 
o b ta in e d  from  im m unized  infected an im als .

I n  a previous s tu d y  s lightlv  acidic p H  in tubercle  h o m o g en a te s  was 
r e p o r te d  and this was show n to  be m a in ly  confined to the  g ran u la t io n  tissue 
a n d  in  densely packed  epithelio id  g ra n u lo m a  [13]. This acidic en v ironm en t 
f a v o u re d  the  action of  ce r ta in  hydro lases  ac tive  under acidic conditions. 
A n o th e r  report [14] revea led  appreciab le  a m o u n t  of lysosomal hydro lases  in 
e x t ra c e l lu la r  fluid of g ran u lo m a to u s  tissue . O ur  observations s u b s ta n t ia te d  
th e  p resence  of h y d ro ly t ic  enzym e like alpha-L-arabinosidase, a lpha-D-m an- 
n o s id ase  and su lphatase-C  apar t  from  those  reported  b y  severa l  previous 
w o rk e rs  (Table I).

T h e  capacity  of a lveo la r  m acrophages  to  secrete enzym es was found to 
be c o m p arab le  am ong  no rm a l ,  im m u n ized  and  norm al in fec ted  gu inea  pigs. 
A n a ly s is  of cell-free p u lm o n a ry  lavage f lu id  indicated  th e  presence of these 
e n z y m e s  w ith  m inor var ia t io n s  in all th e  an im al groups ex cep t in g  th e  im ­
m u n iz e d  infected an im als .  H owever, th e  level was found to  be inad eq u a te  
to  re s t r ic t  tubercle bacilli in the  no rm a l  infected animals (Table  I). The level 
o f  th e se  enzymes a t  d ifferen t in te rva ls  va r ied  considerably, especia lly  in the 
n o rm a l  infected and  im m u n ized  in fected  an im als . I t  was obse rved  th a t  arabi- 
n o s id ase  in the  lavage of  no rm al infec ted  an im als  did not increase apprec iab ly  
in  com parison  to m an n o s id ase  and su lpha tase-C  (Table I). The m a rk e d  increase 
o f  m annosidase  was obse rved  during  th e  second week af te r  challenge in bo th  
n o rm a l  infected an d  im m unized  infected  anim als  (Table I). V acc ina tion  had 
e n h a n c in g  effects on th e  p ro duc tion  and  secretion  of a rab inosidase  and  m a n ­
n o s id ase ,  the  e x ten t  o f  th e i r  p roduc tion  a n d  secretion was fu r th e r  boosted  by 
cha llenge  with tu b e rc le  bacilli in th e  im m u n ized  infected group . I t  m ay  be 
in fe r re d  from these o b se rva tions  t h a t  p eak  level of these enzym es were a t ta ined  
o n ly  in  im m unized in fec ted  animals.

B ela ted  ap p ea ran ce  (21 days a f te r  challenge) of all th e  enzym es  except 
m an n o s id ase  (14 days) in th e  lavage f lu id  of im m unized in fected  anim als  and 
th e  g radua l  d isappearance  of e x trace l lu la r  bacilli reflected an  inverse  re la ­
t io n s h ip  between th e  enzym e and  th e  tu b e rc le  bacilli. S u lpha tase-C  level in 
t h e  lavage  fluid was no t  m uch  affected  in norm al, im m un ized  and  norm al 
in fe c te d  animals. E le v a te d  levels of th is  enzym e were reco rded  only  in the 
la v a g e  fluid of im m u n ized  infected an im als .  This m ay be th e  effect of in ­
c rea sed  synthesis of th e  enzym e or enzym e leakage. Some inv es t ig a to rs  have 
also reported  similar changes in th e  a c t iv a te d  m acrophages w hich  rendered
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th e m  more suscep tib le  to  th e  in ju r y  th a n  n o rm al cells, when  th e y  becom e 
involved  in phagocytosis , lead ing  to  subsequen t  re lease of hyd ro ly t ic  en ­
zym es [15].

In the  presen t inves tiga tion  th ree  enzym es were s tud ied  in th e  p u lm o ­
n a ry  lavage of no rm a l  infected (u n im m unized  infected) a n d  im m unized  in fected  
guinea  pigs. In  th e  former g roup  th e  cidal con cen tra t io n s  of th e  enzym es 
showed a la te  ap pea rance  as c o m p a re d  to  la t te r  group. T he  cidal c o n cen tra t io n  
in th e  norm al in fected  group re m a in e d  for a short period. The bac te ric idal 
effect of these enzym es was the re fo re  in ad eq u a te  to  corre la te  in th e  host 
defence of un im m u n ized  infected an im als .  I t  seems p ro b ab le  t h a t  in im m u n ized  
in fected  anim als  th e  peak enzym e levels were ach ieved  fas te r  t h a n  those 
observed in no rm al animals and rem ain ed  in cidal con cen tra t io n s  for a p ro ­
longed period of  t im e  thus resu l t in g  in fast reduc tion  o f  ex trace llu la r  bacilli 
from  the  p u lm o n a ry  lavage fluid. I t  is ind ica ted  th a t ,  while these o b se rva tions  
are  confirm ed in s i tu ,  the bac te r ic idal  a c t iv i ty  of these enzym es (purif ied  p re p ­
ara tions)  specifically  on tubercle  bacilli in v itro  needs to  be estab lished .
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BINDING OF ENTERIC BACTERIA TO HOG 
GASTRIC MUCIN*

I .  KÉTYI

Institu te  o f  M icrobiology , U niversity M edical School, Pécs 

(R ece iv ed  D ecem ber 16, 1988)

T he b in d in g  featu res of en te ric  b a c te ria  were stu d ied  using  a m odel m ucin  of hog 
g astric  origin. T he tim e req u irem en t o f  b in d in g  is sh o rt, i t  is te m p e ra tu re - in d e p e n d e n t, h u t 
d o se -dependen t. T he b inding e ffec tiv en ess o f Escherichia coli, Shigella sonnei an d  Shigella  

f le x n e r i , as well as Salmonella m inneso ta  had  a narrow  range: 1.5 9 germ s pro pg of m ucin . 
T h e  b a c te ria l ligand  of th e  b inding is c e r ta in ly  no t a po lysaccharide  as p ro v ed  by  th e  un ifo rm  
b in d in g  of th e  R -m u ta n t  series of S . sonnei an d  S. m innesota. On th e  basis o f in h ib itio n  te s ts  
by  an  o u te r  m em b ran e  pro tein  frac tio n , th e  ligand m ay  be a com m on o u te r  m em b ran e  p ro te in  
o f th e  en teric  b ac te ria . The o u ter m e m b ra n e  p ro te ins encoded by th e  S h ige lla -E IE C  invasi- 
v ity  p lasm ids do n o t tak e  p a r t in th is  b in d in g . T he in h ib itio n  b y  killed  b a c te ria  or by  th e ir  
cu ltu re  su p e rn a ta n ts  of m ucin b in d in g  of hetero logous species m ay  suggest a non-species 
specific  com m on ligand , too. S im ila rly  to  th e  m ucin u tiliza tio n , th e  b in d in g  a b ility  also 
seem s to  be a genera l phenom enon a m o n g  th e  en teric  bac teria .

The m ucous m em branes o f  th e  body, including th e  in te s t in a l  t r a c t ,  are 
covered b y  m ucus , which in case  of  th e  in testine is a b o u t  a 400 n m  th ick  
laye r  [1]. The invasion hy  en te r ic  pa thogens , as well as th e  presence of b ac te r ia  
belonging to  th e  norm al, or a c c id e n ta l  bowel-flora ca n n o t  ex is t  w ith o u t  some 
in te rac t io n  w ith  th is  mucous m a te r ia l .  According to  F ré te r  [1] th is  in te ra c t io n  
is a m u lt iface ted  process. In  o u r  p rev ious experim ents  [2] i t  was show n t h a t  
th e  u til iza t ion  of  mucin as a source  o f  energy is a general ch a ra c te r  of th e  
en teric  bacteria .  F u r th e rm o re ,  we d e m o n s tra te d  [3] th a t  in v i tro ,  in a m ucin- 
m in im al  m ed ium , s tra ins of E scherichia  and Shigella  show a “ quas i-b iofilm ” 
c h a rac te r  d u r ing  the ir  growth. T h is  observation  in i tse lf  suggested  a s tep  of 
b ind ing  to  th e  m ucin  receptors as a possible req u irem en t  for  th e  phenom enon .  
In  th is  p a p e r  we show the  resu lts  o f  experim ents  concern ing  th e  m ucin  b ind ing  
charac ter is t ics  o f  some selected s t ra in s  o f  enteric bac te r ia .
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S tra ins  used are l is te d  in  T ab le  I. T he p lasm id  m u ta n t  s tra in  o f E . coli 0143, No. 2/33 
w as se lec ted  and m obilized t ra n s fe r  o f th e  in v as iv ity  p lasm id  in to  E . coli К - 12 was perform ed 
in  o u r  in s titu te  [4, 5]. T h e  R - m u ta n t  series of S . m innesota  w as k in d ly  se n t by  O. L üderitz  
[6], w h ile  the  R -m u ta n t series o f S . sonnei was iso la ted  a n d  ch ara c te riz ed  by  K o n tro h r and 
K o csis  [7] in our in s titu te .

A n tiseru m  aga in st F o rm  2 of S. sonnei was p rep ared  in  ra b b its .
M edia. For com p le te  m ed ia  L uria  b ro th  (L B ) an d  L B -ag ar w ere used . A m inim al 

m e d iu m  was p repared  acco rd in g  to  R o th m an  an d  Corwin [8].
M u cin . As a m odel m u c in  a hog gastric  p re p a ra tio n  (G ran u la r M ucin, T ype 1701-W , 

W ilso n  L abora to ries, C hicago, 111.) was used in a co n ce n tra tio n  of 5 % , h e a ted  a t  100 °C for 1 h.
Testing the bacterial b in d in g  to m ucin. A p p ro p ria te  d ilu tions o f o v e rn ig h t LB cu ltu res 

w ere  ad d ed  to  glucose-free m in im al m edia co n ta in ing  d iffe ren t co n cen tra tio n s  of m ucin . A fter 
in c u b a tio n  (usually  30 m in ) a t  37 °C th e  m ix tu res w ere cen trifuged  in  a re fr ig e ra to r centrifuge. 
T h e  sed im en ts were w ashed  tw ice  w ith  saline an d  for th e  d e te rm in a tio n  of th e  germ  coun t 
th e  w ash ed  sedim ents an d  th e ir  su p e rn a ta n ts  w ere p la te d  in  a p p ro p ria te  d ilu tions on LB- 
a g a r . T h e  ra te s  of ad so rp tio n  w ere  calcu la ted  by  co m paring  th e  germ  co u n ts  of su p e rn a ta n ts  
a n d  sed im en ts. A p re lim in a ry  com parison  of th e  d irec t p la tin g s an d  th e  p la tin g s trea ted  
w ith  T rito n  X-100 show ed no d ifferences, therefo re  no T rito n  tr e a tm e n t  was used  in  th e  ex­
p e rim en ts .

Inh ib ition  o f the bacterial b inding to m ucin. An effective  co n ce n tra tio n  of th e  in h ib ito ry  
m a te r ia l  determ ined  in  p re lim in a ry  experim en ts w as ad d ed  to  g lucose-free m in im al m edia 
c o n ta in in g  a low c o n ce n tra tio n  o f m ucin (usually  0 .005% ). A fte r in cu b a tio n  a t  37 °C for 30 
m in  th e  bacteria l cu ltu re  w as ad d ed  and in cu b a ted  fo r a n o th e r 30 m in  a t  37 °C. F u r th e r  proce­
d u re s : cen trifugation , w ash in g  a n d  p la ting  were id en tica l w ith  th e  m eth o d  described above. 
T h e  estim a tio n  of th e  ra te s  o f in h ib itio n  was based on a com parison  to  a con tro l in cu b a ted  in 
th e  sam e m anner b u t  u sing  sa lin e  only.

As in h ib ito rs k illed  b a c te r ia  and cu ltu re  su p e rn a ta n ts  o f th e  m u rin e  s tra in  o f E . coli 
w ere  used . K illing was m ad e  b y  h e a t (100 °C, 30 m in), o r b y  fo rm alin  (0 .3 %  overn igh t), or 
b y  s trep to m y c in  (500 /xg/m l o v e rn ig h t). T he su p e rn a ta n ts  in th e  tw o  la t te r  cases were dialysed 
a n d  th e  b acteria  w ashed  b y  sa line  tw ice.

In h ib itio n  of b in d in g  w as te s te d  also by an  o u te r  m em b ran e  p ro te in  frac tio n  prepared  
fro m  th e  m urine s tra in  o f E . coli.

Outer membrane pro te in  fra c tio n  w as p rep ared  acco rd ing  to  S c h n a itm an  [9] from  the  
m u r in e  s tra in  of E . coli w ith  th e  only m odification  of using  u ltra so n ic  tre a tm e n t in stead  of 
F re n c h  Press. I ts  p ro te in  c o n te n t  was d e term ined  by  th e  m eth o d  of L ow ry  e t al. [10]. Our 
p re p a ra tio n  had 250 ^ g /m l o f p ro te in . In  m ucin b in d in g  in h ib itio n  te s ts  bovine  serum  a lbum in 
(250 /ig /m l) and saline w ere  u se d  as contro l to  com pare  th e  m ucin  ad so rp tio n  to  th e  form er.

M aterials and m ethod s

Results

1. General characteristics o f  the b inding and the b inding  effectiveness o f  
som e selected stra ins o f  enteric bacteria. The influence of incu b a t io n  tim e, in ­
c u b a t io n  te m p e ra tu re ,  as well as concen tra t ion  of  m ucin  is shown in Table I I .  
w he binding seems to  be r a th e r  rapid  an d  th e  p ro longa tion  of th e  incuba tion  
t im e  over 10 m in does n o t  resu lt  in h igher adso rp t io n  ra tes .  Similarly  the  
te m p e ra tu re s  app lied : 23, 30, 37 and 43 °C do no t  in fluence  the  effectivenes 
o f  b inding. On th e  o th e r  h an d ,  the  b ind ing  ra t io  seems to  be dose-dependent. 
T h e  50%  end po in t  o f  b in d in g  was expressed w ith  th e  m odel s tra in  of E . coli 
“ m u r in e ” at  the  c o n c e n tra t io n  of m ucin of 0 .0031%  — using a cu ltu re  w ith  
a germ  count of a b o u t  107/ml. C om paring these  d a ta :  a b o u t  1 pg of th is  p u r i­
f ied  hog gastric m u c in  seems to  b ind  2 germ s (Table I I ) .
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Table I

Strains used

Species D esignation  C h aracte ris tics

K-12 (J53)

Escherichia
coli

J53  (p S P l)  

m urine

E IE C  0143 , No. 2 

No. 2/33 

No. 31

Sh igella fle x n eri 2a, No. 20780

Shigella Form  1
sonnei “ K iss” Form  2

R86
R41
R562 H 
R562 Л

Salmonella 1114 S
minnesota 1112 R60

1113 R345 
1119 R5 
1167 R595

Carries the  in v as iv ity  plasm id an d  expresses 
a b o u t 7 - i  6 o u ter m em brane p ro te ins (O M Ps) 
Serologically n o t determ ined  s tra in  iso la ted  
from  a h ealth y  m ouse
In v a s iv ity  plasm id carrier expressing th e  
p lasm id  encoded OM Ps
A deriv a tiv e  o f No. 2, Ip aB  and C a re  n o t 
expressed
W ith  th e  loss o f th e  invasiv ity  p lasm id  an d  
loss o f the  plasm id-encoded OMPs 
A viru len t stra in  

О-specific side chain  positive 
R -core: К D O -LD -H ep-glc3-gal2 

K D O-LD-Hep-glcg 
K D O -L D -Нерз 
K D O -D D -H ep 
KDO-

O-specific side chain positive 
R -core: K D O -H ep-g lc2-gal2-NAcglc 

K D O -H ep-glc2-gal2 
K D O -H ep-glc2 
К 1)0-

KD O  keto-deoxy-octonic acid: H ep =  heptoses; glc =  glucose; gal galactose; 
NA cglc N -acety l-g lucosam ine

Table II

Some characteristics o f  the binding o f  a “ norm al” , m urine E . coli strain to hog gastric m ucin
( rates o f  adsorption)

I n t :u bation  period*
In flu e n ce s  of

In cu b a tio n  tem p e ra tu re *  C on cen tra tio n  o f m ucin

m in adsorbed , % °C adsorbed . %  vo l/vol, %  1adsorbed, %

10 99.5 23 98.6 0.0500 >  99.9
30 99.8 30 96.6 0.0250 >  99.9

0.0125 90.0
60 >  99.9 37 96.1 0.0062 72.1

120 98.0 42 97.6 0.0031 50.0
0.0015 21.1

< 1 0  m in no influence E n d  p o in t o f 50% 0.0031%
ab o u t 1 pg adsorbs 2 germs

* H og g astric  m ucin  concentra tion , 0.0125%
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Table III

B ind ing  effectiveness o f the representative strains to hog gastric m ucin

S tra in s D esignation
B inding  values 
(c.f.u . to  1 pg 

o f  m ucin)

E . coli “ m u rin e” 2.0
K-12, J53 5.1
0143 , N o. 2 3.2

S . f le x n e r i 2a, No. 20780 1.5

S . sonnei “ K iss” , F o rm  1 9.0

S . minnesota S, No. 1114 6.0

X ±  S E  =  4.4 ± 1.1

I n  th e  n e x t  series of experim en ts  som e rep resen ta t ive  s tra ins  of enteric  
b a c te r ia  were c o m p a re d  concerning th e i r  b in d in g  effectiveness (Table I I I ) ,  
whese were E . coli 0 1 4 3  (No. 2), K-12 (J53 ) ,  S . sotm ei (Form  1), S .fle x n e r i  2a 
(20 780), and S . m innesota  (S, 1114). w he re su l t  of these experim en ts  is showing 
a v e ry  na rro w  scale of m ucin-b ind ing  effectiveness, rang ing  from  1.5 to  9.0 
b a c te r ia l  cells p ro  1 pg  of mucin (Table I I I ) .

2. The role o f  (lipo)polysaccharide in  b ind ing  to m ucin. In  p rov ing  or dis­
p ro v in g  the  role o f  th e  l ipopolysaccharide  (LPS) or its polysaccharide  (PS) 
ch a in  in th e  b in d in g  to  mucin it  seem ed to  be o p t im a l  to  use R - m u ta n t  series, 
inc lud ing  back b o n e  defective m u ta n ts ,  too . T here  is a well know n m u ta n t  
series f rom  a s t ra in  o f  S . m innesota  and  we h ave  a similar well charac terized  
R-series from  th e  s t r a in  “ Kiss”  of S . sonnei. The results  of these  experim en ts  
u s ing  R - m u ta n t  cu l tu re s  s tan d ard ized  to  a germ  count of a b o u t  10e/m l and

Table IV

Role o f  the (lipo)polysaccharide in the binding to m ucin  in  cases o f  S . sonnei and S. minnesota
R-series

Com m on 
S— R

S . sonnei ‘‘K iss”  R -series* S . m innesota  R -series**

d esigna tion a d so rb ed , % desig n a tio n ad so rb ed , %

s F orm  1 92.9 1114—S 90.3
R a F o rm  2 94.3 1112 — R60 81.3
R b R86 94.3 111 —R345 89.7
R c 1 1 1 9 -R 5 81.9
R d j R41 89.2
R d , R562 H 90.0
Re R562 A 96.2 1 1 6 7 -R 5 9 5 84.7

X  ±  SE  = 92.8 ±  1.05 X  ±  SE  =  85.6 ±  1.9

* M ucin co n cen tra tio n , 0.0025%  
** M ucin co n cen tra tio n , 0.0005%
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m ucin  in concen tra t ions  of 0 .0025%  fS .  sontiei), or 0 .005%  ( S . m inneso ta )  
are su m m arized  in  Table IV.

The p resen ted  d a ta  show eq u iv o ca l ly  th a t  the  PS chain  has no role in 
the  b ind ing  of S . sonnei or S . m innesota  to  mucin (Table IV).

3. The role o f  the outer m embrane proteins in  the b inding to m ucin . T here  is 
an  easy  w ay  to  investiga te  th e  specific  ou ter  m em b ran e  p ro te ins  (OMPs) 
concerning th e ir  role in the  m ucin  b in d in g  by  using s tra ins  an d  th e ir  d e r iva tives  
ca rry in g  th e  invas iv i ty  plasmid of Sh ige lla -E IE C  and expressing th e  p lasm id-  
encoded  OMPs. The following s t ra in s  offered us a good o p p o r tu n i ty :  th e  
v iru le n t ,  p lasm id  carrier  s tra in  of  E . coli 0143 , No. 2, expressing  7 to  16 p la s ­
m id-encoded  OM Ps, its der iva tive  No. 2/33 which is supposed  to  be a re g u la ­
to ry  m u ta n t  do n o t  expressing th e  O M Ps В and C ( Ip a  В, C), fu r th e rm o re  
th e  de r iva tive  No. 31 w ith  the  loss o f  p lasm id  toge ther  w ith  th e  loss o f  ex p re s ­
sion o f  the  p lasm id-encoded  OM Ps. T he  E . coli K-12 (J53) and  its in v a s iv i ty  
p lasm id  carry ing  deriva tive  [ J 5 3 ( p S P l ) ]  were also inc luded  in these  ex p e r i­
m en ts  (Table V).

Table V

Role o f  the invasiv ity  plasmid-encoded outer membrane proteins in the binding to m ucin

S tra in s  an d  designations
P lasm id -en co d ed  o u ter 

m e m b ra n e  p ro te in s  expressed
A d so rp tio n

E. coli 01 4 3 . No. 2 7 -16  polypeptides 88.1
О 143, No. 2/33 2 o f th em  is missing* 91.9
0143 . No. 31 none  o f them  is

expressed 88.8
K-12, J53 none 92.9

.153 (p S P l) 7 — 16 polypeptides 85.4

* Ip a  В and C

The d a ta  express  a negative  f in d in g :  the  p lasm id-encoded OM Ps are  no t  
invo lved  in th e  m ucin  b inding of th e se  s tra ins  of E . coli. T ak in g  in to  a c co u n t  
t h a t  th e re  is no difference in th e  b in d in g  effectiveness be tw een  F o rm  1 (c a r ry ­
ing also the  in v as iv i ty  plasmid) a n d  F o rm  2 of S. sonnei, th is  is t ru e  also for 
S . sonnei.

In  th e  n e x t  series of e x p e r im en ts  an  OMP frac tion  p rep a red  from  th e  
m u rin e  s tra in  o f  E . coli was te s te d  in m ucin  b inding in h ib it ion  te s t .  This 
O M P frac t ion  show ed m arked  and  dose -dependen t inh ib it ion  in hom ologous 
sys tem  (m urine E . coli) and in h ib i ted  th e  mucin b inding of th e  he tero logous 
s t ra in  of  S . m innesota  S, too. The p ro te in  control,  using bovine  se rum  a lb u m in  
h ad  no inh ib it ing  effect. The n o n - in h ib i ted  (saline control) s tra in s  show ed an  
effective b ind ing  (99 .7% , 98.4% ) to  m u c in  (Table VI).
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Table VI

Inhibition o f  enteric bacterial binding to m ucin  by an outer membrane protein  
fra c tio n  from  the m urine stra in  o f  E . coli

O u te r  m e m b ra n e  pro tein  
f ra c t io n

(p ro te in  c o n te n t)

I n h ib i tio n  o f  th e  b in d in g  of

“ m u rin e ”  E . coli S . m inneso ta  S

25 /tg /m l 96.8%
5 /tg /m l 84.7% 98.2%
1 /tg /m l 53.0%

200 p g /m l 14.3%

BSA* co n tro l
25 /tg /m l <  20% <  20%

5 /tg /m l <  20% <  20%

B ind ing  e ffe c tiv ity  ( ra te s  o f ad so rp tio n )

Saline co n tro l 99.7% 98.4%

* BSA =  B ovine S eru m  A lbum in
N B .  The 50%  en d  p o in t o f binding in h ib itio n  of o u ter m em brane  pro tein  frac tion  in  

hom ologous system  is a b o u t 900 pg/m l

4. The inh ib ition  o f  binding by killed  bacteria and  culture supernatants. 
T h e  m urine  s tra in  of  E . coli was killed b y  h e a t ,  fo rm alin , or s trep tom ycin . 
W a sh e d  bacteria  e x e r te d  an inhibition of  th e  living homologous stra in  with 
96, 67 and 50%  effec tiveness  in the above order. Their  dia lysed su p e rn a tan ts  
p ro d u ced  also a b in d in g  inh ib ition  of 97.5, 91.9 and 99 .8% . The most effective 
m a te r ia l ,  the  cu l tu re  su p e rn a ta n t  of s t rep to m y c in -k i l led  bac te r ia  exerted  an  
effectiveness of 3 5 .6 %  even  in a d ilu tion  of  1 : 25 an d  th e  b ind ing  inh ib ition  
w as  dose d ependen t ( d a t a  not shown). T h is  cu l tu re  s u p e rn a ta n t  was used for 
he terologous b ind ing  inh ib i t io n  experim ents  in a d ilu tion  of 1 : 5 (Table V II) .

Table VII

Inhibition o f  the m u c in  binding o f  some enteric bacteria by the culture supernatant 
o f  the streptomycin-killed m urine stra in  o f  E . coli

S tra in s
In h ib itio n

0/
/0

R a te  o f  
ad so rp tio n  

(%  in  con tro ls)

E . coli “ m u rin e1” 
hom ologous 96.2 96.3

E . coli 0 1 4 3 , No. 2 95.5 95.6
S. sonnei “ K iss” , Form  1 96.2 96.4
S. m innesota  S 88.7 93.6

Mucin co n cen tra tio n  0.005% . The d ilu tion  of th e  in h ib ito ry  su p e rn a ta n t was 1 : 5. T he 
ra te s  of inhibition w as c a lcu la te d  by com paring th e  c.f.u . va lues w hich b ind  to  m ucin w ith and  
w ith o u t inhibition
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The resu lts  show t h a t  th e  mucin  b ind ing  inh ib it ion  of th e  te s te d  rep re ­
sen ta t iv e  s tra in s  were of  th e  sam e effectiveness be tw een  88.7 an d  9 6 .2 % , while 
the  uniform ized  b ind ing  ra te  o f  th e  controls  was be tw een  93.6 and  96 .4%  
(Table V II) .

5. Inh ib ition  o f  th<> m ucin binding by v-galactose. No s i g n i f i c a n t  i n h i b i t i o n  

o f  b i n d i n g  o f  t h e  m u r i n e  s t r a in  o f  E . coli t o  0 .005%  m u c i n  h a p p e n e d  b y  u s i n g  

D - g a l a c t o s e  (10, 2 a n d  0 .4% ) ( d a t a  n o t  s h o w n ) .

Discussion

F ré te r  [1] l is ted  m a n y  steps in th e  en teric  bac te r ia l-m ucin  in te rac t io n .  
Some of th e m  m a y  lie im p o r ta n t  in th e  p a th o m e c h a n ism  of enteric p a th o g en s ,  
and some o f th e m  are a ssum ed  to  tak e  p a r t  in th e  m a in ta in ing  m echan ism  
of th e  norm al and acc idental bowel flora in th e  coeco-colonic t rac t .

One of these steps, th e  u til iza tion  of th e  in te s t ina l  m ucin  p e rm it t in g  
th e  bacte r ia l  g row th in th e  in testina l canal has  a lready  been s tud ied  in our 
previous p a p e r  [2 ) show ing t h a t  it is a general c h a ra c te r  of the  enteric  b ac te r ia .  
On th e  basis t h a t  th e  gene o f  th e  a lpha-glucosidase a n d  th e  genes of perm eases,  
p a r t ly  a t  th is  and p a r t ly  a t  th e  /ас-operon m a y  suggest t h a t  th is  ab i l i ty  is 
a conserved  one 111, 12].

The presen ted  ex p e r im en ts  concerning th e  b ind ing  ab ili ty  to  m ucin  
sim ilarly  su p p o r t  th e  hypo thes is  t h a t  th is  is also one of th e  general c h a ra c ­
teristics  o f  the  enteric  b ac te r ia .  In the  course of ou r  earlier, as well as of th e  
p resen t  experim en ts  a purif ied  hog gastric  m ucin  was used as a “ model m u c in ” . 
I ts  ad v a n ta g e  was th e  pu r if ied  and s tan d a rd ized  c h a ra c te r  w ith  th e  d isad ­
v a n ta g e  o f  no t  being an in te s t in a l  mucin of a ce r ta in  an im al species. In  a p re ­
l im ina ry  ex p e r im en t  D inar i  e t  al. [13] showed t h a t  th e  H eL a  in v a s iv i ty  of 
S. fle x n e r i  was in h ib ited  b y  th e  in testina l m ucin  of  guinea pigs, b u t  n o t  of 
m onkeys. Therefore  we suppose only t h a t  some genera l phenom ena , inc lud ing  
the  b ind ing  m a y  be m odeled  also by  hog gastric  m ucin . On th e  o th e r  h a n d ,  
in a concre te  an im al ex p e r im e n t  th e  mucin  b ind ing  s tep  could be p roved  only 
using th e  in te s t ina l  m ucin  o f  th e  same species.

The v e ry  f irs t  ques t ion  em erging a t  th e  beg inn ing  of our ex p e r im en ts  
was th a t  w h e th e r  th e  in te rac t io n  between b ac te r ia  and  mucin  is a s imple 
physical adso rp tion  or a l igand-recep to r  in te rac t io n .  The p resen ted  d a ta ,  
showing th e  short  t im e  req u irem en t ,  the  te m p e ra tu re  independency  to g e th e r  
w ith  th e  dose -dependen t ch a rac te rs  o f  the  process all p o in t  to  a l igand -recep to r  
in te rac t ion .

T esting  th e  b ind ing  effectiveness of o the r  s t ra in s  of E . coli (0143 , K-12), 
S. sonnei, S . f le x n e r i  a n d  S . m innesota  resu lted  a surpris ing ly  na rro w  scale: 
1.5 to  9.0 germs per  pg o f  m ucin . This findings favours  the  conception  t h a t
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a c o m m o n  m echanism  ex is ts  am ong  the  d iffe ren t  species of en teric  bacteria .
T he  nex t  series o f  ex p e r im e n ts  was dealing  w ith  th e  n a tu re  of  th e  ligand. 

T h e re  are da ta  in th e  l i t e r a tu re  ab o u t  th e  possible role of the  po lysaccharides : 
t e s t s  on  Salmonella ty p h i-m u r iu m  mucin b in d in g  assum ed th e  re q u ire m e n t  of 
i n t a c t  L P S  for its effec tiveness  [14, 15], likewise as in  th e  case of Pseudom onas 
aeruginosa  and th e  re s p i ra to ry  t r a c t  m ucus  [16, 17]. On th e  o th e r  hand , 
C o h e n ’s te am  [18-20] w o rk in g  w ith  a w ild - type  s t ra in  of E . coli a n d  its Col 
d e r iv a t iv e ,  a t t r ib u te d  th e  lower b ind ing  effectiveness of the  la t te r  to  a re la tive ly  
low  level of its o u te r  m e m b ra n e  prote ins , a n d  a w eaker m otil i ty .

The role of th e  PS cha in  of  LPS in m uc in  b ind ing  was te s te d  w ith  R- 
m u t a n t  series of S . sonnei and  S . m innesota. R -m u ta n ts  w ith  th e  loss o f  hep- 
to ses  from  the  back b o n e  were also inc luded . The presen ted  re su lts  d id  not 
sh o w  differences in th e  b in d in g  effectiveness therefore  we re jec ted  th e  PS 
c h a in  as a ligand in  th is  phenom enon .

Concerning th e  role of  th e  OMPs an d  based  on th e  d a ta  o f  th e  Cohen- 
t e a m  of col p lasm id-encoded  OMPs, we t r ied  in  th is  aspect th e  po lypep tides  
e n co d ed  b y  the  in v a s iv i ty  p lasm id  of Sh ige lla -E IE C . H av in g  th e  v iru len t  
s t r a in  0143  expressing 7—16 p lasm id  encoded  polypeptides ,  th e  der iva tive  
N o . 31 and  s tra in  J5 3  o f  E . coli K-12 w i th o u t  these  po lypeptides ,  as well as 
t h e  s t ra in  J 5 3 (p S P l )  c a r ry in g  th is  p lasm id or th e  supposed p lasm id  m u ta n t  
s t r a in  of 0143 , No. 2/33 w i th  th e  loss of expression of po lypep tides  “ B ”  and 
“ C”  [21], th is  poss ib ili ty  w as tes ted , too. The un ifo rm  b ind ing  effectiveness 
o f  all  these s tra ins shows t h a t  th e  specific, p lasm id-encoded  p ro te in s  have no 
ro le  in  th e  fo rm ation  o f  t h e  ligand.

The fraction  of  O M Ps p repared  from  th e  m urine  s tra in  of E . coli showed 
a  m a rk e d  inhibition  in  th e  m ucin  b ind ing  of th e  homologous s t ra in  a n d  also 
t h e  heterologous one p ro v in g  th e  p ro te in  n a tu re  of the  ligand. F u r th e r  p u r i­
f ic a t io n  m ay be assum ed  to  show only t h a t  one or more of  th e m  are responsible 
fo r  th e  b inding to  m uc in  receptor(s).

Acknowledgement. T h e  a u th o r  w ish to th a n k  D r.T . PÁL (of th is In s t i tu te )  fo r th e  prep 
a r a t io n  of th e  o u te r  m em b ran e  p ro te in  frac tio n .

R E F E R E N C E S

1. F ré te r , R .: In  O u c h te rlo n y , O., H o lm g ren , (eds): C holera an d  R e la ted  D ia rrh eas. 43rd
N obel Sym p., S to ck h o lm  1978. p. 155.

2. K é ty i, I .:  A cta  M icrobiol H u n g  35, 389 (1988).
3. K é ty i, I .: A cta  M icrobiol H u n g  36, 41 (1989).
4. P á l,  T ., Pácsa , A. S „  E m ő d y , L ., Vörös, S., Sélley, E .: J  Clin M icrobiol 21, 415 (1985).
5. P á l,  T ., E m ődy , L ., P á c sa , A. S.: A cta  M icrobiol H u n g  33, 341 (1986).
6. L ü d e ritz , O.: A ngew  C hem  78, 172 (1966).
7. K o n tro h r , T ., K ocsis, B .: E u r  J  B iochem  88, 267 (1978).
8. R o th m a n , S. W ., C orw in, L . M.: In fec t Im m u n  5, 103 (1972).
9. S ch n a itm an , C. A .: J  B acterio l 108, 545 (1971).

10. L ow ry , O. H ., R o seb ro u g h , N . J . ,  F a rr , A. L ., R a n d a ll, R . J . :  J  Biol C hem  193, 265 (1951).
11. B ach m an n , B. J . :  M icrobiol R ev  47, 180 (1983).

A cta  Microbiologica Hungarica 37, 1990



B IN D IN G  OF BACTERIA TO MUCIN 5 3

12. Sanderson , K . E ., R o th , J .  R .: M icrobiol R ev  47, 410 (1983).
13. D in a ri, G.. H ale, T . L ., W ash in g to n , O., F o rm al, S. B .: In fe c t Im m u n  51, 975 (1986)
14. N evo la, J . J . ,  S tocker, B. A. D., L au x , D. C., Cohen, P . S.: In fec t Im m u n  50, 152 (1985).
15. N evo la, .]. J . ,  L au x , I). C., Cohen, P . S.: In fec t Im m u n  55, 2884 (1987).
16. R am p h a l, R ., P ier, G. B .: In fec t Im m u n  47, 1 (1985).
17. R am p h a l, R ., G uay, C., P ier, G. B .: In fec t Im m u n  55, 600 (1987).
18. W adolkow ski, E . A ., L au x , D . C., Cohen, P . S.: In fec t Im m u n  56, 1030 (1988).
19. W adolkow ski, E . A ., L au x , D . C., Cohen. P . S.: In fec t Im m u n  56, 1036 (1988).
20. Cohen, P . S., Rossol, IL , Cabelli, V. J . ,  Y ang, S-L ., L au x , D . C.: In fec t Im m u n  40, 62

(1983).
21. P á l, T ., Fo rm al, S. В ., H a le , T . L .: J  Clin Microbiol 27, 561 (1989).

Acta Microbiologica Hungarica 37, 1990





Acta Microbiologica Hungarica 37 ( l ) , p p .  55 —  71 (1990)

IN VITRO AND IN VIVO (LD,„) EFFECTS OF 
HUMAN LACTOFERRIN ON BACTERIA

E va  Czirók , H e d d a  M il c h , K at a l in  N ém eth  and I. G adó

N a tiona l Institu te  o f  H ygiene , and  N ational In stitu te  o f  Haematology and  
Blood T ra n sfu sio n , B udapest

(R eceived  J a n u a ry  25, 1989)

T he in  v itro  and  in  v ivo  effects of h u m an  lac to fe rrin  (L F ), apoL F , iron  s a tu ra te d  L F  
and  o f d iffe ren t iron  co n ta in ing  com pounds (ferric  chloride, ferric  sodium  c itra te )  w ere s tu d ied  
on E scherichia coli, Salm onella typ h i-m u r iu m  an d  Pseudom onas aeruginosa re ference a n d  w ild- 
ty p e  s tra in s  w ith  w ell-defined v iru lence m ark e rs  (i.e. en terochelin , aero b actin  p ro d u c tio n ). 
L F  e x ert in v itro  a n tib ac te ria l effect, and  iron-free V ogel-B onner m edium  p roved  to he su i t­
able for i ts  d e te rm in a tio n . T he effect o f in tra p e rito n e a lly  ad m in iste red  L F  could n o t  be  e v a lu ­
a ted  becau se  of its  aspecific ity , as an y  tr e a tm e n t  (e.g. saline, R inger so lution) befo re  b a c te r ia l 
challenge a c t iv a te d  m acrophages. In  c o n tra s t  to  the  in v itro  resu lts , in tra m u sc u la r  ch a llenge  
fa iled  to  in h ib i t  b ac teria l g ro w th  in v ivo , as siderophores p roduced  by b ac teria  w ere  ab le  to  
acq u ire  lac to fe rrin -b o u n d  iron. L F  tre a tm e n t,  like iron ad d itio n , enhanced  th e  v iru len ce  of 
b a c te ria  in  m ice, w hereas ap o L F  — using  iro n  p re sen t in th e  body  flu ids — tu rn e d  to  L F  
being u n ab le  to  acq u ire  siderophore-bound  iron  from  b a c te ria . T hese find ings do n o t  su p p o r t 
th e  l ite ra ry  view  th a t  L F  w ould be useful as an  an tim ic ro b ia l drug.

Find ings  in tin* last 50 years h av e  ind ica ted  th a t  there  is a c o m p e ti t io n  
for the  iron essential for g row th  be tw een  b ac te r ia  and the ir  m a m m a l ia n  
hosts I 1 |. Though  Fe + + ions occur in n a tu re  in soluble form, Fe + + + c o m ­
pounds are  insoluble aggregates. T he  solubili ty  of  F e + + + salts d e p e n d s  on 
the p H :  th e y  are hundred-fo ld  less soluble a t n e u t ra l  pH th an  at , , ] [  6 [2].

A lthough  body-flu ids  con ta in  p le n ty  of iron , th e  am o u n t  of  free iron 
available  for b ac te r ia  is ex trem ely  sm all.  Most o f  th e  bound iron is found  
in trace l lu la r ly  and  the  ex trace llu lar  iron is b o und  to  high aff in ity  i ro n -b in d in g  
pro te ins  [3]. The iron t ra n sp o r t in g  p ro te in s  in  th e  h u m a n  organism  a re  t r a n s ­
ferrin (TF) found  in blood [4], and  lac to ferrin  (LF) found in milk, t e a r  a n d  
po ly m o rp h o n u c lea r  leukocytes [5—7]. C om peti t ing  for the  biologically  in a c ­
cessible iron , th e  m icroorganism s secrete  i ronche la t ing  com pounds  o f  low 
m olecular weight, know n as siderophores: en terochelin  [8], a e ro b a c t in  [9], 
ferr ichrom e [10], fe rr ic itra te  [11] and  m y cobac tin  [12]. The tw o m o s t  im ­
p o r ta n t  s iderophores, from  the  aspec t  o f  b ac te r ia ,  are classified in to  tw o  
chemical g roups: pheno la tes  (enterochelin) , an d  h y d ro x am a te s  (ae robac tin ) .
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D u rin g  the  in fec tion , such defensive changes  occur in the  iron m etabo lism  
b y  th e  h u m a n  organ ism , w hich  produce a d ec reased  iron con ten t  in  th e  c ircu­
la t in g  blood [13, 14]. In  th e  process the  c i rcu la t in g  iron accum ula tes  in  th e  
i ro n  s tocks (RES) in th e  fo rm  of ferritin  [14], a n d  as a consequence th e  iron 
c o n te n t  and the  i ro n -b in d in g  capacity  o f  th e  se ru m  decreases [14]. A ccord­
in g ly ,  th e  infecting m icroorganism  has to  su rv iv e  and m ult ip ly  u n d e r  iron- 
p o o r  conditions in th e  body-flu ids of i ts  h o s t .  As a p ro tec tive  m echanism , 
t h e  m icroorganism  s ta r t s  to  produce a c h e la to r  t h a t  helps to  b ind  and  utilize 
th e  l im ited  iron [15].

The iron-b ind ing  p ro te in  of h u m an  b lood -p lasm  (TF) was described by  
S h a d e  and  Caroline in  1944 [16], the  i ro n -b in d in g  protein  found  in h u m a n  
m ilk  (LF) was d e te c te d  b y  Sorenson and  Sorenson  in 1939 [17]. The a n t i ­
b a c te r ia l  effect of L F  on th e  mucous m e m b ra n e  of  the  re sp ira to ry  t r a c t  was 
o b se rv ed  b y  Masson e t  al. [18] and in bov in e  m ilk  by  O ram  and  R e ite r  [19]. 
T h e  iron-b ind ing  p r o p e r ty  of L F  is ac tive  u n d e r  acidic conditions (p H  4.0) 
to o ,  while the  o th e r  iron -b ind ing  p ro te ins  a re  n o t  active and  do n o t  bind 
p ro te in .

N um erous e x p e r im e n ts  proved th e  in  v i t ro  bac te r ios ta tic  effect of L F  
b e in g  presen t in th e  m ilk . The hum an  m ilk  con ta in s  beside th e  10%  iron- 
s a tu r a t e d  L F  also c i t r a te  and b ica rb o n a te ,  t a k in g  p a r t  in th e  iro n -u p tak e  
sy s te m . The a n t ib a c te r ia l  effect of L F  is h ig h ly  influenced by  these  and  by  
t h e  p H  of the  e n v iro n m e n t .  Arnold et al. [20] r e p o r te d  the  bac te r ic idal  effect 
o f  purif ied , iron-free “ a p o L F ”  on Streptococcus m u tá n s , Vibrio cholerae, Pseudo­
m onas aeruginosa a n d  C andida albicans. H o w ev e r ,  since such effect on entero- 
p a th o g en ic  Escherichia coli was not d e m o n s t r a te d  [21], it  was suggested  t h a t  
th e s e  bac te r ia  sec re ted  siderophores. F in k e ls te in  et al. [22] found  t h a t  iron- 
s a tu r a t e d  L F  had  no a n t ib ac te r ia l  effect. T h e y  observed bac te r io s ta t ica l  effect 
o n ly  of  ap o L F  on V . cholerae, Salm onella typ h i-m u r iu m , Shigella fle x n e r i, P . 
aeruginosa  and Staphylococcus aureus s t ra in s .  I n  vivo experim en ts  were r e ­
p o r te d  first by  B u llen  et al. [23], W ho fo u n d  in  guinea pig exp er im en ts  t h a t  
in  th e  small in te s t in e  th e  bac teriosta tic  effect o f  hu m an  milk is m a in ly  due 
to  L F .

E x a m in a t io n  of  th e  siderophores sec re ted  b y  the  m icroorganism s have  
sho w n  th a t  the  iro n -b in d in g  system is m e d ia te d  b y  certa in  v iru lence p lasm ids 
[24].

The s tr ic t  c o r re la t io n  existing b e tw e e n  i ron  con ten t  and  v iru lence  was 
descr ibed  f irs t  b y  J a c k s o n  and Burrows [25] in  1956. They showed t h a t  Y e rs i­
n ia  pestis  becam e v i ru le n t  for mice a f te r  th e  addition  of iron. P a y n e  and  
F inke ls te in  [26] fo u n d  increased viru lence of  N eisseria  gonorrlioeae in chicken 
e m b ry o  after a d d in g  iron.

The in  v i t ro  effect o f  L F  on b a c te r ia  w as recognized b y  severa l au thors .  
Som e of th e m  be lieved  t h a t  L F  would be th e  an tim icrob ia l d rug  of th e  fu tu re ,
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especially  in reduced  im m unolog ical s ta tu s  of th e  organism  (organ  t r a n s ­
p la n ta tio n , in fection  of in fa n ts  and  aged people) d e te rio ra tio n  of cond ition  
because o f  o th e r disease ( tu m o u r) or m ultip le  d ru g  res is tan ce  o f b a c te ria , w hen 
good resu lts  were h a rd ly  ex p ec ted  from  an tib a c te ria l t re a tm e n t.

O n th e  basis of these  fin d in g s we u n d erto o k  to  exam ine th e  iro n -u p tak e  
system  o f b a c te ria  and th e  in  v itro  an d  in v ivo effectiveness of L F . W e aim ed 
to  d e te rm in e  th e  in v itro  an d  in  vivo effects o f h u m an  L F  on b a c te ria  w ith  
w ell-defined v iru lence m ark ers .

M aterials and methods

Bacterial strains. To te s t  th e  in v itro  a n d  in v ivo effect o f L F  on b ac te ria  th e  follow ing 
en te ro ch e lin  and  ae ro b actin  p ro d u c in g  an d  tran sfe rrin g  E . coli an d  S. typ h i-m u r iu m  reference 
s tra in s  w ere used (ab b rev ia tio n  in p a ren th eses  in d ica te  th e ir  en terochelin  (en t) and  ae ro b actin  
(aer) p ro d u c tio n  (p) and  tra n s p o r t  (t) c ap acity ): K12 W 0987 ( e n t - , aer + ), K 311, K H 576 
(en t: P + T  + , aer: P + T  + ), CA7S, 1, 7a Col V (e n t+ , aer + ), enb  7 (e n t- , a e r- ), LT2 ( e n t+ , aer + ), 
LG 1522 (e n t- , a e r - ). W ild ty p e  s tra in s , iso la ted  in ou r la b o ra to ry  w ere also used : 21 E . coli 
a n d  4 P. aeruginosa  s tra in s . T he s tra in s  w ere d ifferen t accord ing  to  th e ir  v iru lence  m arkers 
(M R H A , H ly , an tig en s K1 a n d  K 5, Col) L D S0 values an d  origin (22 s tra in s  o f e x tra in te s tin a l 
an d  3 o f en te ric  source).

Detection o f  siderophore production. To d e tect en terochelin  secre tion , an  E n t -  S. typh i-  
m u riu m  enb  7 cu ltu re  was m ixed  in to  iron-free  V ogel-B onner m ed ium  and  p la tes w ere p o ured  
[271. T h e  s tra in s  to  be te s te d  w ere p re cu ltiv a te d  in iron-free liq u id  m edium , th en  sp o t in ­
o cu la ted  o n to  th e  p la tes an d  in cu b a ted  a t  37 °C for 24 h and 48 h. As con tro ls, FeC l3 an d  iron- 
free m edia  w ere used . S tra in  S. typ h i-m u r iu m  enb  7 served  for n eg ativ e  con tro l, a n d  th e  en ­
terochelin  p ro d u cer s tra in  LT2 for positive  contro l (F ig. 1). T he g row th  of th e  te s te d  s tra in  
w ith o u t th e  app earan ce  of a su rro u n d in g  grow th-zone of s tra in  enb  7 in  th e  m ed ium  show ed 
th a t  th e  s tra in  p roduced  a sid e ro p h o re  o th e r  th a n  en terochelin  (W 0987).

T he q u a lita tiv e  d e te rm in a tio n  of ae ro b ac tin  was carried  o u t  by  b ioassay , using  s tra in  
LG1522 a ra , azi, fepA403, lac, leu , m te , proC , rps, L, su p E , to n  A, tsx , th i, Col V -K 30 iuc as 
in d ica to r. T h e  m edium  was S im o n -T essm an  agar, com plem en ted  w ith  a lp h a , a lp h a ’-d ip y ri- 
dyl [28].

Detection o f  the effect o f  L F .  W ells w ere cu t w ith  iron-free  glass tu b es  in to  iron-free  
Vogel B o n n er m ed ium  co n ta in in g  s tra in  enb  7 and d ifferen t c o n cen tra tio n s  of L F  w ere d ro p ­
ped in to  th e  wells. T he te s te d  s tra in  was p recu ltiv a ted  in iron -free  m ed ium  for 3 h, th e n  
s tre ak -in o cu la te d  on b o th  sides of th e  wells (F ig . 2).

P reparation o f  hum an lactoferrin ( L F ) .  L F  was iso lated  from  h u m an  m o th e r’s m ilk 
using  Jo h a n sso n ’s [29] m odified m ethod . F ive  litre s of m ilk w ere cen trifu g ed  for 1 h  a t  -j-4°C  
a t  1000 rp m . T he fa t was rem oved  from  th e  surface, 3 g o f C M -Sephadex C50 w as ad d ed  to  
th e  clear sed im en t and  it was m ixed fo r 1 h a t  4 °C. T he w et gel w as allow ed to  dep o sit an d  it 
was h an d led  w ith  2 g o f C M -Sephadex C50, tw ice. The gels were u n ite d  a fte r  th e  process and  
w ashed w ith  10 т м  (p H  7.4) p h o sp h a te  b u ffer 5 -6  tim es, and  w ith  20 ш м (p H  7.4) p h o sp h a te  
b u ffer tw ice. T he gel-hound p ro te in s w ere e lu a ted  w ith  saline so lu tion  of g rad u a lly  increasing  
c o n cen tra tio n s  (0.25, 0.5 an d  0.7 м N aCl in  20 т м  p h o sp h a te  buffer). T he L F  was p re sen t in 
th e  e lu a te  o b ta in ed  w ith  th e  0.5 м a n d  0.7 M saline so lu tion . T he so lu tions w ere c o n ce n tra ted  
by  u l tra f i lt ra t io n , th e  sa lt was rem oved  by dialysis, L F  was lyophilized  an d  sto red  a t  -j-4°C . 
The p u rity  o f L F  was checked by  po lyacry lam ide  gel e lectrophoresis co n ta in in g  sodiuin- 
d o d ecy lsu lp h ate  (SD S) and by  im m uno  electrophoresis. T he L F  p ro d u ced  th is  w ay con ta in ed  
8 -1 0 %  of p ro te in -b o u n d  iron.

A po lactoferrin (A p o L F )  w as p ro d u ced  from  L F  by  th e  m eth o d  of M azurier an d  Spik 
[30]. T he w a te r  so lu tion  of L F  w as d ialyzed  for 48 h to  40 т м  E D T A  and  0.2 м N a 2H P 0 4 
co n ta in in g  sod ium  ace ta te  b u ffer (final p H  4.0) changing th e  b u ffer once. T he sa lt-free , pu re  
p ro te in  w as lyophilized .

Labelling o f  L  F  by radio-isotope  125 J. T he labelling of th e  pu re  L F  p rep ared  from  m o th e r’s 
m ilk by  126I  w as carried  ou t w ith  E n zy m o b ead  (B io .R ad .L ab s, R ich m o n d , Ca, USA), acco rd ­
ing to  th e  in s tru c tio n s  of th e  m an u fac tu re r .
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In fec tion  o f anim als. T o d e te rm in e  th e  in  v ivo  effect o f L F , four g ro u p s of mice were 
e x a m in e d , each con tain ing  te n  m ice of 16 g. T h ey  w ere challenged  in tra p e rito n ea lly  w ith  0.5 
m l b a c te r ia l  suspension in c u b a te d  for 4 -6  h a t  37 °C a n d  serially  d ilu ted  ten fo ld  in physio ­
lo g ica l sa line . The 50%  of le th a l dose (L D 50), le th a lity  a n d  significance w ere calcu la ted  as 
d e sc rib e d  previously [31].

V iru lence m arkers [m an n o se  re s is ta n t h aem ag g lu tin a tin g  cap ac ity  (M R H A ), haem o- 
ly s in  p ro d u c tio n  (H ly), a n tig e n s  K1 and  K 5, colicin p ro d u c tio n  (Col)] a n d  L D 50 va lues were 
d e te rm in e d  as described p re v io u s ly  [31, 32].

F ig . 1. S tra in  enb 7 (en t , a e r - ) w as m ixed in iron-free  m edium  an d  p la ted . W ells clockwise: 
s tra in s  enb 7, Col V, W o 987, CA 7S, K H 576, E . coli N os 1 and  2. C en tre  well: LT 2

F ig . 2. U pper well: la c to fe rr in  (L F-40  m g); low er well: iron -free  w a ter. S treak s: s tra in  LT 2. 
S tra in  enb  7 w as m ixed  in  iron-free  m edium
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R esults

E xam in a tio n  o f  the in  vitro effect o f  L F .  F ig u re  2 show s th e  g row th  of 
s tra in  S . typ h i-m u riu m  LT2 on iron-free m ed ium  p la te d  w ith  s tra in  enb  7. 
S tra in  LT2 grew  well along th e  s tre a k  on th e  iron-free  m ed ium  and  enb 7 also 
grew  a b u n d a n tly  a ro u n d  th e  well filled w ith  iron -free  w a te r, due to  th e  che­
la tin g  effect of E n t p roduced  by LT2. T h a t th e  c h e la tin g  effect o f LT2 was 
in h ib ite d  by  L F , was ev id en t from  th e  lack  of g ro w th  o f s tra in  enb 7 a ro u n d  
th e  well co n ta in in g  40 m g L F . In h ib itio n  a round  th e  10- an d  100-fold d ilu tion  
o f L F  was w eaker. F igu re  3 show s a w eak g ro w th  in h ib itio n  of a n o th e r e n t  +

Fig. 3. A rra n g em e n t as in  Fig. 2. S treak s : s tra in  Col V

Fig. 4. A rran g em en t as in  F ig. 2. L eft h a n d  streaks: s tra in  en b  7, r ig h t h an d  streak s: s tra in
E . coli No. 2
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Col V  p ro d u c e r s tra in  as an  effect o f L F . F igure  4 shows th a t  th e  chelating  
e ffec t o f  a wild ty p e  e n t + a e r + E . coli s tra in  is inh ib ited  b y  L F  (rig h t h and  
s tr e a k , u p p e r well); th e  n eg a tiv e  co n tro l s tra in  (enb 7) fa iled  to  grow  in th e  
m e d iu m  (left hand  s treak s).

T h e  effect of iro n  s a tu ra te d  L F  w as exam ined  using s tra in s  L T 2 , Col V, 
( e n t + , a e r  + ) enb 7 ( e n t -  a e r~ ) and  a w ild ty p e  s tra in  ( e n t+ a e r +). T he in h ib i­
t io n  zo n e  ob ta ined  a ro u n d  iron  sa tu ra te d  L F  was sm aller, th a n  th e  in h ib ition  
zone o f  L F  shown in  F ig . 2, and  th e  effect of en terochelin  p ro d u c e d  b y  th e  
te s te d  s tra in s  was o n ly  w eak ly  in h ib ited . T he g row th  and  c h e la tin g  effect of 
th e  w ild -ty p e  s tra in  w ere n o t  in h ib ited .

F ig . 5 . U p p e r well: a p o L F  (40 m g); low er well a n d  m edium : see Fig. 2. S tre a k s : s tra in  LT 2

F ig . 6. I n  well L F  (40 m g). U p p e r  left h a n d  s tre a k : s tra in  K H  576, u p p e r  r ig h t  h a n d  streak : 
s t r a in  E . coli No. 1; low er le f t  h a n d  s tre ak : s tra in  W O 987; low er r ig h t h a n d  s tre ak : s tra in

LG  1522
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The g ro w th  o f s tra in  LT2 (F ig. 5) and  th e  w ild -ty p e  s tra in  w as h igh ly  
in h ib ited  b y  40 m g/m l iron-free ap o L F . The in h ib itin g  effect o f th e  10- or 100- 
fold d ilu ted  a p o L F  was w eaker th a n  th e  effect of th e  co n cen tra ted  ap o L F . 
The g row th  of th e  reference s tra in s  (K H 576, W 0 9 8 7 , LG1522) an d  th e  w ild- 
ty p e  s tra in  ( e n t+ aer + ) in o cu la ted  along th e  side of th e  well co n ta in in g  L F  
was also in h ib ite d  (F ig. 6).

Fig. 7. S tra in  enb  7 w as m ixed in  ag ar m edium  an d  p la te d . U p p e r wells: PB S ; low er le ft well:
L F ; low er r ig h t well: a p o L F

E.coli Col V  E  c o l i  C A  7 b  E  c o l l  9 5 3 6 7

Fig. 8. B a c te rio s ta tic  effect o f lac to fe rrin  an d  ap o -lac to fe rrin  o n  d ifferen t re ference s tra in s . 
----------c o n tr o l ; --------L F ; О --------O ap o L F
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F ig . 9. E ffe c t of d ifferen t c o n ce n tra tio n s  o f a p o lac to fe rrin  on  th e  m u ltip lic a tio n  o f E . coli
K 3 1 1 . ----------  c o n t r o l ; ----- 2 m g /m l a p o L F ; ----------- 4 m g /m l apo L F ; O ---------O  8 m g/m l

apo L F ; 0 - 0 - 0  16 m g/m l a p o L F ; 0 - 0 - 0  40 m g/m l ap o L F

B ecause  the  e n t “ s tra in  d id  n o t grow  in  iron-free m ed ium , to  exam ine 
th e  e ffec t o f L F  only co m p le te  (no t iron-free) m edium  could be u sed . T he 
g ro w th  o f  s tra in  c n t -  enb  7 w as in h ib ite d  b y  L F  (Fig. 7) in th is  m ed iu m , and 
th e  in h ib itin g  effect o f a p o L F  w as m ore expressed .

T h e  in  v itro  effects o f L F  (40 m g/m l) and  ap o L F  (40 m g/m l) w ere e x am ­
ined  on  th e  grow th of d iffe ren t te s t and  w ild -ty p e  s tra in s . Tn case o f ev ery  
E . coli s tra in , a g row th  in h ib itin g  effect w as observed com pared  w ith  th e  
c o n tro l v iab le  b ac te ria l co u n t be tw een  60 to  360 m in, e ith e r  e n t + o r e n t~  
s tra in s , L F  or ap o L F  w ere used  (F ig. 8). T he dose d ep en d en t effect o f ap o L F  
w as d e m o n s tra te d  w hen a p o L F  was te s te d  betw een  2 m g/m l an d  40 m g/m l 
(F ig . 9).

E xa m in a tio n  o f  in vivo effect o f  L F .  To exam ine th e  effect of L F , m ouse 
e x p e r im e n ts  were ca rried  o u t to  d e te rm in e  th e  m ode of in jec tio n  an d  th e  
e ffec tiv e  dose of L F  (T ab les  I an d  II) . “ P ro te c tiv e ”  effect w as o bserved  a fte r 
in tra p e r i to n e a l  in jec tio n  o f 1 m g L F  w hen it w as given 4 day s to  3 h p rio r 
to  ch a llen g in g . H ow ever, L F  had no “ p ro te c tiv e ”  effect w hen  app lied  one

Tabic I

The effect o f  tim e o f  L F  adm inistration o f  the virulence o f  bacteria 
(L F : 1 m g i.p . in jec tion ; challenging: E . coli, LD50)

L F  a d m in is tra t io n  as co m p ared  to  in fec tio n

Control —4
d ay s

—3
d ay s —6 h —3 h —1 h min 0*

In fe c tio n + + + + + + + +
L F — + + + + + + + +

No o f k illed /in fected  
m ice 30/37 0/20 3/10 2/10 4/28 3/10 9/10 7/10 47/50

L F  =  lactoferrin
* S im ultaneous L F  in jec tio n  an d  infection
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Table II

The effect o f  the quantity and mode o f  introduction o f  L  F  on the virulence o f  bacteria 
(A dm inistra tion  of L F  6 h  p rio r to  infection, challenging: E . coli, LD 50)

M ode o f 
in tro d u c tio n

I F (.™g)

0 0.0005 0.005 0.05 0.1 1.0 10 20

i.p.
i.m .

4/10*
16/30

3/10 2/10 1/10
3/20

2/10
7/30

2/10
4/40

5/10
16/20

4/10

L F  lactoferrin
* No. o f killed /infected  mice
• n o t exam ined

h o u r before, or s im u ltaneously  w ith  th e  in fec tion ; on th e  c o n tra ry , th e  le th a li ty  
of th e  ex p erim en ta l an im als increased .

E x am in in g  th e  effect of th e  q u a n ti ty  o f L F  (T able I I ) ,  no s ig n if ic a n t 
difference w as found in  th e  “ p ro te c tiv e ”  effect chang ing  the  dose b e tw een  1 to
0.0005 m g of L F  and to ta l  p ro te c tio n  was n ev e r observed. W hen  th e  dose 
o f L F  w as increased h igher th a n  10 m g, th e  le th a lity  of mice increased  a b it 
com pared  w ith  lower doses.

T he ex p erim en ts  were re p e a te d  using sodium  b ica rb o n a te  added  to  L F  
(because th e  presence of sod ium  b ic a rb o n a te  has been assum ed fa v o u ra b le  for 
th e  p ro d u c tio n  o f iron ch e la to r com plex  [23, 33, 34]). In  our e x p e rim e n ts , 
th e  m ouse k illing  effect o f L F  w as in d e p e n d e n t of th e  presence o f  so d iu m  
b ica rb o n a te .

O n th e  basis of th e  above find ings (“ p ro te c tiv e ”  effect of L F  g iven  4 d ay s 
earlie r and  even in 0.0005 m g q u a n tity )  we ex am in ed  how long w as p re se n t 
L F  in  th e  organ ism  and  in  w hich organs did i t  accu m u la te .

F o r th e se  ex p erim en ts  125I-labelled  L F  w as used. The resu lts  a re  su m ­
m arized  in  T ab le  I I I .  R a d io a c tiv ity  in th e  b lood w as d e tec tab le  1 h a f te r  th e  
in jec tio n  an d  it  w as p resen t in  a h igh level a f te r  6 h an d  decreased to  m in im u m  
a fte r  24 h. W ith in  one hour ra d io a c tiv ity  ap p eared  in th e  organs (liver, sp leen)

Table III

Clearence o f  lactoferrin in different organs

T im e
h Blood

R a d io a c tiv ity  o f o rg an s , cpm /g  organ

P e rito n e u m L iv er Spleen Faeces

0 990 • • • 24

l 19 225 90 100 59 422 41 746 64 762
6 23 350 17 200 21 131 17 946 51 808

24 2 900 800 1 456 1 585 22 222

A dm inistered : 0.1 mg 125I-labelled  lactoferrin  
• no t exam ined
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Table IV

The effect o f  vehicle substances used fo r  L F  d ilu tio n  on the virulence o f  bacteria

V ehicle  substance N o t  t re a te d

T rea ted  6 h p r io r  in fec tion T re a te d  s im u ltan eo u s ly  w ith  
in fec tion

V ehicle
substance

V eh icle
su b s ta n c e  -f- L F

V ehicle
su b stan ce

Vehicle 
su b s ta n c e  -j- I

D istilled  w ater • 4/10* • • •

Physio logical saline 6/10 10/20 10/10 10/10
PB S 15/20 4/10 5/10 • •

R in g er solution 6/10 16/40 18/30 . 20/20

L F  =  lactoferrin
P B S  =  p h ospha te  b u ffe red  saline
* No of k illed /in fec ted  m ice
• n o t exam ined

an d  in  th e  p e rito n ea l f lu id  an d  a fte r 24 h i t  d im in ish ed  sign ifican tly , s im ilarly  
to  t h a t  in  blood. T he iso to p e  labelled L F  a p p e a re d  a fte r 1 h in  th e  stools and  
u r in e , to o  (no t show n in  th e  Table) and it w as d e te c ta b le  in high am o u n ts  a fte r 
24 h . I t  was ex c re ted  w ith  th e  stools even  on  th e  fo u rth  day . R a d io a c tiv ity  
o f th e  in tes tin a l w all w as n o t higher th a n  th a t  o f th e  o th e r o rgans, an d  i t  was 
m in im a l in the  k id n e y  a f te r  24 h.

O n th e  basis o f th e se  d a ta  it ap p ea red  to  us th a t  L F  h ad  an  aspecific 
“ p ro te c tiv e ” effect, th e re fo re  th e  anim als w ere p re tre a te d  6 h p rio r to  infec­
tio n  w ith  p h o sp h a te  b u ffe red  saline (PB S) u sed  for dissolving th e  lyoph ilized  
L F  (T able IV). In d e e d , P B S  exerted  a “ p ro te c tiv e ”  effect as com pared  w ith 
th e  con tro ls  th a t  rece iv ed  no in jection . O th e r  vehicle m ateria ls  (physio logical 
sa lin e , R inger-so lu tion , d istilled  w ater) w ere also te s ted . T he re su lts  were 
s im ila r  to  those fo r P B S , including th e  o b se rv a tio n  th a t  w hen th e  vehicle 
su b s ta n c e s  were s im u ltan eo u sly  ad m in is te red  w ith  challenging, th e  “ p ro ­
te c t iv e ”  effect fa iled  to  ap p ear in d e p e n d e n tly  o f the  presence or absence 
o f L F .

F u r th e r  e x a m in a tio n s  were carried  o u t w ith  14 E . coli s tra in s  to  com pare 
th e  effect of L F  g iven  in trap e rito n ea lly  2 h  befo re  and a fte r in fec tion . These 
re su lts  are p re sen ted  in  T ab le  V. The an im a ls  w ere “ p ro te c te d ”  com pared  
w ith  th e  con tro l, w h en  L F  was given befo re  in fec tion . W hen  L F  w as g iven 
a f te r  in fection , th e  n u m b e r  of the k illed  an im als  was h igher th a n  of th e  
co n tro ls . The p h y sio log ica l saline given 2 h b efo re  in fec tion  had  a “ p ro te c tiv e ”  
e ffec t b u t  if  it w as g iv en  a fte r  infection  th e  n u m b e r of the  killed an im als  was 
h ig h e r in the  te s t  g ro u p  th a n  in  the co n tro l g roup . T here was no s ta tis tic a lly  
s ig n ifican t difference in th e  pro tec tive  e ffec t observed  in the  group p re tre a te d  
w ith  physio logical sa line  and  in the c o n tro l g roup  (p >  0.3). T here  was no 
sig n ifican t difference in  th e  “ p ro tec tiv e”  e ffec t betw een  th e  group p re tre a te d
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w ith  L F  and  th e  g roup  tre a te d  w ith  physio logical saline (p >  0.05). The 
“ p ro te c tiv e ” effect o f th e  s ta n d a rd  L F  (Sigm a N o. L8881) did n o t differ 
s ig n ifican tly  from  th e  effect o f L F  produced  b y  us.

The m ode of a d m in is tra tio n  was changed  and  L F  was given in t r a ­
m uscu larly  2 h before in fec tion  (T able V). In  th is  m a n n e r “ p ro tec tio n ” was

Table V

The effect o f  mode and tim e o f  administration o f L F  on the virulence o f  bacteria

N o . of 
exam ined  

E . coli 
s tra in s

A d m in is te red  m a te ria l, 
m ode o f  in tro d u c tio n

Contro l
T re a tm e n t

b efo re  2 h
o f  infection

a fte r  2 h

14 L F N IH B T  0.5 mg i.p. 107/200** 38/200 125/200
2 L F  S tandard*  0.5 m g i.p . 14/20 2/20 18/20
3 Physiological NaCl i.p. 15/40 12/40 22/40
2 L F  N IH B T  1 m g i.in. 8/20 6/20 10/20

b efo re  6 h

6 L F  N IH B T  1 mg i.m . 43/60 12/60
6 Physiological NaCl i.m . 43/60 37/60

befo re
fo r 3 d ay s

2 L F  N IH B T  10 mg per os 8/20 10/20

LF lac to ferrin
N IH B T  N ational In s t i tu te  o f H aem atology and  B lood T ransfusion , B udapest 

* Sigm a No L  4881 
** No. of k illed /in fected  mice

Table VI

E ffect o f  iron-compounds administered simultaneously w ith infection and after standing in vitro
fo r  3 h, on the deaths o f  infected mice 

(Challenging: E . coli i.p. L D 50)

A d m in is tra tio n

. n  , a f te r  s tan d in gsim u lta n e o u s ly  . ®... . f  J m  vitrow ith infection p ., ,

Physiological NaCl 5/10* 12/20
Ferric  chloride (100 /fM) 5/10 12/20
Sodium  c itra te  (200 111M) 5/10 8/20
Ferric  am m onium  c itra te  (100 /tM) 9/10 15/20
L F (5 mg) -{- physiological NaCl 8/10 16/30
L F -j- ferric chloride 8/10 12/20
L F  -j- sodium  c itra te 10/10 9/20
L F  -f- ferric am m onium  c itra te 9/10 11/20

A d m in is te re d  m a te ria l 
( i.p .)

5

L F lactoferrin  
* No. of k illed /infected  mice
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o b se rv e d  an d  when L F  w as g iven  a fte r  in fec tion , th e  k illing  e ffec t w as h igher, 
th a n  in  th e  control g roup .

In  fu r th e r  ex p e rim en ts  1 m g L F  an d  physio logical saline w ere given to  
tw o  g ro u p s  of mice in tra m u sc u la r ly , 6 h before in fection . T he aspecific  p ro ­
te c t iv e  effect of L F  a d m in is te re d  in  th is  w ay  could be ex c lu d ed . T here  was 
no s ig n if ic a n t difference b e tw een  th e  le th a lity  of the  g roup  p re tre a te d  w ith  
p h y sio lo g ica l saline and  t h a t  o f th e  co n tro l group (p >  0.2), w hile th e  p ro ­
te c t iv e  effect of L F  co m p ared  w ith  th e  g roup  tre a te d  w ith  physio log ica l saline 
w as s ig n ifican t (p <  0.001).

P ro te c tiv e  effect w as n o t d e m o n s tra te d  in per os ex p e rim en ts .
I n  fu rth e r ex p e rim en ts  L F  was in jec ted  in tra m u sc u la rly , 6 h before 

in fe c tio n .

Table VII

E ffect o f  L F  and apo L F  produced at different times on the deaths o f  infected mice 
(A d m in is tra tio n  of L F: i.m .; challenging: i.p. w ith  various E . coli an d  P. aeruginosa  s tra ins)

D esignation o f L F
A d m in is te re d  (mg) 

occasion E . coli P . aeruginosa

Control — 7 1 / 1 0 0 * 4 5 /5 0

6 1 X 0 .1 9 /2 0 •

1 x 1 .0 3 /5 0 •

1 x 1 0 .0 7 /1 0 •

7 i x o . o i 8 /1 0 1 0 /1 0

1 X 0 .1 1 1 /2 0 •

1 x 1 .0 1 6 /3 0 3 4 / 4 0

1 x 1 0 .0 3 /2 0 1 0 /1 0

ApoLF l x  1 .0 2 /1 0 1 0 /1 0

Control — 4 2 /8 0 2 7 /5 0

7 1 x 1 0 .0 5 /5 4 4 / 1 2

2 x 1 0 .0 0 /1 9 0 /2

8 l x  1 .0 • 4 / 2 6

2 x 1 .0 • 4 / 2 7

l x i o . o 7 /3 0 7 /1 6

2 x 1 0 .0 • 1 /1 6

l x io o . o 2 /2 0 •

9 1 x 1 .0 • 2 / 1 4

2 x 1 .0 • 1 /1 4

l x i o . o 1 2 /3 0 8 / 1 0

1 X 1 0 0 .0 2 /2 0 •

ApoLF l x  1 .0 2 /2 5 2 / 1 6

2 x 1 .0 0 /2 0 3 / 1 6

L F  lactoferrin
* N o. of k illed /infected  m ice
• n o t exam ined
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E xa m in a tio n  o f  the in  vivo effect o f  iron. T he  effect of d ifferen t iron  co n ­
ta in in g  (ferric  ch loride, sodium  c itra te , ferric  am m o n iu m  c itra te ) and  c h e la tin g  
co m p o u n d s w as exam ined  h y  in jec tin g  th em  in tra p e rito n e a lly  im m e d ia te ly  
a f te r  h av in g  been  m ixed  w ith  th e  b a c te r ia  an d  a fte r  leav ing  to  s ta n d  th e  
m ix tu re  fo r 3 h  (T able V I). T he v iru lence  in  m ice w as n o t increased  e ith e r  
b y  ferric  ch lo ride or b y  sodium  c itra te  b u t  ferric  am m onium  c itra te  o r L F  
in je c te d  im m ed ia te ly  a fte r  being  m ixed  w ith  th e  b a c te ria  increased  th e  m ouse  
k illing  effect. W hen  th e  m ix tu res  w ere le ft to  s ta n d  a t  ro o m -te m p e ra tu re  fo r 
3 h , th e  v iru lence  decreased  in  th e  case of th e  tw o la t te r  substances co m p a re d  
w ith  th e  co n tro l ad m in is te red  w ith o u t s tan d in g .

C om parison o f  the effect o f  different hatches o f  L F -s .  I t  was ad v isab le  to  
co m p are  d iffe ren t b a tch es of L F -s, because each  o f th em  could be p ro d u c e d  
in  sm all q u a n titie s . C onsisten t, unam b ig o u s resu lts  w ere no t o b ta in ed  w h en  
th e  ex p e rim en ts  were rep ea ted  w ith  d iffe ren t L F -s, h igh  n u m b er o f s tra in s , 
d iffe ren t in jec tio n  schedvdes and  doses (T ables V II  an d  V II I ) ;  in th e  case of 
E . coli s tra in s  1 m g dose of L F  b a tc h  “ 6”  an d  10 m g o f L F  b a tch  “ 7”  p ro v ed  
to  be b e t te r  a f te r  in tra m u sc u la r  in jec tio n , w hile in  case of P. aeruginosa  1 m g 
L F  h a tc h  “ 7”  gave some w eak p ro tec tio n  an d  in  10 m g q u a n tity  i t  w as in ­
e ffec tive. Mice in fec ted  w ith  E . coli w ere p ro te c te d  th e  b est by  100 m g L F  
h a tc h  “ 8"” , h u t w hen th e y  w ere in fec ted  w ith  P . aeruginosa  th e  p ro te c tio n  
w as b e t te r  using  doses l x l  m g an d  2 x 1  m g, th a n  1 x 1 0  mg. T here  w as no

Table VIII

Effect on I.D lt o f  different amounts o f  d ifferent batches o f  L F  and apo L F

B atch  
o f L F

Q u a n tity
(me) L D S,

Control — 3 .1 x 1 0 °

10 10 9 .5 x 1 0 °
20 9.7 X  10«
40 1.1 X lO 7

и 10 6.5 X lO 7
20 6.5 X  10°

12 10 2.0 X lO 7
20 1.0 X lO 7

13 10 1.0 X lO 7
20 2.0 X lO 7

14 10 8 .0 x 1 0 °
20 9 .0 x 1 0 °

apoL F 10 2.0 X lO 7
20 1.0 X lO 7

L F  — laetoferrin
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s ig n ifican t d ifference  in  the  p ro tec tiv e  e ffec t o f ap o L F  and L F . I t  w ould 
a p p e a r  th a t  th e  c o n tra d ic to ry  resu lts  are due  to  the  biologic system  and no t 
to  th e  d ifferent q u a l i ty  of L F  b a tch es.

Because of th e  erro rs of th e  biologic m e th o d  it was n o t possible to  d e te r ­
m in e  th e  exact L D 50 values in each e x p e rim e n t, the effect o f L F  on th e  infec­
tio n  w ith  low er a n d  h igher cell coun ts w as ex am in ed , e.g. its  effect on th e  
L D 50 of b ac te ria  (T a b le  V III) . I t  was fo u n d  th a t  th e  L D 50-s w ere no t changed  
s ig n ifican tly  b y  e i th e r  so rt of LF-s ( th e y  v a ried  betw een  7 X  106 and  6 X  107) 
a n d  th e  changes w ere  n o t due to  th e  c ircu m stan ces  of th e  p ro d u c tio n  or to  th e  
dose of L F . The re su lts  ob ta ined  w ith  a p o L F  an d  w ith L F  did n o t differ from  
each  other.

D iscussion

The in  v itro  a n tib a c te r ia l effect o f  L F  is ap p a ren t from  lite ra ry  d a ta  
[35—37]. These w ere  confirm ed by  our p re se n t exam in a tio n s, since th e  g ro w th  
o f  E . coli and S . typ h i-m u riu m  s tra in s  c a rry in g  d ifferent v iru lence  m ark ers  
a n d  p roducing  en te ro c h e lin  were in h ib ite d  b y  L F  used in high c o n cen tra tio n  
(40 m g/m l). T he g ro w th  of th e  s tra in s  w as in h ib ite d  by  iro n -sa tu ra te d  L F  
in a sm all e x te n t a n d  b y  apoL F  in a g re a te r  e x te n t th a n  by  L F , possib ly  b y  
in h ib itin g  the  iro n  u p ta k e  of th e  s tra in s .

The g row th  o f  th e  stra in s p ro duc ing  no en terochelin  was in h ib ite d  b o th  
b y  L F  and a p o L F  in  com plete m edium .

On the  basis  o f  th ese  experim en ts i t  w as estab lished  th a t  th e  b a c te rio ­
s ta t ic  effect of L F  can  only be d e te rm in ed  b y  te s t  s tra in s  w ith  w ell-defined 
en te ro ch e lin  and  a e ro b a c tin  p rod u c tio n .

The V ogel-B onner m edium  seem ed to  be su itab le  to  d e te rm in e  th e  g row th  
in h ib itin g  effect o f  L F . The effect o f L F  can  be te s ted  in iron-free m ed ium  
a n d  th e  decrease o f  en terochelin  effect b y  L F  can  be d e te rm in ed  only  in  th is  
m ed iu m .

M artin  et a l. [38] found a slight p ro te c tiv e  effect w hen h u m a n  T F  was 
in jec ted  in tra p e r ito n e a lly  im m ed ia te ly  b efo re  in fection  to  ra ts  (L D 50 values 
in creased  by  0 .5 -1  ex p o n en t). A p ro te c tiv e  e ffec t was also found  w hen y o ung  
m ice were tre a te d  w ith  T F  before in tra p e r ito n e a l infection .

These re su lts  in flu en ced  our e x p e rim e n ts , in  th e  beg inning  we used  L F  
in  in tra p e rito n e a l in je c tio n . This m ode o f in tro d u c tio n  was described  in several 
p a p e rs  [38-40] as a genera lly  accep ted  m e th o d .

In  the  course o f  o u r exam ina tions we fo u n d  th a t  th e  “ p ro te c tiv e ”  effect 
o f  th e  in tra p e rito n e a l in jec ted  L F  w as n o t  due  to  the  specific ac tion  of L F . 
T h is  was d e m o n s tra te d  b y  observations t h a t  P B S , R inger so lu tion  and  p h y sio ­
log ica l saline h a d  som e “ p ro tec tiv e”  e ffec t if  given in tra p e rito n e a lly  3 -6  h
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before in fec tion . A ccord ing ly , th e  observ a tio n  o f M artin  e t al. [39] co n cern in g  
the  effect o f in tra p e r ito n e a lly  given T F , seem s to  be due to  th is aspec ific  
effect.

The asp ec ific ity  of th e  p ro tec tiv e  effect w as su p p o rted  by th e  re su lts  
o f th e  L F  c learence  e x am in a tio n s: L F  was n o t d e te c ta b le  in co n sid erab le  
am o u n t in th e  o rgans 24 h a fte r  in jec tion . O ur re su lts  were confirm ed  b y  
B ennet an d  K o k ic in sk i [41] and  K arle  et al. [42] w ho adm in istered  L F  in t r a ­
venously . T he fa c t  th a t  th e re  w as no dose-response refers also to  th e  a sp ec i­
fic ity  of th e  p ro te c tiv e  effect.

The aspec ific  “ p ro te c tiv e ”  effect m ay  be due  to  a m acrophage a c tiv a tio n  
by  the  in tra p e r ito n e a lly  ad m in is te red  L F , P B S , R in g e r solution and  o th e r  
substances, so t h a t  an  aspecific  resistance  develops in  a few hours, before  th e  
challenging  o rg an ism s are in jec ted .

To e lim in a te  th e  aspecific effect observed  in  o u r firs t ex perim en ts we 
tried  to  fin d  a n o th e r  m ode of in tro d u c tio n . T he o ra l ad m in is tra tio n  h ad  no  
p ro tec tiv e  e ffec t in  our ex am in a tio n s. A sim ilar o b se rv a tio n  was p u b lish e d  
by  M oreau e t al. [43], who gave feed su p p lem en ted  w ith  L F  to  m ice, b u t  
failed to  d e m o n s tra te  an y  effect of L F .

W hen in jec tio n  L F  in tra m u sc u la rly , a specific , th o u g h  no t to ta l  p ro ­
tec tiv e  effect w as d e m o n s tra te d , b u t  we failed to  show  a dose-response. S im ila r 
resu lts  w ere p u b lish ed  b y  M artin  e t al. [38], w ho described  a weak p ro te c tio n  
a fte r  in tra m u sc u la r  in jec tion  o f T F  in  suckling  m ice. In  com parative  e x a m in a ­
tions th e  w eak  p ro te c tiv e  effect of th e  s ta n d a rd  L F  w as th e  sam e as o b ta in e d  
w ith  the  L F  (N 1H B T ).

To ex am in e  th e  cause o f th e  lack  of in  v ivo  b a c te rio s ta tic  effect o f  L F , 
para lle l e x p e rim e n ts  w ere carried  ou t using  ferric  ch loride, sodium  c i t r a te ,  
ferric am m o n iu m  c itra te , L F  and  ap o L F . T he iron -com pound  accessib le to  
bac te ria  (ferric  am m onium  c itra te )  enhanced  th e  m ouse-killing effect o f 
b ac te ria  an d  th e  m u ltip ly in g  a b ility  on th e  p e r ito n e u m , in accordance w ith  
lite ra ry  d a ta  [2, 22, 39, 44 -4 7 ]. The effect o f so d iu m  c itra te  was d e te c ta b le  
only  w hen  iron  was added  to  th e  system , so t h a t  th e  in vivo in d u c tio n  o f  
c itra te  d e p e n d e n t system  described  by  F ro s t an d  R osenberg  [48] and  R e i­
te r  [33], w as n o t  rep roduc ib le  in ou r ex p erim en ts .

On th e  basis  of ou r re su lts  th e  L F  in a w ell-chosen  in vivo sy s tem  (a d ­
m in istered  in  a h igh  q u a n ti ty  sim u ltan eo u sly  w ith  th e  infection) acts like  iro n  
was given to  th e  ex p e rim en ta l an im al: it in creases  th e  d ea th -ra te  o f m ice. 
The in  v itro  b a c te r io s ta tic  effect o f L F  does n o t e x is t in vivo. It is cau sed  b y  
th e  iron  u p ta k e  of L F , till it  is sa tu ra te d , in  th e  liv in g  organism . A cco rd in g  
to  th e  ex a m in a tio n s  of A rnold  e t al. [49] iro n -sa tu ra te d  L F  serves as a sou rce  
of iron in  iron -free  m edium .

D ecrease o f th e  v iru lence  of b a c te ria  b y  L F  could  no t be d e m o n s tra te d  
in L D 50 assay  using  low  cell co u n t (K ochan  e t al. [50]).
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O n th e  basis o f th e  above fin d in g s, th e  enhanced v iru len ce  of b ac te ria  
cau se d  by  L F  m ay  be explained  so t h a t  L F  fails to  deprive i ts  e n v iro n m en t 
o f  iron  (s tab ility  К  =  1036 [2]), b u t one o f  th e  siderophores p ro d u ced  by  the  
b a c te r ia  can d ep riv e  L F  of iron (e n te ro ch e lin  К  1052 [3], a e ro b a c tin  К  =  
=  1023 [15]).

T hus L F , b y  su p p o rtin g  b a c te ria  in  th e  host w ith  iron , en h an ces th e ir  
v iru le n c e , s im ilarly  to  iron . This is th e  reaso n  w hy the  m ouse k illing  effect 
o f  iro n  was no t p re v e n te d  by  L F , su b se q u e n tly  given to  iron p re tre a te d  an im als. 
O u r re su lts  were rep ro d u c ib le , the  v iru le n c e  increased b y  th e  e ffec t o f L F  in 
re p e a te d  ex p erim en ts , using  d ifferen t s tra in s . I t  has to  be m e n tio n e d  th a t  
e n te ro c h e lin  was p ro d u ced  by all E . coli s tra in s  te s ted  in vivo an d  th e  m a jo rity  
o f  th e m  (except tw o  s tra in s)  p roduced  a e ro b a c tin . O ur suggestion  is confirm ed 
b y  th e  resu lts  o f M oreau e t al. [43], w ho also  failed to d e m o n s tra te  b a c te rio ­
s ta t ic  effect o f L F  in  v ivo .

T he effect o f  a p o L F  was no t d iffe re n t from  th a t  o f L F . T h is can  be 
e x p la in e d  by  th a t ,  a p o L F  in biologic s y s te m  (living organism ) can  get enough 
iro n  to  b ind  it. T his is su p p o rted  b y  re p o r ts  [49, 51].

Several a u th o rs  h av e  referred to  th e  fa c t th a t T F  and  L F  can  be de­
p r iv e d  of iron [2, 7, 22, 40, 46, 48, 5 2 -5 6 ]. In  th e  case of a v a r ie ty  o f m icro­
o rg an ism s (N . m en in g itid is , N . gonorrhoeae, Trichomonas vaginalis, S . typhi- 
m u r iu m , S . p a ra ty p h i-В , E . coli) th is  e ffec t was d em o n stra ted  in  v itro  and  
in  v ivo .

O u r resu lts  o b ta in e d  w ith severa l b a c te r ia l  stra ins and w ith  m ore th a n  
5000 m ice d e m o n s tra te d , th a t  th e  id ea , m e t w ith  often  in th e  la s t  50 years, 
t h a t  L F  can be used as an  a n tib a c te ria l d ru g , was a m istake . L F  c a n n o t be 
u sed  in  th e  th e ra p y  o f b ac te ria l in fec tio n s, m oreover, its a d m in is tra tio n  m ay 
lead  to  an enhanced  v iru lence  of b a c te ria . W e agree w ith th e  o p in io n  o f W il­
l ia m s  an d  C a rb o n e tti [57], th a t  b ac te ria  m a y  be supported  w ith  iro n  by  aero ­
b a c t in  in th e  presence o f  L F . This v iru le n c e  increasing effect o f  L F  is no t 
a l te re d  by  ap o L F , because  iron is p re se n t in  suffic ien t q u a n ti ty  in  th e  liv ing 
o rg an ism .
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DETECTION OF HIV IN THE PERIPHERAL 
MONONUCLEAR CELLS OF ASYMPTOMATIC 

HAEMOPHILIACS IN HUNGARY

B. S zabó , F. D. T ó th , J .  L aczkó , J olán  K is s , E szter  Ú j h e l y i ,
G. F üst  and Z s u z sa  R . H ollán

In stitu te  o f  M icrobiology , and Central Research Laboratory, U niversity M edical School, 
Debrecen, and N ationa l Institu te  o f  Haem atology and Blood T ran sfu sio n , B udapest

(R eceived  F e b ru a ry  13, 1989)

T h e  presence of v iru s in  p e rip h era l b lood  m o n onuclear cells o f a sy m p to m a tic  a n tib o d y  
p ositive  haem ophiliacs w as d e tec ted  by  assay in g  for reverse  tran sc rip ta se  an d  c o n firm ed  b y  
e lectron  m icroscopy a n d  im m unofluo rescence . H IV  has been de tected  in  5 o u t o f 7 in d iv id u a ls . 
In  o rd e r to  in v es tig a te  s tra in  v a ria tio n , s u p e rn a ta n t  flu id s o f cu ltu res w ere ad d ed  to  H 9 a n d  
MT-4 cells. V irus was recovered  in  MT-4 cells in  3 cases, w hereas th e  H9 cells on ly  su p p o rte d  
th e  rep lica tio n  of 2 s tra in s . V iruses iso la ted  from  asy m p to m a tic  haem ophiliacs hav e  a n a r ­
row er ran g e  of in fec tiv ity  th a n  H T L V -IIIß .

Since th e  iso la tion  of th e  aetio log ical v iru s  of A ID S by  B arré -S inoussi 
e t al. [1] and  by  P opov ic  e t al. [2], ev idence is accu m u la tin g  of v a r ia tio n  
am o n g  H IV  iso lates [3, 4]. V aria tio n s  w ere found no t only  in re s tr ic tio n  
p a tte rn s  or nucleo tide  sequences, b u t  also in biological p ro p ertie s  o f  th e  
v iru ses, like rep lica tio n  ra te  and  c y to p a th ic  effect on ly m p h o cy tes  [5]. In  
v iew  o f th is  s trik in g  h e te ro g en e ity  o f H IV  it m ay  be assum ed th a t  th e  w ide 
sp ec tru m  of in cu b a tio n  tim es and  clin ical m an ifesta tio n s of H IV  in fec tions 
m ay  be re la ted  to  th e  p a r tic u la r  v iru s  s tra in  in fec ting  a p a tie n t an d /o r a ris in g  
w ith in  a p a tie n t d u rin g  p e rs is te n t in fec tion . H ence, it  w ould seem  im p o r ta n t  
to  exam ine H IV  iso la tes from  d iffe ren t cou n tries  to  ev a lu a te  th e  e x te n t  of 
s tra in  v a ria tio n . H ere  we re p o rt H IV -1  iso la tions from  v irus-exposed  a s y m p ­
to m a tic  persons in H u n g ary . F u rth e rm o re , we in v estig a te  th e  d ifference in 
th e  su scep tib ility  o f H 9 and  MT-4 cells to  th e  iso lates.
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M aterials and  m eth o d s

Cell cultures. T h e  e stab lish ed  hum an  cell line  H9 and  th e  H9 cells in fec ted  w ith  th e  
H T L V -Ш в  s tra in  o f H IV -1  w ere k indly  supplied  by  R . C. Gallo (N a tio n a l C ancer In s t i tu te ,  
R e th esd a , MD, USA) a n d  m a in ta in ed  in R PM I-1640  m ed iu m  co n ta in ing  20%  fe ta l ca lf serum  
(G ibco, Paisley, S c o tlan d ) a n d  T-cell grow th fa c to r  (S igm a, St. Louis, MO, USA). T he MT-4 
cell line, carry ing  h u m an  T -ly m p h o tro p ic  v iru s ty p e  I (H T L V -I) was k ind ly  p rov ided  by  
G. Szűcs (Public  H e a lth s  S ta tio n , Pécs, H u n gary ). T h e  cells w ere grow n in R PM I-1640 m edium  
su p p lem en ted  w ith  10%  fe ta l  ca lf serum .

Recovery o f  v iru s fro m  peripheral blood leukocytes. V irus iso la tion  was a tte m p te d  w ith  
single  blood specim ens co llected  from  7 a n tib o d y  p o sitiv e  haem ophiliacs, who were a p p a re n tly  
h e a lth y . V irus iso la tio n  w as based  on th e  tec h n iq u e  described  by Feorino  e t al. [6]. S ep a ra ­
tio n  of the  pe rip h eral b lood m ononuclear cells (PM B C ) was perform ed as prev iously  described 
[ 7 1. In  brief, a liq u o ts  o f  heparin ized  venous b lood  were u n d e rlay ed  w ith  F icoll-U rom iro  
(P h a rm ac ia , U ppsala , Sw eden) and  centrifuged a t  700 g  fo r 20 m in. PBM C p resen t a t  th e  in te r ­
face  w ith  the  F ico ll-U rom iro  w ere recovered, w ashed  tw ice and  resuspended  in tissue  cu ltu re  
f la sk s  (G reiner No. 690 160, N ü rtin g en , FR G ), a t  a p p ro x im a te ly  2 X 10fi cells/m l in 5 ml R PM I- 
1640 m edium  w ith  p h y to h ae m ag g lu tin in  (10 p g /m h  S igm a, S t. Louis, MO, USA), 5 %  T-cell 
g ro w th  facto r, and  500 IU /m l an tise ru m  to h u m an  a lp h a -in te rfe ro n  (B oehringer, M annheim , 
F R G ). A fter 3 d ays, th e  c u ltu re  was con tinued  in  th e  sam e m ed ium  w ith o u t p h y to h aem ag g lu ­
tin in . PM BC cu ltu res  w ere m o n ito red  for v iru s re p lica tio n  w ith  reverse  tran sc r ip ta se  assay. 
W h en  evidence of in fec tio n  w as no ted  by th is m e th o d , cells w ere exam ined  by  e lectron  m icro­
sco p y  and  im m unofluo rescence .

Reverse transcriptase ( R T )  assay. RT a c t iv ity  in  cu ltu re  su p e rn a ta n t flu ids was assayed  
b y  th e  m ethod  d escribed  by  Popovic  et al. [2]. B rie fly , v iru s  was p rec ip ita ted  from  1 ml of 
cell-free cu ltu re  s u p e rn a ta n t,  using  30%  P E G  6000 (F lu k a , B uchs, S w itzerland) in 0.5 м 
N aC l, an d  pelle ted  a t  10 000 rpm  for 10 m in. P e lle ted  v iru s was d isru p ted  by  in cu b a tin g  
on ice for 30 m in in  100 ^1 of so lubilization  b u ffer (50 т м  T ris p H  7.8, 20%  glycerol, 0.5 т м  
P M S F , 800 т м  N aC l, 0.5 T r ito n  X-100). 20 /Л sam p les were assayed  for RT a c tiv ity  using 
p o ly  (rA ) d T , ,_ 18 as a te m p la te  in 50 т м  T ris p H  7.8, 10 т м  MgCl2, 5 т м  d ith io th re ito l, 
80 /íg /m i dA TP, a n d  50 ^ C i/m l 3H -thym id ine  tr ip h o s p h a te  (specific a c tiv ity  100 m C i/m l; 
A m ersh am , B u ck in g h am sh ire , E ngland). Sam ples w ere  in cu b a ted  a t  37 CC for 2 h. T he reac tio n  
w as s topped  and  rad io lab e lled  m ateria l p re c ip ita te d  b y  th e  a d d itio n  of 50 p i  tr ich lo race tic  
acid  an d  in cu b a tio n  a t  4 °C fo r 30 m in. E ach  sam p le  w as th en  filte red  on a 0.45 /um M illipore 
f i l te r  (M illipore, B edfo rd , MA, USA) and processed fo r be ta-em ission  counting . S u p e rn a ta n ts  
w ith  R T  a c tiv ity  5 tim es h ig h er th an  the  b ack g ro u n d  w ere considered  positive. All chem ical 
co m pounds, excep t 3H -th y m id in e  trip h o sp h a te  a n d  M illipore f ilte r, o rig ina ted  from  Sigm a 
C hem ical C om pany (S t. L ou is , MO, USA).

Im m unofluorescence assay  (IFA ). Im m uno flu o rescen ce  was used to  d e m o n s tra te  v ira l 
a n tig e n  in in fected  cells. B rie fly , washed cell su sp en sio n  (105 cells) was sp o tted  on to  slides 
a n d  a ir-d ried  a t room  te m p e ra tu re . The cells w ere f ix e d  for 10 m in  in  cold acetone, a ir-d ried , 
a n d  used  im m edia te ly . F o r  th e  assay , an ti-H IV -1  re fe ren ce  serum  was added  to  th e  cell spo ts, 
a n d  th e  slides were th e n  in c u b a te d  in a hum id ified  a tm o sp h e re  a t  37 °C for 30 m in. T he slides 
w ere w ashed th ree  tim es  in  P B S  and rinsed in  d is tilled  w a ter. F IT C -con jugated  sheep a n ti ­
h u m a n  IgG  serum  (H y la n d , C osta Mesa, VA, U SA ) w as d ilu ted  1 in 40 in PB S a n d  ad d ed  
to  each  spot. T he slides w ere  re in cu b ated  for 30 m in  a n d  w ashed again . A p p ro p ria te  cell and 
se ru m  contro ls were in c lu d e d  in  each assay. T he slides w ere ex am ined  w ith  th e  fluorescence 
m icroscope.

Electron microscopy. F o r transm ission  e lec tro n  m icroscopy, cells were em b ed d ed  in 
D u rscu p a n  ACM (F lu k a , B u ch s, Sw itzerland) resin  a f te r  co n v en tio n al g lu ta ra ld eh y d e-o sm iu m - 
te tro x id e  fix ation . U l t r a th in  sections were cu t on a n  u ltra m ic ro to m e  w ith  glass or d iam ond  
(B a lzers /W R , L iech ten ste in )  knives, then  s ta in ed  w ith  lead  c itra te  an d  u ran y l a c e ta te . P re p ­
a ra tio n s  were view ed a n d  pho to g rap h ed  w ith  a J E O L  JE M  100B transm ission  e lectron  
m icroscope a t  80 kV a cc e le ra tin g  voltage.

Infection o f  H 9  a n d  M T -4  cells with retroviral isolates. F o r th e  cell-free tran sm iss io n  
assay , su p e rn a ta n t f lu id s w ere rem oved from  th e  p a t ie n t ’s p rim ary  ly m p hocy te  cu ltu res  and  
ad d ed  to  cu ltu res of H 9 a n d  M T-4 cells. T arg e t cells w ere used  as p re tre a te d  or n o t w ith  2 p g /m \  
P o ly b ren e  (Sigm a, S t. L ouis, MO, USA). T arg e ts  w ere p re tre a te d  w ith  Po lybrene  fo r one to  
th re e  days p rio r to  in fec tio n . A p prox im ately  2 x l 0 fi cells were pelle ted  and  resu sp en d ed  in  
1 ml su p e rn a ta n t. A fte r  ad so rp tio n  for 1 h  a t  37 °C, th e  cells w ere d ilu ted  to  10 m l w ith  
c u ltu re  m edium  an d  in c u b a te d  a t  37 °C in flask s. Cells were d ilu ted  to l - 2 x l 0 5/m l every  
th re e  to  four days a n d  a ssa y ed  for presence of re tro v iru s  by  c y to p a th ic  effect [8, 9] a n d  IF A
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on ace tone  fixed  cells. A liq u o ts  o f  H9 and  M Ï-4  cells w ere m o ck-inocu la ted  w ith  com plete  
m edium  or th e  H IV  re fe ren ce  s tra in , H T L V -IIIg  an d  c u ltu re d  in  paralle l as n eg ativ e  or 
p o sitive  contro ls.

R esults

1. Recovery o f  v iru s  fro m  P B  M C sam ples. T h e  resu lts  of v iru s  iso la tion  
experim en ts  are su m m arized  in T able I. V irus w as p rim arily  d e tec ted  by  th e  
R T  a c tiv ity . S ignifican t R T  a c tiv ity  was p ro d u ced  by  five PBM C cu ltu res  
from  p a tie n ts  1, 4, 5, 6, an d  7 d u ring  a period  o f 14 to  18 days of c u ltiv a tio n .

In tra c e llu la r  ro u n d e d  v ira l partic les m easu rin g  betw een  90 and  130 nm  
in d iam ete r were seen in  u l tra th in  sections of th e se  fiv e  PBM C cu ltu res  a round  
th e  p e rip h ery  of th e  ly m p h o cy te s  (Fig. 1). A ccu m u la tio n  of v iru s w as som e­
tim es found  w ith in  cy to p la sm ic  vacuoles (F ig . 2), w here th e  inner v ira l s tru c ­
tu re s  were seen as d iffe ren t shapes, depend ing  u p o n  th e  p lane of sec tion  view ed 
and  stage o f v iru s m a tu ra tio n .

S tudies by  IF A  on PBM C sam ples from  p a tie n ts  1, 4, 5, 6, an d  7 gave 
positive  re su lts , w hereas sam ples from  p a tie n ts  2 and  3 as well as con tro l 
PBM C-s p roved  to  he n eg a tiv e  (Table I). T he com p ariso n  of our iso lates w ith  
reference s tra in s  from  th e  USA and  F rance  is in  p rogress.

2. Characterization o f  in fectiv ity  o f  the isolated viruses on H 9  a n d  M T -4  
cell lines. W e co m p ared  th e  rep lica tion  ab ility  o f H IV  stra in s  recovered  from  
PBMC cu ltu res on H 9 and  MT-4 cells. S u p e rn a ta n t flu id s  from  cu ltu res  show ­
ing  R T  a c tiv ity  wrere in ocu la ted  in to  these  tw o  cell lines. S u p e rn a ta n t o f 
H T L V -IH B-in fected  H 9  cells was used as po sitiv e  con tro l, and  m ed iu m  of

Table I

Detection o f  H I V  in  P B M C  samples o f antibody-positive haemophiliacs

R T  a c tiv i ty  in s u p e rn a tan t (cinp  x  103)
Sam ple

D ay  11 D ay  14 D ay  18
EM* I FA

l. 1.1 11.6 61.4 +
2. 2.1 0.7 2.4 N.D. —
3. 2.3 1.7 2.2 N .D . —
4. 5.7 10.9 91.7 -f- +
5. 7.3 18.8 140.0 ~ r +
6. 6.1 11.6 145.4 + +
7. 11.0 28.2 182.6

N egative
control** 1.7 1.4

ci N .D . _

* E lectron  m icroscopy
** T he sam ple used was su p e rn a ta n t fluid from  th e  PBMC cultu re  of a seronegative , 

health y , low risk  donor
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F ig . 1. P re m a tu re  v ira l p a rtic le s  w ith  ty p ic a l cy lind rica l nucleoid  a ro u n d  th e  p e rip h e ry  of 
th e  ly m p h o c y te  (arrow s). B a r in d ic a te s  100 nm

u n in fe c te d  H9 cells se rv ed  as n eg a tiv e  co n tro l. E vidence of in fec tio n  was 
o b ta in e d  by  cy to p a th o g en ic  effect and  IF A .

H IV -in fected  H 9 c u ltu re s  show ed th e  ap p ea ran ce  of foci co n sisting  of 
m u ltin u c le a te d  giant cells, follow ed b y  cell dam age . C lusters of m ock-in fec ted  
M T-4 cells, when d issoc ia ted  by  p ip e ttin g , rec lu ste red  a fte r 3 h o f in cu b a tio n  
a t  37 °C (F ig. 3). On th e  c o n tra ry , H IV -in fec ted  cells did no t rec lu s te r . M any 
in fe c te d  cells developed ba llo o n  like an d  th e n  m ost of th em  d im in ished  in size 
(F ig . 4). F inally , m an y  d ead  single cells rem ain ed  in  th e  cu ltu re  (F ig . 5).

T h e  H T L V -III jj s tra in  o f H IV -1 could in fec t bo th  H 9 and  MT-4 cells 
w ith  h ig h  efficiency, no t d ep en d in g  on the  P o ly b ren e  p re tre a tm e n t (T ab le  II) . 
V ira l iso la tes  from  PBM C c u ltu re s  o f p a tie n ts  4 an d  6 were able to  in fec t H9 
cells a n d  rep licate  in th e m  on ly  a f te r  p re tre a tm e n t of th e  a p p ro p ria te  cells 
w ith  P o ly b ren e . H IV  rep lica tio n  was d e m o n s tra te d  by  cy to p a th o g e n e c ity  
an d  IF A  in MT-4 cells, in o cu la ted  w ith  su p e rn a ta n ts  from  PBM C cu ltu res 
N os 4, 6 and  7. More in te re s tin g ly , th is  phenom enon  was n o t d ep en d en t on 
P o ly b re n e  p re tre a tm e n t.
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F ig . 2. C ytop lasm ic vacuo les w hich c o n ta in  a n u m b er o f v ira l partic les. In te rm e d ia te s  form s 
as “ e m p ty ” (no-nucleoid) ring -shaped  partic les are  also seen. B ar in d ica tes  100 n in

1 I
■4 *

• V /

4 V r  * /

F ig. 3. M ock-infected M T-4 cells in cu b a ted  fo r 2 h a t  37 °C refo rm  clusters a f te r  d issoc ia ting
th em  by  p ip e ttin g
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Fig. 4. P h a se -co n tra s t m icroscopic  p ic tu res of MT-4 cells a f te r  H IV  infection  a t  3 days p o s t­
in fec tio n . Som e g ia n t cells can be observed  am o n g  th e  rem ain ing  live cells
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F ig . 5. M any d ead  single cells in  an  MT-4 c u ltu re  a t  5 days a fte r H IV  in fec tion
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Table II

H o s t cell range  o f  r e tro v ir u se s  iso la ted  f r o m  a s y m p to m a tic  h a e m o p h ilia c s

Replieútion  o f  v iru s  on

S am p le
119 M T-4

w ith o u t a fte r w ith o u t a fte r

P o lyb ren e  tre a tm e n t

l.
4. — + + +

6. — + +
7. — — + +

H T L V -IIIb + + + +
N egative control — — — —

Discussion

JIIV -1 has been d e te c te d  in  PBM C sam ples of 5 a sy m p to m a tic  a n tib o d y  
p ositive  ind iv iduals. W hen  specim ens from  2 o th e r a n tib o d y  p o sitiv e  h aem o ­
philiacs w ere te s ted , v iru s  w as n o t recovered. W h e th e r th is  rep re sen ts  in fection  
w ith  levels of c ircu la tin g  v iru s  u n d e tec tab le  b y  ou r cu ltu re  te c h n iq u e , p re ­
d o m in a n t infection  o f o rg an s o th e r th a n  p erip h era l blood or im m u n iza tio n  
b y  re p e a te d  exposure to  v ira l an tigens, rem ains to  be de te rm in ed .

W e com pared  th e  se n s itiv ity  of H 9 cells to  MT-4, by  in o c u la tin g  th em  
in p a ra lle l w ith  H IV  iso la tes. V irus was recovered  in  MT-4 cells in  3 cases, 
w hereas th e  H 9 cells on ly  su p p o rted  th e  rep lica tio n  of 2 s tra in s . T h e  failu re  
of recovery  from  H IV -p o sitiv e  PBM C sam ples in  H 9 cells in 3 cases, and  in 
2 cases in  MT-4 cells c a n n o t be explained  by  th e  sm all am o u n t o f v iru s  ino­
cu lu m . This a ssum ption  is su p p o rted  by  th e  fa c t th a t  H IV  w as recovered  
from  sam ple No. 4 w ith  R T  a c tiv ity  of 9 1 .7 x l 0 3 cpm , b u t n o t fro m  sam ple 
N o. 5 w ith  RT a c tiv ity  o f  140.O x Ю3 cm p (T ables 1 and  II) . M oreover, bo th  
H 9 an d  MT-4 cells w ere suscep tib le  to  H IV  iso la te  N o. 4, w hile th e  isolate 
N o. 7 w ith  h igher R T a c tiv i ty  rep lica ted  on ly  in  MT-4 cells. T h u s, th e  d iffer­
ences in rep lica tion  c a p a b ili ty  o f various iso la tes re flec t th e  d iffe ren t suscep­
tib il i ty  o f ta rg e t cells. Iso la te s  from  PBM C cu ltu re s  could in fect H 9 cells only 
a f te r  Po lybrene tre a tm e n t o f th e  ta rg e ts . On th e  o th e r h an d , successfu l infec­
tion  o f MT-4 cells w ith  a n y  o f th e  iso lates d id  n o t depend  on th e  P o ly b ren e  
p re tre a tm e n t. O ur re su lts  confirm  th e  o b se rv a tio n  th a t  MT-4 cells ca rry in g  
th e  H T L V -I genom e are  h ig h ly  susceptib le to  H IV  infec tion  [10]. T h e  H TLV - 
I I I B s tra in  of H IV , iso la ted  in  H 9 cells [2], w as able to  in fect b o th  k in d s of 
ta rg e t  cells w ith o u t an y  p re tre a tm e n t.

Acta Microbiologica Hungarica 37, 1990



8 0 SZABÓ et al.

T he results p resen ted  h e re  ind icate  th a t  th e re  ex is t biological d ifferences 
a m o n g  A ID S re tro v iru ses . V iruses isolated from  a sy m p to m a tic  haem ophiliacs 
h a v e  a narrow er range o f  in  fec tiv ity  th a n  H T L V -I I IB. T his m ay  be re la ted  
to  th e  fac t th a t  all of th e m  w ere derived from  so-called “ h e a lth y  v iru s c a r­
r ie r s ” . A t the m om en t, th e  basis of v iru lence o f H IV  is poorly  u n d ersto o d . 
F o r  c la rifica tion  of th e  v iru le n c e  of the v iru s, i t  is im p o r ta n t to  analyze  the  
re la tio n sh ip  betw een th e  c h a ra c te rs  of th e  v iru s  iso la ted  and  th e  stage  o f the  
d ise a se . Such ex p erim en ts  a re  going on in  o u r la b o ra to ry .

Acknowledgements. W e a re  in d e b te d  to  Miss M. L e l e s z , Miss E . M a r k o v i c s , Mrs I r m a  
T ó t h  a n d  Mr S . S z a b a d o s  fo r te c h n ic a l assistance and  to  M iss E . P a p  for ty p in g  th e  m an u scrip t.
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CHEMOTAXIS IN LISTERIA MONOCYTOGENES*

S. B. Ga l s w o r t h y , S. G ir d l e r  and S. F . K oval

D e p a r tm e n t  o f  M ic r o b io lo g y  a n d  I m m u n o lo g y ,
U n iv e r s i ty  o f  W e s te r n  O n ta r io , L o n d o n , O n ta r io , C a n a d a

(R ece iv ed  S ep tem b er 16, 1988)

L is te r ia  m o n o c y to g e n e s  is a flag e lla te d  b ac te riu m  w ith  a c h a rac te ris tic  tu m b lin g  m o tio n . 
I t  is in tr ig u in g  to  specu la te  th a t  d irec tio n a l m o tility  m igh t fac ilita te  p e n e tra tio n  of th e  in te s t i ­
nal ep ith e liu m  or selective co lon ization  of th e  cen tra l nervous system  or g rav id  u te ru s . T h ere  
are  conflic ting  re p o rts  on th e  e x te n t  o f flag e lla tio n  and  degree of m o tility  a t  te m p e ra tu re s  
correspond ing  to  th e  in te rn a l e n v iro n m e n t o f th e  m am m alian  host. N o stu d ies  o f c h em o tax is  
in  L is te r ia  h av e  been  reported . W e ex am in ed  L is te r ia  for flagella , m o tility , an d  c h em o tax is  
a fte r  g ro w th  a t  10°, 24°, 30°, 37° a n d  40 °C. L is te r ia  grow n a t all te m p e ra tu re s  possessed flage lla  
and  w ere m otile  to  a t  least some degree . T hose  grow n a t 24° or 30 °C w ere th e  m ost a b u n d a n tly  
f lag e lla ted  a n d  th e  m o st v igorously  m o tile . T he b ac teria  were able to  sw im  to w ard s  try p to s e  
a t  all te m p e ra tu re s  and  tow ard  g lucose a t  all tem p e ra tu re s  ex cep t 40 °C.

L isteria  monocytogenes resides in  soils, w a te r, an d  on p la n ts  w orld -w ide. 
L isteriosis am ong  m any  an im als  is com m on. T he usual h u m a n  v ic tim  is im - 
m uno-com prom ised : p reg n an t, n ew b o rn , alcoholic, or a tra n s p la n t  re c ip ie n t. 
S ev erity  of in fec tion  ranges fro m  a  m ild  in fluenza-like illness to  sep ticaem ia , 
m en ing itis , an d  g ran u lo m ato sis  in fan tisep tica . M ost h u m a n  in fec tions are  
spo rad ic  an d  o f unknow n e tio logy . F ood  has been im p lica ted  in  sev era l o u t­
b reak s. In  o rd e r to  induce severe  illness th e  ingested  b a c te r ia  m u st in v a d e  
th e  ep ith e liu m  of th e  gut an d  e n te r  th e  b lood or ly m p h a tic  system .

L . monocytogenes is p e ritr ic h o u s ly  flage lla ted  an d  ex h ib its  a p ecu lia r 
tu m b lin g  m o tility  in te rsp e rsed  w ith  sp u rts  o f rap id  m o tio n  in  one d irec tio n  
for 10-20 cell leng ths. H ow ever, th e  degree o f flage lla tion  an d  e x te n t o f m o til­
ity  o f th is  o rgan ism  a t 37 °C h a v e  b een  d isp u ted  11—3J. I t  is te m p tin g  to  sp ecu ­
la te  th a t  d irec tio n a l m o tility  cou ld  fac ilita te  p e n e tra tio n  o f th e  in te s tin a l ep i­
th e liu m  o r th e  selective co lo n iza tio n  o f th e  cen tra l n ervous sy stem  o r th e  
g rav id  u te ru s .

T hese stud ies were designed  to  com pare m o tility  an d  f la g e lla tio n  a t 
severa l te m p e ra tu re s  and  to  d e te rm in e  w heth er L . monocytogenes w ou ld  m ove 
to w ard  glucose or try p to se .

S. B . G a l s w o r t h y ,  S. G i r d l e r , S. F . K o v a l

D e p a r tm e n t o f  M icrobio logy and Im m u n o lo g y , U n iv e rs i ty  o f  W este rn  O ntario  
L o n d o n , O n ta rio , C anadu N6A 5C1

* P re se n te d  a t  th e  10th In te rn a tio n a l  S y m p o s iu m  o n  L isteriosis, Pécs, H u n g a ry , A u g u s t 22—26, 1988.
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Materials and m ethods

M e d ia  a n d  c h e m ic a ls .  M edium  conta ined  (p e r l itre  d istilled  w a te r) 23 g try p to se , 5 g 
N aC l, and  3.2 g N a 2H P 0 4. C om plete m edium  u sed  fo r p ro p a g a tio n  o f b ac teria  co n ta ined , in  
a d d itio n , glucose a n d  th ia m in e , separa tely  s te rilized , a t  fin a l co n cen tra tio n s  of 2 g/1 an d  5 
m g/1, re spec tive ly .T he  l a t t e r  w ere om itted  fro m  sam ples o f t ry p to se  used  as c h em o -a ttrac ta n t. 
A g a r and soft agar c o n ta in e d , in  add ition  to co m p le te  m edium , ag ar a t  co n cen tra tio n s of 1-5%  
a n d  0.75% , re spec tive ly . W ash  flu id  con ta ined  p o ta ss iu m  p h o sp h a te  b u ffer (10 ~2 M , p H  7.0) 
a n d  po tassium  E D T A  (10 ~4 m ) .  Glucose so lu tions used  in  th e  c h em o tax is  assays were sterilized  
b y  filtra tio n .

G row th  o f  b a c te r ia . L . m o n o c y to g e n e s , s tra in  42 (se ro ty p e  l /2 a ) , w as o b ta ined  from  th e  
c u ltu re  collection of th e  la te  E . G. D. M urray a n d  p ro p a g a te d  on blood ag ar p la tes. For m otil­
i ty  stud ies, a colony fro m  th e  p la te  was tra n s fe rre d  to  10 ml o f com ple te  m edium  described 
a b o v e  and in cubated  o v e rn ig h t  a t  24 °C. A liquo ts o f th is  cu ltu re  (1 m l) were used  to inocu late  
50 m l of the  same m ed iu m  in  250 ml K le tt flasks. T hese  cu ltu res  w ere shaken  a t  th e  in d ica ted  
te m p e ra tu re  a t 100 cycles p e r  m inute  un til th e  m id -lo g a rith m ic  s tage  of g row th  was a tta in e d . 
Cells a t  th a t  stage w ere e x am in ed  for presence o f flag e lla , m o tility , a n d  ab ility  to undergo 
c h em o tax is  as described  below .

E le c tro n  m ic r o s c o p y .  Sam ples (1 ml) were cen trifu g ed  and  th e  cells re suspended  in  0.2 ml 
o f  m edium . A c a rb o n -F o rm v a r-co a te d  copper g rid  w as in v e rted  over a drop  of th e  sam ple and  
a llow ed  to  float for 30 s. T h e  g rid  was then  w ashed  on 2 d rops o f w a te r  an d  n eg atively  s ta ined  
w ith  0 .5%  urany l a c e ta te  (p H  4.4) con tain ing  b a c itra c in . Specim ens w ere exam ined w ith  a 
P h ilip s  EM 300 e lectron  m icroscope operated  a t  60 K V .

M o ti l i ty .  A d ro p  o f th e  cu ltu re  was p laced  on  a g lass slide, covered  w ith  a coverslip  and  
ex am in ed  under X 4 0 0  m a g n ifica tio n  w ith a lig h t m icroscope.

C h e m o ta x is . C u ltu re s  w ere  washed tw ice b y  c en trifu g a tio n  (6500 g, 10 m in) and  gen tly  
re su sp en d ed  in buffer to  m ak e  a final co n cen tra tio n  of 7.5 X  106 b a c te ria /m l. T he suspension 
w as exam ined  u n d e r th e  m icroscope  before each  assay  to  assess m o tility . A liquots (2 ml) of th e  
su spension  were p laced  in  1 2 x 7 5  m m  sterile p la s tic  tubes. S terile  cap illa ry  tubes were filled 
to  th e  20 /il m ark  w ith  a t t r a c t a n t ,  sealed in  a flam e  an d  th e  open  end in se rted  th ro u g h  th e  
a se p tica lly  p u n c tu red  cap  in to  th e  tube  co n ta in in g  th e  b a c te ria l suspension.

Tubes were allow ed  to  in cu b a te  a t  th e  desired  te m p e ra tu re  in  a w a te r  b a th . A t th e  
a p p ro p ria te  tim e, th e  c a p illa ry  was rem oved an d  r in sed  3 tim es w ith  s te rile  distilled w ater. 
T h e  to p  was snipped o ff w ith  fo rceps and th e  c o n te n ts  o f th e  cap illa ry  b low n in to  10 ml chilled 
t ry p to s e .  The in te rio r o f th e  cap illa ry  was rin sed  3 tim es w ith  m edium . T ubes were held a t  
4 °C  u n til  p lating. S am p les (1 m l) of th is b ro th  or o f a  su itab le  d ilu tio n  of i t  were added  to  soft 
a g a r , an d  poured on to  an  a g a r  p la te .

C ultures were in c u b a te d  fo r 48 h  a t 37 °C an d  colonies were co u n ted . A ssay po in ts were 
d u p lic a te s  for all e x p e rim e n ts  re p o rte d  here. A verages a re  rep o rted  fo r all p o in ts show n g ra ­
p h ic a lly  (m axim um  ra n g e  fo r av erag e  20% ).

Results

Cells grown a t all te m p e ra tu re s  possessed flagella  (F ig . 1), b u t th e  degree 
o f  flagella tion  v a ried  w ith  th e  te m p e ra tu re . T he h ighest n u m b er of flagella 
p e r  cell was seen on cells grow n at 24 °C. Cells grow n a t 10° and  40 °C had 
v e ry  few flagella. In  all c u ltu re s  there  w ere som e cells w ith  no flagella. The 
e x te n t  and  q u a lity  o f  m o til i ty  also v a ried  w ith  te m p e ra tu re  (Table I). The 
sam p le s  which show ed th e  m ost v igorous tu m b lin g  an d  ru n n in g  had  been 
g ro w n  a t 24° or 30 °C.

B ac te ria  a c c u m u la te d  in  capillaries in  response to  try p to se  m edium  
w ith o u t  glucose an d  to  p u re  glucose (T able  I I )  a t  24°, 30°, an d  37 °C. A ccu­
m u la tio n  tow ards g lucose w as m ost rap id  a t  30 °C. T ry p to se  m edium  m ore 
e ff ic ie n tly  a ttra c te d  b a c te r ia  th a n  did an y  c o n c e n tra tio n  o f glucose a t all
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F ig .  1 . E lectron micrograph of L .  m o n o c y to g e n e s  grown at 24 °C

te m p e ra tu re s  te s te d . A p re lim in ary  e v a lu a tio n  of chem otaxis w as d o n e  a t 
th e  ex tre m e  te m p e ra tu re s  4° an d  40 °C. I n  th is  case, b ac te ria  w ere grow n 
a t 24 °C to  ensure  t h a t  th e y  possessed flage lla . T hey  w ere allow ed to  eq u i­
lib ra te  a t  th e  ex trem e  te m p e ra tu re  for 15 m in  an d  exposed to  th e  ch em o ­
a t t r a c ta n t  for 90 m in.
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Table I

F la g e lla tio n  a n d  m o t i l i ty  in  L .  m o n o cy to g en e s  a fte r  g ro w th  a t severa l te m p e r a tu r e s

T e m p e ra tu re , °C F lagellation
M o tility

tu m b lin g ru n n in g

10 p resen t (2 0 %  of 
cells)

present (10%  of 
cells)

24 + presen t present
30 N I) p resen t present
37 + p resen t (20%  of 

cells)
present (10%  of 

cells)
40 + p resen t (10%  of 

cells)
v irtua lly  absent

A c c u m u la t io n

Table II

o f  L i s te r ia i n  C a p il la r ie s*

A tt r a c ta n t
T e m p e ra tu re , °C

4 24 30 37 40

B uffer 1100 1 130 100 1 375 850
M edium 7100 15 950 56 000 73 500 30 240

Glucose (m olarity )

i o- 6 • 1 620 N D 516
i o - 5 • 660 7 500 650
1 0 -4 880 14 000 1 200
i o - 3 2 690 20 500 9 000
i o - 2 11 240 15 050 6 510
i o - ' 7280 8 840 10 000 15 300 1 200

* B acteria  w ere in cu b a ted  w ith  capillaries c o n ta in in g  20 pX of each a t t r a c ta n t .  A fter 
90 m in  a t  th e  specified tem p e ra tu re  the  num ber o f b a c te r ia  w hich  had m igrated  in to  th e  cap illa ry  
w as d e te rm ined . R esu lts rep re sen t th e  average o f 2 d e te rm in a tio n s

Discussion

B o th  glucose a n d  e lev a ted  te m p e ra tu re  h av e  been rep o rted  to  in h ib it  
sy n th e s is  o f flagella  in  Escherichia coli [4] a n d  in  Listeria  [1]. T h erefo re , we 
d e te rm in e d  w h e th e r o u r s ta n d a rd  co n d itions o f  c u ltiv a tio n  p e rm itte d  m o til i ty  
in  L isteria .

Since flagella  w ere p resen t and  th e  b a c te r ia  w ere m otile a fte r  g ro w th  
in  co m p le te  m ed ium  we e v a lu a te d  ch em o tax is  a t  24° and  30 °C, w here  th e  
b a c te r ia  show ed g re a te s t m o tility  and  a t  37 °C w hich  w ould showr w h e th e r 
c h e m o ta x is  could occur a t  m am m alian  b o d y  te m p e ra tu re .
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A lthough  th e  ab so lu te  n u m b er o f  b a c te r ia  accu m u la tin g  in  th e  cap illa ries 
is considerab ly  sm alle r th a n  th e  n u m b e r  rep o rted  b y  T em p le to n  and A dler
[4], th e  48-fold increase  (Table I I )  co m p ares  well w ith  th e  o p tim u m  a c c u m u ­
la tio n  rep o rted  b y  th e se  w orkers. T h e  b ac te ria  a ccu m u la ted  m ore ra p id ly  in 
tu b e s  con ta in ing  try p to s e  (sans g lucose) th a n  th e y  d id  in  ones c o n ta in in g  
a n y  c o n cen tra tio n  o f  glucose. This w as  t r u e  a t all te m p e ra tu re s  w here a co m ­
p a riso n  was done. S ince th is  m ed ium  is a com plex one, th e  ro le o f in d iv id u a l 
am in o  acids needs to  be eva lua ted  in  fu tu re  experim en ts. T h e  response to w a rd  
t ry p to s e  increased  m ark ed ly  w ith  te m p e ra tu re  (up to  37 °C). T h e  resp o n se  
to w a rd  glucose in p ro v ed  only m a rg in a lly  w ith  te m p e ra tu re , w as poor a t  37 °C 
a n d  ab sen t a t 40 °C. T he op tim u m  co n c e n tra tio n  w as 1 0 ~2 m a t  24°, 10~3M 
a t  30° and  10_1 m a t  37 °C. T h e  re lev an ce  of a ch em o tax is  to w a rd  th e  
l a t te r  unphysio log ica lly  h igh c o n c e n tra tio n  of glucose is unclear.

T he ex istence o f d irec tional m o ti l i ty  in  Listeria  a t  37 °C encourages us 
to  exam ine its  re sponse  to  c o n c e n tra tio n  g rad ien ts  o f o th e r  defined  su b stan ces  
a n d  u ltim a te ly  to  substances w hich  m a y  be p resen t in  tissu es  such  as th e  in ­
te s tin a l m ucosa, fe ta l m em branes, a n d  th e  m eninges.
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REVISION OF THE О ANTIGENIC SCHEME OF
LISTERIA*

J .  A. García  Ca b r e r a , L. D o m in g u e z  R o d r ig u e z ,
Y. B r io n e s  D i e s t e , J .  F . F e r n a n d e z  Ga r a y z a b a l , J .  A. V a z q u e z - B o l a n d

and G. S u a r e z  F e r n a n d e z

D e p a r tm e n t  o f  A n i m a l  P a th o lo g y  I , D e p a r tm e n t  o f  M ic ro b io lo g y  
a n d  I m m u n o lo g y , V e te r in a r y  F a c u l ty , C o m p u lte n s e  

U n iv e r s i t y , M a d r id ,  S p a i n

(R eceived  S ep tem b er 16, 1988)

F a c to r  sera  ag a in st L is te r ia  О an tig en s  (serologic re ference s tra in s) were p ro d u c ed . T he 
re su lts  confirm  th e  v a lid ity  of th e  О an tig en ic  schem e estab lish ed  for L is te r ia ,  b u t  show  sligh t 
d iscrepancies in  s tra in s  of serovars 4b, 4ab  an d  6b.

T h e f irs t  va lid  serologic c la ssifica tion  o f Listeria  is due to  P a te rs o n  [1]. 
B y  serological analysis of so m atic  an d  flagellar an tigens following th e  m e th o d  
o f W h ite  an d  K auffm ann  fo r Salm onella  ty p in g , th is  au th o r recogn ized  four 
d is tin c t se rovars (1 to  4) in  Listeria  monocytogenes.

O n th e  basis o f th e  P a te rso n  w ork , serological analyses p e rfo rm e d  b y  
d iffe ren t a u th o rs  (Seeliger, D onker-Y oet, Iv an o v , S tu a r t  and  W elsh im er) w ith  
L isteria  s tra in s  iso la ted  for over 30 years  d e m o n s tra tin g  new an tig en ic  fa c to rs  
h a v e  ex te n d e d  th e  orig inal an tig en ic  schem e [2]. F u r th e r  research  led  to  suc­
cessive m od ifica tions [3-5].

As a f ir s t  s tep  of a research  w ork  we h av e  produced  fac to r se ra  a g a in s t 
L isteria  О an tig en s. The re su lts  o f  th e  serological analysis are r e p o r te d  in 
th is  p ap er.

Materials and methods

B a c te r ia l  s t r a in s .  T he follow ing serological reference s tra in s  were used. L .  m o n o c y to g e n e s  
NCTC 7973 se ro v ar (sv) l /2 a , NCTC 5105 sv 3a, NCTC 5214 sv  4a, NCTC 10528 sv  4 a b , NCTC 
10527 sv  4b, ATCC 19116 sv 4c, NCTC 10888 sv 4d, ATCC 19118 sv 4c, SLCC (S pecia l L is te ria  
C u ltu re  C ollection, In s t i tu t  fü r H y g iene  u n d  M ikrobiologie, W ürzburg  U n iv e rs ity , F R G )

J .  A .  G a r c í a  C a b r e r a , L .  D o m i n g u e z  R o d r i g u e z

D e p a r tm e n t o f  A n im a l P a th o lo g y  I ,
V e te r in a ry  F a c u lty , C o m p u lten se  U n iv e rs ity  
28040 M a d rid , S p a in

V . B r i o n e s  D i e s t e , J .  F .  F e r n a n d e z  G a r a y z a b a l ,

J .  A . V a z q u e z - B o l a n d , G. S u a r e z  F e r n a n d e z  
D e p a r tm e n t  o f  M icrob io logy  an d  Im m u n o lo g y , 
V e te r in a ry  F a c u lty ,  C o m p u lten se  U n iv e rs ity  
28040 M a d rid , S pa in

* P re se n te d  a t  th e  1 0 th  In te rn a tio n a l  S y m p o s iu m  on L is te rio s is , P ic s ,  H u n g  a ry ,  A u g u s t 22 -2 6 , 1988.
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2482 sv 7; Listeria iva n o v ii ATCC 19119 sv 5, C-664 sv  5 (L eiceste r U n iv ersity  D e p a rtm en t of 
M icrobiology Collection, U K ) ;  L isteria  innocua  NCTC 11288 sv  6a, NCTC 11289 sv 6b, C-645 sv 
6b ;  Listeria  welshim eri SLCC sv  6a; Listeria seeligeri C IP  (Collection de l’I n s t i tu t  P as teu r, 
P a r is , F rance) 100/100 sv  l /2 b ;  Listeria grayi SLCC.

T he stra ins w ere g ro w n  a t  37 °C for 18-24 h  on  a  co m m o n  use m edium : try p to n e  (Difco), 
10g; Lab-L em co po w d er (O x o id ), 10 g; y east e x tra c t  (O xo id ), 3 g; NaCl, 2.5 g; glucose, 5 g; 
N a H 2P 0 4, 7.12 g; K 2H P 0 4, 2 g ; agar, 15 g in 1 litre .

О antigens. О su sp en s io n s  were p repared  as d e sc rib ed  [2]. A fter h ea tin g , th e y  were 
t r e a te d  w ith  try p sin  1 %  [6].

A gglutination tests. T h e  q u a n tita tiv e  d e te rm in a tio n  o f agg lu tin ins was p e rfo rm ed  using  
a m ic ro techn ique  [7]. T h e  О an tig en s  were t i t r a te d  to  d e te rm in e  th e ir  o p tim al co n cen tra tio n , 
a c r itic a l facto r for o b ta in in g  reproducib le  results.

F o r rou tine  t i t r a t io n s  100 /Л of serum  d ilu ted  1 : 1 0  w as p laced in  th e  f irs t  well of a row 
o f Y -ty p e  m icro titre  p la te s , w h ile  th e  rest were filled  w ith  50 /Л of d iluen t. Serial d ilu tions o f 
th e  se ra  were m ade u s in g  a m ic ro p ip e tte  (T ite rtek ) a d ju s te d  to  50 fú. A fter ad d in g  50 [A of 
th e  a n tig en  to each well th e  f in a l  d ilutions were tw o fo ld , s ta r tin g  from  1 : 20. T he p lates were 
in c u b a te d  overn igh t a t  37 °C , a n d  then  placed a t  4 °C fo r a t  least 2 h  before read ing . The 
t i t r e s  w ere expressed as th e  recip ro ca l of the h ighest d ilu tio n  show ing ag g lu tin atio n .

T he d iluen t fo r se ra  a n d  an tigens was PB S  0.1 м  p H  7.2 w ith  0.005%  0 -sa fran in  (Sigm a) 
d y e  to  enhance v is ib ility  o f  th e  sedim ented  an tigen .

A ntisera. A n tise ra  w ere  o b ta in ed  by  in tra v en o u s  in je c tio n  of N ew Z ealand  w h ite  ra b b its  
w ith  tw o  doses given 10 d a y s  a p a r t .  The suspensions o f  th e  o rgan ism s were p re p are d  from  18— 
24h  p la te  cultures.

Factor sera. F a c to r  se ra  w ere obtained as p re v io u s ly  described [2], w ith  th e  following 
m o d ifica tio n s (perfo rm ed  to  red u ce  cross-reac tiv ity ): fo r p re p arin g  О V I fa c to r serum , th e  
sv  4b  an tise ru m  w as a b so rb e d  w ith  sv 4c and 4a О a n tig e n s ; fo r О V II, w ith  sv 4b 3a, 4d, 4e 
a n d  5; fo r О V III , w ith  sv  4b , 4ab  and 6b: for О X , w i th  sv  4e. We were n o t ab le  to  produce 
О X I  fac to r serum , in  sp ite  o f  m ultip le  assays w ith  d iffe re n t О antigens. A bso rp tio n s were 
c a r r ie d  o u t as described [8].

R esults and d iscussion

T he titre s  o b ta in e d  w ith  whole a n tis e ra  a n d  a fte r ab so rp tio n s (fac to r 
se ra ) against d iffe ren t L is ter ia  serovar О a n tig e n s  a re  show n in T ab le  I  and  I I ,  
re sp ec tiv e ly .

These resu lts  a re  in  general acco rdance  w ith  th e  rep o rted  O -antigenic  
fo rm u la s  for L isteria  s e ro v a rs  [3]. H ow ever, w e h av e  observed som e d iscrep­
an c ies  concerning th e  О an tig en  com position  o f  th e  serologic reference s tra in s  
o f  serovars 4b, 4ab  a n d  6b .

T he resu lts o b ta in e d  w ith  О IX  fa c to r  se ru m  allow us to  conclude th a t  
th e  s tra in s  NCTC 10528 sv  4ab and NCTC 11289 sv 6b do no t posses th is  
O -an tigen ic  fac to r, s in ce  th e  titre s  against О a n tig en s  from  these  s tra in s  w ere 
as w eak  as th o se  o b ta in e d  w ith  o ther O -an tig en ica lly  u n re la te d  serovars 
(T ab le  I I ) . In  co n seq u en ce , from  our p o in t o f  v iew , th e  О IX  fac to r  should  
a p p e a r  in  b rack e ts  in  se ro v a rs  4ab and  6b.

On the  o th e r h a n d , th e  О IX  fac to r se ru m  re a c te d  w ith  sign ifican t t i tre s  
w ith  th e  0  an tigen  fro m  sero v ar 4b, and  th e  a d so rp tio n  of th is  fa c to r  serum  
w ith  serovar 4b a n tig e n  led  to  th e  red u c tio n  o f  th e  t i tre s  against th e  serovars 
t h a t  w ould share О I X  fa c to r . These re su lts  s tro n g ly  suggest th a t  s tra in  NCTC 
10527 sv 4b possess also  th e  О IX  fac to r, th e n  i t  shou ld  ap p ear a t le a s t in  b ra c k ­
e ts  in  th e  O -form ulas.
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Table I
Cross-titres o f  rabbit antisera

S era

A ntigens
l /2 a 1 /2b 3a 4a 4b 4ab 4c 4d 4e 5 6a w6a* 6b 7 G

l /2 a 10 240 20 480 10 240 10 40 20 20 80 160 40 160 160 80 40 80
l/2 b 5 120 20 480 1 280 40 40 20 20 40 40 20 80 80 20 5 120 20
3a 10 240 10 240 2 560 20 80 80 80 320 320 160 320 80 320 160 160
4a 80 160 160 2 480 1 280 1 280 5 120 1 280 20 480 1 280 2 560 10 240 1 280 160 80
4b 80 40 160 640 20 480 5 120 320 20 480 20 480 5 120 320 1 280 10 240 160 80
4ab 80 160 160 1 280 10 240 20 480 1 280 10 240 20 480 10 240 640 1 280 20 480 40 320
4c 80 80 640 2 560 1 280 2 560 10 240 1 280 5 120 2 560 160 5 120 10 240 160 320
4d 40 80 160 160 20 480 10 240 320 20 480 20 480 10 240 80 320 20 480 160 80
5 160 160 10 240 160 1 280 1 280 320 2 560 1 280 5 120 80 160 2 560 80 40
6a 2 560 20 480 5 120 5 120 5 120 640 640 5 120 560 640 20 480 20 480 1 280 1 280 320
w6a* 80 1 280 160 5 120 5 120 640 1 280 80 320 1 280 10 240 5 120 640 20 20
6b 80 320 80 2 560 2 560 10 240 1 280 5 120 20 480 10 240 320 1 280 20 480 80 80
7 80 40 320 640 40 160 20 160 160 160 20 80 20 20 480 2 560
G 40 160 40 40 40 20 40 40 40 20 40 80 40 20 5 120

* О an tigen  and an tiserum  of L . welshimeri serovar 6a

Table II

Titres o f  factor-sera against different Listeria 0  antigens

A ntigens
l /2 a  1 /2Ь 3a

F a c to r  se ra  -

I 2 560 20 480 40
IV 40 80 2 560
V +  V I 80 40 160
VI 20 40 40
V II 20 40 160
V III 20 40 80
IX 20 40 40
X 40 160 80
X II I 40 80 160
X IV 20 80 40
XV 80 40 40

4a 4ab 4b 4c 4d 4e

10 20 20 20 20 20
20 80 80 20 80 20

640 5 120 20 480 320 20480 20 480
20 5 120 10 240 20 10 240 10 240

2 560 320 160 2 560 160 160
10 160 160 10 5 120 5 120

2 560 20 640 80 20 20
80 640 160 160 160 160

160 80 40 80 40 40
80 20 40 20 40 40
40 20 80 20 40 40

5 6a W* 6b 7 G

20 40 20 40 20 80
160 80 80 20 80 40

5 120 320 1 280 10 240 160 80
2 560 80 20 5 120 20 80

160 20 640 1 280 20 80
320 20 10 320 40 80

20 160 1 240 20 20 20
640 80 160 640 80 20

20 10 40 80 2 560 80
20 80 80 20 40 2 560
20 20 480 10 240 40 20 40

OC
C O

О antigen  from  L . welshimeri serovar 6a

R
E

V
IS

IO
N

 O
F

 L
IS

T
E

R
IA

 A
N

T
IG

E
N

S



A
cta M

icrobiologica H
ungarica 37, 1990

S

Table III

0  antigenic form ulas o f  Listeria serovars, including proposed modifications

S erovar/S erogroup 0  an tigens

1/2 I и  ( n i )
3 I l  ( I I I )  IV
4a ( i n ) (V) V II
4ab ( i n ) V VI V II
4b ( i n ) V VI
4c ( i n ) V V II
4d ( n i ) (V) V I V III
4e ( n i ) V VI (V III)
5 ( n i ) (V) V I (V III)
6a ( n i ) V) (VI) (V II)
6b ( n i ) (V) (VI) (V II) (V III)
7 ( n i )
L . grayi ( i n )
L . m urrayi ( n i )

IX
(IX )* X  
(IX )*

(IX )
X

(IX ) XV
(IX )* X  X I

X II X I I I
X II X IV XV I**
X II X IV X V II**

* M odifications 
** V âzquez-B oland e t al. [5]
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F in a lly , th e  О V I I I  fac to r serum  re a c te d  s ig n ifican tly  w ith  th e  О a n tig e n  
from  s tra in  NCTC 10289 sv 6h ( t i t re  320, th e  sam e o b ta ined  w ith  О a n tig e n  
from  s tra in  ATCC 19119 sv 5, th a t  w ould  possess th e  О V II I  fa c to r) . T h en , 
we consider th a t  th is  О V III  fac to r shou ld  a p p e a r  (in b rackets) in  th e  an tig en ic  
fo rm u la tio n  of se ro v ar 6b.

T ak in g  in to  considera tion  th e se  re su lts , an d  o th e r from  our la b o ra to ry  
concern ing  L isteria  grayi and  Listeria  rnurrayi [5], th e  O -antigenic fo rm u la tio n  
fo r L isteria  se rovars m ay  be th a t  se t o u t in  T ab le  I I I .
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О ANTIGENIC STRUCTURE OF LISTERIA GRAYI 
AND LISTERIA MURRAY I*

J .  A. V azquez- B o l a n d , L. D ominguez  R o d r i g u e z , J .  F. F e r n a n d e z  
Ga r a y z a b a l , Y. B r io n e s  D i e s t e , J . A. Garc ía  Ca b r e r a  and G. S u ar ez

F e r n a n d e z

D epartment o f  A n im a l Pathology I ,  (  A n im a l  
H ealth ) Veterinary F aculty,

Com plutense University, M adrid , S p a in

(R eceived  S eptem ber 16, 1988)

C ross-agg lu tina tion  a n d  a b so rp tio n  stud ies in d ic a te d  th a t  tw o serological reference 
s tra in s  o f Listeria grayi and  Listeria  m urrayi differed in  a t  le a s t  one О facto r. T he serological 
analysis revealed  th a t  th e  u n sh a red  О facto rs are n o t p re se n t in  o th e r  Listeria  se rovars . T hese 
re su lts  a re  n o t in  acco rdance  w ith  th e  an tigen ic  s tru c tu re  p rev io u s ly  rep o rted  for L . g ra y i and  
L . m urrayi, th en  a new  О an tig e n  fo rm u la tio n  is p roposed  fo r th ese  species: L. grayi ( I I I ) ,  X I I ,  
X IV  an d  X V I; L. m urrayi ( I I I ) ,  X I I ,  X IV  and  X V II.

T h e О an tigens fo rm u la tio n  estab lished  fo r Listeria  grayi an d  Listeria  
m urrayi, i.e. ( I l l ) ,  X I I  an d  X IV  for b o th  [1, 2], w as considered “ sub  ju d ic e ” 
b y  Seeliger in  th e  V I IS O P O L  (N o ttin g h am  1974) [3], b u t seem ed to  be v a li­
d a te d  in  successive p u b lic a tio n s  [4-6] in sp ite  o f  som e rep o rted  d iscrepancies 
w ith  respect to  О an tig en  com position  [7].

T he resu lts  o b ta in ed  b y  us in a prev ious serological s tu d y  in d ica tin g  
th a t  L. grayi an d  L . m urra y i differed in 0  a n tig e n  com position  [8], led us to  
in v es tig a te  th e  presence o f undescribed  О fa c to rs  in  th ese  species.

Materials and methods

Bacterial strains. T h e  b a c te r ia  used  in th e  e x p erim en ts , show n in  T able I I ,  a re  serological 
reference s tra in s  from  th e  Special L iste ria  C ulture C ollection  (SLCC) of th e  I n s t i tu t  fü r  H ygiene 
u n d  M ikrobiologie o f W ü rzb u rg  U n iversity , FR G .

0  antigens. Suspensions w ere p repared  as p rev io u sly  described  [4]. T he О suspensions 
from  serovars 3a an d  5 w ere try p sin ized  [9 ) to avo id  a u to a g g lu tin a tio n .
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Antisera against L . g ra y i and  L . m urrayi. N ew  Z ealand  w hite  ra b b its  (2 fo r each  stra in ) 
re ce iv e d  four in trav en o u s doses a t  15-day in te rv a ls  o f suspensions p re p are d  fro m  24 h  cu ltu res 
o n  b lo o d  agar. The an im als w ere b led  a t  2, 5 -6 , 9 -1 0  a n d  13—14 days a f te r  in je c tio n s  a n d  weekly 
u n t i l  th e  131st day.

Agglutination and absorption tests. For th e  q u a n ti ta t iv e  d e te rm in a tio n s  o f  ag g lu tin in s a 
m ic ro tit r e  m ethod was used  [10]. T he О suspensions w ere t i t r a te d  to  d e te rm in e  th e ir  optim al 
c o n c e n tra tio n , a critica l fa c to r fo r o b ta in in g  rep ro d u c ib le  resu lts . A b so rp tio n  te s ts  were pe r­
fo rm e d  as described [11].

Results anil discussion

T h e resu lts  o b ta in e d  in  c ro ss-ag g lu tin a tio n  te s ts  [8] are  sum m arized  
in  T a b le  I. L. grayi a n tis e ra  re a c te d  w ith  L . m urrayi О an tig en s a t a v e ry  low 
lev e l, th e  c ro ss-reactiv ity  t i t r e s  being o f sim ilar value, an d  even  low er, th a n  
th o s e  o b ta in ed  ag a in st c o n tro l 0  an tig en s o f serovars 1/2 an d  4 ab  (serologically

Table I

Geometric mean titers to the homologous and heterologous antigens in  L . grayi and L . m urrayi antisera

A n tisera
T e s t  a n tig en

L . g ra y i L .  m urrayi l /2 a 4ab

L. grayi 2552.90 11.19 2.00 15.21
L . murrayi 86.30 3338.93 16.31 14.59
U ninoculated 9.73 1.41 1.11 1.83

r e la te d  w ith  L . grayi an d  L . m u rra y i only b y  th e  Listeria  com m on O I I I  fac to r
[5]). T h e  cross-reactions w ith  L. grayi an tig en  in  L . m urrayi a n tis e ra  w ere 
m o re  s ig n if ican t, b u t also w e a k : th e  m ax im um  hetero logous t i t re s  w ere  sh a rp ly  
lo w er t h a n  the  hom ologous ones. These re su lts  p rov ide ev idence fo r m a jo r 
a n tig e n ic  differences b e tw een  L . grayi and  L . m urrayi

T h ese  resu lts w ere co n firm ed  b y  c ross-abso rp tion  te s ts  p e rfo rm ed  w ith  
L . g ra y i  a n d  L. m urrayi a n tis e ra  as th e  hom ologous t i tre s  re m a in e d  a fte r 
a b s o rp tio n  w ith  th e  h e te ro logous an tig en  (T able I I ) . The 0  fac to rs  responsib le  
fo r th e  specific  titre s  ag a in s t L . grayi an d  L . m urrayi rem ain in g  a f te r  cross­
a b so rp tio n s  appeared  to  be d is tin c t from  all th e  0  fac to rs described  up  to  d a te  
in  L is te r ia :  absorp tions p e rfo rm ed  w ith  О an tig en s from  se ro v ars  l/2 a , 3a, 
3b , 4 e , 4 a b , 5, 6a, 6b an d  7, t h a t  shou ld  h av e  rem oved  О fac to rs  I  to  X I I I  
an d  X V  agg lu tin ins, fa iled  to  red u ce  s ig n ifican tly  th e  t i tre s  a g a in s t L . grayi 
an d  L . m u rra y i (Table I I ) .

T h e  resu lts , th a t  are  n o t in  accordance  w ith  th e  O -antigenic  s tru c tu re  
c la ss ica lly  rep o rted  for L. g ra y i an d  L . m urrayi [3 -6 ] led us to  p ropose  new 
О -fo rm u la s  for these species:

L . g ra y i:  ( II I )  X I I ,  X IV , X V I 
L . m u rra y i:  ( I I I ) ,  X I I ,  X IV , X V II
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Table II

Absorption tests with 2 L . grayi and 2 L. m urrayi rabbit antisera. Titres before and after absorption

R a b b it  T e s t an tig en s

A ntise ra N o. A bsorp tion L. grayi L . murrayi l /2 a 3a 3b 4e 4ab 5 6a 6b 7

U nabsorbed 5120 20 —  20 — 20 20 20 20 — 20 20 20
1A P o o l“ 5120 _b — — — — — - — — —

Serovar 7 2560 —
L .  m u r r a y i -  2560° -

L .  g r a y i
U nabsorbed 20480 80 160 40 20 20 40 — 20 —  20 — 320

I B Pool 20480 20 - - — — — — — — — —

Serovar 7 20480 —

L .  m u r r a y i 10240 —

U nabsorbed 80 10240 —  320 80 40 20 20 20 20 —40 80
2 A Pool 40 —  10240 — — — — — — — — —

Serovar 7 40 —  5120
L .  g r a y i - 2560

L .  m u r r a y i
U nabsorbed 160 10240 - 8 0 160 40 20 40 20 — 20 — 40 80

2B Pool 80 5120 — — — — — — — — —
Serovar 7 40 5120
L . g r a y i - 2560

a Antigenic Pool composed by О-suspensions of serovars l /2 a , 3a, 3b, 4a, 4e, 4ab, 5, 6a and 6b. 
b R eaction  no t de tected  a t  serum  d ilu tion  1/20. 
c The sym bol m eans partia l agg lu tination  reaction.
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MONOCYTOSIS PRODUCING ACTIVITY 
FROM VIRULENT AND AVIRULENT STRAINS 

OF LISTERIA*

S. B. Ga l s w o r t h y

Department o f  M icrobiology and Im m unology ,
U niversity  o f  Western Ontario , London , Ontario , Canada

(R eceived S ep tem b er 16, 1988)

M onocytosis is a h a llm ark  of lis teriosis in m an y  species. A sim ilar p h e n o m e n o n  is 
induced  by  a m onocytosis-producing  a c t iv ity  (M PA ) purified  from  the  organism . T h e  r e la ­
tio n sh ip  be tw een  M PA pro d u c tio n  an d  v iru len ce  is unc lear. T he purpose of th is  s tu d y  w as 
to  m easu re  M PA  in e x tra c ts  p repared  from  s tra in s  w ith  know n degrees o f v iru lence a n d  h aem o - 
lysin  p ro d u c tio n . D ifferen tia l leukocy te  co u n ts  on p e rip h e ra l blood cells were p e rfo rm ed  24, 
48 an d  72 h a f te r  in jec tio n  of 0.5 mg M PA. In  th e  s tra in s  we te s ted  those know n to  be  v iru le n t  
p ro d u ced  m onocytosis; those  w hich w ere a v iru le n t did no t.

In te ra c tio n s  betw een  m ononuclear p h ag o cy te  and  Listeria  d e te rm in e  th e  
ou tcom e o f in fec tion . S urv ival req u ire s  th e  a b ility  o f Listeria  to  ex is t w ith in  
m acrophages an d  in trace llu la r m u ltip lic a tio n  is requ ired  b o th  for v iru len ce  a n d  
for d eve lopm en t o f cell-m ed iated  im m u n ity  [1]. R esiden t m acrophages c o n ta in  
th e  b ac te ria  d u rin g  early  stages o f  in fec tio n  [2]. E fficient a u g m e n ta tio n  o f 
m onocy topo iesis  is requ ired  fo r su p e rio r res is tan ce  [3]. F ina l c lea ran ce  of 
L isteria  req u ires  ac tiv a tio n  o f m acro p h ag es b y  antigen-specific  T  cells [4]. 
N o t su rp ris in g ly , m onocytosis is a h a llm a rk  o f L isteria  in fection  in  som e species 
[5]. A m onocy tosis o f sim ilar degree an d  d u ra tio n  can be induced  b y  a  m o n o ­
cy to sis-p ro d u c in g  a c tiv ity  (M PA) from  th e  organ ism  [6, 7]. T he re la tio n sh ip  
be tw een  M PA  an d  v iru lence is u n c lear. The purpose of th is  s tu d y  w as 
to  m easu re  M PA  in ex trac ts  p re p a re d  from  s tra in s  w ith  know n deg ree  o f 
v iru lence .

M ateria ls and  m ethods

Bacteria. S tra in  42 was o b ta in e d  fro m  th e  cu ltu re  collection of th e  la te  E . G. D . M u rray  
a t  th e  U n iv e rs ity  o f W estern  O n ta rio . T h e  o th e r  s tra in s  w ere k ind ly  supplied  b y  P ro fe sso r H . 
H o f fro m  th e  Special L iste ria  C ultu re  C ollection  of th e  U n iv ersity  of W iirzburg .

P reparation  o f  M P A .  B ac te ria  w ere g row n in  2 litre  b a tc h  cu ltu res a t  30 °C as desc rib ed  
[6] a n d  h a rv es te d  an d  w ashed w ith  d is tilled  w a te r  using  a  Pellicon H V L P m em b ran e  casse tte  
sy s tem  (pore  size 0.45 p m ,  M illipore C o rp o ra tio n , B edford , MA). The b ac teria  w ere su sp en d ed  
in d istilled  w a te r  (200 ml for an  8 l itre  h a rv e s t)  a n d  k illed  by  h eatin g  a t  80 °C fo r 30 m in .

S. B . Ga lsw o u t h y

D e p a r tm e n t o f  M icrobio logy an d  Im m u n o lo g y , U n iv e rs i ty  o f  W e ste rn  O n ta rio  
L o n d o n , O n ta rio , C an ad a  N 6A  5C1

* P re se n te d  a t  th e  10 th  In te rn a tio n a l  S y m p o s iu m  o n  L is te rio s is , P écs , H u n g a ry , A ugust 22 -2 6 , 1988.
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The suspension  o f k illed  cells was so n ica ted  u sin g  five 1 m in bu rsts. T he son icate  was 
cen trifuged  a t  20 000 g  fo r 20 min and th e  s u p e rn a ta n t  filte red  th ro u g h  a D P 0 4 5  m em b ran e  
(pore  size 0.45 ^ m , A m icon  C orporation, L ex in g to n , MA) to  rem ove debris and  b a c te ria . 
In a c tiv e  m ate ria l w as rem o v ed  from  th e  f i l t r a te  b y  passing  it  th ro u g h  an  A m icon PM 10 
m em b ran e  (m olecu lar w e ig h t cu t off 10 000 d a lto n s )  (A m icon C orporation). T h is f i ltra te , d e ­
sig n a ted  crude M PA , w as fu r th e r  purified by  a d ju s tin g  i t  to  pH  2 using 2 N  IICl and  ap p ly in g  
i t  to  cartridges (C-18 Sep P a k , W aters A ssociates, M ilford, MA). In ac tiv e  m ate ria l w as e lu ted  
w ith  distilled w a te r  a n d  M PA  was eluted from  th e  co lu m n s w ith  CH3CN : I I 20  (1 : 1). So lven t 
w as rem oved in  v a cu o  a n d  w a ter by lyoph iliza tio n . M PA  was reco n stitu ted  a t  5 m g /m l in 
d is tilled  w ater an d  ste rilized  by  filtra tio n  th ro u g h  a 0.45 p m  filte r u n it (M illex-HV, M illipore 
C orpora tion ) an d  s to re d  in 1 ml a liquots a t  —20 °C.

D ifferential leukocyte counts. Blood sam ples w ere  ta k e n  from  th e  re tro -o rb ita l sinus in to  
E D T A -coated  c ap illa ry  tu b e s  to  prepare blood sm e a rs  a n d  to  ob ta in  to ta l leukocy te  coun ts . 
T o ta l leukocyte  co u n ts  w ere determ ined  by  d ilu tin g  b lo o d  in 3%  acetic  acid (1 : 20 d ilu tio n ) 
(U n o p e tte  te s t 5856: B ecton -D ick inson , R u th e rfo rd , N . J . )  and  counting  th e  cells in  a haem o- 
cy to rn e te r. B lood sm e a rs  w ere fixed for 15 m in  in  a b so lu te  m ethanol and sta in ed  for 30 m in  
w ith  Giemsa s ta in . D iffe re n tia l cell counts w ere o b ta in e d  by  ex am ination  of G iem sa-sta ined  
sm ears  un d er th e  l ig h t m icroscope. A t least 200 leu k o c y te s  were counted  on each side.

Results

E x tra c ts  f ro m  s tra in s  know n to  be  v iru le n t were able to  
m onocy tosis, w h ile  e x tra c ts  from th e  a v iru le n t s tra in s  failed to  do so

s tim u la te  
(T able I).

Discussion

These re su lts  su g g est th a t  MPA can  be  derived  from  v iru len t b u t  n o t 
fro m  av iru len t s tra in s  o f Listeria. These re su lts  are th e  reverse  o f th o se  we 
h a d  expected . O ne w o u ld  expect th a t  M PA  w ou ld  decrease v iru lence b y  im ­
p ro v in g  re c ru itm e n t o f  p ro tec tiv e  m acro p h ag es. O thers rep o rted  th a t  M PA  
c o n te n t varies w ith  g ro w th  conditions a n d  co rre la tes  inversely  w ith  p a th o -

ТаЫе I

C om parison o f M P A  fro m  s tra in s o f  L isteria

Sero v a r S tra in H aem o ly sis V irulence MPA1

l/2 a UW O (EGDM-42) + + 950
l/2 a NCTC 7973 + + 817
l/2 a SLCC 5850 — — 110
3a SLCC 5224 — — 89
3a NCTC 5105 + in t 106
3b SLCC 5543 + + 645
6a NCTC 11288 — - 160

PB S in jected  con tro l 104

1 N um ber of m o n o cy te s /m m 3 peripheral blood 48 h  a f te r  injection. R esults rep resen t 
th e  average  from  d e te rm in a tio n s  on  4 mice
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g en ic ity  [8]. T he p ro p e n s ity  o f an  o rgan ism  to  m ake a  su b stan ce  w hich w ill 
p ro m o te  th e  p ro d u c tio n  of cells d estin ed  to  d es tro y  it  is indeed  puzzling . 
Since m acrophages a re  a site  of m u ltip lic a tio n  for L isteria  i t  is possible t h a t  
M PA  w ould confer som e a d v a n ta g e  b y  s tim u la tin g  m o n o cy te  p ro d u c tio n . I f  
M PA w ere su b tly  to x ic  to  m acrophages, i t  w ould  be q u ite  a d v an tag eo u s  to  
th e  b a c te r ia  p ro d u c in g  it.
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SENSITIVITY OF LISTERIA MONOCYTOGENES 
TO IRRADIATION*

V e r o n i k a  T ar já n

Central Food Research In stitu te , B udapest, H ungary  

(R ece iv ed  S ep tem b er 16, 1988)

Irrad ia tio n  of Listeria  monocytogenes w as carried o u t in  cu ltu re  m edia an d  p o rk  m ea t 
p a s te  a t  room  te m p e ra tu re  w ith  60Co ra d ia tio n  source of 6.6 k G y .h -1 dose ra te . T he em ployed  
doses w ere 0, 0.5, 1, 2, 3, 4 and  6 kG y. B ecau se  of th e  expected  g re a t n u m b er o f  in ju re d  cells, 
p a ralle l to  th e  d irec t co u n tin g  a t se lec tive  m edia , liquid as well as solid  re su sc ita tio n  m ethods 
were used . One s tra in  o f o u t 3 su rv iv ed  as h igh  as 4 kG y irrad ia tio n . R a d ia tio n  w ith  2 kG y 
re su lted  7 log cycles re d u c tio n  of cell c o u n t. A fte r lower irrad ia tio n  doses th e  L . monocytogenes 
c o u n t decreased  in p ro p o rtio n  to in creas in g  doses. I t  has been concluded  t h a t  L . monocytogenes, 
com p ared  w ith  G ram -n eg a tiv e  p a th o g e n s , a re  less sensitive to  ir ra d ia tio n .

Listeria  monocytogenes is a n  im p o rta n t p a th o g en  causing  listeriosis in  
b o th  dom estic an d  w ild an im als a n d  m an. In  recen t y ea rs  th e re  has been  an  
in crease  in  th e  n u m b e r of o u tb re a k s  o f listeriosis in  w hich  c o n ta m in a te d  foods, 
such  as raw  m ilk  [1], cheese [2], coleslaw  [3] have  been  considered  to  he th e  
source of in fec tion . Nicolas [4J iso la te d  Listeria  from  m ea t an d  m ea t p ro d u c ts . 
D ijk s tra  [5] found  th a t  in T he N e th e rlan d s  23 .7%  o f th e  exam ined  b ro ile r 
carcasses w ere p o sitive  for L . monocytogenes.

T here are  severa l d a ta  a b o u t th e  presence o f L . monocytogenes in  food­
stu ffs . T he b eh av io u r of th e  b a c te r ia  during  food p rocessing  (e.g. h ea tin g , 
cooling, fe rm e n ta tio n , ad d itio n  o f  chem icals: H 20 2, N aC l or ch lorine) and  
s to rag e  has also been  w idely ex am in ed . Our aim  w as to  s tu d y  th e  resis tan ce  
o f L . monocytogenes to  ir ra d ia tio n .

M aterials and methods

Bacterial stra ins. ATCC 1911, H u n g a rian  N a tio n a l C ollection of M edical B acteria  
(H N C M B ) 135001 a n d  a s tra in  from  sh eep  b ra in  isolated fresh ly  b y  D r. F . K em enes (P h y la x ia , 
B u d ap est).

M edia. T he se lective  p la tin g  m ed iu m  was th a t  of R alov ich  c t  al. [6]. F o r en u m era tio n  
o f in ju red  m icroorgan ism s th e  follow ing re p a ir  m ethods w ere used .

Solid m edium  rep a ir  (SM R) o n  try p to n e  soya agar (O xoid  CM 131) for 1 h a t  25 °C, 
follow ed by ov erlay in g  w ith  th e  se lec tiv e  m edium . L iqu id  m ed iu m  re p a r  (L M R ) in  try p to n e

V e r o n ik a  T a r já n

C en tra l Food  R esearch  In s t i tu te
H e rm a n  O ttó  ú t  15, H -1022 B u d a p e s t, H u n g a ry

* P re se n te d  a t  th e  1 0 th  In te rn a tio n a l  S y m p o s iu m  on  L isteriosis, P écs, H u n g a ry , A u g u s t  2 2 -2 6 , 1988.
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so y a  b ro th  (Oxoid CM 129) fo r  30 m in  a t  25 °C follow ed b y  sp re ad in g  to  th e  surface of th e  
se lec tiv e  m edium . All p la te s  w ere  in cu b a ted  a t  37 °C fo r 24—48 h.

Irradiation  w as c a r r ie d  o u t  a t  room  te m p e ra tu re  w ith  a n  R H -g am m a- 30 ty p e , self- 
sh ie ld e d  G0Co gam m a ra d ia tio n  source  of 6.6 k G y  • h ~ L dose ra te . T he em p lo y ed  doses were: 0,
0 .5 , 1, 2, 3, 4 and 6 K G y.

Results

O ne stra in  o u t o f  th r e e  su rv ived  as h igh  as 4 k G y  irra d ia tio n . R ad ia tio n  
w i th  2 kG y resu lted  7 log  cycles red u c tio n  o f  cell co u n t. As th e  in fluence of 
lo w e r rad ia tio n  doses th e  L isteria  coun t decreased  in  p ro p o rtio n  to  increasing 
d o ses  (F ig . 1).

F ig . 1. R ad io sen s itiv ity  o f d if fe re n t L . monocytogenes s tra in s . X ---------- X ATCC 1911, • ---------- •
H N C M B  135001 (from  h u m a n  cereb ro sp in al m en ing itis), a ---------- A fresh ly  iso lated  from

sheep b ra in

W h en  th e  b a c te r ia  w ere  ir ra d ia te d  in  T S B , th e  SM R  tech n iq u e  was 
m o re  effective th a n  th e  L M R , an d  th e  colony co u n t w as n e a rly  th e  sam e order 
o f  m a g n itu d e  e ither n o n -se lec tiv e  agar or re p a ir  m eth o d s w ere  used  (Fig. 2). 
I n  p o rk  pulp  th e  re su lt o f  d ire c t p la tin g  to  non-se lec tive  a g a r  w as equal to  
th e  L M R  or SMR m e th o d s  (F ig . 3).

A fte r  12 weeks s to ra g e  a t  4 °C, th e re  w as no change in  th e  co u n t of liste- 
r ia e  t h a t  survived th e  0.5 a n d  1 kG y irra d ia tio n . T h e  n u m b e r o f th e  2 kG y-
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Fig. 4. Cell co u n ts  o f ir ra d ia te d  L. monocytogenes s to red  a t  4 °C in  T S -b ro th

ir ra d ia te d  cells increased  from  3 to  7 ex p o n en ts . As th e  effect o f th e  3 kG y 
irra d ia tio n  com bined  w ith  4 °C sto rage , th e re  w as no v iab le  cell a t  th e  end  of 
th e  12th  w eek of th e  e x p e rim en t (Fig. 4).

Conclusions

To e lim ina te  c e r ta in  pa thogen ic  m icroo rgan ism s from  fo o dstu ffs  th e  i r ­
ra d ia tio n  p as teu riza tio n  is w idely  used. T he ra d u riz a tio n  doses (3—5 kG y) are 
su ffic ien t to  d estro y  th e  G ram -nega tive  p a th o g en s , such as Shigella , Salm o­
nella, Campylobacter o r Y ersin ia , h u t som e o f th e  G ram -p o sitiv e  organism s 
like L . monocytogenes a re  less sensitive to  ir ra d ia tio n , som e s tra in s  can  su rv ive  
as h igh as 4 kG y irra d ia tio n . Cells th a t  su rv iv ed  th e  low er ra d ia tio n  doses 
(0 .5-2  kG y) can m u ltip ly  d u rin g  sto rage  in  re fr ig e ra to r .
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F ig. 2. T h e  effec t o f d iffe ren t p la tin g  m eth o d s on th e  e n u m e ra tio n  of ir ra d ia te d  L . monocyto­
genes. O p en  co lum ns: n u tr ie n t  a g a r ; sh ad ed  colum ns: lis te ria  se lective  ag ar; solid colum ns:

L M R ; h a tc h ed  colum ns: SM R

10

9

8

7

6
O'
z  ^

3

2

1

0
0 к Gy 1 kGy 2 kGy

Fig. 3. T he e ffec t o f rep a ir m e th o d s on  th e  en u m era tio n  o f L isteria  from  a rtific ia lly  in fec ted  
th en  ir ra d ia te d  g ro u n d  pork m ea t. O pen  co lum ns: n u tr ie n t  a g ar; solid colum ns: L M R ; h a tc h ed

colum ns: SMR
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ANTIBODY RESPONSE OF DAIRY CATTLE 
EXPERIMENTALLY INFECTED WITH 

LISTERIA MONOCYTOGENES*

I r e n e  V a r e l a s  W e s l e y , M. v a n  d e r  Ma a t e n  and J. B ry n er

Agricultural Research Services ,
N a tiona l A n im a l Disease Center, A m e s , Io w a , U S A

(R eceived S ep tem b er 16, 1988)

T he p u rp o se  of ou r s tu d y  was to  m o n ito r th e  h u m o ra l im m u n e  response of 34 la c ta t in g  
da iry  c a ttle  e x p erim en ta lly  in fec ted  w ith  Listeria  monocytogenes (s tra in  Sco tt A, se ro ty p e  4b). 
T w en ty -seven  an im als w ere in o cu la ted  w ith  106 to  10" c .f .u ./m l o f L . monocytogenes v ia  th e  
in tra m a m m a ry  ro u te  a t  te n  day  in te rv a ls  for one m o n th  a n d  7 w ere inocu lated  w ith  4 x  102 to  
4 x  103 c .f.u ./m l. P re in fec tio n  an d  w eekly-post in fec tion  se ru m  a n d  w hey sam ples were p re p a re d  
during  acu te  in fec tion . A n tib o d y  titre s  of serum  and  w hey w ere ev a lu a te d  in ag g lu tin a tio n  te s ts  
using whole-cell fo rm alin -fixed  L. monocytogenes suspensions. P re in fec tio n  ag g lu tin atio n  t i t r e s  
ranged  from  1 : 20 to  1 : 320. A t least fo u r-d ilu tion  in crease  o v er p re-infection  t i t r e s  w ere  
a p p a re n t by  th e  8 th  w eek of in fection . E ig h ty  per cen t o f th e  bovine sera (26/34) e x h ib ite d  
titre s  of >; 1 : 20 480. W hey titre s , w hich  re flected  th e  local h u m o ra l response to  L . m ono­
cytogenes, ra re ly  exceeded  1 : 256 w hich m ay be ascribed  in  p a r t  to  th e  lower im m u n o g lo b u lin  
co n cen tra tio n  in  m ilk vs. blood. A n tib o d y  levels in d ic a te  a c tiv e  listeriosis bu t could  n o t  be 
used to  p red ic t th e  m ag n itu d e  of th e  recovery  of Listeria  (c .f .u ./m l)  in milk.

Listeria  monocytogenes 11J has been in c r im in a te d  in  deaths in h ig h -risk  
groups such as p re g n a n t w om en, n eonates an d  p a tie n ts  on im m unosuppressive  
drugs [2]. Few  a tte m p ts  have  been m ade to  c o rre la te  th e  serological re sp o n se  
w it ь th  e sev e rity  o f in fec tion  as m easu red  by  th e  reco v ery  of Listeria  in c lin ica l 
specim ens. T he p u rp o se  of th is  s tu d y  w as to  m o n ito r  th e  an tibody  resp o n se  
w ith  th e  reco v ery  o f Listeria  (c.f.u ./m l m ilk) in d a iry  ca ttle  e x p e rim en ta lly  
in fected  v ia  th e  in tra m a m m a ry  ro u te  w ith  h igh  (107 to  108 c.f.u./m l) an d  low  
(102 and  10 * c .f.u ./m l) doses of L . monocytogenes.

Materials and m ethods

Bacteria. L . monocytogenes (S co tt A s tra in ; se ro ty p e  4b) w as used th ro u g h o u t th is  s tu d y .
Cows. T h ir ty -fo u r  la c ta tin g  H olste in  da iry  cows (5—7 y ears  old) were d iv ided  in to  4 

groups an d  in o cu la ted  v ia  th e  in tra m a m m a ry  ro u te  as follow s: 27 anim als (groups I, I I ,  I I I )  
received 106 to  107 c .f .u ./m l a t  ten -d ay  in te rv a ls  for one m o n th ; 7 cows (group IV) w ere in o c u ­
la ted  tw ice w ith  4 X 102 an d  tw ice w ith  4 X Ю3 c.f.u ./m l.

I r e n e  V a r ela s  W e s l e y , M a r t in  v an  d e r  Ma a t e n , J o hn  B r y n e r

U n ited  S ta te s  D e p a r tm e n t o f  A g ricu ltu re , A g ricu ltu ra l 
R esea rch  Serv ices, N a tio n a l A n im al D isease C enter 
P .O .B . 70, A m es, Iow a 50010 USA

* P re se n te d  a t  th e  1 0 th  In te rn a t io n a l  S y m p o siu m  o n  L is te rio s is , P écs , H u n g a ry , A u g u st 22 -26 , 1988.
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Isolation o fL . monocytogenes. B ulk  m ilk  sa m p le s  were p lated  (100 /d  sam ples) to  M cBrides 
o r B H IA  co n ta in in g  5 %  d e fib rin a ted  bovine b lo o d . L a te r  in th e  course o f  th is  p ro je c t, fo re­
m ilk  w as collected an d  so n ica ted  to m axim ize th e  reco v ery  of Listeria.

Serology. P re- a n d  post-in fec tion  serum  sam p le s  were ob tained  d u rin g  a c u te  ex p erim en ­
ta l  in fec tio n . W hey w as p rep ared  from  a ra n d o m  selection  of e x p erim en ta lly  in fec te d  cows. 
I n  a d d itio n , 55 h u m an  serum  sam ples o f la b o ra to ry  personnel and  se c re ta ria l s ta f f  a t  th is 
I n s t i tu te ,  and  82 bovine  sera, w hich were o b ta in e d  fro m  local dairies on 4 occasions a n d  were 
t a k e n  as re p re se n ta tiv e  o f  non-in fec ted  an im als in  Io w a , were tested . Serum  sam p les an d  w hey 
sa m p le s  were ev a lu a te d  in  a m ic ro tite r a g g lu tin a tio n  te s t  using fo rm alin -fix ed  w hole cell 
su sp en s io n  of L . monocytogenes (OD540 =  0.27) as follows. Two-fold serial d ilu tio n s  (1 : 20 
th ro u g h  1 : 40 960) w ere m ade  in  50 [d o f P B S -0 .1 %  BSA. To each well w as a d d e d  50 /<1 of 
a n tig e n . Sam ples w ere in cu b a ted  (37 °C, o v e rn ig h t)  an d  titre s  read . T h e  rec ip ro ca l o f th e  
h ig h e s t  serum  d ilu tio n  w ith o u t any  evidence o f a  b u t to n  was tak en  as th e  t i t r e .  R e su lts  are 
g iv en  as th e  n u m b er o f d ilu tio n s requ ired  to  ach iev e  th e  end po in t: (e.g., 1 : 20 — 1, 1 : 40 =  2, 
. . . .  1 : 2560 8, etc.).

R esults

B ovine  serum  sam ples (79 o u t o f  82) o b ta ined  from  Io w a dairies  on 4 
o ccasions (I, I I ,  I I I ,  IV) ex h ib ited  t i t r e s  o f  < / 1 : 160 (Table I). In  c o n tra s t, 
th e  m a jo r ity  (53/55) o f h u m an  sera  te s te d  had  titre s  of < / 1 : 20 (T able  I). 
T itre s  ach ieved  1—3 m o n th s  post in fec tio n  fro m  experim en ta lly  in fec ted  d a iry  
c a t t le  a re  show n in T ab le  I I .  T itres of cow s inocu lated  w ith  h igh  o r low  doses 
o f  L isteria  were com parab le .

Group I  ( N  =  9 ) . Coiv 1033. T h e  h u m o ra l im m une response  follow ing 
9 in o c u la tio n s  (arrow s) increased  from  a  p re in fec tio n  t i t re  (1 : 160) to  a fin a l 
t i t r e  (1 : />  40 960) n ine  m onths a f te r  th e  la s t inocu lation . R eco v ery  of 
L is ter ia  exceeded 103 c .f.u ./m l m ilk  (F ig . la ) .

Cow 1177. T he  a n tib o d y  response ro se  from  a p rein fection  level (1 : 160) 
to  f in a l t i t r e  (1 : 81 920) 8 m onths a f te r  th e  la s t in tra m a m m a ry  in o cu la tio n .

Table I

Serum-antibody titres to Listeria  monocytogenes ( Type 4b)

B ovine se ra*

I II III IV
H u m an  sera**

<  1 : 20 7 10 8 0 53
1 : 20 4 2 3 l 2
1 : 40 6 1 4 0 0
1 : 80 7 1 9 3 0
1 : 160 1 3 2 7 0
1 : 320 0 2 0 0 0
1 : 640 0 0 0 0 0
1 : 1280 0 0 1 0 0

T otal 25 19 27 11 55

* 82 Bovine sera from  4 herds (I — IV) 
* * 5 5  hu m an  sera from  NADC personnel
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Table II

Agglati nation titres <o f Listeria-infected COWS

Cow 1st in jec tio n
T itre

p re-in fec tio n  post-infection

1033 3/22/87 160 40 960**
1177 3/2/87 1280 40 960
Chancey 3/2/87 0 640
9236 4/30/87 160 1 280
9378 4/30/87 160 5 120
0014 5/5/87 80 1 280
D1 5/19/87 0 5 120
D10 5/19/87 0 5 120
D14 5/19/87 0 5 120
D29 5/19/87 0 2 560
D35 5/19/87 0 2 560
D3 6/2/87 80 5 120
D22 6/2/87 40 5 120
1)23 6/2/87 40 2 560
1)27 6/2/87 80 1 280
1)30 6/16/87 80 5 120
0062 8/4/87 160 320
S10 9/29/87 160 2 560
S52 9/29/87 80 40 960
S88 9/29/87 20 40 960
SI 98 9/29/87 80 40 960
S223 9/29/87 160 40 960
S49 10/14/87 160 20 480
S60 10/14/87 160 20 480
S73 10/14/87 160 20 480
S228 10/14/87 160 40 960
S227 1/5/88 80 40 960
W1125 12/15/87 40 40 960
W1309 12/15/87 160 40 960
W1323 12/15/87 80 40 960
W1417 12/15/87 80 40 960
W1518 12/15/87 20 5 120

* M axim um  titre  (1 —3 m onths post-in fection)
** H ighest t itre  tested  1 : 40 960

S h edd ing  ra te s  in  excess o f 103 c .f.u ./m l re flec t ac tive  in fec tion  o f th e  m a m m a ry  
g land . A d m in is tra tio n  of d ex am e th aso n e  (w eek 26) s ig n ifican tly  en h an ced  
sh edd ing  ra te s  (F ig . lb ) .

Cow Chancey. P re in fec tion  t i t r e s  (< / 1 : 20) c o n tra s t w ith  th e  f in a l titre s  
(1 : 640) ach ieved  tw o weeks a fte r  th e  la s t o f 9 inocu la tions. T he p eak  sh ed d in g  
ra te  exceeded  5 X  103 c .f.u ./m l im m ed ia te ly  a fte r  th e  s ix th  in o cu la tio n  in to  th e  
te a t  canal (week 10). D espite  th e  sh ed d in g  ra te  of th is  cow, no L isteria  w ere
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a Cow 1033

□  Titre ♦  c.f.u./ml

b Cow 1177

□  Titre -»c.f.u /m l

c Oow Chancey

Weeks

□  T it re  -«-c. f .u ./ml

F ig. 1. C orre la tio n  of a n tib o d y  t it re s  (given as n u m b e r o f d ilu tions) an d  n u m b er (c .f.u ./m l 
m ilk) o f L isteria  recovered  fro m  cow (a) 1033; (b) 1177; (c) C hancey . A rrow s in d ica te  in o cu la tio n

c u ltu re d  a t  necropsy  fro m  m uscle m eat, b ra in , sp leen  an d  liver. This an im al 
d e liv ered  an  a p p a re n tly  h e a lth y  ca lf one d ay  p rio r  to  necropsy  w hich m ay  
suggest th a t  th e  ho rm o n es associated  w ith  p reg n an cy  pred isposed  h er to  
lis te rio sis  (F ig . lc ) .

Group I I I  ( N  =  1 0 ) . Cow S198. Fo llow ing  tw o  inocu la tions, th is  an im al 
c o n s is te n tly  shed  L isteria  in  th e  m ilk. S o n ica tio n  o f  fo rem ilk  sam ples (week
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25) enh an ced  recovery  of Listeria . C o-infection  w ith  bov ine  im m une d e fic ien cy  
v iru s  m ay  h av e  pred isposed  to  lis terio sis  (F ig . 2a).

Group I V  ( N  =  6 ). G roup  IV  cows w ere in fec ted  four tim es v ia  th e  
in tra m a m m a ry  ro u te  w ith  re la tiv e ly  low doses o f Listeria  as follow s: 4 X  102 
c .f.u ./m l (2 X  ) an d  4 x l 0 :! c .f.u ./m l ( 2 x ) .  F o rem ilk  sam ples were so n ic a te d  
(beg inn ing  week 16) in a tte m p ts  to  release in tra c e llu la r  b acteria , to  d isp e rse  
b a c te r ia l c lum ps, an d  th u s , to  b e t te r  a p p ro x im a te  th e  s ta tu s  of bov ine  l is te r io ­
sis.

Cow 1125. Low shedding  ra te s  of Listeria  w ere accom panied  b y  a rise  
in a n tib o d y  t i t r e  in d ica tin g  acu te  sy stem ic  au to -im m u n iza tio n . A th re e -fo ld  
increase  in  th e  num ber of Listeria  w as seen a fte r  son ica tion  of fo rem ilk  sam p le  
(F ig . 2b , w eek 16).

Cow 1477. T he  increase in  a n tib o d y  t i t r e  seen during  th e  fo u r-m o n th  
in te rv a l in d ica tes  ac tive  in fec tion . S on ica tion  o f fo rem ilk  sam ples (w eek  16) 
increased  th e  num bers o f d e te c ta b le  Listeria  (F ig . 2c).

D iscussion

C oncerns over th e  use o f a serological te s t  for L . monocytogenes c e n te r  
on (a) lack  o f a un iform  m eth o d  w hich  p recludes com parison  b e tw een  la b o ­
ra to rie s ; (b) in ab ility  to  co rre la te  th e  s ta te  o f in fec tion  w ith  serological t i t r e ;  
(c) lack  o f  a d e q u a te  te s tin g  w ith  p a ir  (pre- an d  postin fection) se ra ; a n d  (d) 
c ro ss -reac tiv ity  o f sera w ith  o th e r  G ram -positive  b a c te ria  inc lud ing  S trep to ­
coccus, Corynebacterium  and  B acillus  (review ed in  [2]). W e have d ev e lo p ed  a 
sim ple a g g lu tin a tio n  te s t w hich u tilizes a fo rm alin -fix ed  an tigen  to  m o n ito r  
e x p e rim e n ta l bov ine  listeriosis. W e ex am in ed  serum  o b ta in ed  from  em ployees 
a t  NADC includ ing  v e te rin a rian s , office personnel an d  lab o ra to ry  sc ie n c tis ts  
as well as from  cu ltu re  n eg a tiv e  an d  from  ex p erim en ta lly  in fec ted  cow s. All 
o f h u m a n  serum  sam ples (N  =  55) rep re sen tin g  47 em ployees, show ed  t i t r e s  
o f  <  1 : 20. O f bovine sera  from  a  ran d o m  sam p lin g  of 82 cows fro m  lo ca l 
m ore  dairies, 79 show ed ti tre s  o f < / 1 : 160 w hich m ay  in  p a r t  re fle c t th e ir  
freq u en t exposu re  to  c ross-reactive  G ram -p o sitiv e  m icrobes. In  c o n tra s t ,  
t i t r e s  o f ^>1 : 1280 were ach ieved  in  94 %  o f th e  32 in fec ted  cows 1 -3  m o n th s  
p o s t in itia l in fec tion . D espite  e x p e rim e n ta l in fec tio n  and  re la tiv e ly  h ig h  re ­
covery  ra te s  ( > 1 0 :! c .f.u ./m l), low  ti t re s  (% 1 : 640) developed in  tw o  cow s. 
O ne o f th e  cows (Chancey) w as p re g n a n t th ro u g h o u t th e  ex p e rim en ta l p e rio d  
w hich suggests th a t  th e  horm ones assoc ia ted  w ith  g esta tio n  m ay h a v e  d a m ­
pened  th e  im m une  response. Cow 62 ex h ib ite d  general w asting  sy n d ro m e , 
developed  neuro logical signs suggestive  o f lis te rio sis  an d  was e u th a n itiz e d  b y  
th e  te n th  w eek o f infection.

P rev io u s s tud ies have  a t te m p te d  to  co rre la te  serological t i t re  w ith  b o v in e  
listeriosis. In  a s tu d y  invo lv ing  a single n a tu ra lly  in fec ted  cow [3], a g g lu tin a -
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F ig . 2. C orre la tion  of a n tib o d y  titre s  (given as n u m b e r  o f  d ilu tions) an d  n u m b er (c .f.u ./m l 
m ilk ) o f Listeria  recovered  fro m  cow (a) 198; (b) 1125; (c) 1477. U pper arrow s in d ic a te  in o cu la ­

tio n . B o tto m  a rro w  in d ic a te s  in itial recovery  o f L isteria  from  son icated  fo rem ilk

t io n  t i t r e s  to  th e  О a n tig e n  ranged  from  1 : 320 to  1 : 2560 over th e  6 -m o n th  
in te rv a l ,  b u t no in fo rm a tio n  is p rovided  on  th e  reco v ery  of L isteria  in  m ilk. 
In  a m o re  ex tensive  s tu d y  [4] including 110 b ac te rio lo g ica lly  p o sitiv e  n a tu ra lly  
in fe c te d  cows, a g g lu tin a tio n  titre s  of ]>320 w ere  com patib le  w ith  th e  d iagnosis 
o f lis te rio sis . As in  th e  earlie r s tudy , th e  n u m b e r  o f Listeria  reco v ered  from  
th e se  cows was n o t p ro v id e d . In  our e x p e r im e n ta l se ttin g , four-fo ld  increases 
in  a n tib o d y  titre s  f ro m  pre-infection  levels fo llow ed  in tra m a m m a ry  inocula-
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tions an d  in d ica ted  th e  genera lized  system ic response  p rio r to  de tec tin g  
L isteria  in  m ilk. T he m ag n itu d e  o f th e  an tib o d y  response  w as th e  sam e follow ­
ing m u ltip le  inocu la tions o f e ith e r  high or low in o c u la tin g  doses.

D uring  th e  early  s tages o f th is  p ro jec t d a ily  m ilk  sam ples w ere en u m er­
a ted . Ten-fold  v a ria tio n  in  th e  recovery  of Listeria  in  m ilk  sam ples over a seven 
d ay  in te rv a l occurred  in  31 (97% ) of th e  an im als. L a te r  in  th e  course of th is  
s tu d y  in  o rder to  b e tte r  ap p ro x im a te  th e  in fec tio n  ra te  and  to  m axim ize 
recovery  of Listeria  in  poor or low  shedders, fo rem ilk  sam ples w ere collected 
and  son ica ted . This p ro ced u re  y ie lded  a t least a tw o-fo ld  increase in  th e  re ­
covery  o f Listeria  in  8 o f 9 cows. In  co n tra s t to  th e  d a ily  f lu c tu a tio n s  in  th e  
reco v ery  o f Listeria  in  m ilk , serum  an tib o d y  levels w ere re la tiv e ly  u nchanged  
once h igh titre s  w ere ach ieved . W hile serum  a n tib o d y  ti tre s  m ay  re flec t a 
generalized  system ic response  w hey a n tib o d y  t i t r e s  w ere ev a lu a ted  in  o rder 
to  m o n ito r th e  localized response  of th e  m am m a ry  g land  to  in fec tion . The 
low er im m unoglobu lin  levels in  m ilk  c o n tr ib u te d  to  th e  generally  low er titre s  
ach ieved  in  w hey (m ax im u m  =  1 : 256). In  conclusion , genera lly  h igh a n ti­
bo d y  ti t re s  followed in tra m a m m a ry  inocu la tions a n d  could he ach ieved  in 
an im als desp ite  th e  levels o f Listeria  recovered  in  m ilk . T his suggests th a t  
a lth o u g h  serological te s tin g  m ay  he strong ly  su g g estiv e  o f in fec tion , b a c te rio ­
logical iso lation , p re fe rab ly  from  forem ilk  sam ples, confirm s bovine listeriosis.
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EFFECT OF LISTERIA INFECTION ON THE 
ALLOTRANSPLANTATION REACTION IN 

CYCLOSPORIN A TREATED MICE*
Maria  W a l e nck a  and T e r e s a  G oscicka

D epartm ent o f  Im m unology , Institu te  fo r  M icrobiology , 
U niversity o f  Lodz , Lodz , Poland

(R eceived S ep tem ber 16, 1988)

Allogeneic reac tion  of lis te ria-in fec ted  B alb /c  m ice to  C3H skin g ra ft was ex am in ed . 
T he recip ien ts w ere in fec ted  w ith  Listeria innocua  an d  tre a te d  w ith  Cyclosporin A. L is te ria  
infection in th e  tre a te d  m ice en h an ced  skin re jec tio n  reac tio n  reduced  by the irnm unosuppres*  
sor.

In  p rev ious p ap er it w as described th a t  L isteria  innocua  in fec tio n  can  
in tensify  th e  a llo tra n sp la n ta tio n  reac tio n  in m ice [1]. H ence, it was o f in te re s t  
to  observe th e  d ev e lopm en t of re jec tion  re a c tio n  to  allogeneic sk in  g ra f t  in  
mice tre a te d  w ith  th e  v e ry  effective im m u n o su p p resso r C yclosporin A (CsA) 
and  in fec ted  w ith  Listeria  in  d ifferen t tim e  a f te r  tra n sp la n ta tio n .

Materials and m ethods

S k in  transplantation . In b red  m ale B alb /c  mice (h a p lo ty p e  H -2d) were g ra fted  w ith  th e  
ear skin o f in b red  m ale C 3II mice (hap lo ty p e  H -2k). E a c h  experim en ta l group c o n ta in ed  a t  
least 6 an im als . In te n s ity  of a llo tran sp la n ta tio n  re ac tio n  w as expressed as a su rv iv a l tim e  
of th e  g ra ft in days.

Listeria  infection. T he skin g ra ft recip ient B a lb /c  m ice w ere in jec ted  once in tra p e rito n e a l-  
ly w ith  107 live cells of n o n p a th o g en ic  L . innocua  se ro v a r 6a [2 | k indly  supplied  b y  Dr. E . 
M enciková. T he b ac teria  w ere suspended  in 0.5 ml o f sa line . T h e  anim als were in je c te d  on  th e  
1st, 3 rd , 5 th , 7 th , 9 th , 11 th  or 13 th  day  a fte r  skin im p la n ta tio n .

A p p lica tio n  o f  C yclosporin A . Cyclosporin A (S a n d im m u n ) dissolved in 95%  e th a n o l and  
d ilu ted  w ith  PB S  -f- 20%  T w een 80 to 5 m g/m l, w as g iven  subcu taneously  in d a ily  doses o f 
50 ftg/g du rin g  8 days, s ta r tin g  1 day  before and  co n tin u in g  7 days a fte r skin t r a n s p la n ta t io n  
( to ta l dose 400 ^g /g ) [3].

Cytotoxic test. L y m p h o cy tes  from  d ra in in g  ly m p h  nodes, iso lated  on the  8 th  d a y  a f te r  
sk in  im p la n ta tio n  i.e. 1, 3, 5 days a fte r  liste ria  in jec tio n , w ere suspended  in Eagle m ed iu m  co n ­
ta in in g  10%  ca lf serum , g lu tam in e  (200 /tm ol/m l), pen ic illin  (100 U /m l) and s tre p to m y c in  (100 
//g/rnl), and  in cu b a ted  w ith  51C r-labeled fib ro b lasts  o f line  929 in ra tio  50 : 1 a t  37 °C in  h u m ified  
air a tm o sp h ere  w ith  5%  C 0 2 for 36 h  [4].

B last transform ation  assay. L ym ph node cells (107) w ere suspended in P a rk e r  m ed ium  
buffered  w ith  0.5 m g/m l H epes (C albiochem ) and  en rich ed  in 8%  PCS, 2%  m ouse serum ,
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g lu ta m in e  (200 /tm ol/m l) a n d  th e  an tib io tics w ere in c u b a te d  w ith  0.5 /tg /m l o f P H A  (W ellcom e) 
o r  2.5 jiig/ml of can c an a v a lin  A (ConA, C albiochem ) or 20 jUg/ml of a crude  a n tig e n  iso la ted  
fro m  L . innocua  (LA ) [1] a t  37 °C in h u m id ified  a ir  a tm o sp h e re  w ith  5 %  C 0 2 fo r 72 h. T he 
cell p ro life ra tio n  w as assessed  a f te r  18 h  in co rp o ra tio n  o f 3H -th y m id in e  (m eth y l-3H -th y m id in e , 
A m e rsh a m ) [1]. The te s t  w as a lw ays m ade on th e  8 th  d ay  a fte r  skin im p la n ta tio n  b u t  a t  d if­
f e re n t  tim es of in fection : 1, 3 o r 5 days a fte r in je c tio n  o f bac teria .

Results

T h e best su p p re sso ry  effect of CsA on th e  su rv iva l tim e  o f C 3H  sk in  in  
B a lb /c  m ice was o bserved  a fte r  8 days a p p lic a tio n  to  rec ip ien ts , in  d a ily  dose 
50 p g /g , s ta r tin g  1 d a y  before  g ra ftin g . T h e  average su rv iv a l tim e  w as 16 
( ± 0 .5 )  days, while in  all n o rm al con tro l an im als  12 days (Fig. 1).

L i s t e r i a  i n fec t ion

F ig . 1. A llo tra n sp la n ta tio n  re ac tio n  in B alb /c  m ice t r e a te d  w ith  CsA and  in fec ted  w ith  L. 
in n o cu a  (solid colum ns) co m p ared  w ith  th e  reac tio n  in on ly  in fected  an im als (open  co lum ns)

L is te ria  in fec tion  s ta r te d  3 days a f te r  tra n s p la n ta t io n  en h an ced  in  25%  
a llo g en ic  reac tio n  an d  th e n  th e  su rv iv a l tim e  o f sk in  g ra ft was on ly  9 (± 0 .5 )  
d a y s . W h en  it  began  la te r , a f te r  5 or 7 d ay s , an  average  su rv ival t im e  w as 10 
( zL0.6) days. In  CsA tr e a te d  mice, lis te riae  in te n s if ie d  th e  re jec tio n  re a c tio n  
p re v io u s ly  suppressed  in  3 3 % . I t  was m ost d e m o n s tra tiv e  in  m ice in fec ted  
5 o r  7 d ay s a fte r sk in  g ra ftin g . In  th ese  an im als  lis te ria  in fection  co m p le te ly  
a b o lish e d  CsA effect.

I n  o rd er to  check  if  an  in ten s ifica tio n  o f  re jec tio n  reac tion  in  lis te ria - 
in fe c te d  organism  w as co n n ec ted  w ith  en h an ced  cy to to x ic ity  of ly m p h o cy te s  
d ra in in g  sk in  a llograft, ly m p h  node cells w ere exam ined  in  d irec t cy to to x ic  
te s t  u s in g  allogeneic f ib ro b la s ts  as ta rg e t cells (F ig . 2).

I t  w as found th a t  CsA suppressed  th e  c y to to x ic ity  of ly m p h  node cells in  
r e c ip ie n ts . Specific 51C r-release induced  b y  e ffec to r cells d ropped  from  4 0 .2%
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Fig. 2. C y to to x ic ity  o f ly m p h  node cells. B a lb /c  m ice g ra fted  w ith  C3H skin (open co lu m n s), 
CsA tre a te d  m ice g ra fted  w ith  C3H skin  (h a tc h ed  co lum n), lis te ria  in fec ted  mice ( s tr ip p e d  
co lum ns), sk in  g ra fted  m ice in fec ted  w ith  lis te riae  (shaded  co lum ns), CsA trea te d  m ice g ra f te d  

w ith  sk in  an d  in fec ted  w ith  lis te riae  (solid colum n). L in  =  lis te ria  in fec tion

to  13 .5% . T he in jec tio n  o f lis te riae  on th e  5 th  d ay  a fte r  skin im p la n ta tio n  
d id  n o t a ffec t th is  a c tiv ity  of ly m p h o cy tes  a t all. In  L . innocua  in fec ted  o rg a n ­
ism  a specific  de layed  h y p e rsen s itiv ity  developes w hich  can  be d e te rm in ed  b y  
b la s t tra n s fo rm a tio n  te s t [1]. T he re su lts  o f th e  re a c tio n  of lym ph  n o d e  cells 
to  P H A , ConA an d  LA from  in fec ted  an d  g ra fted  w ith  allogeneic sk in  m ice 
are g a th e re d  in T ab le  I.

L is te ria  in fec tion  la s tin g  5 day s increased  103% , 224.2%  an d  1 0 7 .4 %  
o f cell re a c tiv i ty  to  P H A , ConA an d  LA , re sp ec tiv e ly . I t  w as in te re s tin g  t h a t  
ly m p h o cy te s  from  allografts ex h ib ited  a  low er a b ility  to  b last t ra n s fo rm a tio n  
on th e  8 th  d ay  th a n  th e  cells o f  n o rm al an im als. H ow ever, also in  th is  case 
L . innocua  en h an ced  th e  reac tio n  to  P H A  (-(-58.0% ) and  ConA (-T 9 1 .4 % ). 
W hen  a co m p le te  in h ib itio n  of CsA effect by  lis te r iae  w as observed i.e . w h en  
th e  in fec tio n  la s ted  5 or 3 days, s ta r t in g  from  th e  3 rd  or 5 th  day  a f te r  sk in  
g ra ftin g , th e  d ra in in g  ly m p h  node cells ex h ib ited  a s tro n g ly  in ten sified  re a c tio n  
to  P H A  ( +  166.3% ) and  ConA ( +  196.2% ).

D iscussion

Im m u n o su p p re sso ry  effect o f CsA wras fo u n d  to  be a resu lt o f  d is tu rb ­
ance o f n o rm al lym ph o k in e  cascade  essen tia l to  th e  developm ent o f  e ffec to r 
cells responsib le  for g ra ft re jec tio n  a n d  cell h y p e rsen s itiv ity  [5 -7 ]. T h is  d ru g  
is also  ab le  to  suppress th e  defence m echan ism  o f organism  aga in st d iffe re n t 
p a th o g e n s , p a rtic u la r ly  L . monocytogenes [8, 9]. L is te ria  in fection  tr ig g e rin g
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Table 1

Blast transform ation reaction o f  lym ph  node cells to P H  A , Con A  and L A

In c o rp o ra tio n  o f 3H -th y m id in e

D u ra tio n  cif L. innocua  in fec tio n  (days)
G roup o f 

B a lb /c  m ice M itogen 0 1 3 5

cpm in d ex c p m index cpm in d ex cpm in d ex

In fec ted  w ith b ste riae  Р И А 157 466 197.8 196 449 244.6 167 626 201.7 167 573 401.6
± 5235 ± 5 2 4 ± 6 531 ± 8 1 2 2

ConA 140 730 176.8 161 209 200.7 175 077 210.0 239 030 573.2
± 6 2 1 9 ±(±6466 ± 4 8 3 8 ± 5 5 2 9

LA 2 180 2.7 1 021 1.3 1 361 1.6 2 361 5.6
± 1 9 1 ± 2 8 ± 2 9 0 ± 8 9 3

G ra fte d  w ith  C3H P H A 109 673 40.5 124 471 64.4 147 427 71.0 156 098 64.0
sk in  and  infected ± 6562 ± 3 1 9 5 ±(±6554 ± 4 1 2 9
w ith  listeriae ConA 120 669 44.5 163 843 84.8 148 647 71.6 207 700 85.2

±7651 ± 5 5 4 1 ± 4301 ± 3 3 5 0

LA 3 669 1.3 5 104 2.6 3 181 1.5 3 457 1.4
± 9 9 4 ± 4 3 8 ± 5 7 4 ± 5 3 8

T re a te d  w ith CsA, P H A 218 200 65.1 n .t. 246 252 173.4 n .t.
g ra fte d  w ith C3H ± 5913 ± 5630
sk in  an d  infected 
w ith  listeriae ConA 150 208 

± 6223
44.8 n .t. 188 550 

± 2508
132.7 n .t.

LA 5 737 1.7 n .t. 4 143 2.9 n .t.
± 8 6 4

in d ex  =  a m ean  v a lu e  of rad ioactiv ity  (cpm ) o f lym phocytes cu ltu red  w ith  m itogen 
d iv id e d  b y ; a m ean v a lu e  of ra d io a c tiv ity  (cpm ) o f lym phocytes cu ltu red  w ith o u t m itogen 

±  s tan d ard  d ev ia tio n  
n .t .  n o t tested

T  cell m ed ia ted  im m u n ity  can s trong ly  m o d ify  an  allogeneic re a c tio n  to  tissu e  
g ra f t  [1]. In  our e x p e rim e n ts  we observed  t h a t  L . innocua  was ab le to  abolish  
th e  im m u n o su p p re sso ry  effect of CsA n o t a ffec tin g  th e  cy to to x ic ity  o f d ra in in g  
ly m p h  node cells, im p a ire d  by  CsA. H o w ev er, th e  a c tiv ity  of cells to  P H A  
a n d  ConA was c learly  in ten sified  a t  th a t  t im e . I t  m ay  be supposed  th a t  lis te riae  
b e in g  ab le to  s tim u la te  th e  secretion of IL  1 a n d  IL  2 [10] can  effect o rgan ism  
q u ite  th e  c o n tra ry  to  CsA w hich in h ib its  th e  p ro d u c tio n  of ly m p hok ines and  
su p p resses  m any a c tiv itie s  of lym p h o cy tes  [5—7].
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STUDY OF LISTERIA MONOCYTOGENES 
SURVIVAL DURING THE PREPARATION AND THE 

CONSERVATION OF TWO KINDS OF DAIRY
PRODUCT*

J .  COTTIN, F. PlCARD-BoNNAUD and B .  Ca RBONNELLE

Bacteriology -V ir o lo g y  Laboratory C .H .R .U , and  U n iversity  Technology In stitu te ,
A ngers , France

(R eceived Sep tem ber 16, 1988)

W e tes te d  y o g h u rts  an d  so ft cheeses for su rv iv a l o f  L isteria  monocytogenes d u rin g  th e ir  
m an u fa c tu re  and  th e ir  s to rag e  a t  4 °C. In  y o g hurt, ev en  w hen  th e  co n cen tra tio n  of germ s is 
h igh , th e  bac teria l p o p u la tio n  decreases rap id ly  an d  th e  life o f  tim e  of L . monocytogenes in th is  
p ro d u c t depends on th e  sam ple  a c id ity . T he m icroorgan ism s d isa p p ea r when th e  p H  fa lls to  
3.5. In  soft w h ite  cheeses, ordy a fab ricatio n  w ith  chem ica l a n d  b ac teria l fe rm en ts  allow s an  
a c id ity  w hich is co m p atib le  w ith  d e stru c tio n  of m a jo r i ty  o f L. monocytogenes. U n d er th ese  
co n d itions, th e  p H  decreases to  4—4.5 according to  th e  series o f p ro d u c tio n .

T he presence o f  Listeria  monocytogenes has been  revealed  for a long tim e  
in  d iffe ren t food s tu ffs  d estin ed  for hum an c o n su m p tio n , p a rticu la rly  in m ilk  
[1—5] and in m eat [6, 7]. Since 1979, severa l h u m a n  epidem ic in fec tions due 
to  L . monocytogenes have  im plica ted  th e  in g es tio n  o f co n tam in a ted  food  an d  
m ore especially  o f d a iry  p ro d u c ts  [1, 2, 7 -10 ]. L . monocytogenes can  c o n ta m in a te  
th e se  p ro d u c ts  e ith e r  by  th e  in te rm ed ia ry  o f  raw  m a te ria l (m ilk), or a t som e 
s tag es  of m a n u fac tu re . W e in tended  to  s tu d y  th e  fu tu re  of L. monocytogenes 
conveyed  by  th e  m ilk , w hen  y o g h u rts  and  so ft w h ite  cheeses are m a n u fa c tu red  
an d  p reserved .

M aterials and m ethods

M aterials. S te rilized  m ilk  (U .H .T . =  U ltra  H igh] T em p era tu re )  h a lf sk im m ed  m ilk  
(th e  p H  changing  from  6.1 to  7 accord ing  to  sam ples). Y o g h u rts  used  as a source of la c tic  fe r­
m en ts  (whole m ilk w ith  a p H  v a ry in g  from  3.5 to  4.1). S o ft w h ite  cheese, co n ta in ing  4 0 %  of 
fa ts , used  as source of lac tic  fe rm en ts  (pH  4.4 to  4.6).

L . monocytogenes se ro v ar 4b, iso lated  from  a h u m a n  in fec tio n , m ain ta in ed  as s tra in  No. 
96 of our collection.

Chemical ferm en ts . P resu re  (Cooper M elun) w ith  a c tiv e  chyinosine  ]> 500 mg/1.

J .  Co t t in , B . Ca u b o n n e l l e

B ac tério lo g ie  V iro logie , C en tre  H o sp ita lie r-R ég io n a l-U n iv e rsita irc  
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Indicators. pH  in d ic a to r p ap ers  M erck: n e u tra li t  (p H  5 to  10), ac ilit (p H  0 to  6) and 
sp e z ia lin d ik a to r  (pH  6.5 to  10 a n d  p H  4 to  7).

M anufacturing  o f  yoghurts. A fte r 18 h o f c u ltu re  in  b ra in  h e a rt b ro th , L . monocytogenes 
w as a d d e d  to m ilk in  d iffe ren t p ro p o rtio n s . Y o g h u rt was m ade using  100 m l o f y o g h u r t per 
l i t r e  o f  m ilk  as a source of lac tic  fe rm en ts  (co rresp o n d in g  to  3 X  1010 of Lactobacillus bulgaricus 
a n d  109 Streptococcus acidom in im us). T h is p re p a ra tio n  was k e p t a t  37 °C fo r 16 h. T h en  the  
f la sk s  w ere placed a t  4 °C. T h ree  series of fa b ric a tio n  w ere m ade and  each series w as d iv ided  
in to  3 g roups.

M anufacturing  o f  soft ivhite cheeses. T h e  f ir s t  m eth o d  consisted of a d d in g  to  th e  m ilk 
L . monocytogenes and  chem ical fe rm en ts  (a t  th e  ra te  o f 0.1 ml of chym osine pe r l itre  o f m ilk).

T h e  second m eth o d  used  tw o  so rts  o f fe rm en ts . T hus, in th e  m ilk a lre ad y  c o n ta m in a te d  
w ith  L . monocytogenes w ere ad d ed  ac tiv e  chym osine  (0.1 mg/1) and 100 ml/1 o f so ft w h ite  cheese 
as a sou rce  of lactic  fe rm en ts  (correspond ing  to  1010 o f S . lactis per litre  o f m ilk).

In  b o th  m ethods, th e  m ilk  w as le ft to  cu rd le  fo r 16 h  a t  37 °C. T h en  th e  cheeses were 
s lig h tly  pressed , th e  lac to séru m  d iscarded , a n d  k e p t a t  4 °C. F o u r series w ere m ad e  using  the  
f i r s t  m e th o d  and 2 series for th e  second one. E a c h  series was div ided in to  th ree  g ro u p s.

Search o f  L . monocytogenes in  the dairy product. T he presence of L . monocytogenes was 
in v e s tig a te d  on the  day  of th e  m an u fa c tu rin g  an d  on days 2, 7, 14, 21 an d  28 a f te r  in cu b a tio n  
o f th e  y o g h u rts  and  so ft w h ite  cheese a t  4 °C.

A fte r  hom ogenization , 100 p \  a liq u o ts  o f d iffe ren t d ilu tions of each sam ple  (10 ~2, 10 4, 
10 ~ 6) w ere  inocu la ted  on b lo o d -ag ar su p p lem en ted  w ith  nalid ix ic  acid (40 ^ug/rnl). C ou n tin g  of 
L . monocytogenes was p e rfo rm ed  in  3 paralle l ex p erim en ts .

T h ir ty  gram s of d a iry  p ro d u c t were also in o cu la te d  in to  500 ml of a se lec tive  en rich m en t 
b ro th  fo r Listeria  (20 g/1 B acto  T ry p to  A gar, 20 mg/1 acriflav ine, 40 mg/1 n a lid ix ic  acid  and  3 
m g/1 co listine). T he cu ltu res  w ere in cu b a ted  a t  37 °C for 48 h, th en  k e p t a t  4 °C. E v e ry  week, 
100 (A p o rtio n s  of each b ro th  w ere c u ltu red  on b lood  ag ar w ith  nalidixic acid. Colonies suspec ted  
to  be  L . monocytogenes w ere id en tified  using  s ta n d a rd  m eth o d s [11].

R esu lts

T h e  resu lts  are  show n in  T ables I ,  I I  a n d  I I I .  U pon in c u b a tio n  a t  4 °C, 
L . monocytogenes d isap p ears  from  y o g h u rts , b u t  th e  speed of its  e lim in a tio n  
d ep e n d s  on th e  pH  o f th e  p ro d u c t. In  case o f  th e  tw o series of p re p a ra tio n s  
w h ich  h a d  pH  3.5, 48 h a f te r  m a n u fa c tu r in g  L . monocytogenes w as ab sen t.

Soft w hite  cheese p re p a re d  b y  th e  f irs t  m ethod , had  a p H  />  6 and  
a llo w ed  a good ra te  o f  m u ltip lica tio n  o f L is te r ia , even w hen th e  n u m b e r  o f  th e  
in o c u la te d  b ac te ria  w as v e ry  low  (12 /litre). U sing b o th  chem ical a n d  lac tic  
fe rm e n ts  (second m eth o d ), th e  p H  decreased  to  4 -4 .5  accord ing  to  th e  series 
o f  p ro d u c tio n .

I t  seems th a t  L . monocytogenes d isap p ea rs  from  th e  f irs t  series w hereas 
a f te r  en rich m en t i t  is s till p re se n t in  th e  second series of p re p a ra tio n  w hich 
c o n ta in s  a high ra te  o f L . monocytogenes in o cu la ted  to  th e  m ilk , an d  h as  n o t a 
p H  lo w er th a n  4.5.

D iscussion

A p H  of 3.5 to  4 leads to  th e  e lim in a tio n  of L . monocytogenes fro m  d a iry  
p ro d u c ts , w hereas p H  4.5 does n o t allow  a to ta l  d isap p earan ce  o f th e  in o cu ­
la te d  germ s. The d iffe ren t re su lts  show  th e  im p o r ta n t role p lay ed  b y  th e  p H
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Table I

L . monocytogenes counts and p H  in  yoghurts 
A verage of results o b ta in ed  for each lo t o f yoghurts

Series o f  fab rica tio n
D ay  o f

Tim e o f  in c u b a tio n o f  y o g h u rts , a t  4  °C , in d ay s

fab rica tio n
2 7 14 21 28

I
pH

Listeria  concen tra tion
7 4.5 4.5 4.2 3.5 3.5

c .f.u ./m l . 1.8 X  107 5.2 x 1 0 s 1.3 X  10s 5 .3 x 1 0 - -

11
pH

Listeria  concen tra tion
7 4.5 4.5 4 3.7 3.5

c .f.u ./m l . 1.8 X 10° 5.5 X lO4 1.7 X lO 4 3.3 X  102 — —

II I
pH

Listeria  concen tra tion
6.5 3.5 3.5 3.5 3.5 3.5

c .f.u ./m l 6 x  10» — — — — -

IV
pH

Listeria  concen tra tion
6.1 3.5 3.5 3.5 3.5 3.5

c .f.u ./m l 3.1 X lO 7 — — — — —

c.f.u. colony form ing units
-f- presence of Listeria  a fte r en richm en t, — absence of Listeria  a fte r en richm en t

Table II

L. monocytogenes counts and p H  in  cheeses
A verage of resu lts o b ta ined  for each lo t of soft w h ite  cheeses p repared  w ith  chym osine

Series o f  fab rica tio n
D ay  o f  

fab rica tio n

T im e of in c u b a tio n  (so ft w h ite  cheese) a t  4 °C in  d ay s

2 7 14 21 28

I
pH 6.4 6.2 6.2 6.2 6 6

Listeria  concen tra tion  
c.f.u ./m l 2.3 X lO 4 1 .3 x 1 0 « 1.7 x 1 0 s 1.8 x 1 0 s 1.8 X 10s 1.6 x 1 0 s

11
pH 6.4 6.2 6 6 6 6

Listeria  concen tra tion  
c .f.u ./m l 8.8 1.9 x 1 0 s 1.4 x 1 0 s 1 .3 x 1 0 s 1.2 x 1 0 s 1.8 x 1 0 s

I I I
pH 6.6 6.2 6.2 6 6 6

Listeria  concen tra tion  
c.f.u ./m l 0.67 1.7 x 1 0 s 1.9 X 10s 1.2 X 10s 1.4 x 1 0 s 1.8 x 1 0 s

IV
pH 6.5 6.2 6 6 6 6

Listeria  concen tra tion  
c .f.u ./m l 0 .012 1.8 x 1 0 s 1 .6 x 1 0 s 1.2 x 1 0 s 2.9 x 1 0 s 1.9 x 1 0 s

c.f.u. =  colony form ing units
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Table III

L . monocytogenes counts and p H  in cheeses
A v e rag e  o f results ob ta ined  fo r each  lo t o f soft w hite  cheeses p repared  w ith  chym osine and

lactic  ferm ents

S erie s  o f  fabrication
D a y  o f

Tim e o f  in cu b a tio n (so ft w h ite  cheese) a t  4  °C in  days

fa b r ic a t io n
2 7 14 21 28

I
pH 6.5 4.5 4.5 4.2 4.2 4.2

L iste ria  concentration 
c .f .u ./m l 1 1 — — — — —

I I
pH 6.5 4.5 4.5 4.5 4.5 4.5

L iste ria  concentration 
c .f .u ./m l 2 X  104 + + -  + -

c .f.u . =  colony u n its
+  presence of Listeria  a f te r  enrichm ent, — absence of Listeria  a fte r en rich m en t

in  t h e  su rv iv a l of L. m onocytogenes in foods especially  in  d a iry  p ro d u c ts . R yser 
[12, 13] has a lready  d e sc r ib e d  th is  phenom enon. H e  has show n th a t  L . mono­
cytogenes  can survive in  so m e  cheeses w here th e  p H  is a ro u n d  5. A ccording 
to  B e u c h a t  [14] and  C o n n er [15] L . monocytogenes d isap p ears  from  cabbages 
ju ic e  w h en  th e  pH  is <[ 4 .6 .

A s a conclusion, w e c a n  say  th a t  y o g h u rts  w hich u sua lly  h av e  a pH  of 
3.5 a llo w  a good e lim in a tio n  o f L . monocytogenes and  m ay  he c lassified  in to  th e  
less c o n ta m in a te d  d a iry  p ro d u c ts  for p a tie n ts  w ith  h igh risk  o f in fec tio n , such 
as p re g n a n t  women.
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IDENTIFICATION OF SPECIES 
OF THE GENUS LISTERIA BY FERMENTATION 

OF CARBOHYDRATES AND ENZYMATIC PATTERNS*

J. M ira-G u t i é r r e z , C. P erez  d e  I,ara  and 
M. A. R o d r i g u e z - I glesias

D epartment o f  M icrobiology, Faculty o f  M edicine,
U niversity  o f  Cadiz, Cadiz, S p a in

(R eceived  S ep tem b er 16, 1988)

P a tte rn s  o f carb o h y d ra te s  an d  d e te rm in a tio n  of A P I ZYM a n d  A P I ox idases can  be 
considered  a useful w ay  to  d iffe re n tia te  th e  s tra in s  o f Listeria . W ith  all th is  in fo rm a tio n  i t  is 
possib le to  w ork o u t a schem atic  ta b le  t h a t  allows th e  id en tif ic a tio n  of Listeria  s tra in s  w ith  
a  re m a rk ab le  c e rta in ty . By num erica l an a ly sis  four d iffe ren tia ted  c lu s te rs  h av e  been  d em on­
s tra te d .

In  recen t y ears , th e  use o f  new  tax o n o m ic  tech n iq u es  has p e rm itte d  th e  
rec lassifica tio n  of th e  species w ith in  th e  genus Listeria . R o co u rt e t al. [1] 
d iv id e  th e  genus in to  five genom ic g roups com posed of L isteria  monocytogenes, 
L isteria  bulgarica (serovar 5 o f L . monocytogenes), described  la te r  as Listeria  
ivanovii [2], Listeria  innocua, a n d  groups 4 an d  5 w hich  co rresp o n d  to  th e  
species Listeria  welshim eri an d  L isteria  seeligeri, re sp ec tiv e ly  [3]. F ina lly , 
Listeria  denitrificans  whose inc lu sio n  in  th e  genus w as n ev er co m p le te ly  a d ­
m itte d , has been reclassified  in  a new  genus as Jonesia  den itrificans.

In  th is  w ork  previous s tu d ie s  of a b iochem ical c h a ra c te r  h a v e  been 
com pleted  [4], using  enzym atic  m ic ro tes ts  and  fe rm e n ta tio n  of c a rb o h y d ra te s  
w ith  a collection o f s tra in s  w h ich  inc luded  all th e  species o f th e  genus.

M aterials and methods

T h ir ty  s tra in s  corresponding  to  th e  follow ing species h av e  been  s tu d ied : L . monocytogenes 
(20), L. welshimeri (1), L . seeligeri ( l ) ,  L . innocua  (1), L . m urrayi (2), L . grayi (2), L . ivanovii (2) 
an d  J .  denitrificans  (1). Am ong these  a re  in c lu d ed  th e  s tra in -ty p es  o f each  of th e  species s tud ied .

T he m icrom ethod  A P I SOCH h a s  been used to  observe th e  fe rm e n ta tio n  of c a rb o h y ­
d ra te s , em ploying phenol red b ro th  b ase  a n d  in cu b a tin g  for th ree  d ay s , w h ils t e v a lu a tin g  the  
re ac tio n  every  24 h. T he en zym atic  p ro file s  were ob ta in ed  by  th e  m eth o d s  A P I ZYM an d  LR A

J .  M ir a -G u t ié r r e z , C. P é r e z  d e  L a ra , M. A. R o d r ig u e z - I g lesia s

D e p a r tm e n t o f  M icrobio logy, F a c u lty  o f M edicine, U n iv e rs i ty  o f  Cádiz 
C ad iz , S pain

* P resen ted  a t  th e  10 th  In te rn a tio n a l  S y m p o s iu m  on L is te rios is, P écs, H u n g a ry , A u g u s t 2 2 -2 6 , 1988.
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Table I

Carbohydrate ferm en

O'

« ■O

l/
2

b
a евci > l/

2
b «Cl O'

Ö « Cl
е̂в -Qed ев■»t Si

£ S è S £ £ s £ £ £ £ £ £
4 •4 4 »4 ►-4 *4 ►4 4 4 4 4 4

G lycero l
E r y th r i to l
D -A rabinose
L -A rab inose  — —
R ibose — + — + — — — — — + + + —

D -X ylose
L -X ylose
A d o n ito l
B eta-m ethy l-xy loside
G alac to se — + — — — — + + + + + — —
D-G lucose - f + + + + + + + + + + + +
D -F ructose + + + + + + + + + + + + +
D -M annose + + + + + + + + + + + + +
L-Sorbose — ± +
R h a m n o se + + + + + + + + + + + + +
D u lc ito l
In o s ito l
M an ito l — + — ± — — — + — + — — _

S o rb ito l — + — + — — — — + — — —

A lpha-m ethy l-D -
-m annoside + + + + + + + + + + + + +

A lpha-m ethy l-D -
-glucoside + + + + + _ + + + + + + +

N - A cetyl-glucosam ine + + + + + + + + + + + + +
A m y g d a lin e + + + + + + + + + + + + +
A rb u t in 4- + + + + + + + + + + + +
E sc u lin ■f + + + + + + + + + + + +
Sálié in + + + + + + + + + + + + 4 *
C ellobiose + + + + + + + + + + + + +
M altose + + + + + + + + + + + + +
L ac to se + + + + + + + + + + + + +
M elib iose
S ucrose — ± + ± — — — — + + — — —
T reh a lo se + + + + + + + + + + + + +
In u lin
M elezitose — + — — — — — + + — + — —
D -R affinose
S ta rc h + + + + + + + + + + + + +
G lycogen +
X y lito l + + + + + + + + + + + + +
B eta -g en tib io se + + + + + + + + + + + + +
D -T uranose + + ± ± — — — — — + — — —
D -L yxose — — — — — — + — — — — — —
D -T agatose
D -Fucose — — — — — — — — — ± — — —
L-Fucose
D -A rab ito l + + + + + + + + 4" + + + +
L -A rab ito l
G p ico n a te — — — — — — — — — + — — —
2 -K eto -g luconate
5 -K eto -g luconate
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tntion patterns
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ZYM  oxidases, in cu b a tin g  fo r 4 h , and  in te rp re tin g  th e  re ac tio n  im m ed ia te ly  a f te r  th e  reag en ts  
w ere  ad d ed .

T he resu lts o b ta in e d  w ere su b m itted  to  a n u m erica l analysis, using  th e  s im ila rity  coef­
f ic ien ts  o f Sokai and  M ichener (Ssm) and of Ja c ca rd  (S j), a n d  em ploying th e  U PG M A  as tech ­
n iq u e  o f clustering.

R esults

T h e  p a tte rn  o f  fe rm e n ta tio n  of c a rb o h y d ra te s  p e rm its  th e  clear recogni­
t io n  o f  th e  species o f  th e  genus Listeria. T h u s , w hereas a series of su b s tra te s  
w ere  fe rm en ted  u su a lly  b y  all stra ins (g lucose, fru c to se , m annose , am igdalin , 
escu lin , salicin, celob iose , m altose, lac tose , g en tib io se , and  o th e rs , T ab le  I), 
som e o th ers  were fe rm e n te d  by  specific s tra in s ;  d iffe ren tia l p a tte rn s  of special 
in te r e s t  have been  fo u n d . L . m urrayi is d is tin g u ish e d  b y  th e  fe rm e n ta tio n

I: L.welshimeri
L. s e e l  iger i 
L. monocytogenes

II. I  m on oc y t o g e n e s

III: L m u r r a y i  
L grayi  
L ivanovii

IV J o n e s i a  d e n i t r i f i c o ns

Fig. 1. D e n d o g ram  of c lustering  in  p h en o n s  of L isteria  spp

o f ra ffin o se  and g lu c o n a te , sharing  th is  c h a ra c te r is tic  w ith  L . grayi. J .  denitri- 
f ic a n s  m a in ta in s im p o r ta n t  differences from  th e  re s t of th e  s tra in s  stu d ied , 
su ch  as th e  fe rm e n ta tio n  o f  L-arabinose a n d  m elib iose. Som e su b s tra te s , such 
as a lp h a -m e th y l-m a n n o s id e  allow' th e  reco g n itio n  o f v e ry  closely re la te d  species 
su ch  as L . seeligeri a n d  L. welshimeri. T he  se ro v a rs  o f L. monocytogenes p resen t 
v e ry  va riab le  re su lts  w h ich  do not allow a d e te rm in e d  b iochem ical p a tte rn  to  
be assigned to  each  o n e  o f them .

T he A P I ZYM  (T ab le  I I )  show th e  p resen ce  o f p h o sp h o h y d ro lase  and  
ac id  b u t  no t a lk a lin e  p h o sp h a tase . T here  a re  esterases from  f a t ty  acids of 
sh o r t  chain , leu c in e -a ry l-am id ase  and a lp h a- a n d  beta-g lucosidases (using su b ­
s tr a te s  w ith  a b e ta -n a p h th y l  group c o n ju g a te d ). W ith  th e  L R A  ZYM osidases 
(T ab le  I I I )  th e  s e n s it iv ity  of th e  su b s tra te s  co n ju g a ted  w ith  p -n itro p h en o l, 
is su p erio r and  a g re a te r  a c tiv ity  can be d e te c te d , o u ts ta n d in g  in  th e  case 
o f th e  hydro lysis o f  a lp h a - and  be ta -g lu co sid ase , N -acety l-beta-D -glucosam i- 
n id ase , a lp h a -m a lto s id ase , and  alpha- a n d  b e ta -m an n o sid ase .
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Table II

E nzym atic profiles ( A P I  Z Y M )
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A lkaline phosphatase 1 0 0 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 1 0
E sterase  (c4) 3 3 1 5 3 5 3 5 5 5 5 5 3 3 3 3 3 3 3 5 3 5 3 5 1 5 0 0 3 0
L ipase esterase (c8) l 1 1 3 1 3 1 3 3 3 1 3 1 5 1 1 1 1 1 3 3 á 1 3 1 1 0 1 3 1
L ipase (c l4 ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
Leucine ary l-am idase l 1 0 3 3 3 1 5 5 1 1 1 1 1 1 1 1 3 3 3 1 1 1 1 0 X 5 5 3 1
Valine ary l-am idase 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
Cystine ary l-am idase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T rypsin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A lpha-chem otrypsin 1 0 0 3 3 1 0 5 5 1 0 0 0 0 0 1 3 1 0 1 0 0 5 0 0 0 0 0 1 1
A cid-phosphatase 3 1 1 5 оsJ 3 5 5 3 1 1 1 0 1 1 1 3 5 3 3 3 1 3 0 0 0 0 0 3 1
Phosphohydrolase 3 3 i 5 5 1 о 5 0 3 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 3 3
A lpha-galactosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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B eta-glucuronidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A lpha-m annosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A lpha-fucosidase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 =  0 nanom ol; 1 =  5 nanom oles; 3 =  20 nanom oles; 5 =  40 nanom oles
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Table III

E nzym atic profiles (L R A  Z Y M  oxidases)
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A lp h a - D -g a la c to s id a s e 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

B e ta -D - g a la c to s id a s e 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P h o s p h o - b e ta - D -g a la c to s id a s e 3 3 1 1 l 1 5 3 5 3 0 0 5 3 1 3 3 1 3 0 1 3 5 1 0 0 1 0 3 1
A lp h a - L - a r a b in o s id a s e 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 5 0 0
A lp h a -D -g lu c o s id a s e 3 5 3 5 0 0 5 1 5 0 5 1 5 5 3 5 3 1 0 5 0 3 5 3 1 1 3 5 5 0
B e ta -D -g lu c o s id a s e 5 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 3 5 5 5 5 3
B e ta - D - g a la c tu r o n o h v d r o la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1) 0 0 0 0 0
B e ta -D - g lu c u r o n id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A lp h a - m a l to s id a s e 3 5 0 5 0 1 3 3 3 3 5 1 3 5 3 5 5 1 0 5 0 0 5 5 3 5 3 3 0 0
B e ta - m a l to s id a s e 1 5 0 3 0 0 0 0 1 0 3 0 1 3 0 1 1 0 0 3 0 1 3 1 0 0 0 0 1 0
N - A c e ty l - a lp h a -D - g lu c o s a m in id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 II 0 0 0 0 0 0
N - A c e ty l - b e ta -D - g lu c o s a m in id a s e 5 5 I 5 3 3 5 1 5 5 3 1 5 5 5 5 5 3 3 5 1 5 5 5 1 5 3 0 3 1
A lp h a -L - fu c o s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B e ta -D - fu c o s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ü 1 0 0 1 0 0 0 0 1 0 0
B e ta -L - fu c o s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B e ta -D - la c to s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A lp h a -D -m a n n o s id a s e 5 5 0 5 0 0 1 1 0 5 5 0 0 5 1 0 0 0 0 5 0 5 5 3 0 0 1 0 0 0
B e ta -D - m a n n o s id a s e 5 5 0 5 1 1 3 3 3 5 3 0 5 5 3 5 5 1 1 5 0 5 5 5 0 1 3 0 1 0
A lp h a -D -x y lo s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B e ta -D - x y lo s id a s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0

F o r exp lanation  see Table I I
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T he processing  of th e  d a ta  in  o rd e r to  o b ta in  th e  coefficients o f s im ila r ity  
an d  th e  c lu s te rin g  b y  m eans of U PG M A  d em o n s tra te s  th e  fo rm a tio n  o f  fou r 
d iffe re n tia ted  c lu ste rs  (F ig. 1). T h ree , w ith  a s im ila rity  of 85%  (Ssm) g ro u p s  
th e  p h en o n  I (L . w elshim eri, L . seeligeri, L . innocua  an d  th re e  s tra in s  a c c e p ted  
as L . monocytogenes);  th e  phenon  I I ,  w h ich  inc ludes th e  rest o f th e  s tra in s  of 
L . monocytogenes to g e th e r w ith  th e  s tr a in  ty p e ; and  th e  phenon  I I I  co m posed  
of L . m urrayi, L . grayi an d  L . ivanovii. F u r th e r  aw ay , w ith  75%  s im ila r ity , 
one fin d s  th e  p h en o n  IV  w hich inc ludes as on ly  s tra in  Jonesia  den itr ifica n s.

D iscussion

T h e  p a tte rn s  of fe rm en ta tio n  o f carbohvdrat.es can  he considered  as a 
usefu l m e th o d  in  th e  d iffe ren tia tio n  o f  s tra in s  o f L isteria , and  has th u s  been  
recogn ized  in  prev ious w orks [4, 5]. A P I  ZYM an d  A P I oxidases b ring  im p o r ta n t  
d a ta . W ith  all th is  in fo rm ation  i t  is possib le  to  e lab o ra te  reduced  ta b le s  w hich  
p e rm it th e  id en tif ic a tio n  of L isteria  w ith  a n o tab le  level o f re liab ility .

In  th e  sam e w ay, th e  n u m erica l analysis  of th e se  d a ta  show s us th e  
ho m o g en e ity  o f th e  genus, once J .  d e n itr if  icans has been  sep ara ted , also  th e  
conven ience  of m a in ta in in g  L . grayi an d  L . m urrayi in  th e  genus, in  a g re e m e n t 
w ith  d a ta  o f o th e r  au th o rs  [3, 6].
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COMPARISON OF ALLERGENIC SKIN TEST WITH 
SEROLOGICAL AND RACTERIOLOGICAL 

EXAMINATIONS OF CATTLE FOR 
LISTERIA MONOCYTOGENES*

I . K ovincic , B. S t a j n e r , I. F . V u jic ic ,
M . Sv a b ic -Vl a h o v ic , M . M r d j e n , M . Ga l ic ,

M. Ga GIC and J .  H . BRYNER

Faculty o f  A gricu ltu re , Veterinary Science In s titu te . 
and Livestock Research In s titu te , N ovi S a d , Yugoslavia , 

Faculty  o f  M edicine , Belgrade, Yugoslavia , 
and N ational A n im a l Disease Center, A m es Iow a, U SA

(R eceived  S ep tem b er 16, 1988)

F ive  h e rd s , each co n ta in ing  200 to  300 cows, were su rv ey ed  for listeriosis. S ince lis te rio sis 
is p re d o m in a te ly  linked to  re p ro d u c tiv e  diseases in th e  su rv ey ed  area , su spec ted  cow s w ere 
f i r s t  se lected  accord ing  to  th e  reco rds on th e ir  p rev ious re p ro d u c tiv e  disorders such  as a b o rtio n , 
en d o m e tritis  a n d  ste rility . By s im u ltan eo u s  serological, bacterio log ical and sk in  a lle rgen ic  
te s tin g  40 cow s suffering from  liste rio sis w ere d e tected . B u t, on ly  seven of th o se  cow s w ere 
occasionally  shedd ing  listeriae  in m ilk. T he specific ag g lu tin in s for Listeria  monocytogenes 
w ere d e te c te d  in  blood sera o f all seven cows an d  th e  t i t r e  w as from  1 : 20 to  1 : 160. T h e  d if­
ference of sk in  th ickness induced  b y  a llergenic te s t  was fro m  1 to  2 m m . L. monocytogenes was 
iso la ted  fro m  m ilk of all seven cows an d  in d irec tly  th ro u g h  th e  inocu la tion  in  e n r ic h m e n t 
b ro th , an d  d irec tly  only from  m ilk  o f tw o cows. T he re su lts  in d ica te  th a t  th e  p o s it iv e  sk in  
allergenic a n d  serological te s ts  do n o t  necessarily  m ean th e  shedd ing  of lis te riae  in  m ilk . H ow ­
ever, th e  lis te ria -sh ed d in g  in  m ilk w as a lw ays accom panied  by a positive  sk in  a lle rg en ic  te s t  
an d  th e  p resence  of agg lu tin ins in b lood  sera.

D iagnosis of sporad ic  cases o f bovine lis terio sis  rep resen ts  a co m p lex  
p rob lem . C linical signs m ay  be  m ild  an d  a ty p ica l an d  w hen th e y  a p p e a r  as a 
re p ro d u c tiv e  d iso rder th e re  are  no special signs. S im ilar d isorders in  re p ro d u c ­
tio n  m ay  also be caused b y  o th e r agen ts [1 -4 ]. In  th e  fram ew o rk  o f  reg u la r

I .  K o v iN c ié ,  B . èTAjNER, M . M r d j e n ,  M . G a l i C , M . G a g ic

F a c u lty  o f  A g ricu ltu re , V e te rin a ry  Science I n s t i tu te ,  N o v i S ad , Y ug o slav ia

I .  F . V u jiC id

F a c u lty  o f  A g ricu ltu re , L ivestock  R e sea rch  I n s t i tu te  
N o v i S a d , Y u g o s la v ia

M. S v a b i 6 - V l a h o v k 5

F a c u lty  o f  M edicine 
B e lg rad e , Y u g o s lav ia

J .  I I .  B r y n e r

N a tio n a l  A n im al D isease C en ter,
A m es, Io w a , U S A

* P re se n te d  a t  th e  1 0 th  In te rn a t io n a l  
w ere s u p p o rte d  b y  th e  Y ug o slav ia—U S J o in t
P P 6 3 6 .

S y m p o s iu m  on  L ieste rio s is , P écs , H u n g a ry , A u g u st 2 2 -2 6 , 1988. In v e s t ig a t io n s  
B o a rd  fo r sc ien tif ic  an d  tech n o lo g ica l c o o p e ra tio n , P ro je c t Y O -A R S -9 0 -JB -1 0 3 ,
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h e a lth  control of h e rd s  i t  is  necessary to  a ff irm , beside o th e r d iseases, th e  p res­
ence and  frequency  o f  lis te rio sis . Classical m e th o d s  w hich are  being  used  are 
n o t  th e  m ost fa v o u ra b le  in  field w ork. Iso la tio n  of agen ts, especially  in  th e  
case  of agents w ith  m ix e d  bacteria l flo ra , re q u ire s  th e  ap p lica tio n  of a g rea t 
n u m b e r  of selective a n d  en rich m en t m ed ia . T h e re  are  no un ique  opinions abou t 
th e  t i t r e  of an tib o d ies  fo r  L . monocytogenes in  b lood  sera, w hich  is th e  m ost 
decisive  th ing  for se ro d iag n o sis  of listeriosis [5]. T herefo re, th e  ob jec tives of 
o u r investiga tion  w ere  to  t r y  to  apply  a lle rg en ic  sk in  te s t to g e th e r  w ith  sero­
log ica l and b ac te rio lo g ica l exam inations [6].

M aterials and  m eth o d s

E x am inations w ere  p e rfo rm e d  a t 5 c a ttle  h e rd s  in  V ojvod ina, each  co n ta in in g  ab o u t 
200 cows. F o rty  heads w ere  ch o sen , which, by  th e  p re v io u s  ex am in atio n s w ere p ro v en  to  have 
d iffe re n t reproductive  d iso rd e rs  (ab o rtio n , en d o m e tritis  a n d  o th er). A llergen was p rep ared  from  
L .  monocytogenes 4b-1071 s t r a in ,  by  chloroform  e x tra c t io n  [6]. Skin allergenic te s t  was pe r­
fo rm e d  by  inoculation  of 0.5 m l o f allergen in to  th e  ta i l  w rin k le  in tra cu ta n eo u s ly . T he reac tion  
w as ju d g ed  after 24 a n d  48 h  ta k in g  in to  the  acc o u n t th e  sk in  th ickness a t  th e  sp o t o f inocu la­
t io n  a n d  th e  q uality  o f c h an g e . Beside, th e  sk in  te s t ,  re p e a te d  serological ex am in a tio n s  and  
b ac terio log ica l checks o f u te r u s  secre tion  and m ilk fo r th e  p resence  of lis te riae  w ere perform ed 
fo r  th e se  40 cows.

R esults

All 40 cows w ith  re p ro d u c tiv e  d isorders h ad  p ositive  sk in  allergenic te s t. 
B lood  sera  of these  a n im a ls  had specific a n tib o d ie s  for Listeria monocytogenes 
a n d  b y  bacterio log ical ex am in a tio n s lis te riae  w ere  iso la ted  from  th e  u te ru s  
m u cu s . L . monocytogenes w as  iso lated  from  m ilk  o f these cows on ly  in  7 cases 
(T ab le  I).

A t re la tively  low  a n d  m ean  titre  va lues fo u n d  for an tibod ies for L. mono­
cytogenes in blood se ra  (1 : 20 up to  1 : 160) a t  7 ) cows shedd ing  lis te riae  in 
m ilk , th e  positive sk in  a llergen ic  te s t was co n firm ed  (1-2 m m  difference in

Table I

Comparative analysis fo r L . monocytogenes o f  40 cows with 
reproductive disorders

N o . o f  cases
P e rcen tag e  o f 

po sitiv e  findings

No. o f cows exam in ed 40 100
Positive sk in  a llergen ic  test 40 100
Positive sero log ical test 40 100
B acterio logical fin d in g s in uterine 

mucose 40 100
B acterio logical fin d in g s in milk 7 17.5
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sk in  th ick n ess). A t th e  sam e tim e , bacterio log ical fin d in g  from  u te r in e  m ucus 
was p o sitive , an d  by  d irec t p la tin g  in  tw o cases L . monocytogenes w as iso la ted  
in  m ilk  o f th e se  cows an d  in  5 cases i t  was p roved  th ro u g h  e n rich m en t b ro th  
(T able  I I ) .

Table II

Comparative results o f  serological, allergenic and bacteriological exam inations at ernes shedding
L . monocytogenes in m ilk

N o. o f 
cow s

—

T itre  o f 
fo r  L.

1

pecific ag g lu tin ins  
monocytogenes 
(days)

30 60

A llergenic te s t  
o f  d iffe rence  in  

s k in  th ickness 
in  m m

L . monocytogenes 
in u terin e  

m ucose

L . monocytoge

d irec t
p la tin g

nes in  m ilk

th ro u g h  th e  
e n ric h m e n t 

b ro th

1 1 160 1 : 80 1 : 80 2 + + 4 .8  X lO 2 + * *
2 1 20 1 : 40 1 : 40 1 __ * +
3 1 40 1 : 80 1 : 80 1 — +
4 1 40 1 : 40 1 : 40 2 + — +
5 1 160 1 : 80 1 : 80 1.5 + — +

6 1 40 1 : 40 1 : 40 1.5 + — +

7 1 80 1 : 40 1 : 40 2 _L 3.1 x i o 2 +

* L iste riae  were no t iso lated  in d irec t p la ting  
** L iste riae  isolated th rough  en rich m en t b ro th

D iscussion

E nough  or even high specific  q u a lity  o f sk in  allergenic te s t  in  d iagnosis 
o f bov ine  listeriosis follows from  th e  resu lts  o f p re lim in ary  c o m p a ra tiv e  a lle r­
genic, serological and bac te rio lo g ica l exam in a tio n s. T he specific  q u a li ty  of 
allergenic te s t  po in ts ou t t h a t  th e  te s t  could be app lied  a t fie ld  w o rk , i.e. for 
d e tec tio n  o f listeriosis in  in fec ted  herds, b u t, i t  should  be ju s tif ie d  b y  a d d i­
tio n a l serological and b ac te rio log ica l exam ina tions.
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HAEMATOLOGICAL REACTIONS OF RABBITS 
INFECTED INTRAVENOUSLY WITH LISTERIA 

STRAINS OF DIFFERENT VIRULENCE*

Y u. A. Ma z in g , M. A. D a n il o v a , Y. N . K o k r y a k o v ,
V. G. S e l iv e r s t o v a , Y . E. P ig a r e v s k i i , S. Y örös ,

M. K e R É N Y I  a n d  B. R a L OV I CH

Institu te  o f  E xperim en ta l M edicine o f  Academ y o f  M edica l Science o f  U S S R ,
L en ingrad , U S S R ,
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(R eceived  M ay 23, 1989)

Listeria  s tra in s  o f d iffe ren t v iru lence  were in jec ted  in tra v e n o u s ly  in to  ra b b its  o f b o th  
sexes (2 -4  kg). T he in fec tious dose w as 108 cells/kg. B lood sam ples w ere ta k e n  from  th e  ear 
w ein one day  and  im m ed ia te ly  before th e  in fection , th en  3 h , 1, 2, 3, 6 an d  10 d ay s a f te r  i t .  
T o ta l w h ite  blood cell co u n ts  an d  th e ir  changes were d e te rm in ed  a n d  th e  n u m b er o f lysosom al 
g ranu les in  n eu tro p h ils  w ere co un ted . A m ark ed  m onocytic  re ac tio n  was observed  a f te r  th e  
in jec tio n  of v iru len t Listeria  monocytogenes 18 and 87/5467, p a r tly  v iru len t L isteria  ivanovii, 
n o n -p a th o g en ic  Listeria  seeligeri 87/5626 an d  87/5575, and  L isteria  m urr ay i G44 s tra in s . A la te  
slow g row th  was p rovoked  b y  Listeria  innocua  C644 and  a v e ry  sligh t reac tio n  b y  L isteria  
w elshim eri 1830 s tra in s . T here  was no change a fte r in jec tio n  o f L. innocua  s tra in  10. T he 
n u m b er o f lysosom al g ranu les decreased  sign ifican tly  and  rem a in ed  a t  a low level fo r 6 days 
a f te r  th e  in fec tion  of L . monocytogenes s tra in  18 and for 3 d ay s a f te r  th e  in jec tio n  of L . innocua  
s t ra in  10.

Murray, W ebb and Swann f l]  described th at listeria infection caused  
a considerable m ononuclear reaction in rabbit. N yfeld t [2, 3] observed that 
L i s t e r i a  m o n o c y to g e n e s  could produce a clinical syndrom e similar to infectious 
m ononucleosis in man but in this case the Paul-B unnel reaction was negative.

Now it is clear that L i s t e r i a  strains can provoke m onocytosis in m ost 
species of m onogastric anim als and in men (Seeliger [4]).
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Stanley [5] iso lated  the M onocytosis Producing A gent (MPA) and 
s ta ted  that “ R” strains y ielded  only a small am ount of M PA. M uenker and 
R o o ts  [6] studied the effect of incubation tem perature (20 °C and 37 °C) and 
th a t  o f  the C 02 content o f  air on the virulence and m onocytosis-producing  
a b ility  of L . monocytogenes and found that cu ltivation  at 37 °C resulted in 
a higher virulence and low er m onocyte-producing ability than cu ltivation  at 
room  tem perature. V iru len ce was increased andm onocyte-producing ability  
decreased when the cultures were grown under 10% C 0 2. T hey concluded  
th a t th e  influence o f incubation  tem perature was greater than  th at o f the C 0 2 
co n ten t. Galsworthy and Few ster |7] observed different responsiveness to 
M PA  in genetically susceptib le or resistant mice.

The relationship betw een  MPA production and virulence o f Listeria  
stra in s is unclear at present. The aim of our study was to  exam ine haemato- 
logical reactions provoked by living Listeria  strains of different virulence in 
ra b b its  after intravenous injection .

M aterials and m ethods

Listeria  strains o f d iffe re n t v iru lence  were used  in  th e  ex p erim en ts. D a ta  fo r th e  stra ins 
a re  l is te d  in  Table I. B iological a n d  p a th ogen ic  p ro p e rtie s  o f th e  s tra in s  w ere s tu d ied  using 
th e  m e th o d s  published b y  R a lo v ic h  [8].

A n im a ls . T h irty  tw o  r a b b its  (2 -4  kg) of b o th  sexes were used .
In fection . The b a c te r ia  w ere  c u ltu red  in  n u tr ie n t  b ro th  a t  37 °C fo r 18 h. A fte r  c en tri­

fu g a tio n  th e y  were su spended  in  physio logical saline so lu tion . B acteria l co u n ts  w ere  contro lled  
w ith  a  Specol p h o to m eter a t  690 nm  an d  w ith  th e  p la te  co u n t m eth o d . T h e  in fec tio u s dose 
w as 10s cells/kg body w e ig h t. T h e  suspension w as in je c te d  in th e  p e rip h e ra l v e in  o f th e  ear.

Sam pling . B lood sam p le s  w ere ta k e n  fro m  th e  p e rip h e ra l ve in  o f e a r  one day  and 
im m e d ia te ly  before, th e n  3 h. 1, 2, 3, 6 and 10 d ay s a f te r  th e  in jec tio n  o f b a c te ria .

Haematological exa m in a tio n s. Q u a n tita tiv e  a n d  q u a lita tiv e  w h ite  b lood cell counts 
w ere  d e te rm in ed . B lood sm ears  w ere s ta in ed  w 'ith G iem sa for d e te rm in a tio n  o f m onocytes. 
L y so so m a l granules o f n e u tro p h ils  w ere co u n ted  a f te r  s ta in in g  w ith  F a s t  G reen  an d  A sure A 
as d e sc rib e d  by P igarevsk ii. H aem ato lo g ica l changes w ere p resen ted  as re la tiv e  values in  
F ig s  1 -1 0 . R esults received  b e fo re  th e  in jec tio n  w ere considered  as a  b asis o f com parison 
(100%).

R esults

Figures 1-4 show haem atological reactions of rabhits after injection of 
m ore or less virulent L . monocytogenes or L . ivanovii strains. A ll strains were 
beta-haem olytic on sheep blood agar, 3 out o f them  caused keratoconjunc­
t iv it is  and 2 of them  killed  mice after intraperitoneal injection (Table I).

All strains provoked strong m onocytosis. At the same tim e, the number 
of leu k ocytes was practica lly  unchanged in 3 experim ents (F igs 1, 3 and 4). 
W hen L. monocytogenes strain  87/5467 was used for the infection, one animal 
died on the 3rd day. A sligh t increase could be observed in the number of 
leu k ocytes in the surviving animal.
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Table I

Characterization o f  Listeria strains

Properties

Strains > • ^

ztp и 

1 H <

V
S 2.— o>
2-=Z ®

M
ot

il
it

y

~s
s

L . m o n o cy to g en es  18 + -j- +

L . m o n o cy to g en es  87/54671 + + + + +

L . iv a n o v i i  4535 - + + + +

L . iv a n o v i i  n o n - m o ti le  s t r a in - - ;; + — +

L . in n o c u a  10 - - - + +

L . in n o c u a  C6442 - - - + +

L . m u r r a y i  G442 - - - + +

L . see ligeri 87/55751 - - - + +

L . see lig eri 87/5626* - - - + +

L . w e ls h im e r i  1830 — — — + +

— — + + — — + + + l/2 a

- - + + - - + + + l/2 b

— — - + - + - - + 5

— — — — - + — - + 5

- - + + - - + w 4ab

- — - + - — + w 6a

- + + + + — + + -

- - ± - - + — - + l/2 b

- - - - — + - - + 6b

— — + + — + — — — 1830

W  — weak
1 S tra ins sen t by  A. L. C ourtieu from  N an tes (F ranze)
2 S tra ins offered by  H . P . R . Seeliger from  W iirzburg  (FR G )
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F ig . 1. R esu lts  of e x p e rim e n ts  w ith  L . monocytogenes s t r a in  18. N u m b er o f ra b b its  te s te d , 5

Fig. 2. R esu lts  o f  ex p erim en ts  w ith L. monocytogenes s tra in  87/5467.
N u m b e r of rab b its  te s te d ,  2
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Fig. 3. R esu lts o f e x p e rim e n ts  w ith  L . ivanovii non-m otile  s tra in . 
N u m b e r o f ra b b its  te s ted , 2

0/7Ц lo

о  Л 0 0  ;

Fig. 4. R esu lts  o f ex p erim en ts  w ith  L. ivanovii s tra in  4535. N u m b e r o f ra b b its  te s te d , 2
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W hen  the  cell c o u n t w as contro lled  3 h  a f te r  th e  in fec tion  (F ig. 1), an 
im p o r ta n t  increase o f leu k o c y te s  and a m a rk e d  decrease of m onocytes were 
o b se rv e d .

T he effect o f tw o  L . seeligerii s tra in s  w as also s tu d ied . R esu lts  o f the  
a n im a l te s ts  can he fo u n d  in  Figs 5 and 6 as w ell as in  T ahié I. L . seeligerii 
s t r a in s  proved  to  be  n o n -b e ta -h a em o ly tic , th e y  d id  n o t cause k e ra to co n ­
ju n c t iv i t is  and could n o t  k ill m ice, how ever, th e y  p roduced  m onocytosis and  
ev e n  a slight leu k o cy tosis .

F igures 7, 8, 9 a n d  10 show  changes w hich  occu rred  in  th e  an im als a fte r 
in je c t io n  of n o n -p a th o g en ic  Listeria  s tra in s . In o c u la tio n  o f L . innocua  s tra in  
C 644 resu lted  in som e w eak  and  la te  m o n o cy to sis  as well as leukocytosis 
(F ig . 7). In  case of L . innocua  s tra in  10 on ly  th e  v e ry  early  (non-specific?) 
c h a n g e s  in  th e  blood cell c o u n ts  could be o b se rv ed  (F ig . 8). The L . welshimeri 
s t r a in  p roduced  a lig h t m o n o cy tic  reac tio n  fo r som e day s (F ig . 9). The L. 
m u rra y i  s tra in  p ro d u ced  an  ea rly  leukocytosis an d  a la te  m onocytosis (Fig. 10)

1200 ]
11001 

1000J 

j£ 90C-
C 1О
■C 800-1

Fig. 5. R e su lts  of ex p erim en ts  w i th  L. seeligeri s tra in  87/5626. N u m b e r of ra b b its  te s ted , 2
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Fig. 6. R esu lts  o f e x p erim en ts  w ith  L . seeligeri s tra in  87/5575. N u m b e r o f ra b b its  te s te d ,4
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Fig. 7. R esu lts  o f e x p erim en ts  w ith  L. innocua s tra in  C644. N u m b e r o f ra b b its  te s te d , 4
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F ig . 8 . R esu lts  of ex p erim e n ts  w ith  L . innocua  s t r a in  10. N u m b er o f r a b b its  te s te d , 5
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F ig . 9. R esu lts  of ex p erim e n ts  w ith  L . ivelshimeri s t ra in  1830. N u m b er o f r a b b its  te s ted , 2

T ab le  I I  shows th e  change in th e  n u m b e r of lysosom al g ranu les of 
le u k o c y te s . A m arked  decrease  w as observed  o n ly  on th e  f irs t  d a y  in  th e  case 
o f c o n tro l  rab b its  in je c te d  w ith  physio log ica l saline so lu tion . W h e n  th e  non- 
p a th o g e n ic  L . innocua  s tr a in  10 w as in jec ted , th e  decrease la s te d  fo r 3 days. 
B y  in fe c tio n  w ith  th e  v iru le n t L . monocytogenes s tra in  18 th e  sam e w as ob­
se rv e d  du ring  6 days.

D iscussion

O n th e  basis o f l i te ra ry  d a ta , th e  re la tio n sh ip  b e tw een  m onocytosis- 
p ro d u c in g  ac tiv ity  an d  v iru len ce  o f L isteria  s tra in s  is n o t w ell u n d ers to o d .
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F ig . 10. R esu lts  o f experim en ts  w ith  L . m urra y i  s tra in  G44. N u m b er o f ra b b its  te s te d , 4

Table II

Effect o f  different treatments on the num ber o f  lysosomal granules in  rabbit neutrophils

Time of sampling and average number of lysosomal granules

Treatment Before the After the treatment
treatment 3 h 1 day 3 days 6 days 10 days

In jec tio n  
w ith  saline 67.7 ± 0 .9 5 5 8 .0 ± 1 .2 3 60.5 ± n .c . 6 4 .6 ± 0 .8 9 68.1 zh 1.18 6 8 .9 ± 1 .5 7

In jec tio n  w ith  
non-pathogenic  
L . innocua  
s tra in  10

63.6zhl.13 5 3 .9 ± 1 .0 2 4 9 .1 ± n .c . 5 6 .2 ± n .c . 59 .8± 0 .73 6 2 .3 ± n .c .

In fec tio n  w ith  
v iru len t L . 
monocytogenes 
s tra in  18

6 2 .7 ± 1 .2 0 5 6 .3 ± 2 .2 8 5 1 .2 ± n .c . 5 1 .4 ± n .c . 51 .6 ± 1 .5 4 Б Б .б ^ п .с .

N o te : th e  n u m b er of lysosom al g ranu les was coun ted  in  100 single cells for each  av erage  
n.c. =  n o t calculated

S tan ley  [5] observed  th a t  sm aller q u a n t i ty  o f M PA  could be e x tra c te d  from  
an  “ R ”  v a r ia n t th a n  from  an “ S”  s tra in . In  c o n tra s t, M uenker and  R o o ts  [6] 
fo u n d  th a t  M PA  p ro d u c tio n  an d  v iru lence  w ere inverse ly  re la te d . In  o u r 
e x p e rim e n ta l cond itions all fu lly  o r p a r t ly  v iru le n t L . monocytogenes an d  L . 
ivanovii s tra in s  induced  s tro n g  m onocy tosis  in  th e  in fected  ra b b its . B esides 
th e se  th e  tw o n on-pa thogen ic  L . seeligeri s tra in s  as well as th e  n o n -p a tlio g en ic
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L . innocua  C644 an d  L . m urrayi s tra in s  also increased  th e  n u m b er o f m ono­
c y te s  in  th e  an im als. No changes o ccu rred  a f te r  th e  in jec tion  o f L . innocua  
s tra in  10, and L . w elshim eri s tra in  18.40 cau sed  only  a w eak reac tio n .

O u r resu lts  a re  p a r t ly  in  accordance  w ith  S tan ley ’s o b se rv a tio n  b u t  i t  is 
also c lear th a t  th e re  is no s trong  re la tio n sh ip  am ong  m onocytosis p ro duc ing  
a c t iv i ty  an d  presence  of o th e r v iru lence  m ark e rs  (beta-haem olysis , k e ra to ­
c o n ju n c tiv itis  causing  ab ility , killing o f m ice) of Listeria  s tra in s . R ecen tly  
G a lsw o rth y  [10] s ta te d  th a t  “ in th e  s tra in s  we te s ted  tho se  know n  to  be 
v iru le n t  h ad  M PA ; th o se  w hich w ere a v iru le n t d id  n o t” .

C hanges o b se rv ed  in th e  n u m b er o f  g ran u lo cy tes  w ere only  m o d era te  
e x c e p t th e  early  le u k o c y tic  reactions. T h e  n u m b e r of lysosom al g ranu les of 
n e u tro p h ils  decreased  b y  each  tre a tm e n t. N everth e less , a lon g lastin g  effect 
(6 d ay s) was on ly  o b se rv ed  in the  an im als in je c te d  w ith  v iru len t L . monocyto­
genes. F o r th e  tim e  b e ing  th e re  is no e x p la n a tio n  of th is  find ing .

Acknowledgem ent. T h e  a u th o rs  are in d eb te d  to  H . P . R . S e e l i g e r  (W ü rzb u rg , F R G ) 
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MODULATING THE MICROBIAL COLONIZATION OF THE 
GASTROINTESTINAL TRACT BY ORAL 

ADMINISTRATION OF DEFINED ESCHERICHIA COLI
STRAINS

I. IN F L U E N C IN G  T H E  B IO T O P E  B Y  M E A N S O F  M E T A B O L IC  D R IF T  M U TA N T S O F
E S S I I E R  IC H I A  C O LI

R . B latz aod K . L in d e

In stitu te  o f  M edical M icrobiology, K a rl M a rx  U niversity , Leipzig, GD R  

(R ece ived  J a n u a ry  22, 1988)

T h ro u g h  th e  selection of sp o n tan eo u s m etab o lic  d rift m u ta n ts  (selection  m a rk e r  R ifR) 
o f  an  E scherichia coli s tra in  (0 6 :H 2  S m R) of know n  se ttlin g  c a p a c ity  in  c o n v en tio n a l m ice, 
i t  was a tte m p te d  to o b ta in  clones w ith  p o sitiv e ly  op tim ized  in  v itro  c h arac te ris tic s , w h ich  m ay  
e x e rt a p ro m o tiv e  influence upo n  th e  in  v ivo  colonizing b eh av io u r. U sing 512 d r if t  m u ta n t  
s tra in s  (E . coli 0 6 :H 2  Sm R R ifR) we w ere able to  estab lish  p o sitiv e  o p tim iza tio n s , a t  an  over- 
a le a to ry  ra te , fo r each  of the  in v itro  ch a ra c te rs  te s te d  (h aem ag g lu tin a tio n  c ap a c ity  o f ra b b it ,  
gu in ea  p ig , a n d  fowl e ry th ro cy te s ; overgrow ing  pow er o f m o u se -ad ap ted  w ild -ty p e  E.coli 
s tra in s ; fo rm a tio n  of biom ass w ith  exclusive  u tiliz a tio n  of d ex tro se , lac tose , fru c to se , ad o n ito l, 
salicin , rh am n o se , m annose; m u ltip ly in g  pow er; q u a n tita tiv e  m o tility ; and  c ap a c ity  to  sy n th e ­
size m ucus). A  h ig h er se ttlin g  r a te  (la rg e r n u m b er of an im als in w hich the  te s t  s tr a in  sh a red  
]> 5 0 %  o f th e  Enterobacteriaceae p o p u la tio n  th an  th a t  o b ta in ed  w ith  th e  in itia l s tra in )  cou ld  be 
estab lish ed  for one o u t of th e  62 clones te s te d  in  v ivo  (a rise fro m  20%  to  55% ). T h e  h igher 
se ttlin g  ra te  w as associated  w ith  co m b in a tio n s o f various fu n c tio n a l p a ram ete rs  a n d  n o t  w ith  
an  im p ro v e m en t o f any  of the  in d iv id u a l fu n c tio n s. D espite  th e  increase  in  se ttlin g  r a te  re la tiv e  
to  th e  n u m b e r  o f ex p erim en tal an im als used  in these  s tud ies , i t  was not g en era lly  possib le 
to  o b ta in  a m ore th a n  3 days’ d o m inance  of th e  te s t  s tra in  w ith in  th e  la c + Enterobacteriaceae. 
T h is is considered  о be due p rim arily  to  th e  in c ip ien t sy n th esis o f s e c re to ry  Ig A .

In i t ia l  reco m m en d atio n s for th e ra p e u tic a lly  an d  p ro p h y la c tic a lly  
in flu en c in g  th e  m icrobial b io to p e  (“ in te s tin a l f lo ra ” ) th ro u g h  th e  oral a d m in ­
is tr a t io n  o f liv in g  Escherichia coli w ere m ade b y  N issle [1] as e a r ly  as 1914. 
Q u a n ti ta t iv e  aspects were n o t in c lu d ed  in  his concep t. I t  was n o t u n til  th e  
m id-1950s th a t  th e  p rev io u sly  p u re ly  em pirical experience w ith  th e  oral 
a d m in is tra tio n  of liv ing E . coli, lac to b ac illi, o f b if id o b ac te ria  w as a ss im ila ted , 
b y  B a u m g a rte l an d  Z ahn [2], to  th e  p re sen t fu n d  of know ledge. T h e y  w ere 
th e  f ir s t  to  inc lude  th e  h o st o rgan ism  as a d ialectic  p rincip le  in  ap p ro ach es 
a d o p te d  to  in fluence  b io topes.

Since th a t  tim e , re su lts  o f re sea rch  carried  o u t in to  m olecu lar bio logy, 
im m u n o ch em is try , and  m orph o lo g y  en ab led  a large range  of d e ta iled  know ledge 
to  be acq u ired , w hich prov ides a b e tte r  u n d e rs tan d in g  o f th e  u n ity  o f re g u la to ry

R . B l a tz , K . L in d e
I n s t i tu te  o f  M edical M icrobio logy, K a r l M arx  U n iv e rs ity  
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m echan ism s of th e  h o s t an d  of m icrobial cap ab ilitie s  w ith  th e  re su lta n t co lon­
iz a tio n  of the  b io to p e .

B asically , th re e  fac to rs  can be considered  to  be essen tia l, n am ely , f irs t, 
co m p e titio n  in th e  n u tr ie n t  su b s tra te ; second , co m p etitio n  in  th e  b in d ing  
re c e p to r ;  and , th ird ,  specific  im m unoglobu lins A  th a t  te n d  to  reg u la te  m icrobial 
co lon iza tion . D eta ils  a re  g iven in references [3—6].

In  co n tra s t, lo ca l defensive m echanism s su ch  as phagocy tosis , bac te ric id al 
co m p lem en t action  on  th e  p a r t  of th e  h o st or colicin  syn thesis  or p H  sen sitiv ity  
on th e  p a r t  of th e  m icro o rg an ism  p ro b ab ly  p la y  a secondary  role in  the  coloniza­
t io n  o f in te s tin a l m u co sa l surfaces. H ow ever, m a n y  questions rem ain  to  be 
an sw ered . W ith  few  ex cep tions, th e  large  n u m b e r of p rev ious p u b lica tions 
re p o r t in g  the  re su lts  o f  ex p erim en ta l s tu d ies  on co lon ization  failed  to  fu n c tio n ­
a lly  charac terize  th e  s tra in s  used (w ith  re sp e c t to  adhesiveness, cap ab ility  of 
d isp lacem en t and  co lon iza tio n ), w ith  th e  h o s t’s ow n re g u la to ry  fac to rs also 
b e in g  ignored . A p a p e r  p u b lished  by  F ré te r  [3] discusses possible ad v an tag es 
o f  se lec tion  for th e  co lon iz ing  s tra in  — for ex am p le , increased  adhesiveness 
in  conn ec tio n  w ith  p ro b lem s associated  w ith  th e  successful e s tab lish m en t o f an 
exogenous s tra in  in  a s e ttle d  bio tope.

In te rn a tio n a lly , th e re  are no e x p e rim e n ta l s tud ies on th e  specific o p ti­
m iz a tio n  of b io logical p a ra m e te rs  b y  gene tic  d rif t. F ro m  ex tensive  stud ies 
u n d e r ta k e n  by  w o rk ers  a t  th is  In s ti tu te  [7—9] i t  is ev id en t th a t  th e  selection  of 
m e tab o lic  d rift m u ta n ts  causes clones w ith  an  o p tim iza tio n  of specific p a ra m ­
e te rs  to  occur a t an  o v e ra le a to ry  ra te . T h e  te rm  “ m etabo lic  d r if t” im plies 
th e  m u ta tiv e  change in  essen tia l enzym es a n d  fu n c tio n a lly  sign ifican t s tru c ­
tu re s  such  as, fo r ex a m p le , R N A -po lym erase  (tran sc rip tio n ), gyrase (D N A  
rep lica tio n ), or r ib o so m al p ro te in s  ( tra n s la tio n ). Such m etabo lic  d rif t m u ta n ts  
w ere o b ta in ed  in th e  la b o ra to ry  (by avo id ing  th e  n a tu ra l process o f evo lu tion) 
v ia  spon tan eo u s or m u tag en -in d u ced , ch rom osom al an tib io tic -resis tan ce  
m u ta n ts  [8]. E ach  o f th e se  resistance  p h en o ty p es  sp lits  up in to  a w ide sp ec tru m  
o f c lones. O f these , t h i r t y  to  e igh ty  per cen t show  a reduced  degree of v iru lence. 
D ep en d in g  on th e  p a r t ic u la r  genotype in v o lv ed , th is  a tte n u a tio n  m ay  v a ry  
b e tw een  low and h igh levels . A t the  sam e tim e , th e re  are s tra in s  w ith  op tim ized  
b io logical perfo rm ance  p a ra m e te rs  (in an  o rd e r o f ab o u t 1 in  1000 clones), 
e .g ., reduced  g en e ra tio n  tim e  [10] or in c rea sed  haem olysin  p ro d u c tio n  in 
s tap h y lo co cc i [8]. O n th e  w hole, th is  so-called  m etabo lic  d rif t involves th e  
sy s te m a tic  u tiliza tio n  o f  a n a tu ra l ph en o m en o n  w hich  serves th e  a d a p ta tio n  
o f  m icro-organism s to  th e  chang ing  en v iro n m en t.

A ccordingly , s tra in s  t h a t  are p o te n tia lly  cap ab le  of se ttin g  up  colonies 
m ig h t, desp ite  the  re g u la to ry  m echanism s o f b o th  m icrobes an d  hosts  (recep to r 
a n d  su b s tra te  co m p e titio n , in d u c tio n  of re g u la tiv e  s-IgA ), he ex p ec ted  to  show  
an  im p ro v em en t in  th e ir  c a p a b ility  of co lon iza tion  th ro u g h  th e  o p tim iza tio n  of 
b io log ica l factors a ffec tin g  th e  cap ac ity  to  fo rm  colonies (e.g., f im b ria l ex-
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pression). S ta r tin g  w ith  th is  p ro p o sitio n , a s tra in  o f know n colonizing b e h a v io u r  
( E . coli BL2 0 6 :H 2 ) w as used to  d e te rm in e  th e  e x te n t to  w hich such  p a r ­
am eters  as q u a n tita tiv e  h aem ag g lu tin a tio n  c ap ac ity , genera tion  tim e, fo rm a tio n  
o f b iom ass w ith  lim ited  su b s tra te  su p p ly , degree o f m o tility , c a p a b ili ty  to  
sy n th esize  m ucus, and  in  v itro  overg row th  o f w ild -ty p e  E . coli s tra in  m ix tu re s  
|1 I m ay  be op tim ized  th ro u g h  d rif t m u ta tio n  an d  [1,2] ascerta in  th e  in v ivo 
effects o f these  op tim ized  c h a rac te ris tic s  upon th e  colonizing ca p a b ility  o f th e  
d r if t m u ta n ts .

M aterials and  m ethods

Stra ins. P a re n t s tra in  E . coli B L2 S n i^  (Sm ^ sp o n tan eo u s m u ta n t)  was se lec ted  a t  th is 
In s t i tu te  from  a p a tie n t s tra in  (E . coli 0 6 :H 2 )  o b ta in ed  from  D r. H . S te in rück  (T est L a b o ra to ry  
of E scherich ia  coli In fec tions, In s t i tu te  o f In fec tio u s D iseases of C hildhood, B u ch  Clinical 
Centre). A fte r one single oral dose th e  s tra in  rem ain s d e tec tab le  in the  faecal f lo ra  o f mice 
for a period  of th ree  m onths, h u t w ith  a sh a re  o f on ly  15%  in Enterobacteriaceae. A sh a re  in  the  
a u to c h th o n o u s  p o p u latio n  of Enterobacteriaceae, w hich  is g re a te r  th a n  or eq u al to  5 0 % , is 
o b ta in ed  for up  to three  days in 20%  of th e  e x p erim en ta l anim als.

E . coli clones BL2 Sm ^ RifR (C 1-C 512) were sp o n tan eo u s m u ta n ts  o b ta in ed  on  n u tr ie n t  
ag ar w ith  100 //g of rifam picin /m l.

Parameters tested. H aem agglutination. G uinea pig, r a b b it  and  fowl e ry th ro c y te s  w ere 
used  for sem iq u a n tita tiv e  slide te s t;  q u a n ti ta t iv e  te s tin g  w as carried  o u t w ith  s tra in s  show ing 
h a em ag g lu tin a tio n  equal to  or s tro n g er th a n  th a t  o f th e  p a re n t  s tra in .

E xtinction  measurement as generation-tim e equivalent. S ta r tin g  w ith  18-h b ro th  c u ltu res , 
b ro th  suspensions con ta in ing  10" cells p e r ml were m ade. A fter 2-3 h in cu b a tio n  a t  37 °C, 
m easu rem en t of th e  clones to be te s te d  w as done w hen th e  p a re n t s tra in  E . coli B L 2 SmR 
h a d  reach ed  an  ex tin c tio n  of 0.1 in th e  “ S pekol” sp ec tro p h o to m ete r (VEB Carl Zeiss, J e n a )  
w ith  E R I  te s t- tu b e  a tta c h m e n t a t  560 nm .

U tiliza tion  o f substrate w ith  respect to fo rm a tio n  o f  biomass. A fter 3 h in cu b a tio n  a t  37 °C 
in a m in im al m edium  su p p lem en ted  w ith  the  resp ec tiv e  te s t  su b s tra te  (d ex tro se , lac to se , 
fructose  a t  a final co n cen tra tio n  of 0 .5 % ; ado n ito l, m annose, rham nose, sa lic in  a t  a  final 
co n ce n tra tio n  of 0 .1% ). C om para tive  ex tin c tio n  m easu rem en ts  (650 nm ) were m ade  be tw een  
the  in itia l s tra in  and the  clones derived  th erefrom .

I n  vitro overgrowth power. In  1 m l a liq u o ts  o f 1%  p ep to n e  w ater 2 X  107 g erm s o f the 
clone to be te s te d  and 2 X  107 germ s of a w ild -ty p e  E. coli s tra in  m ix tu re  o b ta in ed  f ro m  d iffe ren t 
mice w ere suspended  and  in cu b a ted  a t  37 °C. A fte r 5 and  24 h, sep ara te  d e te rm in a tio n s  o f the 
n u m b er o f live germ s were m ade for clone and  w ild -ty p e  s tra in  m oieties. A stra in -sp ec ific  
m u ltip lica tio n  facto r is o b ta in ed  b y  d iv id in g  th e  24-h va lue  b y  th e  5-h value. B y  re la tin g  the 
m u ltip lica tio n  facto rs of the  in d iv id u a l clones to th a t  of th e  w ild -tvpe s tra in  m ix tu re , i t  is 
possible to  o b ta in  a q u o tie n t th a t  show s w h e th er the  clone ten d s to m u ltip ly  m ore ra p id ly  
( 0  >  1) or m ore slowly (Q <[ 1) th a n  th e  w ild -ty p e  s tra in  m ix tu re .

Q uantitative m otility. S ta r tin g  w ith  18-h b ro th  cu ltu res , U tu b es w ere in o cu la ted . 
A fter 4 and  6 h incu b a tio n , the m o tility  fro n ts  were m ark ed  and  the  d ifference (in  m in ) was 
reco rded . The d istance  covered by  th e  clones in  2 h  w as re la te d  as percen tage  of th e  p a ren t 
s tra in ’s perform ance.

C apability o f  in  vitro fo rm ation  o f  m ucus. All s tra in s  w ere p laced on a m alto se -co n ta in in g  
m ed ium  [11]. A fter 14 days sto rage  a t  ro o m  te m p e ra tu re , th ey  were q u a lita tiv e ly  checked  for 
fo rm atio n  of m ucus.

In  vivo testing o f  selected clones. To groups of tw o an im als (m ale IC R  m ice w eighing 
18-22 g, k e p t un d er conven tional co nd itions and supp lied  w ith  s ta n d a rd  feed), th e  te s t  s tra in s  
were ad m in iste red  once in d rin k in g  w a te r (2 X  109 germ s/m l a t  a daily  dose of a p p ro x im a te ly  
1 X lO 10 germ s/an im al). The num bers o f live germ s/g of fresh ly  excreted  faeces w ere se p a ra te ly  
d e te rm in ed  for each anim al on th e  th ird , sev en th , an d  te n th  days of ex p erim en t for th e  a n ti­
b io tic -res is tan t te s t  s tra in  and  the  an tib io tic -sen s itiv e  flo ra  of la c + Enterobacteriaceae. To 
e v a lu a te  the  resu lts , a q u o tie n t was ca lcu la ted  from  th e  n u m b er of anim als in w hich  th e  tes t 
s tra in  reach ed  a 50%  share in the  la c + Enterobacteriaceae p opu lation  in I 3 d ay s  an d  from  the 
to ta l  n u m b er o f anim als tested .
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Results

A ll o f th e  512 clones selected accord ing  to  size of colony w ere te s te d  fo r 
th e ir  h a e m a g g lu tin a tio n  c a p ac ity  (gu inea p ig , ra b b it , fowl e ry th ro c y te s ) , 
m u ltip lic a tio n  pow er, an d  c a p ac ity  for m u cu s fo rm a tio n . T he b es t an d  w o rst 
c lones w ere selected  fo r each  ch arac te r in  accordance  w ith  th ese  re su lts . 
T h ese  62 s tra in s  w ere ad d itio n a lly  c h a ra c te riz e d  for th e  rem ain in g  th ree  
p a ra m e te rs  and  co m p ared  in  vivo w ith  th e  in it ia l  E . coli BL2 S m R s tra in . 
I n  th is  m anner fu n c tio n a l im provem en ts could  be  selected for th e  in d iv id u a l 
te s t  p a ra m e te rs  a t an  o v e ra lea to ry  ra te  (see T ab le s  1 and II) .

Tabic I

F un ctio n a l changes in  512 E . coli B L 2  Sm ^ B i f^  drift m utan ts in comparison with the in itia l E . coli
B L 2  Sm 8 stra in

P ercen tag e  o f  fu n c tio n a l  changes com pared  
to  th e  in it ia l  E .  coli BL 2 S m R s tra in  

F u n c t i o n ------------------------------------------------------------------------------
Im p ro v em en t 

o f  function
U n ch an g ed

fu n c tio n
D e te rio ra tio n  
o f  fu n c tio n

H aem ag g lu tin atio n
G P E l 2 97
R E l 13 86
F E 2 17 81

Form ation  o f m ucus 41 59 —

G P E , g u in ea  pig e ry th ro cy te s ; R E , ra b b it  e ry th rocy tes; F E , fowl ery th rocy tes

Table II

F u n ctio n a l changes in 62 selected E . coli B L2  Sm fi R i f  R d rift m utants in  comparison w ith the in itia l
E . coli B L2  SmR stra in

P ercen tage  o f  fu n c tio n  changes com pared 
to  th e  in it ia l  E . coli BL 2 Sm® s tra in

t  u n c tio n
Im p ro v em en t 

o f function
U n ch an g ed

fu n c tio n
D eterio ra tio n  
o f function

Overgrowing pow er 52 3 45
Form ation  of b iom ass

w ith u tiliza tio n  of
D extrose 29 10 6i
L actose 14 6 80
F ructose 16 24 60
R affinose 64 18 18
Salicin 37 35 27
A donito l 47 43 10
M annose 42 18 40

M otility 53 3 44
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As it m ig h t be ex p ec ted , n o t only  clones w ith  im proved  fu n c tio n s (positive  
o p tim iza tio n ), an d  w ith  u n a lte re d  functions (n e u tra l  o p tim iza tio n ), b u t  also 
clones show ing d e te rio ra tio n s  o f biological p a ra m e te rs  (negative o p tim iz a tio n ) 
could  be o b ta in ed .

T he in  v ivo resu lts  are  g iven in  T ables I I I  an d  IV . T able I I I  show s all 
tho se  clones th a t  reached , in a t  le a s t one e x p e rim e n ta l an im al, a sh o rt- te rm  
sh are  o f ^>50%  in  th e  p o p u la tio n  o f Enterobacteriaceae. The re m a in in g  s tra in s  
w ere n o t considered . T he clones w ere ran k ed  in  accordance w ith  th e  in  vivo 
re su lts  and  com p lem en ted  w ith  th e ir  in  v itro  p a ra m e te rs . In d e p e n d e n tly  o f  th e  
fre q u e n t in v itro  im p ro v em en ts  in  th e  fu n c tio n s o f all te s t s tra in s , o p tim iz a tio n

Table III

Comparison o f  parent stra in  with its drift mutants which after one single oral adm inistra tion  
tem porarily shared more than 50°/o o f  the intestinal la c+ Enterobacteriaceae popu la tion

S tra in
S h are  of 
reac tiv e  
an im als*

HA G en era­
tion
tim e

O ver­
grow th

F o rm a tio n  o f biom ass writh  u til iz a tio n  o f
S M otility

G P E H E F E D L F R s M A

(.48 0.55 + + = — + — — — + + + + = —
C50 0.33 + + + + = +

C59 0.33 = = = — + — — — + + = + = +

C65 0.23 — + — — + — — — + 4 - — = —

C33 0.2 — — — + . + — — — + + + + = +

C37 0.19 — — — — — + — + = = + + = +

C57 0.18 — — — — + — — — + + = = + —

C30 0.17 — — — — + — — = — — — = = —
C34 0.17 — — — + + — — — — = + = + +

C39 0.17 — — — — + + — + — + — = + —
C54 0.17 — — — — + + = +

C55 0.17 — — — — + = = — = = = = = +

C58 0.17 = = = + + — — — + + = + = + •

C63 0.17 — = + + — — — — + + + + = —

C67 0.17 — + = + + = + = + + — + = +

C53 0.16 + —

C38 0.12 — — — — + + — + + + + + + —

C13 0.1 + — — — — — — = — + = — + —
C40 0.1 — — = — + + — — -J- + + + + -
C45 0.1 + — = — + + — — + + + + + —
C46 0.1 — — — + + + — = + + + + = —
C52 0.1 - = = — + = — — = — — — + +

P aren t** 0.21

+ Im p ro v em en t o f function ; — d e te rio ra tio n  o f function ; unchanged fu n c tio n ; HA, 
h aem ag g lu tin a tio n ; S, syn thesis o f m ucus; G P E , gu inea pig e ry throcy tes; R E , r a b b it  e ry th ro ­
cy tes; F E , fowl e ry th ro cy tes; D, dex trose; L, lactose; F , fructose; R , raffinose ; S, salicin; M, 
m annose; A, adonito l.

* R eactive  anim als carried  th e  te s t  s tra in  for u p  to  3 days sharing > 5 0 %  o f th e  lu inenal 
la c + Enterobacteriaceae population .

** P a re n t s tra in : E . coli BL2 Sm R
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o f th e  lim ited  colonizing p o w er is clearly  p e rc e p tib le  for one clone (C48) only . 
W hile  th e  p a ren t s tra in  ( E .c o li  BL2 Sm K) reach es , in  abo u t one f if th  of th e  
a n im a ls , a  share of ^>50%  in  th e  flo ra  of lac + Enterobacteriaceae for a period  of 
1 to  3 d ay s , th is  is a b o u t one h a lf  in the  case o f C48 (see Table I I I ,  f igu re  p rin ted  
in ita lic s ) .

A ccord ing  to  T ab le  I I I  th e  resu lt o f in  v iv o  colonizing seems to  be in d e­
p e n d e n t o f the  in  v itro  im p ro v em en t in in d iv id u a l characters. F o r  each  of 
th e  in d iv id u a l ch a ra c te rs , i t  is possible to  f in d  exam ples of positive o p tim iza ­
tio n  w h ich  have no in flu e n c e  w hatsoever u p o n  an im a l experim en ts. T h e  com ­
b in a tio n  o f th e  p a ra m e te rs  im p ro v ed  for C48 is n o t  rep ea ted  w ith in  th e  clones 
u n d e rg o in g  testing .

I n  T able IV  an a t te m p t  was m ade to  e s ta b lish  a ran k  order o f th e  signif­
ican ce  o f  d ifferent in  v i tro  im provem en ts in  fu n c tio n s  for th e  in  v ivo  te s t 
re su lt . A ll o f th e  clones w ith  im proved  in  v i tro  p a ram e te rs  w ere e v a lu a te d  
u s in g  a q u o tien t of th e  n u m b e r  of sam ples w ith  a te s t  s tra in  m o ie ty  g rea te r  
th a n  o r equal to  50%  re la tiv e  to  th e  q u a n t i ty  o f all faecal sam ples te s ted  
(on th e  th ird , sev en th , a n d  te n th  days of ex p e rim e n t)  for each s tra in . These 
re su lts  w ere arranged  in  g ro u p s  according to  th e  im p ro v ed  in d iv id u a l in  v itro  
fu n c tio n s . A ccordingly , h aem ag g lu tin a tio n  o f r a b b i t  e ry th ro cy tes  w o u ld  tak e  
f ir s t  p lace  in  significance fo r th e  q u a lity  of th e  in  v ivo  resu lt to  be ex p ec ted ,

Table. IV
N um ber o f  samples w ith a share o f  more than 50%  o f  the d rift mutant strain in  the lac + 

Enterobacteriaceae population relative to the total number o f  sam ples* o f all drift mutant stra ins with 
im proved in  vitro functional param eters in  comparison w ith  the in itia l E . coli B L 2  S m R strain

N o. o f
s tr a in s  w i th  im ­
p ro v ed  in  v i tro  

fu n c tio n s

In  v itro  fu n c tio n s  w i th  im p ro v em en ts  over

S am p h  
o f  th e  d r if t

îs w ith  a  share  o f m ore th a n  50%  
m u ta n t  s tra in  in  th e  p o p u la tio n  o f lac + 

Enterobacteriaceae
th e  in i t ia l  s tra in

N o . o f  sam ples 
w i th  m o re  th e n

50%
T o ta l N o. of 
sam ples tes ted

S h a re  o f  sam ples 
w ith  m o re  th a n

50%

5 H aem ag g lu tin atio n  o f R E 10 40 A 25% **
5 H aem ag g lu tin atio n  o f G PE 7 43 A 16% **

23 Sáliéin sp littin g 30 213 A 14% **
34 O vergrowth 35 294 A 12% **
26 Mannose sp littin g 24 216 A 11% **
29 A donitol sp littin g 25 235 A l l O  * * 

1 1  /О
40 Raffinose sp littin g 31 295 A 10% **
27 Form ation  of m ucus 22 249 A 9%
33 M otility 21 246 A 8%
18 D extrose sp littin g  

the  in tia l s tra in
12 145 A 8%

26 M ultiplying pow er in com parison w ith 
the  in itia l s tra in

8 172 A 5%

5 H aem agg lu tination  o f F E 1 30 A 3%

* Sam ples taken  on th e  3 rd , 7 th  and 10th days 
** C ontaining d rift m u ta n t  C48
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follow ed by  guinea p ig  e ry th ro c y te s , sáliéin  sp littin g , a n d  o v erg ro w th  cap ac ity  
in  v itro . The in fluence  o f an  increased  ra te  o f m u ltip lica tio n  up o n  th e  re su lt of 
colonizing is su rp ris in g ly  sm all. T h e  p resen t resu lts  (increase in  th e  ra te  of 
co lon ization  — sh are  of ]> 50%  in  th e  p o p u la tio n  of lac  + Enterobacteriaceae 
fo r one to  th ree  d ay s — from  20 to  55%  o f th e  e x p e rim en ta l an im als) show 
th a t  it  is, in p rinc ip le , possible to  use m etabo lic  d rif t an d  screening-like selec­
tio n  of su itab le  clones in o rder to  find  s tra in s  w ith  an  o p tim iz a tio n  of the  
bio logically  m u ltifac to ria lly  c o n tro lled  cap ac ity  for successful co lonization .

D iscussion

As is a p p a re n t from  T ab les I  a n d  I I  th a t  m etab o lic  d rif t m u ta tio n s  can be 
used  to  optim ize v a rio u s bio logical fu n c tio n s occurring  a t an  o v e ra lea to ry  
r a te , i t  being possible for th e  p o sitiv e  o p tim iza tio n  o f a p a r tic u la r  p a ra m e te r  to  
be  s im u ltaneously  co rre la ted  w ith  th e  neg a tiv e  o p tim iza tio n  o f a n o th e r p a ra ­
m ete r. H ow ever, i t  is im p o rta n t to  no te  here  th a t  th e  tru e  o rd e r o f fu n c tio n a l 
o p tim iza tio n  — w hich  is 1 in 1000 as rep o rted  in  th e  l i te ra tu re  [12] — can n o t 
be derived  from  o u r m a te ria l in a sm u ch  as on ly  colonies equal in  size or la rger 
th a n  those of th e  in itia l E . coli B L 2 S m K s tra in  (ab o u t 10%  o f all s tra in s  th a t  
o ccu rred  a fte r sp o n tan eo u s m u ta tio n )  w ere selec tive ly  te s te d  for th e  p a ra m ­
e te rs  referred  to  above. I t  is o n ly  th e  o v e ra lea to ry  freq u en cy  an d , th u s , th e  
co n firm a tio n  of th e  w ork ing  h y p o th es is  “ m etabo lic  d rif t im p ro v e m e n t”  th a t  
can  be d em o n stra ted  conv incing ly .

P roceeding  from  th is  possib ility  o f selecting  s tra in s  of positiv e ly  op tim ized  
fu n c tio n a l p a ra m e te rs  w ith  p o te n tia l  effects upon  colonizing re su lts , we a n t i ­
c ip a te d  an im p ro v em en t of in  v iv o  resu lts  co m p ared  w ith  th e  p a re n t s tra in  
E . coli BL2 S m K. H ow ever, th e  re la tiv e ly  large  n u m b e r o f op tim ized  in d iv idua l 
in  v itro  ch a rac te rs  co n tra s ts  w ith  a r a th e r  sm all n u m b e r  o f clones h av in g  a 
com parab le  colonizing pow er, o r on ly  w ith  one clone h av in g  an  im proved  
sh o rt- te rm  co lon iza tion  cap ac ity .

C olonization is — on th e  p a r t  o f th e  m icroorgan ism  alone — to  be consid­
e red  a m u ltifac to ria lly  in flu en ced  va riab le . I t  re su lts  from  th e  g e rm ’s c ap a ­
b ility  to  reach  an  ad eq u a te  re c e p to r, adhere  h y  ag en ts  know n as adhesins, 
m u ltip ly , and  su p p la n t, th ro u g h  a d v an tag es  of se lection , th e  orig inal local 
flo ra  u n til th e  specific im m une response  hy  th e  h o st o rgan ism  begins to  occur. 
I t  follows from  th is  th a t  th e  re su lt o f colonizing is a ffec ted  b y  a co m b in a tio n  
o f  essen tia l ch a rac te ris tic s  r a th e r  th a n  an in d iv id u a l c h a ra c te r . I t  is at best 
possible to  set up  a lis t show ing th e  ra n k  o rder of th e  p o te n tia l significance 
o f the  in d iv id u a l p a ram e te rs  te s te d  by  us for th e  c a p a c ity  to  fo rm  colonies 
(see T able IV).

The e x te n t to  w hich th is  is a ran d o m  coincidence o f ch a ra c te rs  is an 
open  question  in asm u ch  as th e  p a ra m e te rs  te s ted  by  us (and  w hich are  referred
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to  ab o v e ) represen t o n ly  a lim ite d  n u m b er o f fu n c tio n s th a t  m igh t h av e  an 
e ffec t u p o n  the resu lt o f co lonizing.

A side from  a few  ex cep tio n s  [13-15], th e  h a e m a g g lu tin a tio n  c a p ac ity  is 
re g a rd e d  as a fim b ria l a n d , th e re fo re , a t ta c h m e n t e q u iv a len t. A ccordingly , 
s tr a in s  sharin g  > 5 0 %  o f th e  l a c + Enterobacteriaceae p o p u la tio n  h ad  freq u en tly  
a p o s itiv e ly  op tim ized , m annose-sensitive  h a e m a g g lu tin a tio n  cap ac ity  of 
r a b b i t  e ry th ro cy tes  (an d  g u in ea  p ig  e ry th ro cy tes).

I n  sp ite  of th e  w id e ly  recognized sign ificance of su b s tra te  com petitio n  
fo r th e  m akeup  of a m ic ro b ia l b io to p e  [3, 16, 17], th e re  is a lack  o f s tud ies in to  
th e  spec ies-re lated  im p o rta n c e  o f in d iv id u a l su b s tra te s  to  th e  co lon iza tion  of 
th e  g a s tro in te s tin a l t r a c t .  I t  is c lear from  our re su lts  th a t  a p o te n tia l in fluence 
o f  in  v i tro  sáliéin u tiliz a tio n  u p o n  th e  in vivo colonizing re su lt can n o t be ru led  
o u t. O n  th e  whole, th e  re la tio n s  betw een  su b s tra te  u tiliz a tio n  an d  colonizing 
c a p a c ity  should be co nsidered  to  be dep en d en t u p o n  th e  d ie te tics  of th e  p a r tic ­
u la r  ex p e rim en ta l co n d itio n s.

F o r  a d e te rm in a tio n  o f  th e  in  v itro  o v erg ro w th  c a p ac ity  it is necessary  
to  in c lu d e  several fu n c tio n a l p a ram e te rs  (su b s tra te  u tiliz a tio n , su b s tra te  
c o m p e titio n , m u ltip ly in g  pow er) in  a te s t sy stem . N everthe less, th e  p rom otive  
in flu e n c e  o f a positive ly  o p tim ized  overg row th  pow er of our in v itro  system  on 
th e  in  v ivo  resu lt (T able IV ) w as negligible.

I n  th e  lite ra tu re , th e  in  v ivo  genera tion  tim e  of id igenous in te s tin a l flo ra  
is re p o r te d  to  be in  th e  o rd e r o f 10 h  [18]. W e considered  th e  n ecessity  of a 
re d u c e d  genera tion  tim e  to  be  p re req u is ite  to  a ra p id  se ttle m e n t of o ra lly  
a d m in is te re d  colonizing s tra in s , w ith  no co n sid e ra tio n  being  given to  the  
m u ltip lic a tio n -c o n tro llin g  re g u la to ry  m echan ism s in th e  se ttle d  b io tope . 
A lth o u g h  th e  gene exp ression  u n d e r  in  vivo co n d itio n s is, in  general, d ifferen t 
f ro m  t h a t  under in v itro  co n d itio n s , y e t th e  p re se n t re su lts  show ed th e  in fluence 
o f  a h ig h  in v itro  m u ltip lic a tio n  ra te  upon  th e  colonizing  c a p a c ity  of d rift 
m u ta n ts  to  he su rp ris in g ly  sm all. E v a lu a tio n  of an im al ex p erim en ts  by  the  
r e la tio n  o f  “ in v itro  m u ltip lic a tio n  ra te  to  in v ivo  colonizing re su lt”  (u n p u b ­
lish ed ) a lone even suggests a n eg a tiv e  co rre la tion . T here  is a possib ility  th a t ,  
in  th e  m icroorganism , re s tr ic tio n s  o f o ther fu n c tio n s  re la tin g  to  th e  colonizing 
c a p a c ity  te n d  to  fav o u r a re d u c tio n  in gen era tio n  tim e . T his assu m p tio n  m ay  
be s u p p o r te d  by in fo rm a tio n  lea rn ed  from  th e  l i te ra tu re  [3, 19].

T h e  sho rte r th e  g e n e ra tio n  tim e  of a colonizing s tra in , th e  earlie r is, 
in  g e n e ra l, th e  tim e  a t  w h ich  th e  s tra in  reaches c o n cen tra tio n s  th a t  c a rry  an 
im m u n e  stim ulus for th e  sy n th es is  o f reg u la tiv e  s-IgA  an d , co n seq u en tly , its  
b io to p e  e lim ination  (or re d u c tio n ) . Persistence  over w eeks an d  m o n th s is 
p o ss ib le  on ly  if  an exogenous germ  m ultip lies a t  a ra te  s im ila r to  th a t  of the  
local f lo ra , s tim u la tin g  a ro u g h ly  id en tica l a n tib o d y  syn th esis  [20].

A nalogous to  th e  fu n d a m e n ta l in v estiga tions co n d u c ted  by  C osterton  
e t  a l. [21, 22], we ex p ec ted  an  in -v itro -d e tec tab le  sy n th esis  o f m ucus an d  an

A cta  Microbiologica Hungarica 37, 1990



M IC R O B I A L  C O L O N IZ A T IO N  I 153

increased  in  v itro  m obility  to  h a v e  an  a t le a s t p ro m o tiv e  in fluence  u p o n  the  
re su lt of colonizing. H ow ever, b o th  ch a rac te rs  are  of secondary  im p o rta n c e  in 
ou r resu lts .

T he resu lts  o b ta in ed  show  th a t  th e re  is a p o ssib ility  of o p tim iz in g  the 
s tra in  w ith  re sp ec t to  its  co lonizing  p o te n tia l — m easu red  b y  th e  lu m en a l 
flo ra  th ro u g h  the  selection  o f m etabo lic  d rift m u ta n ts . An iso la ted  im p ro v e ­
m en t of th e  in d iv id u a l fu n c tio n s considered in  these  s tu d ies  has no  in fluence  
w h atso ev er upon  th e  re su lt o f colonizing since th is  is d e te rm in ed  m u ltifac to ri-  
ally . I t  w as n o t possible to  conv inc ing ly  d e m o n s tra te  a several d a y s’ dom inance  
of th e  clones w ith in  th e  p o p u la tio n  of la c + Enterobacteriaceae. I t  is e x trem e ly  
p robab le  th a t  the  in d u c tio n  o f reg u la tiv e  sec re to ry  IgA  is resp o n sib le  for 
th is [23].
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I I .  IN F L U E N C IN G  T H E  B IO T O P E  BY M EANS OF 
G E O G R A P H IC A L L Y  U N R E L A T E D  E S C H E R IC H IA  C O LI S T R A IN S
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Institu te  o f  M ed ica l M icrobiology, 
K arl M arx  U niversity , Leipzig , G D R

(R eceived J a n u a ry  22, 1988)

A n  effective  increase in th e  ra te  o f  co lo n izatio n  can  be accom plished, in  a n a lo g y  w ith 
th e  p a th o g e n e tic  m echanism  of w h a t is k n o w n  as tra v e le rs ’ disease, th ro u g h  th e  a d m in is tra tio n  
of geograp h ica lly  u n re la te d  stra in s . As co m p ared  to  Escherichia coli s tra in s  iso la ted  in  th e  GD R, 
m etab o lic  d rift-o p tim ized  and  E th io p ian  s tra in s  show ed an  increase from  20 to  5 0 % . I t  was 
n o t, how ever, possible to  m a in ta in  a ^>50%  sh a re  in th e  p o p u la tio n  of Enterobacteriaceae  over a 
p e rio d  of m ore th a n  up  to th ree  days. Im m uno log ic  m echanism s are considered  to  be resp o n ­
sible fo r th is.

T he prev ious p a p e r in  th is  series |1 ] p resen ted  stud ies on im p ro v in g  in 
v iv o  co lonization  th ro u g h  m etabo lic  d r if t  m u ta tio n s  by  o p tim iz a tio n  o f  p a r­
t ic u la r  in  v itro  p a ra m e te rs  w ith p o te n tia l  effects upon  in  vivo re su lts . C om pared  
■with th e  p a re n t s tra in  (Escherichia coli BL2 S m K), an increase in  th e  ra te  
o f co lon iza tion  (percen tage  of an im als  in  w hich  th e  s tra in  reach ed  ^>50%  o f the  
lac  + Enterobacteriaceae re la tiv e  to  th e  to ta l  n u m b e r of an im als te s te d  could  be 
d e m o n s tra te d . A fte r one single o ra l a d m in is tra tio n  (1 X 1010), in  1 o u t  o f the  
62 selected  m etabo lic  clones (E . coli B L2 S m K R ifK C1-C62) th e  r a te  o f  coloniza­
tio n  rose from  20 to  5 0 % . D esp ite  th e  im p ro v ed  ra te  of co lon iza tion , p red o m i­
n an ce  of th e  o ra lly  ad m in is te red  s tra in  in  th e  Enterobacteriaceae p o p u la tio n  
la s te d  n o t longer th a n  op to  th ree  d ay s .

Since so-called n a tu ra l a n tib o d ie s  have been  observed to  occu r in  the  
in te s tin a l m ucus [2], an  in h ib ito ry  in fluence  upon  an  increase o f  p a r tic u la r  
m oie ties o f th e  m icrob ia l p o p u la tio n  c an n o t be ru led  o u t. T he h ig h e r  th e  ra te  
o f a d d itio n a l specific an tigen  c o n ta c ts , th e  h ig h er will be th e  effec tiveness 
o f  th is  im m unological barrier.

In  tra v e le rs ’ disease it  w as o b serv ed  th a t  to u ris ts  from  in d u s tr ia liz e d  
co u n trie s  often  becam e ill from  th e  sam e en te ro p a th o g en s th a t  cau se  ch ildhood
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d ia rrh o e a  in  develop ing  co u n trie s  [3]. F rom  th is  o b se rv a tio n  it  is possib le to  
su g g est, th a t  persons w ith  prolonged ex p o su re  (esp. th e  natives) acqu ire  
im m u n ity  and  are a t  lo w er r isk  of developing t ra v e le rs ’ d iarrhoea  [4]. F u r th e r  
i t  seem s likely  th a t  in  a n a lo g y  to  hum ans also c o n v en tio n a l mice in  p e rm a n e n t 
c o n ta c ts  w ith  E . coli o f o u r  la ti tu d e s  should be m ore  suscep tib le  to  im p la n ta tio n  
o f E th io p ia n  th a n  o f G e rm an  E . coli s tra in s. T h is p reconcep tion  w as to  be ex ­
am in ed .

Materials and m ethods

S tra ins. A to ta l  o f 38 E th io p ia n  E . coli s tra in s  ( G l-1 6 ;  H I —22) o b ta ined  fro m  d iffe ren t 
p a t ie n t  m a te ria ls  were used . T h e  s tra in s  were m ade av a ilab le  b y  D r. H öhne, In s t i tu te  o f M edical 
M icrob io logy , M a rtin -L u th e r-U n iv e rs ity  in  Halle. All o f th e  s tra in s  show ed c o n s is te n t bio­
ch em ica l reac tions. S e ro ty p e  c la ss ifica tio n  of 32 s tra in s  w as n o t  possible b y  th e  use o f co m m er­
cia lly  av a ilab le  d iagnostic  se ra . S ix  s tra in s  were ty p ab le  as follow s: 0 6 :H _ (s tra in  H 4), 0 8 :H  
sp o n t.ag g l. (s tra in  H 14), 0 5 9 :H 1 9  (s tra in  H15), 0 9 I :H 1 7  ( s t r a in  G12) and two of th em  w ere 
se ro ty p es  0 125 :K 11 . S e ro ty p in g  w as perform ed by D r. H . S te in rü c k , R eference L a b o ra to ry  of 
E sc h e rich ia  Coli In fec tio n s , I n s t i tu te  o f Childhood In fec tio n s , B eriin -B uch  Clinical C entre.

B efore  use is an im al e x p e rim e n ts , th e  stra in s  w ere se lec ted  fo r Sm ^ or RifR (s tre p to m y c in  
and  rifam p ic in  resistance) in  o rd e r to  ob ta in  id en tif ic a tio n  a n d  m etabolic  d rift m arkers.

Colonization experim ents. To groups of th ree  m ale IC R  m ice each  of the E th io p ian  E . coli 
s tra in s  w ere in tra g as tric a lly  ad m in is te re d  using one dose o f 1 x 1 0 '°  live germ s p e r probe. 
On th e  th ird ,  seven th , an d  t e n th  d ay s  of ex p erim en t, faeca l sam ples were exam in ed  fo r th e  
p resen ce  o f th e  adm in iste red  s tr a in  an d  of o th er Enterobacteriaceae  pe r g ram  of e x cre ted  m a te ­
ria l. T h e  n u m b er o f an im als  in  w h ich  colonizing s tra in  re a c h e d  > 5 0 %  of the  l a c + Entero­
bacteriaceae po p u latio n  w as re co rd e d . All stra in s  t h a t  re a c h e d  or exceeded th is  v a lu e  were 
re te s te d  using  th e  sam e e x p e rim e n ta l se tup . Also, th e  m ean  sh a re s  in the la c + Enterobacteriaceae 
w ere d e te rm in e d  on th e  th ird  a n d  te n th  days of ex p erim en t fo r all those  stra in s  th a t  te m p o ra r ily  
exceed ed  th e  50%  p o p u la tio n  m o ie ty . (In d iv id u a l re su lts  o f  all faecal sam ples t h a t  w ere ex ­
a m in ed  on  th e  th ird  and te n th  d a y s  o f  experim en t were e n te re d  in to  th e  calcu la tions.)

Results

O u t of th e  38 E th io p ia n  s tra in s ex am in ed , 21 reached  te m p o ra rily , 
a f te r  one single oral a d m in is tra tio n  a share  o f  >>50% in the  Ium enal lac + 
Enterobacteriaceae p o p u la tio n . F o r each of th e se  s tra in s , th e  said p o p u la tio n  
m o ie ty  w as reached  in  a t  le a s t one th ird  of th e  e x p e rim e n ta l an im als. In  one 
case (E . coli G12 R ifK), i t  w as reached  in all o f th e  ex p e rim en ta l an im als te s te d . 
T hese  re su lts  c o n tra s t w ith  tho se  th a t  w ere o b ta in e d  using selected  n a tiv e  
s tra in s  (unpub lished) a n d  m etab o lic  d rift m u ta n ts  [1]: s tra in s  w ith  an  o p tim u m  
ra te  o f co lonization  re a c h e d  d o m in an t shares in  th e  b io tope  (]>50%  o f lac + 
Enterobacteriaceae) m ax . in  one f if th  (E . coli B L 2 S m R) or in one h a lf  (E . coli 
C48 Sm  R if ) of th e  e x p e rim e n ta l anim als, re sp e c tiv e ly . T h a t is, an  increase  in  
th e  r a te  o f colonization  h a d  a lread y  been o b ta in e d  th ro u g h  m etabolic d r if t op ­
tim iz a tio n , th e n  th is  co u ld  be im proved  fu r th e r  th ro u g h  th e  use of g eo g rap h i­
ca lly  u n re la te d  E . coli s tra in s  (Table I). T he o b se rv a tio n  on th e  th ird  d ay  of 
ex- p é r im e n t th a t  th e  sh a re  in  th e  p o p u la tio n  o f  th e  E th io p ian  s tra in s  was 
g re a te r  th a n  th a t  o f th e  n a  i tv e  s tra in s was also  a t tr ib u ta b le  to  th is  increased
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Table I

Comparison o f  the colonization activities o f  native (G D R ), metabolic drift-optim ized and geographi­
cally unrelated (E th io p ia n ) E . coli in  conventional mice

S ource o f s tra in s

G D R
G D R , m etabo lic  
d rif t-o p tim ized E th io p ia

T otal No. of stra in s 12 62 38

R a te  o f colonization* of the  top  
stra ins 20% 35°' DD о 100%

N  o. of mice 33 и 10

P ercen tage  and num ber of s tra in s  
reaching a colonization ra te  50%  
over up  to 3 days

17%
(n 2)

i.6 %
(n 1)

26%  
(n 10)

C olonization ra le  for all stra in s  a t 
in te rvals a fte r oral adm in istra tio n

3 days 21%  
7 days 14%  

10 days 11%

23%
7%
4%

36%
13%

4%

* Percen tage of anim als in w hich th e  adm in istered  s tra in  reached 50%  of th e  lac + Entero- 
bacteriaceae

r a te  o f co lonization . On th e  te n th  (lay o f ex p e rim en t, how ever, d ifferences w ere 
h a rd ly  d e tec tab le . As in  th e  case o f n a tiv e  or m etab o lic  d rift-o p tim ized  E . coli 
s tra in s , i t  w as n o t possible for an  up- to  th re e -d a y  dom inance to  be d e te c te d  
w ith in  th e  E nter ob acteriaceae p o p u la tio n .

Discussion

T h a t th e  colonization  of geograph ica lly  foreign  E . coli ta k e s  p lace  a t  a 
h ig h er ra te  th a n  th a t  of local s tra in s  has been  su p p o rted  b y  e x p e rim e n ta l 
ev idence . E spec ia lly  s tra in  G12 show ed a m ark ed  im p ro v em en t o f th e  r a te  of 
co lon iza tion  over th a t  o f b o th  n a tiv e  and  m etab o lic  d rift-o p tim ized  s tra in s . 
T his m ay  be exp la ined  im m unolog ica lly . The lipopo lysaccharide  o f serog roup  
091  obv iously  p lay s no role in  o u r la ti tu d e  an d  has nev er been o b ta in e d  from  
clin ica l specim ens as a re le v a n t cau sa tiv e  ag en t: n o th in g  is know n a b o u t cross 
a n tig e n ic ity  w ith  freq u en tly  occurring  n a tiv e  se ro ty p es [5].

I t  is accep tab le  to  assum e th a t  in  a d is tin c t geographic a rea , th e  E . coli 
p o p u la tio n  b o th  in  mice an d  in  m an  is re c ru ite d  from  b ac te ria  d iffe re n t in  
ch a ra c te ris tic s  an d  frequency  o f se ro types. F o r h u m an  beings tra v e llin g  in  
g eograph ica lly  foreign areas, f ir s t  co n tac ts  w ith  E T E C  stra in s , n o n en d em ic  in  
th e ir  hom e coun tries, are believed  to  be one o f reasons for th e  so-called  t r a v e l ­
le rs’ disease [3, 4]. A low level o f n a tu ra lly  acqu ired  im m u n ity  to  endogenous 
se ro ty p es w ill p rev en t diseases in  n a tiv e s . In  foreigners w ith o u t p rev io u s 
im m u n o stim u la tio n  by  these  se ro ty p es th e  f irs t  co n tac ts  m ay  lead  to  in tra -
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in te s t in a l  accu m u la tio n , a sh o rt tim e  co lo n iza tio n  and  fu rth e rm o re , clinical 
d isease .

A ccord ingly  i t  is lik e ly  to  assum e th a t  th e  ex p erim en ta l an im als h ad  less 
lik e ly  acqu ired  a n y  loca l im m une p ro te c tio n  to  E th io p ian  s tra in s  th a n  to  
E . coli s tra in s  iso la ted  in  G D R . I t  m ay  be a ssu m ed  th a t  in  p rim a ry  c o n ta c ts  a 
co lo n iza tio n  w ould give rise  to  a syn th esis  o f specific s-IgA  d u rin g  th e  tim e  
t h a t  is requ ired  g en e ra lly  to  o b ta in  an  e ffec tive  IgA  co n cen tra tio n  on th e  
m u co u s m em brane.

A lthough  we w ere  ab le to  conv incing ly  d em o n stra te  a m ark ed  increase 
in  th e  ra te  of co lo n iza tio n  as com pared  w ith  th e  m etabolic  d rift-o p tim ized  
m u ta n ts  (see T ab le  I), y e t i t  was n o t, in acco rd an ce  w ith  all o f th e  prev ious 
re su lts  [1]. possible to  rea lize  in in d iv id u a l ex p e rim en ta l an im als m ore th a n  a 
th re e -d a y  dom inance an d , consequen tly , an  effective d isp lacem en t b y  th e  
a d m in is te re d  s tra in  o f th e  local la c + Enterobacteriaceae po p u la tio n . W e assum e 
t h a t  th is  phenom enon  is caused  b y  th e  in d u c tio n  of secre to ry  Ig A : im m une 
resp o n se  co u n te rac ts  adherence  — a p re s te p  fo r colonization  — as an  a n ta g o ­
n is tic  p rinc ip le . T he in c ip ie n t syn thesis of s-Ig A  co u n te rac ts  fu r th e r  co lon iza­
tio n  th ro u g h  recep to r b lo ck in g  [6] and  d e ta c h m e n t of a lready  closely a tta c h e d  
m icroo rgan ism s [7]. A ccord ing ly , th e  fo re ign  germ s are e ith e r  in h ib ite d  in 
th e ir  m u ltip lica tio n  o r e lim in a ted  co m ple te ly . T h e  fac t th a t  shares in  th e  
b io to p e  are m ark ed ly  g re a te r  on the  th ird  th a n  on th e  te n th  d ay  o f ex p erim en t 
m a y  also ind ica te  e ffec tive  im m unological defenses.

A ccord ingly , a lo n g e r-te rm  d isp lacem en t o f th e  local flo ra  w ould  n o t 
occu r b y  th e  se ttle m e n t o f  a live s tra in  th a t  is cap ab le  of colonizing, b u t  perh ap s 
b y  th e  successive a q u ir in g  o f im m unolog ica lly  u n re la te d , d iffe ren t se ro types, 
w h en  th e  respective  im m u n e  response to  th e  p rev io u sly  se ttled  s tra in  becom es 
e ffec tive.
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BIOSYNTHESIS, PURIFICATION AND SOME 
PROPERTIES OF EXTRACELLULAR PHYTASE FROM 
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(R ece iv ed  A ugust 19, 1988)

A sperg illus carneus (V an T iegh) B lockw itz synthesized  m o d era te  q u a n titie s  o f  p h y tase  
in cu ltu re  f iltra te . M axim al enzym e y ie ld  w as ob ta ined  a fte r e ig h t d a y s  in cu b a tio n  s ta tic a lly  
in a m ed iu m  conta in ing  sucrose and  K 2H P 0 4 in a C /P ra tio  o f 591.8/1 w ith  0 .1 %  corn  steep  
liq u o r (CSL) as th e  sole source of n itro g en . S u b s titu tio n  of (N H 4)2S 0 4 w ith  c e rta in  am ino  acids 
decreased  p h y tase  yields s ign ifican tly . A d d itio n  of fish or soybean  m eal to  th e  n itro g en -free  
m ed iu m  fa iled  to enhance p h y tase  p ro d u c tio n . T he enzym e was p u rif ied  a b o u t 43-fold fro m  the  
cu ltu re  f i ltra te  by  p rec ip ita tio n  w ith  ace to n e , gel f iltra tio n  th ro u g h  S ep h ad ex  G -7 5  an d  ion 
exchange  ch ro m ato g rap h y  on D E A E -cellu lose . A ctiv ity  of b o th  crude  an d  p u rif ied  p h y ta se  
w as in fluenced  g reatly  by  changing  o f p H  and reac tion  tem p e ra tu re : m ax im u m  a c tiv ity  o f  the  
crude  enzym e occurred  a t 35 °C and  p H  5.6, w hereas th a t  of the  p u rif ied  p re p a ra tio n  a t  40 °C 
a n d  p H  5.6. T he pure  enzym e w as fo u n d  s tab le  betw een p H  5 .6-6 .2 . A b o u t 68%  of th e  enzym e 
a c tiv ity  was lost by  h eatin g  a t  45 °C fo r 60 m in. The pure p h y tase  re ta in e d  its a c t iv ity  over a 
long period  w hen stored a t 4 °C.

P h y tases  are a g roup  o f  enzym es of p rim e im p o rtan ce  in  c o n v e rtin g  
p h y ta te -p h o sp h o ru s  to  a form  av a ilab le  by  m onogastric  an im als [1, 2]. P ro d u c ­
tio n  of p h y ta se  by  fungi d a te s  b ack  for few decades ago. D iffe ren t species of 
A sperg illus  were th e  m ost s tu d ie d  organism s in th is  re sp ec t [3—10].

T h is w ork was in it ia te d  to  s tu d y  ph y tase  p ro d u c tio n  by  a species of 
A sp erg illu s , to  m y know ledge n o t recorded in th is  reg a rd  before.

M aterials and methods

Organism and cultivation. A sperg illu s  carneus (Van T iegh) B lockw itz  used in th is  w ork 
was iso la ted  from  E g y p tia n  soil a n d  id en tified  by  the  C om m onw ealth  M ycological In s ti tu te . 
T he o rgan ism  was grown on C zapek a g a r  m edium  and m o n th ly  su b c u ltu re d . In o cu lu m  w as a 
spore suspension ob ta ined  from  7 -d ay -o ld  cu ltu res. The fe rm e n ta tio n  m edium  h ad  th e  follow ing 
com position : sucrose, 5 g; (N H 4) 2S 0 4, 0.3 g; N a 2H P 0 4 • 1 2H 20 ,  0.03 g; M g S 0 4 • 7 H 20 ,  0.25 g; 
FeC l3-6 H 20 ,  0.0002 g and ZnSÖ 4 • 7 H 20 ,  0.0Ö44 g per 100 ml. E rlen m ey e r flask s of 250 ml 
cap a c ity  each charged w ith  50 ml o f th e  m edium  were used th ro u g h o u t th is  w ork . T he flasks 
w ere ste rilized , left to cool and th e  p H  was in itially  a d ju s ted  to  6. T he b asa l m ed iu m  was 
m odified  by  rep lacing  N a 2H P 0 4 • 1 2 H 20  w ith  equim olecular w eigh ts o f v a rio u s p hosphorous 
sources. W hen th e  effects o f n itro g en  sources o th er th a n  (N H 4) 2S 0 4 were s tu d ied , these  w ere 
used  in those am oun ts necessary  to  su p p ly  the  sam e weight o f  n itro g en  as was c o n ta in ed  in
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( N H 4) 2S 0 4. After in o c u la tio n , th e  cu ltu res  w ere in cu b a te d  s ta tic a lly  a t  30 °C. D ifferent 
e s tim a tio n s  were carried  o u t  a t  th e  end of in cu b a tio n  period .

Phytase activity  w as d e te rm in e d  as described [11] using  calcium  p h y ta te  as a su b stra te . 
L ib e ra te d  o rth o p h o sp h a te  w as d e te rm in ed  by th e  m e th o d  described  in re ference [12]. One u n it 
o f enzym e activ ity  is t e n ta t iv e ly  defined as th e  am o u n g  of th e  enzym e w hich  lib e ra tes  one fig 
o f ino rg an ic  phosphorous pe r m in u te .

Protein content o f  th e  cell-free cu ltu re  f i l t r a te  w as d e te rm in ed  b y  th e  m eth o d  of Low ry 
e t a l. [13].

The procedure o f  enzym e p u rifica tio n  was as follow s. P u lv e rized  am m o n iu m  su lp h a te  was 
slow ly  added  to the  c ru d e  cell-free  f i ltra te  to o b ta in  0 .1 -1  sa tu ra tio n . In  a n o th e r tr ia l  d ifferen t 
coo led  volum es of ace to n e  a n d  low  m olecular w e igh t alcohols w ere se p a ra te ly  added  to  the  
cell-free  cu ltu re  f i ltra te . M a te r ia ls  w hich p re c ip ita te  w hen  using  ace to n e  in  a volum e of 5:1 
c o n ta in e d  m ost of th e  e x tra c e l lu la r  p h y tase  a c tiv ity . T h e  re su ltin g  p re c ip ita te  was suspended 
in  0 .05 M T ris-H C l b u ffe r  (p H  8.2) and  applied to  a S ep h a d ex  G—75 co lum n. T he packed colum n 
w as eq u ilibera ted  w ith  th e  p re v io u s  buffer. F u rth e r  p u rif ic a tio n  of th e  enzym e was o b ta ined  by 
ion -ex ch an g e  colum n c h ro m a to g ra p h y . D ie th y lam in o e th y l (D FlA E)-celiulose was prepared  
acco rd in g  to  the p ro ced u re  o f P e te rso n  and Sober [14]. T h e  enzym e w as e lu ted  by  stepw ise 
a d d it io n  of 5 ml po rtio n s o f  in creas in g  m olarities (0.1 1 m )  of NaCl in 0.05 M T ris-H C l buffer. 
T h e  a c tiv e  fractions w ere  p o o led , c o n cen tra ted  by  ly o p h iliza tio n , s to red  a t  0 °C, and used 
th ro u g h o u t the work on  th e  p ro p e rtie s  of the  enzym e.

Results and discussion

M any species o f  A sperg illu s  were reco rded  as a good p ro d u cers  of phy tase  
[3—10]. A . carneus w as fo u n d  su itab le  for b io sy n th esis  o f p h y ta se  ex tracellu lary . 
T h e  effects of some c u ltu re  cond itions w ere s tu d ie d  in  an  a t te m p t  to  develop a 
m e d iu m  yielding th e  m a x im u m  p h y tase  p ro d u c tio n . T he resu lts  (Table I) 
sho w  th a t  of the s tu d ie d  p h o sp h o ru s com pounds on ly  K 2H P 0 4 p roduced  a high 
s tim u la tin g  effect on p h y ta s e  p roduc tion . T h e  ra tio  of ca rb o n  to  phosphorus 
(C /P ) affects the  en zy m e  b iosyn thesis  co n sid e rab ly  (T able II). M axim um  
en zy m e  con ten t a m o u n tin g  to  136 units/100 m l w as d e te rm in ed  a t  a m odera te ly  
low  C /P  ra tio . This is in  co incidence w ith  th e  p rev ious fin d in g s of Y oussef et al. 
[9] a n d  Shieh and W are  [11]. D a ta  rep resen ted  in  F ig  .1 rev ea l th a t  th e  enzym e 
re a c h e d  its  m axim um  a c c u m u la tio n  a fte r 8 day s o f in c u b a tio n  a t  30 °C. Substi-

ТаЫе I

Effect o f different phosphorus sources on phytase biosynthesis by A . carneus

P h o sp h o ru s  so u rces
P ro te in  

(m g/100 ml)
E n z y m e  a c tiv ity  

(u n its /1 0 0  m l) S pecific  a c tiv ity

N H 4H ,P 0 4 351.5 75.2 0 . 2 1

(N H 4) ,H P 0 4 484.8 73.6 0.15
K H ,P 0 4 448.4 67.6 0.15
K ,H P 0 4 533.3 104.0 0.19
N a H ,P 0 4 642.4 76.8 0 . 1 2

N a.,H P 04 • 1 2 H .0 375.7 74.4 0.19
Sodium p h y ta te 424.2 75.2 0.18

In c u b a tio n  period, 7 d ay s
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T ab le  II

Phytase biosynthesis by A . carneus as influenced by different C jP  ratios

Sucrose co n cen tratio n
К ,Н Р О , ------

c o n cen tra tio n  5%  7%
(s НШ nil)

C/P units/)00 nil C/P units/100 ml

11.005 2367.3 88.2 3314.2 64.3
0.010 1183.6 116.8 1657.1 81.6
0.015 789.1 127.2 1104.7 96.6
0.020 591.8 136.0 828.6 108.8
0.025 473.5 119.4 662.8 84.6
0.030 394.5 105.6 552.4 70.7

T ab le  III

Phytase biosynthesis by A . carneus in  the presence o f  different nitrogen sources

N itro g en
source

P ro te in  
(mg/МО m l)

E n zy m e  a c tiv ity  
(u n its /1 0 0  ml)

Specific
a c tiv ity

(N H tb S O , 945.4 130.1 0.14
NI14NO:i 327.2 121.6 0.37
N a N 0 3 521.2 98.0 0.19
Urea 702.9 83.2 0.19
P ep tone 509.0 84.8 0.17
A sparag ine 469.9 89.6 0.19
A rginine 727.2 86.4 0.12
H istid ine 581.8 86.4 0.15
Glycine 557.5 88.0 0.16
Lysine 399.9 86.4 0.22
M ethionine 462.4 84.8 0.18
V aline 290.9 91.2 0.31
Corn steep  liquor 606.0 206.2 0.34
Fish  m eal 206.0 131.2 0.64
Soybean meal 339.4 126.4 0.37

Incu b atio n  period , 8 days

tu t io n  o f (N H 4) .,S 0 4 w ith  d ifferen t in o rg an ic  and  organic sources (T ab le  I I I )  
p ro d u ced  f lu c tu a tin g  effects to w ard s  sy n th es is  of th e  ex trace llu la r p h y ta s e  of 
A . carneus. W ith  th e  exception  o f CSL, all th e  in v estig a ted  sources fa iled  to  
su s ta in  th e  enzym e p ro d u c tiv ity  as (N H 4) 2S 0 4. On using 0 .1%  (w/v) C SL as a 
sole n itro g en  source, th e  m ould could  accu m u la te  ab o u t 1.5-fold of th e  c o n te n t  
o b ta in e d  in  (N H 4)„ S 0 4 experim en t.

T he enzym e w as isolated from  th e  c u ltu re  f iltra te  b y  p re c ip ita tio n  using  
d iffe ren t s a tu ra tio n s  o f (N H 4).,S 0 4, a ce to n e  an d  low m olecular w eigh t a lcoho ls 
a t  d iffe ren t co n cen tra tio n s . The a c c u m u la te d  resu lts  confirm ed th a t  th e  o rg an ic
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Table IV

Scheme o f  treatments used fo r  the purifica tion  o f  A .  carneus extracellular phytase

T re a tm e n t
Total

p ro te in
(mg)

T o ta l
a c t iv i ty
(u n its )

Specific
a c tiv ity

R ecovery
(%)

P u rif ica tio n
(fold)

1. Cell-free filtra te 606.0 202.2 0.33 100 1.00
2. P re c ip ita tio n  w ith  ace tone  (5:1) 266.6 148.4 0.56 73.39 1.69
3. G el f i ltra tio n  th ro u g h  S ep h ad ex  G-75 13.3 85.6 6.44 42.33 19.52
4. Io n  exchange ch ro m a to g rap h y  

o n  D EA E-cellulose 2.3 32.4 14.09 16.02 42.69

>

E  ->> (Л 
N ГГc c

IjJ D

3 5 7 9 11 13

Incubation period  (days)

F ig. 1. B io sy n th es is o f p h y tase  by  A . carneus a t  d iffe re n t periods of incu b a tio n

F ig . 2. E ffec t of p H  v a lu e  on  th e  a c tiv ity  of crude ( • --------# )  and  purified  ( O ------- O ) p h y tase
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Temperature °C

Fig. 3. E ffec t o f te m p e ra tu re  on  th e  a c tiv ity  o f crude  ( • ------- • )  and purified  ( O --------O )
enzym e

solvents were superior to (N II4)2S 0 4 in this regard. This finding confirm ed th at  
this enzym e has a particular structure which m akes it resist to the denaturating  
effect o f organic solvents. The precipitate obtained  when using acetone in a 
ratio o f 5:1 was redissolved in Tris—HCl buffer (pH  8.2) and applied to  a colum n  
of Sephadex G-75. E lution was achieved using NaCl in Tris-HCl buffer of 
different m olarities. Fraction 3 contained the highest activity, thus it was 
used to  inoculate a colum n of D E A E -cellulose. Two fractions, i. e. 20 and 21 
were found to contain the m axim um  enzym e a ctiv ity . A summary o f trea t­
m ents used for purification of the extracellular phytase of A .  c a r n e u s  is dem ­
onstrated in Table IV. The purified enzym e gave 14.09 units/m g protein w ith  a 
purification of 42.69-fold.

E ffects of pH  and tem perature on the a c tiv ity  o f phytase in both crude 
and pure states arc illustrated in Figs 2 and 3, respectively. The data  show  
that the enzym e in crude state had a m axim um  a ctiv ity  at pH 5.6 and 35 °C. 
Moreover, the purified enzym e had a pH m axim um  of 5.6 also but at 40 °C. 
These results accord w ith the general properties recorded for p h ytases of 
different aspergilli [7, 8, 15]. The purified enzym e was found stable betw een  
pH  5 .6 -6 .2  and lost a great part of its a c tiv ity  on either side of pH  4 .4  and 
6.8. Concerning the therm al stab ility  o f the purified enzym e, it w as found  
th at the enzym e lost 68.3%  of the original a c tiv ity  by exposing its preparation  
to 45 °C for 60 min.

On storage in the pure state for prolonged periods at 4 °C the enzym e  
retained about 74%  of its activ ity  for 27 w eeks when stored in 0.2 м acetate  
buffer (pH  5.6).

Acla Microbiologica Hungarica 3 7 , 1990
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NEW METHOD FOR THE ISOLATION OF 
LISTERIA MONOCYTOGENES FROM CONTAMINATED

SAMPLES*

G y . Szemekélm

Veterinary and Food Control Service o f  the M in is tr y  o f  A griculture and Food,
Central Veterinary Institu te, B udapest, H un g a ry

(R eceived S eptem ber 16, 1988)

A new m eth o d  for th e  iso la tion  of Listeria monocytogenes from  sam ples co n ta m in a te d  
w ith  o th er b ac te ria  is described . The m ethod  requ ires 10 to  11 d ay s  an d  is based on th e  m o tility  
of listeriae in sem isolid  se lective  m edium . T he new  m eth o d  w as com pared w ith  iso la tio n  
techn iques described  b y  F űzi and  Pilis [1] and  by  R a lo v ich  e t al. [2]. All 30 faecal sam ples 
co n ta in ing  100 lis te riae  per g o f faeces were show n p o sitiv e  by  th e  new  m ethod. Using th e  m e th ­
od of R alov ich  e t al. [2] th e  sam e p o sitiv ity  ra tio  cou ld  be o b ta in e d  only w ith  sam ples co n ­
ta in in g  1000 lis te riae  per g o f faeces. A t a co n ta m in a tio n  r a te  o f 10000 listeriae per g o f faeces 
28 o u t of 30 faecal sam ples were positive by  the  m eth o d  o f F ű z i an d  Pilis [11- The new  m e th o d  
gave 10 to 86%  p o s itiv ity  w hen 775 faecal sam ples from  10 a n im a l species were tested .

Isolation o f listeriae from materials such as pus and silo samples, where 
significant incidental flora might occur, has alw ays heen a difficult task .

In 1963, Murray tried to cultivate listeriae from faeces. However, these  
attem pts rarely succeeded. In 1960 Jentzsch [3] reported that L is te r ia  m o n o c y ­

to g e n e s  displayed significant resistance against high concentrations o f saline  
and was able to proliferate even in a rather alkaline m edium  (pH 8 -9). These  
characteristics and the long-known proliferating ab ility  of these bacteria at 
4 °C were first used in the processing of sam ples where, apart from L. m o n o ­

c y to g e n e s , a significant incidental flora occurred.
In most laboratories potassium  tellurite broth, first described by Gray  

in 1950 [4], was applied for selective enrichm ent. H ow ever, as some L is t e r i a  

strains are sensitive to potassium  tellurite, in H ungary Fűzi and Pilis [1] 
suggested that nutrient agar prepared w ith 3%  potassium  rhodanide and  
20 pg/ml guanofuracine was the most reliable m edium  for the selective cu lti­
vation  of L. m o n o c y to g e n e s . Ralovich et al. [2] reported that this selective  
enrichm ent m edium  was unsuitable because the proliferation of G ram -positive  
cocci and some other aerobic saprophytic bacilli w as not restrained. Therefore, 
parallel w ith the finding of Ortel [5], th ey  used tripaflavine and nalid ixic  
acid for restraining the incidental flora and the T N SA  agar prepared by them

G y u l a  S z e m e r k d i

V e te rin a ry  and  Food C o n tro l S erv ice , C en tra l V e te rin a ry  In s t i tu te  
T á b o rn o k  u . 2, H -1149 B u d a p e s t,  H u n g a ry
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w as used  for the isolation o f listeriae. A ccording to their m ethod the m aterial 
con ta in in g  m ixed bacterium flora was inoculated into Holm an chopped meat 
broth , incubated  at 4 °C for several w eeks, then streaked onto T N S A  agar. 
The cu ltures were incubated at 37 °C for 48 h and the colonies were exam ined  
under m icroscope, using oblique illum ination  o f the agar.

T he use of a shortened version o f th e  m ethod to isolate listeriae from  
in c id en ta l flora is reported in th is paper.

Materials and methods

T e n  faeca l sam ples each  from  pigs, c a t t le  a n d  ra b b its  (30 sam ples a lto g e th e r)  were 
e x a m in e d . F aeca l sam ples were p rocessed  o n ly  i f  th e ir  freedom  from  lis te riae  w as certa in . 
O ne g e a c h  of th e  faecal sam ples w as m ix ed  w ith  0.1 m l of th e  d ilu tion  o f a 2 4 -hour Listeria  
c u ltu re  so t h a t  1 g of each sam ple co n ta in ed  1 X l O '- l  X 106 germs.

M ethod  1. T he en rich m en t m ed iu m  p re p a re d  as described by  Fűzi an d  P ilis [1] co n ta in ed  
3 %  p o ta s s iu m  rh o d an id e  an d  20 ftg /m l g u an o fu ra c in e  in  1%  W itte  (p ep to n e) b ro th  a t  p H  7.4. 
In o c u la tio n s  w ere m ade in to  5 m l a liq u o ts  o f b ro th  an d  incu b a tio n  las ted  fo r 48 h. Seedings 
w ere p e rfo rm e d  on to  blood agar.

M ethod  2 involved th e  use o f tw o  ag ars. T h e  a rtific ia lly  co n ta m in a te d  faeca l sam ples 
w ere f i r s t  in o cu la ted  in to  H o lm an  b ro th , in c u b a te d  a t  4 °C for 28 days an d  in o c u la te d  on to  
T N S A  a g a r  p la tes . These ag ar p la tes  w ere in c u b a te d  a t  37 °C for 48 h  an d  e x am in ed  u n d e r 
o b liq u e  illu m in a tio n . Listeria  colonies w ere c h a ra c te riz ed  by  a yellow ish-greenish , so m ew h at 
b lu ish  iridescence .

M ethod  3 consisted  of tw o phases. T he a r tif ic ia lly  con tam in a ted  faeces w as in o cu la ted  
in to  H o lm a n  b ro th . D extrose  (1 % ) b ro th  could  be u sed  w ith  good resu lts  as a s u b s ti tu te  to  th is 
m ed iu m . T h e  liq u id  cu ltu res were in c u b a te d  a t  4 °C fo r 6 days. T hen  0.1 m l c u ltu re  w as lay e red  
o n to  th e  su rface  of a  sem isolid m ed iu m  in  a  U - tu b e  2 cm  in d iam eter. T he co m p o n e n ts  o f th e  
m e d iu m  in  th e  U -tu b e  were th e  sam e as t h a t  o f th e  T N S A  agar, b u t  it co n ta in ed  on ly  0 .1 -0 .2 %  
agar. T h e  U -tu b e s  were in cu b a ted  a t  20—25 °C fo r 48 h. A fter th a t  tim e a su b c u ltu re  w as m ade 
fro m  th e  o p p o site  a rm  of th e  U -tu b e  o n to  b lood ag ar. T he blood agar p la te s  w ere  in cu b a te d  
a t  37 °C fo r  24 h, th e n  be ta-h aem o ly sin g  colonies w ere  s ta in e d  by  G ram  and  id en tif ie d  acco rd ing  
to  th e  c h a ra c te ris tic s  of lis te riae , in c lu d in g  th e  check ing  of catalase  a c tiv ity , m an n ito l-n e g ­
a t iv i ty  a n d  aescu lin -positiv ity . Colonies re g ard e d  as L . monocytogenes w ere a g g lu tin a te d  in 1/2 
an d  4 ty p e  sera  (F ig. 1).

U s in g  M ethod 3, sam ples ta k e n  fro m  th e  faeces o f  various an im al species a n d  h u m an s , 
fro m  silag e , fe ta l m em branes and  o rg an s o f  d ead  an im a ls  were exam ined.

Results

T he results obtained for a to ta l o f 30 samples taken from  the faeces of 
various anim als (pigs, cattle , and rabbits) unanim ously proved th a t the U -tube  
m ethod  w as the m ost reliable for iso lating  L .  m o n o c y to g e n e s . W hen 100 listeriae  
were present in 1 g of faeces, 21 out o f 30 sam ples (70%) were positive . Using  
the m eth od  of Fűzi and Pilis [1] on ly  faecal sam ples containing 10 000 listeriae  
per g g ave  a similar p ositiv ity  rate. B y  the m ethod of Ralovich et al. [2] 7 out 
of 30 sam ples (23.3% ) containing 1000 listeriae/1 g of faeces, and 25 out of 
30 sam p les (83%) containing 10 000 listeriae/1 g of faeces proved positive. 
The higher efficiency o f our m ethod m ay  be due to the fact th at listeriae  
m u ltip ly  further in the U -tube at 20 -25  °C, and growth seem s to be quicker
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at th at tem perature. Another disadvantage o f the m ethod of Ralovich et al. [2] 
is th at it cannot be used as a rapid diagnostic te st.

From this point of view the m ethod o f F iizi and Pilis [1] seems to be the  
quickest because b y  their technique results can be obtained in 3 to  5 days. 
Ftowever, another disadvantage is that S tr e p to c o c c u s  f a e c a l i s  and Gram ­
positive in testinal bacteria as well as aerobic spore-form ing bacteria develop

TNSA- semisolid 
at 20-25°C for A8 h

Biochemical and serological analysis of 
haemolytic colonies

Fig. 1. P ro cessin g  of m odel e x p erim en ts  for th e  reco v e ry  of L . monocytogenes
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■well in  th e  en richm en t ag a r w hich m akes th e  iso lation  of L . monocytogenes 
r a th e r  d ifficu lt.

O u r m ethod  is especia lly  good fo r p rocessing  in tense ly  c o n ta m in a te d  
sa m p le s . T he deve lopm en t o f Pseudom onas species occurring  in th e  sam ples 
c a n n o t be blocked b y  try p a fla v in e  an d  n a lid ix ic  acid, therefo re  th e y  develop  
w ell en o u g h  in th e  ag ar to g e th e r  w ith  lis te riae . H ow ever, the  colony m orpho logy  
o f Pseudom onas  d iffers from  th a t  o f L isteria . T herefore, th e  iso la tio n  o f L . 
m onosytogenes involves no d iagnostic  p ro b lem . As iso lation  an d  id e n tif ic a tio n  
o f L . monocytogenes ta k e  a b o u t 10 to  11 d ay s , th is  m ethod  can n o t be considered  
a ra p id  one. H ow ever, it is essen tia lly  q u ic k e r th a n  th a t  of R a lov ich  et al. [2] 
in  w h ich  resu lts  are o b ta in e d  in  2 m o n th s . T he agar, w hich is a m odified  
T N S A , can he sto red  in  th e  U -tube  a t 4 °C, fo r no longer th a n  a w eek.

Conclusions

T h e  cu ltiv a tio n  o f lis te riae  is a b so lu te ly  necessary  for th e  safe d iagnosis 
of lis te rio sis  and  for id e n tify in g  th e  b ac te riu m  carrie rs . Since re c e n tly  p o ta ss iu m  
te l lu r i te  sensitive s tra in s  o f L. monocytogenes have  been rep o rted  to  ex ist, 
G ra y ’s [4] m edium  is n o t su itab le  for se lec tive  en rich m en t of lis te riae .

In  th e  m ethod  o f F ű z i and  Pilis [1]. th e  use o f po tassium  rh o d a n id e  and 
g u a n o fu ra c in e  in th e  ag a r ensures in ten s iv e  selection . U n fo rtu n a te ly , it does 
n o t in h ib it  th e  g ro w th  o f G ram -positive  cocci and  aerobic spo re-fo rm ing  
b ac illi. I t  m ay be assu m ed  th a t  th is m ed iu m  som ew hat h inders th e  d ev e lo p ­
m e n t o f  lis teriae  because  L . monocytogenes cou ld  be iso lated  on ly  w h en  th e  
n u m b e r  o f these b a c te ria  w as high in th e  sam ples. The g reat a d v a n ta g e  o f  th is  
m e th o d  is its  ra p id ity . I t  can  he e v a lu a te d  in  a few days.

Table I

Incidence o f  listeria excreters among animals

A n im als
N u m b e r  o f 

faeca l sam ples
N u m b er of 

po sitiv e  sam ples

Sheep 1 1 0 77
Cattle 172 35
G oat 1 1 0 36
Big 88 8
P o u ltry  (hen) 97 84
R a b b it 40 3
H are 66 13
Deer 1 1 6
P h easan t, p a rtrid g e 21 15
Zoo w ild an im als 60 5

T otal 775 282
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I t  was p roved  by  H u n g a ria n  [2] and  foreign resea rch ers  th a t  th e  best 
se lec tiv ity  is g ra n te d  by  TN SA  ag a r. I f  th e  a m o u n t o f ag ar is decreased  in the 
m ed ium  (sem i-solid agar), w ith  th e  help  of th e ir  flagella  th e  b a c te r ia  can  move 
to  th e  opposite  a rm  of th e  U -tube  an d , th u s , a n o th e r  c h a ra c te ris tic  o f listeriae  
im proves th e  specific ity  o f th e  m e th o d .

In add itio n  to  increasing th e  re liab ility  o f th e  m e th o d , th e  tim e  needed 
fo r iso la ting  th e  b ac te ria  can be red u ced  to  10-11 d ay s. T his p ro ced u re  seems 
to  he reliab le  also w hen ra th e r  few  liste riae  are  p resen t.

F inally , it  can  he s ta te d  t h a t  the  efficiency o f d e tec tin g  lis te riae  has 
m ark ed ly  increased and  th is  offers good o p p o rtu n ity  for s tu d y in g  th e  ep idem i­
ology and  for increasing  th e  re lia b ility  of th e ra p y .

U sing th e  new  m ethod , a 10 to  86%  lis te ria  p o s itiv ity  ra te  w as fo u n d  for 
a to ta l  of 775 faecal sam ples from  10 an im al species (T able I).
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EFFECT OF CHLORPROMAZINE (CPZ) ON THE COURSE 
OF LCM VIRUS INFECTION IN MICE WITH DEVELOPED 

AND UNDEVELOPED IMMUNE SYSTEM

I l on a  Sz e r i , P ir o s k a  A n d e r l i k , Zs u z s a n n a  B á n o s , L. K . Cs a t á r y ,
I. N ász  and Zs u z sa n n a  B a r n a

Institu te  o f  M icrobiology, Semmelweis U niversity  M edica l School, 
Budapest, H ungary, and  U nited Cancer Research In s ti tu te , A lexandria , 

V irgin ia , U SA

(R ece iv ed  F eb ru a ry  24, 1989)

T he cellu lar im m une resp o n se  to  lym phocy tic  ch o rio m en in g itis  (I,CM ) v iru s in germ free  
a d u lt  and conven tional (Cv) su ck lin g  m ice w ith  undeveloped  im m u n e  system s and  in Cv a d u lt 
m ice w ith  deve oped im m u n e  sy s tem s w as suppressed b y  a single large , sub le tha l dose of th e  
calm oduline  an tag o n istic  ch lo rp ro m az in e  and  stim u la ted  b y  a 100-tim es sm aller dose a d m in ­
istered  in trap erito n ea lly  one d a y  before th e  in trace reb ra l v iru s  in fec tio n . CPZ th u s  e x e rted  a 
tw o-d irec tio n a l do se -d ep en d en t im m u n o m o d u la to ry  effect in m ice w ith  b o th  u ndeveloped  and  
developed  im m une system .

C hlorprom azine (C PZ), u su a lly  applied  as an  an tip sy c h o tic  a g e n t, has 
also a calm oduline a n ta g o n is tic  effect [1, 2]. C a lm oduline  is a reg u la to r  p ro te in  
con tro llin g  th e  calcium  p u m p  an d  has also an im p o r ta n t  role in th e  reg u la tio n  
of severa l cell fu n c tio n s, such  as cell m etabo lism , cell d iv ision , processing  
o f h o rm o n a l effects and  re g u la tin g  of im m unolog ica l fu n c tio n s [3 -7 ]. Cal- 
m o d u lin e -an tag o n is tic  ag en ts , like CPZ, can h av e  an  im m u n o m o d u la to ry  
effect as well.

T he fa ta l ly m p h o cy tic  choriom ening itis fo llow ing  in tra c e reb ra l (i. cer.) 
ly m p h o cy tic  cho riom en ing itis  (LCM) v irus in fec tio n  is th e  consequence o f  th e  
cy to to x ic  reaction  o f LCM v iru s  an tigen  specific T ly m p h o cy tes  to  cells e x ­
pressing  v ira l an tigens on th e  lep to m en in x  [8 -10 ]. T h e  course  of v irus in fec tio n  
th u s  g rea tly  depends on th e  ce llu lar im m une resp o n siv en ess  of th e  an im al. 
A cu te  ly m p h o cy tic  ch o rio m en in g itis  develops in  a d u lt  mice w ith  in ta c t ,  
developed  im m une sy stem  an d  th e  anim als die on th e  6—8th  d ay  follow ing 
v iru s  in fec tion . In  m ice w ith  in su ffic ien t T ly m p h o c y te  fu n c tio n , like in  a d u lt 
germ free (Gf) and  in  co n v en tio n a l (Cv) suckling  m ice b o th  w ith  und ev e lo p ed  
im m une  system , ly m p h o cy tic  choriom eningitis fa ils to  develop  and  th e  mice 
su rv iv in g  th e  in fec tion  becom e v iru s  carriers [1 1 -1 3 ]. M an ifesta tion  o f LCM 
v iru s  in fection  in th e  fo rm  o f fa ta l m eningitis is e n h an ced  b y  effects s tim u -
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l a t in g  th e  cellular im m u n e  response  [14—19], and  is h indered  b y  im m u n o su p p ­
re ss iv e  effects [13, 2 0 -2 3 ].

I t  has been ex am in ed  w h e th e r CPZ p re tre a tm e n t can  in fluence  the 
c e llu la r  im m une response  to  LCM v irus in fec tio n  in  G f a d u lt  m ice w ith  u n ­
d ev e lo p e d  im m une sy s tem  due to  an tig en -d e fic ien t e n v iro n m en t, in  Cv suckling 
m ice  w ith  undeveloped  im m u n e  system s due  to  age, and  in  Cv a d u lt mice 
wi t h  developed  im m une sy s tem .

E xperim enta l anim als. Gj a n d  Cv 6-week-old C3H mice and Cv 6-w eek-old young  adu lt 
a n d  2-w eek-old  suckling C F L P  m ice (L A T I, G ödöllő, H u n g ary ) o f b o th  sex es were used. 
G e rm fre e  s ta te  was m a in ta in e d  a n d  contro lled  as p u b lish ed  earlier [24]. In  th e  ex p erim en t 
w ith  su ck lin g  m ice, th e  n u m b er o f  m ice was d ecreased  to  10 per litte r .

Chlorpromazine treatm ent. A 2 .5%  so lu tio n  of ch lorprom azine h y d ro c h lo r icu m  (E G IS, 
B u d a p e s t)  was used. F u r th e r  d ilu tio n s  for d iffe ren t doses were p rep ared  w ith  PB S  d irectly  
b e fo re  app lication .

L C M  virus infection. T h e  s tra in  W E  m a in ta in e d  in th is  la b o ra to ry  b y  serial in tra ­
c e re b ra l passages in mice w as u sed . F o r t it ra tio n  i t  w as adm in iste red  in tra c e re b ra l ly  (i.cer.) 
to  6 -w eek-o ld  mice. L D 50 v a lu e  of th e  v iru s was d e te rm in ed  by R eed an d  M u e n e h ’s m eth o d  (25).

Recovery o f L C M  virus. Y o u n g  a d u lt m ice were ino cu la ted  i. cer. w ith  1:10 d ilu tio n s of 
b ra in  suspensions p rep ared  fro m  m ice surv iv ing  LCM v iru s infection  and  sa c rif ic e d  on th e  21st 
d a y  o f  th e  experim ent. P resence  o f LCM v iru s w as confirm ed  by th e  ty p ic a l  neurological 
sy m p to m s  and  dea th s o f m ice.

T h e  anim als w ere t r e a te d  in tra p e rito n e a lly  w ith  a single la rg e , su b le th a l 
o r  w ith  a 100 tim es sm alle r dose of CPZ. T he doses were chosen  on th e  basis 
o f  L D 50 values. T here w ere sig n ifican t d ifferences am ong th e  L D 50 values for 
d iffe re n t ty p es of mice (T a lde  I) and  th e  ap p lied  CPZ doses in th e  th ree  ex­
p e r im e n ts  differed acco rd in g ly .

Follow ing  tre a tm e n ts  w ith  large doses o f CPZ, all an im als  w ere sleeping 
fo r tw o  days. T here w as no d ifference in th e  d u ra tio n  of sleep b e tw een  G f and 
C v m ice . Sm all CPZ doses d id  n o t cause sleeping. The mice w ere in fec ted  i. cer.

M ateria ls and m ethods

E xperim en ts and  resu lts

Tahié I

L D r<о values o f  C P Z in mice o f  different types

Mice
C hlo rp rom azine 

L D S0 m g/kg

G f a d u lt (C 3II) 
Cv a d u lt  (C3H) 
Cv a d u lt  (C FL P)

160
75
75
50Cv suck ling  (C FL P)
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Table II

Germfree adult mouse groups and tlieir treatments in Experiment I

G roups
In o cu la tio n No. of

i.p. i.eer.
mice

CPZ100-LCM CPZ 100 m g/kg LCM virus 20
CPZ, LCM CPZ 1 m g/kg LCM virus 20
LCM PBS LCM virus 20
CPZ.oo CPZ 100 m g/kg X 10
CPZ, CPZ 1 m g/kg X 10
c PBS X 10

X  v irus free m ouse b rain  suspension

w ith  LCM v irus on th e  d ay  a fte r CPZ tre a tm e n t  in all exp erim en ts . E x p e r i­
m en ts  w ere concluded  on th e  21st d ay  a f te r  LCM v irus infection . T h e re  w ere 
no d ea th s  am ong m ice n o t in fected  w ith  LCM v iru s .

E xperim ent I . G erm free ad u lt m ice w ere tre a te d  i. p. w ith  100 m g/kg  
or 1 m g/kg  doses of CPZ and  w ith  P B S . On th e  d ay  a fte r t re a tm e n t ,  tw o- 
th ird  o f m ice in each group  were in fec ted  i. cer. w ith  100 L D 50 of LCM v iru s , 
o n e -th ird  of th e  an im als w ere in o cu la ted  i. cer. w ith  virus-free, n o rm a l b ra in  
suspension . G roups, t re a tm e n ts  and n u m b e r o f  m ice are show n in T ab le  I I .

In  groups in fec ted  w ith  LCM v iru s , d e a th s  occurred  w ith  n eu ro log ica l 
sy m p to m s ch a ra c te ris tic  of LCM. R a te  an d  tim e  of d ea th  in th e  v iru s  in fec ted  
g roups are  show n in F ig . 1.

O f mice in fec ted  w ith  LCM virus h u t n o t tre a te d  w ith  CPZ 8 5 %  d ied  on 
th e  7 -1 0 th  d ay  a fte r  v iru s infection  (LCM group). R a te  and  tim e  o f d e a th s  
w ere changed  b y  CPZ p re tre a tm e n t. In  th ( • C P Z 100 LCM group d e a th s  o ccu rred  
la te r , on th e  9 - 1 1th  d ay  a fte r  v iru s in fec tio n  an d  only  65%  of m ice d ied . 
In  th e  CPZp-LCM  group  dea th s  occurred  ea rlie r, on th e  7 -9 th  d ay  an d  ra te  
of d e a th s  was 100% .

Eig. I .  R a te  and tim e  of d e a th s  afte r LCM v iru s in fec tion  in a d u lt germ free mice (E x p e r im e n t 
I). G roups: C P Z ,00 L C M -----------; C P Z , - L C M ..............; LCM
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Table II I

Conventional suckling mouse groups and their treatments in Experim ent I I

Groups
Inoculation No.

ip - i.cer.

C PZ 23-LC M CPZ 25 m g/kg LCM virus 30
c p z „.25- l c m CPZ 0.25 m g/kg LCM virus 30
LCM PBS LCM virus 60
CPZ,.., CPZ 25 m g/kg X 10
C PZ 0.25 CPZ 0.25 m g/kg X 10
c PBS X 20

X , v iru s  free m ouse b ra in  suspension

F ro m  th e  b ra in  of m ice su rv iv ing  th e  in fec tio n  by 21 clays, LCM v iru s  
cou ld  be  iso la ted , th u s  th ese  m ice were sy m p to m -free  v irus-carriers .

E xp erim en t I I .  S ix teen  litte rs  of 2 -w eek-o ld  suckling mice w ere in c lu d ed  
in  th is  ex p e rim e n t. H a lf  of th e  m ice were tr e a te d  i. p . w ith  25 m g/kg a n d  0.25 
m g /k g  doses o f CPZ in each o f 8 litte rs . T he o th e r  h a lf  of th e  mice in all litte rs  
w ere t r e a te d  in th e  sam e w ay  w ith  PB S so lu tio n . On th e  day  a fte r  tre a tm e n ts , 
in  each  o f  6 lit te rs  mice th a t  had been tr e a te d  w ith  d ifferen t doses o f  CPZ 
w ere in fe c te d  i. cer. w ith  100 L D 50 dose o f LCM v iru s , and  m ice in  each  o f th e  
re m a in in g  2 l i t te rs  w ere in o cu la ted  in  a s im ila r w ay  w ith  no rm al m ouse b ra in  
su sp en sio n . M ouse-groups, n u m b er of m ice in each  group and  tre a tm e n ts  are 
show n  in  T ab le  I I I .  R a te  an d  tim e  of d e a th  in  th e  v irus in fected  g ro u p s are 
show n in  F ig . 2.

R a te  an d  tim e  of d ea th s  were d iffe ren t in  th e  th ree  v iru s-in fec ted  groups. 
Mice n o t  tre a te d  w ith  CPZ died in  43%  on 8—11th  day  a fte r v iru s  in fec tion  
(LCM g ro u p ), w hile m ice p re tre a te d  w ith  la rg e  doses of CPZ died  on ly  in  30%  
an d  la te r ,  on 9 -1 1th  d ay  (C P Z ,5-LC M  g ro u p ). T hose tre a te d  w ith  sm all CPZ 
doses d ied  in la rg e r p ro p o rtio n  (67% ) a n d  ea rlie r, on 8 -1 0 th  d ay  (C P Z 0 25-

Fig. 2 . R a te  and  tim e  of d e a th s  a fte r  LCM v iru s  in fec tio n  in conventional suck ling  m ice 
(E x p e r im e n t I I ) .  G roups: C P Z ,5- I .C M .............; C P Z 0 ,,5-L C M ------------; LCM -
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Table IV

L ö s,, values o f  L C M  virus in conventional adult mouse groups treated with different doses o f
C P Z

P re tre a tm en ts
LCM  v iru s  
L D 50 v a lu e

CPZ 50 mg/kg 10-3
CPZ 0.5 mg/kg Ю -4 .Г .

PB S solution Ю - 3 .6 3

LCM group). LCM v iru s  could be iso la ted  from  th e  b ra in  of mice su rv iv in g  th e  
v iru s in fec tion  by  21 day s th u s  these  an im als w ere sym ptom -free  v iru s-ca rrie rs .

E xperim ent I I I .  C onventional a d u lt C F L P  m ouse groups were in o c u la te d
i. p. w ith  50 m g/kg or 0.5 m g/kg o f CPZ an d  w ith  P B S  as control. O n th e  d a y  
a fte r  tre a tm e n ts , th re e  parallel v irus t i tra tio n s  w ere perform ed under id e n tic a l 
cond itions s im u ltan eo u sly  on an im als p re tre a te d  w ith  tw o  d ifferent doses of 
CPZ an d  PB S. T itra t io n  was carried  out b y  ten fo ld  dilu tions (10 2—10 6) 
of LCM virus. Ten m ale and  10 fem ale m ice w ere in o cu la ted  w ith  each d ilu tio n . 
Ten m ice in ocu la ted  on ly  w ith  PBS so lu tion  an d  10 m ice given d iffe ren t doses 
of CPZ served as co n tro ls . The ex p erim en t la s te d  21 day s a fte r virus in fec tio n .

D ea th s  of v iru s  in fec ted  an im als occurred  on th e  7 -1 0 th  day a f te r  in fec­
tio n , w ith  ch a rac te ris tic  sym ptom s o f ly m p h o cy tic  choriom eningitis. T h e  tim e  
of d e a th s  was n o t in flu en ced  by CPZ tre a tm e n ts . L D 50 values ca lcu la ted  on  th e  
basis o f  d ea th  ra te  d u rin g  th e  th ree  para lle l t i t r a t io n s  o f LCM virus a re  show n 
in T ab le  IV.

L D 50 value o f th e  v iru s was sm aller in  m ice p re tre a te d  w ith a la rg e  dose 
of CPZ an d  i t  w as la rg e r in  mice p re tre a te d  w ith  a sm all dose of CPZ, th a n  in  
m ice n o t tre a te d  w ith  CPZ. CPZ p re tre a te d  a n d  u n tre a te d  anim als th u s  d is­
p lay ed  d ifferen t response  to  the  sam e q u a n ti ty  o f  v iru s .

Discussion

CPZ doses ap p lied  in  the  th re e  ex p e rim en ts  w ere chosen on th e  b as is  o f 
L D 50 values d e te rm in ed  prev iously . S ig n ifican t d ifferences am ong th e  L D 50 
of CPZ was observed  in  d ifferen t ty p e s  of m ice. Cv suckling  mice w ere m ore  
sensitive to  CPZ th a n  a d u lt ones an d  a d u lt G f m ice w ere less sensitive  th a n  
conven tionale  of th e  sam e age. I t  is well kn o w n  th a t  th e re  are d ifferences in  
se n s itiv ity  to w ard s d iffe ren t drugs d ep en d in g  on age, new born and  su ck lin g  
an im als being m ore sensitive  to  drugs th a n  a d u lt  ones. In  the  case of Cv a d u lt  
and  suckling  mice th e  d efin ite  L D -0 values o f C PZ  are in accordance w ith  th is . 
I t  is less know n, how ever, th a t  G f m ice d isp lay  less sen s itiv ity  to  ce rta in  d ru g s
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th a n  Cv m ice of th e  sam e age. R esu lts w ith  c y to s ta tic  agents an d  g am m a  ra y  
h a v e  a lre a d y  been pu b lish ed  [26-29]. In  th e  p re se n t experim en t, a s ig n ifican t 
d iffe ren ce  w as observed  in sen s itiv ity  to  C PZ  betw een  ad u lt G f a n d  Cv m ice. 
A s fo r  o u r  p resen t know ledge no d a ta  co n cern in g  th is  is know n in th e  l i te ra tu re . 
I t  m a y  be supposed  th a t  th e  to lerance  o f  G f m ice to  CPZ can  be d u e  to  th e  
a b se n c e  o f m icrobial flo ra .

In  E x p e rim en ts  I and  I I  th e  effect o f a single p re tre a tm en t w ith  d iffe ren t 
d oses o f  CPZ on th e  course of i. cer. LCM  v iru s  infection w as s tu d ie d  in  Gf 
a d u l t  a n d  Cv suckling  mice b o th  w ith  u n d ev e lo p ed  im m une system s. T h e  resu lts  
sh o w ed  th a t  in v iru s  in fec ted  and large dose tre a te d  mice th e  d e a th  s ta r te d  
la te r  an d  its ra te  w as low er, w hereas in  sm all dose trea ted  m ice th e  d ea th  
o c c u rre d  earlie r, and  its  ra te  was h ig h er th a n  in  virus in fec ted  b u t  n o t  p re ­
t r e a te d  m ice. T h u s th e  large doses o f CPZ h in d e re d , small doses e n h an ced  the  
d e v e lo p m e n t of fa ta l ly m p h o cy tic  ch o rio m en in g itis , i. e. in m ice w ith  u n ­
d ev e lo p e d  im m une  sy stem  th e  cellu lar im m u n e  response to  LCM v iru s  was 
m o d u la te d  b y  CPZ p re tre a tm e n t. The im m u n o m o d u la to ry  effect — d ep en d in g  
on C P Z  doses — w as tw o -d irec tio n a l; la rg e  doses were su p p ress iv e , sm all 
doses w ere  s tim u la to ry , in d ep en d en tly  of th e  fa c t, w hether th e  im m u n e  system s 
o f m ice  w ere u ndeve loped  due to  th e ir  age o r env ironm en t po o r in  an tig en - 
s tim u lu s .

In  E x p e rim en t I I I  th e  im m u n o m o d u la to ry  effect of CPZ on th e  cellu lar 
im m u n e  response to  LCM v iru s  was s tu d ie d  in  Cv adu lt m ice w ith  developed  
im m u n e  system  on th e  basis o f com paring  th e  L D -0 values of v iru s  d e te rm in ed  
b y  th e  re su lts  of th e  th re e  p ara lle l v iru s t i t r a t io n  carried  ou t on CPZ p re tre a te d  
a n d  u n tre a te d  an im als.

T h e  L D 50 of LCM v iru s  was sm aller in  la rg e  dose tre a te d  m ice a n d  i t  was 
la rg e r  in  sm all dose tre a te d  ones th a n  t h a t  in  mice no t t r e a te d  w ith  CPZ. 
T h u s  th e  large dose of CPZ decreased, th e  sm all dose of th e  d ru g  increased  
th e  r a te  o f d ea th  in LCM. CPZ th u s p roved  to  be of im m u n o m o d u la to ry  effect 
in  C v  a d u lt  m ice w ith  developed  im m une sy s te m , and th is  effect, s im ila rly  to  
th e  cases  o f th e  m ice w ith  undeveloped  im m u n e  system , was tw o -d ire c tio n a l 
d e p e n d in g  on th e  dose, large dose w as su p p ressiv e , sm all dose s tim u la to ry .

D a ta  have  been pub lished  ab o u t th e  dose-dependen t tw o -d irec tio n a l 
im m u n o m o d u la to ry  effects an d  the  m ech an ism s of calm oduline a n ta g o n is tic  
n e u ro p e p tid e s  [30]. R ep o rts  and ex periences are  no t know n in co n n ec tio n  
w ith  C PZ  w hich is also calm oduline a n ta g o n is tic  substance.

I t  c an n o t be d e te rm in ed  y e t, w h e th e r th e  im m u n o m o d u la to ry  effect of 
C PZ  is co n n ec ted  to  its  calm oduline a n ta g o n is tic  effect. There are  o th e r  possi­
b ilitie s  as well. D ifferen t m echanism s can he responsib le  for th e  tw o -d irec tio n a l 
im m u n o m o d u la to ry  effect trig g erred  b y  tw o  d iffe ren t doses o f C PZ. S leeping 
s ta te  w as  induced  on ly  b y  large  doses. D a ta  a b o u t decreased im m u n e  response  
in  p e rs is te n t  sleep h av e  a lread y  been p u b lish e d . F o r exam ple, allerg ic reac tio n s
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based  on cellu lar im m u n e  reactions in  case o f tubercu lo sis  [31] and b ru ce llo sis  
[32 I are  suppressed  by m edicated  sleep . S uppression  of th e  cellu lar im m u n e  
response on LCM v iru s  infection  due  to  large doses o f CPZ can be co n n ec ted  to  
th e  sleep-inducing  e ffec t of large doses. N o sleep w as induced  w ith  sm all doses 
of C PZ, th u s  o th e r m echanism s can be v a lid  in th e  im m u n o stim u la to ry  effec t. 
CPZ — w hich w as ea rlie r know n o n ly  as an  an tip sy ch o tic  d rug  — has sev e ra l 
o th e r  biological, th e ra p e u tic a l effects. In  case of som e tu m o u rs , for ex am p le , 
CPZ is o f regressive effect [33-38], w h ere  th e  role o f CPZ is a t tr ib u te d  to  its  
lysosom al m em b ran e  stabilizing , D N A  syn th esis  h in d erin g  [39], or to  a n t i ­
h is tam in e  effects [40]. R ecently  C PZ has been  app lied  in  th e  th e ra p y  o f  c u ­
ta n e o u s  le ishm aniasis  [41, 42]. The e ffec t m echan ism  in th is  case is n o t k n o w n . 
I t  can  be supposed  th a t  the  th e ra p e u tic a l v a lue  o f CPZ in d ifferen t c lin ica l 
cases m ay  be in con n ec tio n  w ith its  im m u n o m o d u la to ry  effect.
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THE EFFECT OF METHICILLIN ON THE FATTY ACID 
COMPOSITION OF TOTAL POLAR LIPID IN METHICILIN 

RESISTANT STAPHYLOCOCCUS AUREUS*

F . R o zg o nyi , P . B ia c s , J olán  K is s , K a t a l in  R . S zitha  and I. A n d ir k ó

D epartment o f  M icrobiology , U niversity M edical School, Debrecen, 
and Central Food Research Institu te . B u dapest, H ungary

(R eceived  April 10, 1989)

The effect o f two concentrations of m ethicillin on the fa tty  acid (FA) distribution  in 
intracellular total polar lipid (TPL) of the log-phase cultures o f  a m ethicillin resistant S ta p h y ­
lococcus aureus strain No. 5814R was studied during a period o f 2 h. H a lf the MIC of m eth icillin  
( z 1000 /jg/m l) caused 18.6%  increase in branched-FAs and a sam e decrease in stra ight-F A s, 
while one MIC ( 2000 /^g/ml) of the drug induced a m oderate change in those of T P L . The
ratio o f branched-FAs to straight-FA s increased from 1.24 to 1.56 in the presence of 1/2 x M IC  
of m ethicillin and reduced from 1.24 to 0.87 in the presence of 1 xM IC  of the an tib iotic. In  
TPL of the control cultures it gradually decreased from 1.24 to 0.77. It is concluded th a t under 
the effect of m ethicillin, FA com position of TPL in m ethicillin  resistant cocci does n ot change  
as dram atically as in m ethicillin sensitive ones indicating lip id synthesis in m ethicillin resistan t
S. aureus to be less sensitive to the action of m ethicillin than in m ethicillin  susceptible strains. 
This m ay contribute to the resistance against the ly tic  effect o f the drug. Membrane lip id  
properties seem to be involved in the m echanism s of m ethicillin  resistance.

One of th e  p ro b ab le  m echanism s of m eth ic illin  resistance in S ta p h y lo ­
coccus aureus seem s to  be a p e rm eab ility  ha rrie r f l ]  coupling  w ith a decreased  
a ff in ity  for b e ta - la c tam s  [2]. P o la r lip ids of m em b ran es  p lay  p ro b ab ly  k ey  
roles in the  im p e rm eab ility  to  these  drugs [3—5].

L ip id  com positions of s taphy lococcal m em b ran es  v a ry  to  co n sid e rab le  
e x te n t u n d e r d iffe ren t c u ltu ra l cond itions [6 -10 ]. T h e  p e rm eab ility  of b a c te r ia l  
m em branes basica lly  dep en d s on th e ir  p ro te in  and  lip id  com position , on th e ir  
charge, an d  on p ro te in -lip id  in te rac tio n s  [11]. As to  lip id s , th e y  are n o t o n ly  
s tru c tu ra l p a r ts  o f th e  m em b ran e  m a in ta in in g  its  f lu id i ty  [12] hu t ta k e  p a r t  
in v ita l fu n c tio n s of th e  b a c te ria  such as enzym e a c tiv a tio n  and /o r in h ib itio n , 
t ra n sp o r ts , e tc . [11 -15 ]. C hanges in th e  acyl m o ie ty  o f the  m em brane lip id s
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m a y  s tro n g ly  influence th e  p e rm e a b ility  ra te  of n o n -e lec tro ly tes  and  the  
f a c i l i ta te d  d iffusion processes across th e  b io logical m em branes [11—13].

B e ta - la c tam  an tib io tic s  have  been  re p o rte d  to  affect th e  lip id  syn thesis , 
c o m p o s itio n  and  secretion  in  a v a r ie ty  o f  b ac te ria l species [7, 14—19]. T h ere ­
fo re , i t  h as  seem ed to  be reasonab le  to  s tu d y  th e  effect of v a rio u s co n cen tra tio n s  
o f  m e th ic illin  on th e  FA  d is tr ib u tio n  in T P L  o f a highly m eth ic illin  re s is tan t
S. aureus  s tra in  possessing a big am o u n t o f T P L  [8].

Materials and methods

C u l tu r e s .  The experim ents were carried out w ith  the widely studied m eth icillin  resistant 
S .  a u r e u s  5814R strain [2, 7, 8, 20]. In a 10-litre flask  7 litres o f lipid-free m inim al medium  
broth  w as inoculated w ith  1 .2-1 .5  X 10' bacteria per ml of stationary phase. The broth consisted  
o f  10 g B acto  Casitone (D ifco Laboratories, D etroit, M ichigan, USA), 5 g NaCl, 5 g N a .,H P 0 4 •
• 1 2 H ,0 ,  5 g K H ,P 0 4, 0.03 g F e(N H 4) 2- ( S 0 4) ,  • 6 H 20 ,  0.01 g MgSO, • 4 H 20 ,  0.01 g M n S 04 •
• 7 H 20  and distilled water up to 1000 ml, pH  7.2. It was sterilized by autoclaving at 121 °C 
for 20 m in. Im m ediately before use, the broth was supplem ented w ith 1% glucose- The culture 
w as incub ated  at 37 °C and stirred w ith a T eflon-covered magnetic stirrer for 5 m in at half 
hour in tervals. Reaching the m iddle-log phase (5 X 108 organisms per ml) 1000 pg/m l ( =  1/2 X 
X M IC) or 2000 |«g/ml ( = 1  XM IC) of m ethicillin  (Chinoin, Budapest) was added to the culture. 

T his tim e  was noted as 0 h. Further incubation lasted  at 37 °C for 2 h after m ethicillin  treat­
m ent.

L i p i d  a n a ly s is .  A t 0, 1 and 2 h of the exposure 2-litre samples were w ithdraw n for the 
lip id  extraction . Cocci were harvested by centrifugation  and their lipids were extracted  with  
chloroform -m ethanol-w ater (2:1:0.2) according to G ould and Lennarz m odified b y  us as pre­
v io u s ly  described [21]. Polar lipids were separated from  neutrals on Silica gel II (Merck Type 60) 
b y  one-dim ensional thinlayer chrom atography in petroleum  ether-diethylether-glacial acetic 
acid (82:18:1) and. after elution from the chrom atoplates, were purified on Sephadcx G-25 
fin e  colum ns (Pharm acia, Uppsala, Sweden). M éthylation  of FAs was perform ed w ith  5 % HC1 
in m eth anol at 80 °C for 2 h. M ixtures of FA m ethyl esters were resolved by a capillary column 
gas chrom atography using colum ns coated w ith 12.5%  diethylene-glycolsuccinate. Isotherm  
tem p erature was 180 °C. The relative retention tim es of all FAs were confirm ed w ith  available 
Serva K it standards and w ith a w ool-wax o f know n com position for anteiso- and iso-acids. 
T he other m ethods used for the com plete analysis o f FA methyl esters were essentia lly  the 
sam e as described by Christie [22]. Each typ e  o f  experim ents was at least tw ice repeated.

Results

F ig u re  1 show s th e  effect o f m e th ic illin  on the  v iab le  c o u n ts  in  cu ltu res 
o f  m e th ic illin  re s is tan t S . aureus 5814R . P r io r  to  the  m eth icillin  a d d itio n s  the 
cells w ere grow ing ex p o n en tia lly . A fte r ad d in g  1000 ^ug/ml ( =  1/2 X  MIC) and 
2000 //.g /m l ( =  1 X MIC) m u ltip lica tio n  co n tin u ed  and a s ig n if ican t gain  in 
v ia b le  co u n t occurred . B etw een  th e  1st an d  2nd hour of m e th ic illin  exposure, 
h o w e v e r , th e  v iab le  co u n t in  th e  p resence  o f 2000 pg/m l fa iled  to  increase 
s u b s ta n tia l ly .

T h e  effects of tw o  co n cen tra tio n s  o f m eth ic illin  on th e  iso-FA  d is tr ib u tio n  
in  T P L  o f lo g a rith m ica lly  grow ing cells o f S . aureus 5814R are show n in T ab le  I. 
U n d e r  th e  cond itions used it  was possib le  to  separa te  an d  m easu re  i-C 1 5 :0
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Time of treatment, h

F ig .  1. Sem ilogarithm ic representation o f the effect of m ethicillin on the growth k in etics in the
exponentia l phase of m ethicillin resistant S. a u r e u s  5814R. О --------- О control [6]; О --------C>
1000 /tg m ethicillin per ml =  1/2 X MIC [7]; •  •  2000 /tg m ethicillin per ml 1 X MIC

[6]; figures in parentheses indicate the number o f experim ents

a n d  ai-C15 :0  FA s w hich h ad  p rev io u sly  given on ly  one p eak  on th e  c h ro m a to ­
g ram s an d  h ad  been e v a lu a te d  as ai-C15 :0  [7, 8, 17]. T he p re d o m in a n t iso-FA  
w as i-C15 :0  in T P L  of b o th  th e  u n tre a te d  and  th e  t re a te d  cocci d u rin g  a 2 h 
period  o f th e  log-phase s tu d ie d . T h e  add itio n  of 1/2 X M IC of m e th ic illin  to  th e  
c u ltu re s  b ro u g h t abou t an  in crease  in th e  p ro p o rtio n  o f  iso-FA s a t tr ib u ta b le  
m a in ly  to  th e  en hancem en t o f i-C15 : 0 and i-C17 : 0. A d m in is te rin g  1 X  M IC of 
m e th ic illin  to  th e  cu ltu res re su lte d  in  an alm ost e n tire  f ix a tio n  o f th e  iso-FA  
co m p o sitio n  of T P L  a t th e  0 -tim e  (m iddle-log) d is tr ib u tio n  level. As a to ta l ,  
1/2 X M IC of m ethicillin  caused  a considerable, w hile lx M I C  did a sligh t 
in crease  in  the  p roportion  o f iso-F A s.

T ab le  I I  d em o n stra te s  t h a t  th e  m ain an te iso -F A  in b o th  th e  c o n tro l and  
th e  m eth icillin -exposed  cocci w as a i-C 15 :0 . On th e  w hole, th e  an te iso -F A  
p ro p o r tio n  of T P L  in th e  b a c te r ia  o f the  u n tre a te d  cu ltu res  decreased  w ith  
th e  p receed ing  of the g ro w th  p h ase  due m ain ly  to  th e  fall of a i-C 1 5 :0  and 
ai-C17 : 0. U nder the in fluence  o f m eth icillin  th e  cocci enh an ced  th e  a m o u n t of 
ai-C15 : 0 and  ai-C17 : 0 in T P L  re su ltin g  in a su b s ta n tia l accu m u la tio n  o f an te iso -
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T able 1

Iso -fa tty  acid composition o f  total polar lip id  in exponentially growing methicillin resistant cells o f
S . aureus 5814R treated w ith methicillin

Iso -fa tty  acid
M eth ic illin  

a d d e d  
( X M IC )

P er ce n t iso - f a t ty  ac id  in  to ta l  p o la r  lip id  
fro m  cells t re a te d  for

0 h 1 h 2 h

i-C13 : 0 0 0.1 0.1 0.2
1/2 0.1 0.1 0.1
1 0.1 0.2 0.2

Í-C14 : 0 0 1.8 1.3 2.3
1/2 1.8 1.2 1.3

I 1.8 1.5 1.6
i-C15 : 0 0 24.0 23.3 22.2

1/2 24.0 23.3 27.2
1 24.0 23.0 25.9

i-C16 : 0 0 0.4 0.2 0.2
1/2 0.4 0.4 0.3
1 0.4 0.2 0.4

Î-C17 : 0 0 2.0 2.2 1.1
1/2 2.9 3.8 5 .5

1 2.9 3.1 1.4
Í-C19 : 0 0 0.6 0.2 trace

1/2 0.6 1.4 0.9
1 0.6 0.7 trace

Total 0 29.8 ±  1.2 27.4 ±  1.3 26.0 ±  1.2
iso 1/2 29.8 ±  1.2 31.2 ±  1.5 35.4 ±  1.8

1 29.8 ±  1.2 28.7 ±  1.4 29.5 ±  2.0

1/2 XM IC is equ iv a len t to  1000 /fg/ml m ethicillin  
1 x M IC  is eq u iv a len t to  2000 pg/m l m ethicillin

F A s. O ne MIC of m e th ic illin  d id  th e  sam e as 1/2 X  MIC in th e  f irs t  h o u r of the  
ex p o su re , th en  th e  c o n te n t  o f an teiso-FA s o f T P L  fell to  th e  co n tro l value. 
As a  to ta l ,  m ethicillin  a t  1/2 X  MIC caused 18 .6%  increase in  th e  b ran ch ed -F A  
c o n te n t  o f T P L  in th e  c u ltu re ,  w hereas 1 X  M IC o f th e  d rug  in d u ced  a m odera te  
ch an g e .

As can be seen fro m  T ab le  I I I  th e  p re d o m in a n t s tra ig h t-c h a in  FAs in 
b o th  th e  u n tre a te d  an d  th e  t r e a te d  cocci w ere in  th e  o rd er of n -C 2 0 :0 , n -C 1 8 :0  
an d  n -C 1 6 :0 . In  the  T P L  o f  th e  contro l cocci th e  p ro p o rtio n  o f s tra ig h t-F A s 
in c re a se d  w ith  the  p ro c e e d in g  of the  log-phase a t  th e  expense o f an teiso-FA s 
an d  to  a less ex ten t o f iso -F A s. The ad d itio n  o f 1/2 X  M IC of m eth ic illin  to  the  
c u ltu re s  caused a co n sid e rab le  reduction  in th e  p ro p o rtio n  of n-C14 :0 , n-C15 :(), 
n-C 17 :0 , n -C 19 :0  and  n -C 2 0 :0  com pared  to  th a t  o f th e  2 h co n tro l. Surpris-
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Table II

The effect o f  m ehicillin on the anteiso-fatty acid composition o f total polar lip id  in  exponentially  
growing methicillin resistant cells o f  S. aureus 5814R

Per cent iso--fatty acid in total polar lipid
fa tty added from cells treated for
acid ( X  MIC)

0 h 1 h 2 h

ai-C13 : 0 0 0.9 1.4 1.2
1/2 0.9 0.8 0.5
1 0.9 1.3 0.6

ai-C 15 : 0 0 20.9 18.0 15.0
1/2 20.9 21.0 20.0
1 20.9 21.0 15.0

ui-C17 : 0 0 2.6 2.4 1.2
1/2 2.6 3.2 4.0
1 2.6 2.9 1.4

ai C l9 : 0 0 1.0 0.8 trace
1/2 1.0 1.8 и
1 1.0 0.8 trace

T o ta l 0 25.4 ±  1.3 22.6 ± 1 .1 17.4 ±  1.2
anteiso 1/2 25.4 ±  1.3 26.8 ±  1.3 25.6 ±  1.9

1 25.4 ±  1.3 26.0 ±  1.4 17.0 ±  1.8

T o ta l 0 55.2 ±  1.3 50.0 ±  1.2 43.4 ±  1.2
b ranched 1/2 55.2 ±  1.3 58.0 ±  1.4 61.0 ±  1.9

1 55.2 ±  1.3 54.7 ±  1.4 46.5 ±  1.9

1/2 X MIC is equ iva len t to 1000 //g illl m ethicillin  
lX  MIC is eq u iva len t to 2000 f i g / ml m ethicillin

ing ly , no substantial change was revealed in the proportion of n -C 1 6 :0  and 
n-C18 :0. Adding 1 X  MIC of m ethicillin  induced a moderate decrease in  the  
straight-FA  proportion of TPL.

A calculation was made on the alteration in the relationship o f different 
chain type FAs during the courses of the m ethicillin exposures. As T able IV 
displays, the ratio of iso-FAs to  anteiso-FA s increased whereas those o f iso-FA s  
to straight-FA s, anteiso-FA s to straight-FA s and, of course, the to ta l branched- 
FA s to  straights decreased during the 2 h period of the log-phase exam ined . 
Under the influence of 1/2 X  MIC of m ethicillin the ratio of iso-FA s to  anteiso- 
FA s becam e sm aller while the ratio o f both the iso- to straight-FA s and anteiso- 
to  straight-FA s and, of course, tota l branched to straights sign ifican tly  in ­
creased. E xposing the cocci to 1 X  MIC of m ethicillin brought about a m oderate  
increase in all the ratios listed relative to  the control values of the sam e ages 
except the ratio o f iso- to anteiso-FA s after 1 h exposure.
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Table III

E ffect o f  m ethicillin on the stra ight-fa tty  acid d istribu tion  in  total polar lip id  o f  exponentia lly  
grow ing m ethicillin  resistant cell o f  S . aureus 5814R

Straight
fa tty
acid

Methicillin 
added 

( X MIC)

Per cent iso -fatty  acid in to tal polar lipid 
from  cells treated  for

0 h 1 h 2 h

n-C14 : 0 0 2.4 3.3 5.6
1 /2 2.4 2.0 1.1
1 2.4 2.6 2.9

li-C l 5 : 0 0 0.5 0.2 0.4
1 /2 0.5 0.3 0.2
1 0.5 0.3 0.5

n-C16 : 0 0 5.4 4.6 5.9
1 /2 5.4 4.7 4.6
1 5.4 5.2 6.2

U-C17 : 0 0 1.1 1.1 1.2
1 /2 1.1 1.3 0.4
1 1.1 0.9 0.9

n-C18 : 0 0 13.9 15.4 15.3
1/2 13.9 12.8 15.5
1 13.9 13.8 16.6

n -C19 : 0 0 4.6 3.9 4.0
1 /2 4.6 3.2 2.4
1 4.6 3.7 3.1

n-C20 : 0 0 16.2 21.3 24.2
1 /2 16.2 17.2 14.3
1 16.2 18.7 23.2

T otal 0 44.7 ±  0.8 50.3 ±  1.0 56.6 ±  0.9
stra ig h t 1/2 44.7 ±  0.8 41.8 ±  1.2 39.0 ±  1.3

1 44.7 ±  0.8 45.2 ±  1.5 53.5 ±  1.6

1/2 X  MIC is eq u iv a len t to  1000 /tg/ml m ethicillin  
1 x M IC  is eq u iv a len t to  2000 /tg/ml m ethicillin

Discussion

These results are in agreement w ith previous findings of a num ber of 
investigators [7, 14 -1 9 ], and confirm our earlier observations that m ethicillin  
acts on the polar lipid com position in both the m ethicillin  resistant [7] and in the  
m ethicillin  susceptible S . a u r e u s  [17]. N evertheless, the actions of m ethicillin on 
the lip id  com position seem  to be different according to the sensitiv ity  o f the 
strains, the growth phases, the methicillin concentrations and the FA  classes.

P reviously we have shown m ethicillin to  exert a dramatic effect on the  
lipid com position o f th e  m ethicillin susceptible S .  a u r e u s  5814S which is a 
congenic counterpart o f the highly resistant stab ile m utant 5814R studied
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Table IV

Changes in the ratios o f  different chain type fa tty  acids in total polar lip id  o f  logarithmically  
growing methicillin resistant cells o f  S . aureus 5814R treated with m elhicillin

Chain type comparison
Methicillin

added
( X MIC)

Ratios of fa tty  acids after 
incubation period

0 h 1 h 2 h

Iso to 0 1.17 1.21 1.49
anteiso 1/2 1.17 1.16 1.38

1 1.17 1.10 1.74

Iso to 0 0.67 0.55 0.46
stra ig h t 1/2 0.67 0.75 0.91

1 0.67 0.63 0.55

Anteiso to s tra ig h t 0 0.57 0.45 0.31
1/2 0.57 0.64 0.66
1 0.57 0.58 0.32

T otal b ranched  to 0 1.24 1.00 0.77
stra ig h ts 1/2 1.24 1.38 1.56

1 1.24 1.21 0.87

1/2 X MIC is eq u iv a len t to  1000 /tg/m l m ethicillin 
lX  MIC is eq u iva len t to  2000 /tg/m l m ethicillin

here. In the sensitive cocci 1000 tim es less m ethicillin (г/2 /tg/m l =  1 X  MIC, 
and 2 /tg/ml =  1 X  MIC) caused a decrease in the proportion o f branched-FAs 
and an increase in that o f  straight-FA s resulting in a significant fall in the ratio 
of branched- to straight-FA s. Parallel to these alterations a gradual and sig­
nificant decrease in v iab ility  and a considerable cell lysis were observed in the 
sensitive culture [17].

On the contrary, in the culture of the m ethicillin  resistant S .  a u r e u s  

5814R , as it is dem onstrated here, 1000 /tg/ml ( 1/2 X  MIC!) of m ethicillin
induces only a relative accum ulation of branched-FAs bringing forth an in­
crease in the ratio o f branched to  straight acids and consequently  a more fluid  
T PL  in the membranes o f the treated cocci. This change m ay be advantageous 
for the m ethicillin resistant cocci in partially preventing the access o f m ethi­
cillin to its targets since polar lipids have been shown to interact w ith beta- 
lactam s when they penetrate membranes [3—5]. It is w ell known that penicillin  
binding proteins arc located in the membrane of S .  a u r e u s  [23] and this is the 
place of most o f T PL  as well [13]. So, at 1/2 X  MIC of m ethicillin when the 
cocci have the possib ility  to survival and m ultiply the shift to a higher propor­
tion of branched-FAs in TPL , m ay be a part of the defense m echanism s of the 
cells. Interestingly, the cell walls of these cocci becom e sign ificantly thicker, 
there are an enhanced septation  but a retarded separation of the daughters, 
and an accum ulation o f nucleotide-bound peptidoglycan precursors ( Rozgonyi 
et al. unpublished observations].
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On the action of 1 X  MIC ( =  2000 /tg/ml !) of m ethicillin these events also 
occur but the retention o f branched-FA s disappears. The cause of it may he 
th e  w ell-know n phenom enon th at certain bacteria excrete lipids into the 
surroundings under the effect o f  beta-lactam s w ithout any detectable lysis 
[15, 16, 19]. The other p ossib ility  may be that the susceptib ility  to methicillin  
o f sy n th e tic  pathways o f various FA classes are different in m ethicillin  resistant 
S .  a u r e u s .  Furthermore, a com plete  rest of m etabolism  m ay also occur under 
the e ffec t of 1 X  MIC of m eth icillin . These assum ptions are to be proven in 
fu rth er study. Comparing the present results with our earlier findings in m ethi­
cillin  sensitive and resistant S .  a u r e u s  [7, 17], it seem s obvious th at m ethicillin  
ca n n o t induce such dram atic changes in the intracellular lipid com position  
o f m eth icillin  resistant stap h ylococci as in that of susceptible ones [17, 18]. 
On th e  other hand, the alterations caused in resistant cocci are opposite. 
T h is, and the relative stab ility  o f  FA com position in T PL  of m ethicillin resistant 
S .  a u r e u s  may he parts o f the m echanism  of m ethicillin resistance.
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NONSPECIFIC RESISTANCE-ENHANCING ACTIVITY OE 
ZYMOSAN IN EXPERIMENTAL RACTERIAL INFECTIONS

J .  E m ŐD and  I. J o Ó

i f  HO Collaborating Centre fo r  Reference and Research on B acterial Vaccines, H um an In s ti tu te  fo r  
Serobacleriological Production and Research, B udapest, H ungary

(R eceived  M ay 5, 1989)

T he nonspecific  resistance-enhancing  a c tiv ity  o f zy m o san  on ex p erim en tal b a c te r ia l  
(Escherichia coli, Klebsiella pneum oniae, Proteus m irabilis , Pseudom onas aeruginosa, Serra tia  
marcescens and  Staphylococcus aureus)  in fec tions was in v es tig a te d . Zym osan, being o f v e ry  low 
to x ic ity , sig n ifican tly  enhanced  nonspecific  resistance  to  th e  above  bac teria . The e n h a n c e m e n t 
was th e  m o st p ronounced  2 to 5 days a f te r  zym osan  tre a tm e n t.

It is well know n th a t  th e  im m une  system  is considerab ly  d am ag ed  b y  
tu m o u rs , severe  in ju ries, b u rns an d  im m u n o su p p ressiv e  drugs, th u s  m ak in g  
th e  organ ism  m ore susceptib le  to  in fec tions w hich m a y  lead  often to  s e p ti­
caem ia. B esides, th e  pa th o g en , develop ing  re s is ta n t, m ay  dim inish th e  success 
of an tib io tic  th e ra p y . F o r th is  p u rpose , it  is ju s tif ie d  to  enhance th e  o rg a n ism ’s 
nonspecific  res is tan ce  w ith  im m u n o stiin u lan ts , like zym osan  (Z). Z is a w a te r-  
insoluble p o ly m an n an -p o ly g lu can  p o lysaccharide  com plex , firs t iso la ted  from  
th e  cell w all o f b a k e r’s y east (Saccharom yces cerevisiae) b y  P illem er e t a l. [1]. 
The n am e Z w as in tro d u ced  in to  th e  l i te ra tu re  b y  th e  sam e a u th o rs . T he 
m olecular s tru c tu re  of Z was revealed  b y  H assid  e t al. [2]. The l i te r a tu r e  on 
th e  in fec tio n -in h ib itin g  effect o f Z is poor. K iser e t  al. [3], using B acillu s  
anthracis , Klebsiella pneum oniae , Staphylococcus aureus , Pasteurella m ú lto d d á , 
Proteus vulgaris  and  Pseudom onas fluorescens  as te s t  organism s, o b se rv ed  th e  
s tim u la tin g  effect o f Z in m ouse ex p erim en ts . S im ilar resu lts  were p u b lish e d  
b y  V .  B aeh r e t al. [4], who w orked  w ith  Escherichia coli, Bordetella bronchi- 
septica, K lebsiella pneum oniae  and  Pseudom onas aeruginosa  also in m ice. Jo y c e  
e t al. [5] p ro v ed  th e  resis tan ce-en h an c in g  a c tiv i ty  o f Z in  ex p erim en ts  p e r­
form ed in ra ts  suffering  from  E . coli p e rito n itis .

In  th e  p resen t w ork, we s tu d ied  th e  resis tan ce -en h an c in g  effect o f  Z in 
ex p e rim en ta l in fections p roduced  in  mice w ith  o p p o rtu n is tic  — fa c u lta tiv e  
path o g en ic  — b a c te ria  th a t  m ay  cause severe in fec tio n s m ain ly  in  im m u n o ­
com prom ised  p a tie n ts .

J á n o s  E m ő d , I s t v á n  J o ó

H u m an  I n s t i tu te  fo r S erobae te rio log ica l P ro d u c tio n  an d  R esea rch  
S zállás u tc a  5, H -1107 B u d a p e s t, H u n g a ry
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M aterials and m ethods

Bacteria l strains. E . coli 0 1 8 a , c :K l :H -  and  011 1  :B 4, K . pneum oniae  c ap su la r  ty p es  К З , 
K 9 a n d  K 10, P. m irabilis 033 :H 1, P. aeruginosa im m u n o ty p e  5, S. marcescens O 6/014:H 12 and 
th e  S m ith  s tra in  of S. aureus.

M ice. A nim als of th e  o u tb red  stra in  0 F 1 ;  b o th  sexes were used in  an  eq u al n u m b er. 
M ice o f  16 to  18 g body  w e ig h t w ere used th ro u g h o u t.

Z ym osan . Z p rep ared  from  b ak er’s y eas t b y  th e  m eth o d  of Cseh e t al. [6, 7] w as used. 
T h is  p re p a ra tio n  has been issued b y  our In s t i tu te  u n d e r  th e  nam e M annozym R  fo r m ore th a n  
25 y e a rs . T he ind iv idual dose of Z was suspended  in 0.5 ml of iso tonic sa line  th ro u g h o u t.

E xa m in a tio n  o f  the toxic ity  o f  Z. (i) Test fo r  m ouse body-weight-decreasing toxicity. Tw elve 
n u m b e re d  groups of mice w ere tre a te d  in tra p e rito n e a lly  (i.p .) w ith  d iffe ren t doses o f Z. The 
m ice w ere  observed for seven d ay s: th e  changes in  av erag e  body  weight an d  th e  av erage  d ev ia ­
tio n s  fro m  th e  in itial bo d y  w eigh ts were recorded.

(ii) Testing o f the lethal effect o f  Z. G roups of m ice w ere inocu lated  i.p. w ith  rising  doses of 
Z. D e a th s  w ere reg is te red  d u rin g  an  observation  p e rio d  of 72 h.

Dose-dependence o f  the nonspecific resistance-enhancing effect o f  Z. G roups of m ice were 
in je c te d  i.p . w ith  various doses o f Z. F o rty -e ig h t h o u rs  la te r  th e  anim als w ere challenged  by  a 
su sp en s io n  of P . aeruginosa im m u n o ty p e  5 p rep ared  fro m  a 6-h slan t agar cu ltu re  of th e  b a c te ­
riu m . T h e  inocu lum  co n ta in ed  20 X 106 viable cells. T h e  challenge suspension  was p rep ared  
in  p h o sp h a te  gelatine b u ffer (P G B  pH  7.2). D ea th s  o ccurring  in the  su b seq u e n t 72 h  were 
re co rd e d . G roups of m ice n o t  t re a te d  w ith  Z were u sed  as con tro l. O b serv a tio n  la s te d  for 72 h.

N onspecific  resistance-enhancing effect o f  Z  in  the fu n c tio n  o f time. G roups of m ice were 
in o c u la te d  i.p . w ith  1 m g of Z (1 m g is the  usual single h u m a n  dose of M annozym R ) and  ch al­
len g ed  on  th e  day  of Z tr e a tm e n t  and  12, 8, 5, 2 a n d  1 d a y  before Z t re a tm e n t  w ith  20 X 10° 
b a c te r ia  o f  th e  P. aeruginosa  im m u n o ty p e  s tra in  5. A n im als  were observed fo r 72 h.

N onspecific  resistance-enhancing effect o f  Z  against various bacteria. G roups o f mice 
rece iv ed  i.p . 1 m g of Z an d  w ere challenged 5 d ay s a f te r  Z tre a tm e n t w ith  g ra d ed  doses o f th e  
v a r io u s  b a c te r ia l s tra in s , d ep en d in g  on th e ir v iru len ce . G roups of mice w ith o u t p re tre a tm e n t 
w ith  Z se rv ed  as contro ls. O b serv a tio n  las ted  for 72 h.

S ta tistica l analysis. T he L D 50 and E D 50 v a lu es w ere calcu la ted  b y  th e  m eth o d  of R eed 
a n d  M u en ch  [8]. Significance be tw een  re su lts  was c a lcu la te d  by  variance analysis.

R esults

E xa m in a tio n  o f  the toxicity  o f Z
1. Test fo r  mouse body-weight-decreasing toxicity. This m e th o d  is used 

w o rld -w id e , in  ag reem en t w ith  th e  W H O  re q u ire m e n ts  for assessing th e  to x ic ity  
o f p e r tu s s is  vaccines [9]. T ab le  I  shows t h a t  a 3 m g/0.5 m l dose o f Z caused  
no b o d y  loss, no t even on th e  firs t d ay  fo llow ing  tre a tm e n t.

2. Testing o f the lethal effect o f  Z . The L D 50 v alue  of Z was 13.65 m g/0.5 m l. 
in d ic a tin g  a v e ry  low  to x ic ity  (Table II) .

Dose-dependence o f  the nonspecific resistance-enhancing effect o f  Z . T he 
d o se -d ep en d en ce  and  th e  E D 50 value of Z are  p re sen ted  in T ab le  I I I .  T he E D 50 
for th e  m ice used in th e  ex p erim en t p ro v ed  to  be 3.19 m g/0.5 m l. T he d a ta  
ag ree w ith  th e  re su lts  o b ta in e d  b y  K iser e t a l. [3] w ith  К . pneum on iae .

N o n sp ec ific  resistance-enhancing effect o f  Z  in  func tion  o f  tim e. T he effect 
w as th e  m o st p ronounced  w hen Z was a d m in is te re d  2 to  5 days before  challenge 
(T ab le  IV ). T hough th e  effect g rad u a lly  d im in ish ed  la te r, th e  L D -0 ca lcu la ted  
fo r th e  1 2 th  day  s till s ig n ifican tly  su rpassed  th e  L D 50 for th e  c o n tro l g roup . 
H o w ev e r, given on th e  d a y  o f challenge, Z h a rd ly  increased resis tan ce .
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Tahir I

Toxicity o f  zymosan

Z ym osan  dose, 
m g

before
t re a tm e n t

M ean b o d y  w eig h t (g)

d ifferen ce from th e  p re - tre a tm e n t body w eigh t a lte r  d ay s

1 2 3 4 5 6 7

9 27.52 26.81
-0 .7 1

27.76
0.24

28.07 
+  0.55

28.39
+ 0 .8 7

3 23.00 23.01
+ 0 .0 1

24.18
1.18

24.32 
+  1.32

25.26 
+  2.26

1 26.12 26.18 
+  0.06

26.31 
! 0.19

26.57 
+  0.45

27.59 
+  1.47

0.33 23.67 23.30
- 0 .3 7

23.72 
( 0.05

24.01
1-0.34

25.08 
+  1.41

0.11 24.23 24.42 
+  0.19

24.54 
\ 0.31

25.00 
+  0.77

25.43 
+  1.20

Control
(saline)

25.17 25.85 
+  0.68

26.34 
f  1.17

26.38 
+  1.21

27.49 
+  2.32

Tahir II

Lethal effect o f  zymosan

Z ym osan  dose, 
mg mgIH

M o rta lity
i n % Ll>„

9 500 27
15 800 58 13.65 m g/0.5 ml
21 1100 75 SD =  1.48
27 1500 81

E xperim en ts were rep ea ted  twice

Table III

Dose-dependence o f  the nonspecific resistance-enhancing effect o f  zymosan

Zymosan dose, mg Survivors % LD„

9 67
3 35
1 29 3.19 m g/0.5 ml
0.33 17 SD 0.78
0.11 8
Control (saline) 0

Challenge w ith  P. aeruginosa im m unotype 5 s tra in  48 h  a fte r  Z tre a tm e n t 
E xperim en ts were rep ea ted  3 tim es
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Table IV

Nonspecif ic resistance- increasing effect o f  zymosan in fu n ctio n  o f  time

Zym osan tre a tm e n t  on  d ay
U n tre a te d  mice

0 — 1 — 2 — 5 — 8 — 12

L D 50 (10« viable cells) 1.91 13.99 23.73 16.61 5.79 2.78 1.28

R e LDso 1.40 10.93 18.54 12.98 4.52 2.17 1.00

Challenge strain : P. aeruginosa  im m uno type 5 
E xp erim en ts  were rep ea ted  6 tim es

Variance tab le

F a c to r s SQ F G MQ

T o ta l 1755.17 43 40.81
T re a tm e n t 725.45 6 120.90
E rro r 1029.72 35 29.42

F  =  4.1094
S ign ifican t difference 5%  =  6.36

Table V

Nonspecific resistance-enhancing effect o f  zymosan against various bacteria

B ac teriu m T re a tm en t L D SB D ifference

E. coli 018 nil 0.35 X 10“
ZY 2 .8 5 x 1 0 “ 8.16 X

E . coli 0111 nil 9.70
ZY 1.28 x 1 0 s 132.0 X

P. aeruginosa 5 nil 1 .2 1 x 1 0 “
ZY 6 .2 9 x 1 0 “ 5.20 X

K . pneumoniae  К З nil 5.01
ZY 1.19 X 102 23.90 X

К . pneumoniae  K9 nil 1 .2 6 x 1 0 “
ZY 4 .1 0 x 1 0 “ 3.16 X

К . pneumoniae  K10 nil 1.00 x lO 5
ZY 10.00 x  10“ 100.0 X

P. mirabilis 033 nil 1 .1 0 x 1 0 “
ZY 1 .8 8 x 1 0 “ 17.10 X

S. marcescens 0 6 /0 1 4 nil 3.50 x 1 0 s
ZY 2 0 .4 0 x 1 0 “ 58.29 X

S. aureus Sm ith nil 1.20
ZY 1 .2 0 x 1 0 “ 1000.0 X

Z Y  =  zym osan-treated
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N onspecific  resistance-enhancing effect o f  Z  against various bacteria. T ak in g  
in to  accoun t th a t  in  the  ex p e rim en ts  perfo rm ed  w ith  P . aeruginosa  Z w as v e ry  
effective w hen ad m in is te red  5 d a y s  before challenge, we chose th is  in te rv a l 
fo r fu r th e r  ex p erim en ts . As show n in T ab le  V, th e  p ro tec tiv e  effect o f Z w as 
co n sis ten tly  s ign ifican t, irre sp ec tiv e  o f th e  challenge s tra in .

D iscussion

T he p re sen t resu lts  in d ica te  t h a t  Z is of very  low to x ic ity . I ts  nonspecific  
re s is tan ce -en h an c in g  effect s ig n ifican tly  depends on th e  tim e  in te rv a l be tw een  
Z t re a tm e n t an d  challenge. A nonspecific  resistance w as induced  a g a in s t all 
b a c te ria l s tra in s  te s ted , even b y  a dose as sm all as 1 m g o f Z.

T he m echan ism  of ac tio n  o f Z as well as th e  re s is tan ce -en h an c in g  effect 
o f g lucan  and  m a n n an  p rep ared  fro m  Z or b ak e r’s y e a s t w ill be d e a lth  w ith  in 
our n e x t p ap er. N ow  we m en tio n  b rie fly  th a t  p resu m ab ly  th e  R E S  is s tim u la te d  
an d  p hagocy tosis  is increased , a cce le ra ted  b y  Z [10—12]. T he re s is tan ce -en ­
h an c in g  effect o f glucan and  m a n n a n  will also be d ea lt w ith  in  our n e x t  p ap er.

In  th e  la s t  years v a rious im m u n o s tim u lan ts , inc lud ing  sy n th e tic  su b ­
stances, as well as stud ies w ith  su ch  agen ts have con sid erab ly  in c reased  in 
n u m b er. W e re fe r to  rep o rts  an d  m onographs [13-25]. H ow ever, o n ly  v e ry  
few' o f th e  su b stan ces have  been s tu d ie d  in m an. T he experiences o b ta in ed  
w ith  Z in th e  course of m ore th a n  25 y ears  have proved  th e  full in n o c u ity  of Z. 
D oses m uch h ig h er (3 mg) th a n  th e  dose recom m ended  a t p re se n t fo r m an 
(1 mg) d id  n o t induce u n d esirab le  effects. W e suggest th a t  Z is su ita b le  as a 
su p p le m e n ta ry  im m u n o s tim u lan t to  be used for p rev en tio n  of in fec tio n s w ith  
o p p o rtu n is tic  b ac te ria .
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INFLUENCE OF THE MEASLES VIRUS ON THE 
PROLIFERATION AND PROTEIN SYNTHESIS OF 
AORTIC ENDOTHELIAL AND SMOOTH MUSCLE

CELLS

É va Cs o n k a , P . I. B a y e r , К . B üki  an d  G y . Y a r a d y

Second Department o f  Pathology , and Second D epartm ent o f  B iochem istry , 
Semmelw eis U niversity  M edical School, B udapest

(R eceived  Ju n e  14, 1989)

To clarify  w he th er som e v iruses could influence th e  d iffe ren t fu n c tio n s and m em b ran e  
p e rm eab ility  o f the ao rtic  cells, we hav e  exam ined  in a m odel e x p erim e n t the  in v itro  e ffec t o f 
th e  m easles v iru s on th e  ao rtic  en d o th e lia l and sm ooth  m uscle cells. T he aortic  cells in fec ted  
w ith  the v iru s failed to revea l gross cy th o p a th ic  effect. O ccasionally , how ever, sy n c y tiu m  
fo rm a tio n  and  nuclear inclusions were observed . In  in fected  en d o th e lia l cells lysosom e con­
ta in in g  v iral nucleocapsids w ere seen. T h e  early  phase of m easles v iru s  rep lica tio n  in h ib ited  th e  
p ro life ra tion  of endo the lia l cells o f all species te s ted , w hile u n ifo rm ly  s tim u la ted  th e  re p lica tio n  
of th e  sm ooth  m uscle cells re la tiv e  to  th e  contro l. In  b o v ine  ao rtic  en d o the lia l and  sm o o th  
m uscle  cells th e  p ro te in  sy n th esis  h ad  been  suppressed  b y  th e  4 th  to 6 th  hours p o stin fec tio n . 
T he re su lts  ind ica te  th a t  m easles v iru s in fec tion  m ay be am ong  th e  risk  facto rs of a th e ro sc le ro ­
sis. I t  m ay  dam age en d o the lia l cells b y  a lte rin g  the cell m em b ran e  p e rm e ab ility  an d  could  
in d u ce  pro life ration  of aortic  sm oo th  m uscle cells.

T he cells o f th e  vessel w all are  exposed n o t on ly  to  th e  no rm al co m p o n en ts  
o f th e  blood b u t also a n y th in g  (d ifferen t m olecules, p a r tic le , v iruses, e tc .) th a t  
m ay  he p resen t in th e  c ircu la tio n  u n d e r p a tho log ica l cond itio n s. M any v iru ses  
are know n to  p roduce  v iraem ia  in  th e  host. Som e o f th e m  have also been  
supposed  as p lay ing  role — am ong  o th e r ag en ts  — in th e  p a th ogenesis  o f 
a therosclerosis , b y  a lte rin g  th e  fine  s tru c tu re  of th e  cell m em brane  and  hence 
th e  p e rm eab ility  [1, 2]. F a b r ic a n t e t al. [3] succeeded  in p roducing  severe 
atherosclerosis in  ch icken  b y  a s tra in  (MDV) o f h erp es  v iru s , and th e  sam e 
v iru s  affected  also th e  cho lestero l m etabolism  o f th e  m edial sm ooth  m uscle 
cells [4]. I t  was also found  th a t  herpes v irus su p p ressed  th e  p ro te in  sy n th es is  
o f cu ltu red  en do the lia l cells [5]. In  ao rtic  b iopsy  sam ples of a th e ro sc le ro tic  
p a tie n ts  th e  presence o f herpes v irions in th e  en d o th e liu m  as well as in  th e  
sm oo th  m uscle cells w as fre q u e n tly  d em onstrab le  [6].

The ex am in a tio n s lis ted  above were done m o stly  w ith  d ifferen t herpes 
v iru s  (D N A ) s tra in s . R e la tiv e ly  few  d a ta  are, how ever, ava ilab le  on th e  effect
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o f  R N A  viruses on th e  vessel wall cells. K im u ra  e t al. [7, 8] succeeded to  
d e m o n s tra te  m easles v iru s  an tig en  in th e  en d o th e liu m  o f d e rm a l capillaries 
o f  p a tie n ts  w ith m easles. Several R N A  v iruses (m easles, p a ra in flu e n za , cox- 
sa c k ie  3, 4, etc.) w ere successfu lly  grow n in  c u ltu red  en d o th e lia l cells [9]. 
In c re a se d  g ranu locy te  ad h eren ce  was o bserved  in m easles v iru s  in fec ted  cells 
110]. E n d o the lia l cells a re  th o u g h t to  be in v o lv ed  in the  m echan ism s o f defence 
a g a in s t  v ira l in fec tions. C u ltu red  bovine ao rtic  en do the lia l cells a f te r  infection 
w ith  p a ram y x o v iru ses  (N D V  or Sendai) p ro d u ced  in te rfe ro n  [11]. I t  is know n, 
t h a t  som e enveloped non-oncogen ic  v iru ses m od ify  th e  cy to p lasm ic  m em brane 
o f  th e  cell so as to  d eve lop  a lec tin -b ind ing  c a p a b ility  sim ilar to  th e  m alignan t 
tra n s fo rm e d  cells [12]. U sing  th is  p h en o m en o n  as an in d ic a to r  in  o u r previous 
e x p e rim e n ts  we h av e  d e m o n s tra te d  th a t  cu ltu re d  cells o f vessel w all origin 
(en d o th e liu m , sm oo th  m uscle , a d v e n titia l fib ro b lasts) developed  lec tin -b in d in g  
a f te r  in fec tion  w ith  m easles v iru s. The e n d o th e lia l cells were th e  m o st sensitive 
o n es. T he lec tin -b in d in g  developed  as e a rly  as 6 h a fte r  v iru s  in fec tion . O ur 
o b se rv a tio n s  m ay c o n tr ib u te  to  the  b e tte r  u n d e rs ta n d in g  o f th e  cap illary  
le s io n s  in v iru s-induced  e ru p tio n  and  in  som e acciden tal, local p erm eab ility  
c h a n g e s  in the  vessel o f th e  p a tie n ts  w ith  u n id en tified  in fec tions caused by 
so m e  enveloped v iru ses  [13].

In  th e  p resen t s tu d y  we exam ined  th e  rep lica tion  of m easles v iru s in 
d if fe re n t cells, cu ltu red  fro m  th e  vessel w all an d  we m ade a t te m p ts  to  clarify  
w h e th e r  th e  m easles v iru s  has any  o th e r effect on in  v itro  c u ltiv a te d  aortic  
cells in respect of p ro life ra tio n , p ro te in  sy n th es is  and  cell m orpho logy .

M aterials and  m ethods

Cell cultures. T he B A E C  (B u d a p es t A ortic  E n d o th e lia l C ell-culture)-806 bovine  aortic  
e n d o th e lia l;  the  BASC (B u d a p e s t  A ortic  Sm ooth  m uscle C .ell-culture)-809 b o v ine  ao rtic  sm ooth 
m u sc le ; th e  BAEC-812 m in i-p ig  ao rtic  en d o th e liu m ; th e  BASC-813 m in i-p ig  ao rtic  sm ooth  
m u sc le ; th e  BASC-76 tra n s fo rm e d  m ini-pig ao rtic  sm o o th  m uscle; th e  10H U A S h u m an  fetal 
a o r tic  sm oo th  muscle an d  th e  fO H U A F h u m an  fe ta l ao rtic  ad v en titia l f ib ro b la s t  were used. 
A ll cell cu ltures were e s tab lish e d  in our la b o ra to ry  and  were m a in ta in e d  in  m odified 
D u lb e cc o  MEM w ith  10%  fe ta l  ca lf serum . T he cells u sed  in th e  e x p erim en ts  — excep t the  
B A SC -76 transform ed cell line — w ere in the  f irs t  to  s ix th  passage in  v itro .

V irus. The vacc in a l s tr a in  L eningrad-16 (E d m o n s to n  origin) B a tc h  No. 021-1969 
o f m easles  virus, m a in ta in ed  in  o u r tran sfo rm ed  p e rm a n e n t v irus sensitive  BASC-76 cell line 
[14] w as used as inocu lum  in  all experim ents.

V irus replicution in  aortic cell cultures. F o r  these  ex p erim en ts c o n flu e n t m onolayers 
o f  b o v in e  aortic  en d o th e lia l, b o v in e  aortic  sm o o th  m uscle or th e  v iru s sen sitiv e  cell line as 
c o n tro l  w ere infected w ith  m easles v irus a t  a m u ltip lic ity  o f infection  (M O I) 5 X 10 -3 , 5 X IO-4, 
5 X 10 _5 and  5 x 1 0  G/m l. C u ltu re s  in tubes were h a rv e s te d  for v irus t i t r a tio n s  on  days 2, 4, 8, 
10 a n d  16 afte r infection . S am p les o f th e  cell m o no layers w ith  th e  su p e rn a ta n t  flu id s were 
fro ze n  an d  thaw ed, and s to re d  a t  —70 °C. To m easure  th e  v iru s yields serial 10-fold d ilu tions of 
th e se  h a rv es ts  were m ade a n d  in o cu la ted  onlo th e  v iru s sensitive  cell line.

P ulse labelling. M ono layers of the  d ifferen t ao rtic  cell ty p es o f d iffe ren t species, growing 
d ire c tly  on  th e  b o tto m  of th e  co u n tin g  v ials w ere in fec ted  a t  a m u ltip lic ity  o f in fection  of 
5 x l 0 -2 M OL A t d iffe ren t tim e s  a fte r  in fection , in fec ted  and contro l cu ltu re s  w ere labeled 
e ith e r  w ith  1 /iTi/ml afL -th y m id in e  or w ith  0.5 /iC i/m l ^C -proline. F o u r sam ples w ere p repared
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F ig . 1. M orphological ex am in atio n s o f th e  v iru s  infected  ao rtic  cell cu ltures. (A ) S y n c y tiu m  
fo rm atio n  a fte r m easles v iru s infection in  th e  v iru s sensitive BASC-76 cell line. (B ) U n in fected  
bovine  ao rtic  en d o th e lia l cells 9 days a f te r  seeding. (C) B ovine ao rtic  en d o the lia l cells 7 d ay s 
a f te r  m easles v iru s  infection . S y n c y tiu m  fo rm atio n  and  nuclear inclusions are p re sen t. (D ) 
U n in fec ted  bovine  ao rtic  sm ooth  m uscle cells 9 days a fte r seeding. (E ) Bovine ao rtic  sm o o th  
m uscle cells 7 d ay s  a fte r  m easles v iru s  in fec tion . S y n cy tiu m  form ation  w ith o u t n u c le a r in ­

clusions. H aem ato x y lin -eo sin  X 630
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1 h  a f te r  labelling th e  cell m onolayers as described  p rev io u s ly  [15], and  th e  ra d io a c tiv ity  was 
d e te rm in ed  w ith  a B e ck m an  M-25 spectrom eter.

M orphological exam inations. For ligh t m icroscopy , th e  cells were grow n on coverslips in 
L e ig h to n  tubes. A fte r  f ix a t io n  in  4%  n e u tra l fo rm a ld eh y d e  th ey  were s ta in ed  w ith  h aem ato x y - 
lin -eosin . For tran sm iss io n  e lectron  m icroscopy th e  cells w ere grown in M icroplates on collagen 
m em b ran es [16]. T he cell shee t was p repared  fo r e lec tro n  m icroscopy as described  earlier [17]. 
T h e  p rep ara tio n s  w ere ex am in ed  in a JE M  100 В e le c tro n  m icroscope.

Resu{ts

E n d o th e lia l o r sm o o th  m uscle cells in fec ted  w ith  m easles v iru s  m o stly  
fa iled  to  revea l a n y  conspicous cy th o p a tic  effec t, in  sp ite  of m easu rab le  rep lica ­
tio n  o f th e  v iru s . In  som e cases, how ever, som e sy n cy tiu m  fo rm atio n  and  in 
en d o th e lia l cells n u c le a r  inclusions were o b se rv ed  (Fig. 1). In  in fec ted  e n d o th e ­
lia l cells we could  d e m o n s tra te  th e  p resence  o f lysosom es co n ta in in g  v ira l 
nucléocapsides (F ig . 2).

T he decisive ev id en ce  for v ira l re p lic a tio n  in  cells of th e  vessel w all was 
o b ta in e d  b y  t i t r a t in g  th e  to ta l  v irus y ie ld  (su p e rn a ta n t and cells to g e th e r) of 
th e  in fec ted  ao rtic  cell cu ltu res on d ays 2, 4. 8, 10 and  16 a fte r  in fection . 
As show n in F ig . 3, rep lica tio n  of th e  v iru s  w as dem o n strab le  as an  increase 
o f v iru s  t i tre . To d is tin g u ish  betw een v iru s  su rv iv a l and  rep lica tio n , m easles 
v iru s  w as in o cu la ted  at low m u ltip lic ities o f in fec tion , 5 x 1 0  3 to  5 x 1 4  “ 
M O I/m l. M easles v iru s  rep lica ted  in  b o th  a o rtic  cell ty p es, som e difference 
w as observed  on ly  in  th e  k inetics of v iru s  rep lica tio n .

T he v iru s sen s itiv e  cell line used as re fe rence  y ielded m easles v iru s  o f 
10s T C ID -0/m l t i t r e  reg u la rly . A t v e ry  low  M O I th e  y ield  w as considerab ly  
low er. E n d o th e lia l cells p roduced  m easu rab le  am o u n ts  of v iru s  only  on th e  
4 th  to  8 th  d ay  a f te r  in fec tio n . The yield p ro d u c e d  on th e  16th  d ay  w as, how ever, 
s im ila r to  th a t  o b ta in e d  in  th e  susceptib le  cell lin e . A t very  low  M OI th e  yields 
in en d o th e liu m  w as su p e rio r to  those  in th e  suscep tib le  cells.

T he v iru s p ro d u c tio n  of sm ooth  m uscle  cells w as m ax im al on th e  8 th  
to  10 th  d ay  a fte r  in fec tio n . The y ield  w as, h ow ever, alw ays low er th a n  in th e  
en d o th e lia l or in  th e  suscep tib le  cell lines. I n  c o n tra s t  to  th e  en d o th e lia l cells, 
sm o o th  m uscle cells s ta r te d  to  p roduce m e a su ra b le  am o u n ts  of v iru s  a lread y  
on th e  4 th  d ay  a t  a M O I of 5 X  10 3. A t v e ry  low  M OI v iru s  rep lica tio n  was 
d e te c ta b le  only  a f te r  th e  10 th  p o stin fec tio n a l d ay .

T he effect o f th e  e a rly  phase of v iru s  in fec tio n  on th e  cell p ro life ra tio n  
w as s tu d ied  on b o v in e  an d  swine ao rtic  e n d o th e lia l and  on bov ine, swine and  
h u m a n  fe ta l ao rtic  sm o o th  m uscle cells. F o r  reference  th e re  w as also s tu d ied  
th e  p o stin fec tio n a l p ro life ra tio n  of th e  v iru s  sen sitiv e  BASC-76 an d  p rim ary  
h u m a n  fib ro b la s t cells (F ig . 4).

O n th e  1st an d  2 n d  d ay  m easles v iru s  in fe c tio n  was found  to  in h ib it th e  
p ro life ra tio n  of a o r tic  en do the lia l cells in  b o th  species. T he p ro life ra tio n  of

A cta  Microbiologica Hungarica 37, 1990



A
chI 

M
icrobiologica 

11ungarica 
37, 

1990

Fig. 2. M easles v iru s nucleocapsids in th e  lysosom e of a v iru s infected  bovine ao rtic  e n d o the lia l cell. L: lysosom e; 
Y: v ira l nucleocapsid ; M: m ito ch o n d riu m ; R : ribosom e; L i: lip id  d rop let. X 30 000

IN
F

L
U

E
N

C
E

 O
F

 V
IR

U
S O

N
 A

O
R

T
IC

 C
E

L
L

S



198 C S O N K A  e t  a l .

s m o o th  m uscle cells w as, on th e  co n tra ry , s t im u la te d  on th e  sam e day s in  bo th  
spec ies . A m odera te  s tim u la tio n  hy  m easles v iru s  in fec tion  o f p ro life ra tio n  was 
re g is te re d  in b o th  B A SC -76 an d  hum an  f ib ro b la s t  cells.
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Hours after virus infection

F ig. 5. E ffec t of m easles v iru s  on th e  p ro te in  syn thesis o f hovine  a o rtic  cells; ----  co n tro l,
............in fected  cells

The effect o f m easles v iru s  in fection  on p ro te in  sy n th esis  o f en do the lia l 
an d  sm ooth  m uscle cells w as exam ined  a t hours 2, 4 , 6 an d  24 postin fec tion . 
C ontro l and  in fec ted  cu ltu res  w ere pu lsed  for 1 h w ith  14C -proline. T he p ro te in  
syn th esis  of bo v in e  en d o th e lia l cells was red u ced  fo r 6 h  a fte r  in fection  b u t 
h ad  re tu rn e d  to  n o rm a l b y  th e  2 4 th  h (F ig. 5).

The p ro te in  sy n th esis  o f sm oo th  m uscle cells w as sig n ifican tly  in h ib ited  
a t  2—4 h a fte r v iru s  in fec tio n . F ro m  th e  6 th  to  2 4 th  h  th e  in h ib itio n  d isap p eared  
sm o o th ly  and  th e  sy n th esis  reach ed  th e  value o f th e  con tro ls .

D iscussion

Measles is c o n tra c te d  b y  p rac tica lly  ev e ry b o d y  an d  is cha rac terized  b y  
a v iraem ic phase  d u rin g  w hich  th e  v iru s can  be reco v ered  from  th e  leu k o cy tes . 
In  th is  v iraem ic p h ase  th e  p o ssib ility  ex ist th a t  th e  v iru s  m ay  in fect also cells 
o f th e  vessel w all. T herefo re  th is  v iru s m ay  serve as a m odel for s tu d y in g  th e  
effect of enveloped  R N A v iru se s  (R S , p a ra in flu en za , e tc .) on th e  vessel w all cells.

No m ark ed  c y to p a th ic  effect w as seen in th e  en d o th e lia l or sm ooth  m uscle 
cells in fected  w ith  m easles v iru s . In  som e cu ltu re s , how ever, ty p ica l sy n cy tia  
an d  n uclear inc lusion  w ere seen. In  th e  lysosom es o f som e in fec ted  en d o the lia l 
cells v ira l nucleocapsids w ere d e tec ted  b y  tran sm iss io n  e lectron  m icroscopy. 
T o ta l d estru c tio n  o f the  en d o th e lia l or sm ooth  m uscle cell m onolayers was 
n ev e r seen as a re su lt o f v iru s  in fec tion .
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R ep lica tion  of th e  v iru s  in  in fec ted  cells was d em o n strab le  above any  
d o u b t  b y  m eans of t i t r a t io n  on suscep tib le  cell line. T he lag  phase  appeared  
to  be  lo n g er in th e  en d o th e lia l th a n  in  th e  sm oo th  m uscle cells. T he fin a l yield 
w as, how ever, alw ays h ig h er (even w ith  v e ry  low  M OI) in  th e  en d o th e lia l th a n  
in  th e  sm ooth  m uscle cells.

I t  seem ed to  be of som e in te re s t  th a t  m easles v iru s  in fec tio n  inh ib ited  
e n d o th e lia l cell p ro life ra tio n  th ro u g h  2 days in d ep en d en tly  o f th e  species 
e x a m in e d . P ro life ra tion  o f sm o o th  m uscle cells of all species s tu d ied  was 
in v a r ia b ly  s tim u la ted  suggesting  a possible sm ooth  m uscle cell p ro life ra tion  
e n h a n c in g  effect of m easles v irus.

C ellu lar p ro te in  sy n th es is  w as in h ib ite d  d u rin g  th e  in itia l phase  o f m easles 
v iru s  in fec tion  in b o th  th e  en d o th e lia l and  sm ooth  m uscle cells. All these  
r e s u lts  fav o u r th e  idea , t h a t  m easles v iru s m ay  su rv ive an d  rep lica te  in  th e  
cells o f  th e  vessel w all th u s  affec tin g  th e ir  ra te s  of p ro life ra tio n , th e ir  m e ta b ­
o lism  an d  m em brane s tru c tu re . As a consequence also th e  p e rm e a b ility  con­
d itio n s  m ay  change an d  open  a w ay  to  th e  tra n sp o r t  o f v a rio u s  dam aging  
fa c to rs , p lay ing  role in  th e  p a th o m ech an ism  of a therosclerosis.

Acknowledgement. T h is w o rk  h as  b een  su p p o rted  by  O TK A  g ra n t 181.
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REVISION OF THE VALIDITY OF CAMP TESTS 
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(R eceived  Ju n e  20, 19B9)

T he v a lid ity  of CAMP tes ts  w ith  Staphylococcus aureus and Rhodococcus (Coryne- 
bacterium ) equi as defined  for Listeria  id en tifica tio n  w as rev ised . T his c h a ra c te riz a tio n  m ethod  
ap p eared  to  be u n re liab le  for two reasons: f irs t, a p o sitiv e  CAMP test w ith R . equi is n o t  specific 
for Listeria ivanovii as Listeria monocytogenes (and  Listeria  seeligeri) give also a c lea r p o sitive  
reac tio n ; second, d o u b tfu l reac tio n s could be observed  w ith  S. aureus when assay ing  h aem o ly tic  
and  n o n -h aem o ly tic  Listeria  s tra in s  (possib ility  o f false negative  and false p o sitiv e  re su lts ; 
su b je c tiv ity  of th e  in te rp re ta tio n ). T he use of a M icrop la te  technique  prev iously  d esc rib ed  [1 1 
in stead  of CAM P te s ts  is proposed for th e  re liab le  d e m o n s tra tio n  of the h aem o ly tic  c h a ra c te r  of 
Listeria  in the ro u tin e  id en tifica tio n  of these o rgan ism s.

T h e L isteria  species recen tly  described  ( L isteria  monocytogenes, L isteria  
innocua, L isteria  welshirneri, L isteria  seeligeri an d  Listeria ivanovii)  [2 -4 ]  from  
Listeria monocytogenes “ sensu la to ”  (as d efin ed  in th e  8 th  ed ition  o f  “ B ergey ’s 
M anual”  [5]) are d iffe ren tia ted  by  tw o m ain  ch a rac te rs : h aem o ly tic  a c tiv ity  
and  acid  p ro d u c tio n  from  D-xylose [6].

D ue to  th e  p ro b lem atic  in te rp re ta tio n  of th e  haem oly tic  a c t iv i ty  of 
L isteria  on b lood  agar p la tes, a synerg istic  haem olysis assay w ith  b e ta -h a e m o - 
ly tic  Staphylococcus aureus an d  Rhodococcus (C orynebacterium ) equi (described  
as CAM P te s t  [7] w ith  S. aureus or R . equi)  w as proposed  [6, 8 -10 ] a n d  accep ted  
as a fu n d a m e n ta l c rite rion  for id en tifica tio n  [3].

I t  w as s ta te d  th a t  th e  haem olysis p ro d u ced  on blood ag ar b y  L . mono­
cytogenes an d  L . seeligeri, w h ich  is fre q u e n tly  so w eak th a t  it  is d iff ic u lt to 
d e te rm in e , is enhanced  w hen th is  species h av e  grow n on a b e ta -h a e m o ly s is

.1. Л . V a zq u ez-B o l a n d , E . F. R o d r ig u e z -F e r r i 
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zone p ro d u ced  b y  S . aureus  (“ CAMP te s t p o s itiv e  w ith  S. aureus"’’’)  b u t  n o t 
w h en  g row n in th e  v ic in ity  o f R . equi (“ CA M P te s t  negative w ith  R . equi” ). 
O n th e  o th e r  h an d , i t  w as also s ta ted  th a t  L . iva n o v ii, a species easily  recogn iz­
ab le b y  th e  s trong  haem o ly sis  (often bizonal) p ro d u ced  on sheep b lood  agar, 
show  a  p ositive  re a c tio n  in  th e  CAMP te s t w ith  R . equi b u t n o t w ith  S . aureus. 
T h e  species L . innocua  an d  L . welshimeri, as w ell as Listeria  grayi an d  L isteria  
m u rra y i , w hich are  n o n -h aem o ly tic , are co n sid e red  as CAMP te s t  n eg a tiv e  
w ith  S . aureus and  R . equi [3].

H ow ever, re p o rts  suggesting  th e  p o ss ib ility  o f  false negative  re su lts  [11] 
or d ifficu ltie s  in  th e  in te rp re ta t io n  of S. aureus  CA M P te s t [12], th a t  could  be 
su b je c tiv e  or inconclusive [13], as well as re p o r ts  show ing discrepancies w ith  
th e  s ta n d a rd  resu lts  in R. equi CAMP te s t [1 4 -1 6 ], all of th em  c o rro b o ra tin g  
o u r ow n experience [1, 17], led  us to  revise th e  v a lid ity  of th is  id en tif ic a tio n  
m e th o d .

Materials and m ethods

W e h av e  te s te d  43 L isteria  s tra in s  (Table I). L isteria  f ro m  SLCC (Special Listeria  C u ltu re  
C o llec tion ) w ere reference s tra in s  fo r serovar d e te rm in a tio n , se n t b y  H . P. R . Seeliger ( I n s t i tu t  
fü r  H y g ie n e  u n d  M ikrobiologie, W ü rzb u rg  U n iv e rsity , W ü rzb u rg , FR G ). S tra in s  o f m ilk  or 
d a iry  o rig in  were sen t b y  F . B lan c h ard  (Soredab e t  C ie., F ra n c e) except P - and  I,- s tra in s , 
th a t  w ere  iso la ted  by  us. M ilk an d  d a iry  stra in s  were ly so ty p e d  by  J .  R ocourt (U n ité  d ’Ecologie 
B a c té r ie n n e , I n s t i tu t  P a s te u r , P a ris , F rance) and  se ro v a r  o r serogroup w as d e te rm in e d  by  
A .-L . C o u rtieu  (C entre N a tio n a l de  L isteria , U. F . R . de  M édicine, N an tes , F ran ce) ex cep t 
s tra in s  P - a n d  L-, for w hich  th e  serogroup was d e te rm in e d  in  ou r lab o ra to ry . F o r th e  CAM P 
te s t  S . aureus  C IP  5710 an d  R . equi C lP  5869 o b ta in e d  fro m  th e  P asteu r In s t i tu te  C ollection, 
P a ris , w ere  used  as described  [3, 6, 8], on sheep blood a g a r (5 %  v /v ) w ith  B ra in  H e a rt  In fu sio n  
(D ifco) as b ase  m edium . T h e  p la te s  were incubated  a e ro b ica lly  a t  37 °C and were re ad  a t  18, 24 
and  48 h . All these s tra in s  w ere te s te d  also by  a M icrop late  te c h n iq u e  prev iously  d escribed  b y  us 
fo r th e  d e te rm in a tio n  of th e  h a em o ly tic  a c tiv ity  [1].

Results and discussion

A ll th e  s tra in s  o f L . monocytogenes te s te d  gave a clear p ositive  CAM P 
te s t  w ith  R . equi. In  th e  confluence of th e  c u ltu re s  of L . monocytogenes and  
R . equi a  w ell-defined  ro u n d -sh ap ed  zone o f co m p le te  haem olysis ap p ea red  
a f te r  24 h  in cu b a tio n , develo p p in g  in w id th  w ith  tim e . Some s tra in s  p re sen ted  
a m o re  m ark ed  reac tio n , i. e. NCTC 7973 (se ro v ar l/2 a )  and  NCTC 5105 (se rovar 
3a), b e in g  th e  halo  o f  co m p le te  haem olysis in  th e se  cases a t least as la rg e  as 
th a t  o b se rv ed  w ith  L . ivan o v ii ATCC 19119. In  th is  sense we have to  p o in t ou t 
th a t  L . ivanovii p roduces i ts e lf  a large zone o f  co m p le te  haem olysis su rro u n d in g  
th e  co lon ies, and  th a t  th e  en hancem en t o f  h a e m o ly tic  a c tiv ity  show ed by  
th is  species in  th e  CAM P te s t  w ith  R . equi is d u e  to  th e  clearing  o f th e  o u te r 
halo  o f  incom plete  h aem o ly sis  exposed to  R . equi exosubstances, g iv ing  a 
ty p ic a l  la rg e  shovel-shaped  ly tic  phenom enon (F ig . 1). In  co n tra s t, L . mono-
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Tabic I

Listeria strains tested in the C A M P  tests w ith S. aureus C IP  5710 and R . equi C IP  5869

S tra in
S erovar 

(or serogroup) O rig in

L . monocytogenes SLCC 2371 (NCTC 7973T*) l/2 a collection
SLCC 2755 1/21) collection

SLCC 2372 (NCTC 5348) l/2 c collection
SLCC 2373 (NCTC 5105) 3a collection
SLCC 2540 3b collection
SLCC 2479 3c collection
SLCC 2374 (NCTC 5214) 4a collection
SLCC 2375 (NCTC 10527) 4b collection
SLCC 2376 (ATCC 19116) 4c collection
SLCC 2377 (NCTC 10888) 4d collection
SLCC 2778 (ATCC 19118) 4e collection
SLCC 2482 7 collection
LB7 1/2 m ilk
L ID 1/2 m ilk
LI5 1/2 env iro n m en ta l (da iry )
L2A 1/2 m ilk
LI 1 1/2 milk
LT1 4 m ilk
LP1 1/2 en v iro n m en ta l (da iry )
LJG151 4 en v iro n m en ta l (dairy)
P-1 4 sheep en cep h alitis
P 2 4 sheep en cep h alitis
L -488a 4 m ilk
L 973 4 m ilk
L-1284 1/2 m ilk

L . innocua SLCC 3379T (ATCC 33090) 6a collection
SLCC 3423 6b collection
L1M 6b en v iro n m en ta l (da iry )
L4F 6a m ilk
LP7 6i> m ilk
LB1 6b m ilk
LHG1612 6b m ilk
L -157 — m ilk

L . welshimeri SLCC 5334 (C IP  8149T) 6a collection

L . seeligeri SLCC 3954 (C IP  100100T) l/2 b collection
SLCC 5921 l/2b collection
LSI 6b m ilk
LT3 1/21) en v ironm en ta l (dairy)
L -16 1/2 m ilk
L 123 1/2 m ilk
L-1453 1/2 m ilk

L . ivanovii SLCC 2379T (ATCC 19119) 5 collection
L 1 P E 5 m ilk

1 : type stra in .
T*: proposed type s tra in , in rep lacem en t of ATCC 15313, w hich is non-haem oly tic
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F ig. 1. L isteria  s tra ins in  th e  C A M P te s ts  w ith  R . equi C IP  5869 (A, C, E , G; v e rtica l s treak  of 
g ro w th ) a n d  S. aureus C IP  5710 (B , D , F , H ; v e rtica l s tre a k  o f  g row th). A  an d  B : from  up to 
dow n, L . monocytogenes SLCC 2371 sv  l /2 a , L. monocytogenes SLCC 2373 sv 3a, L . ivanovii SLCC 
2379 sv  5, L . seeligeri SLCC 3954 sv  l /2 b , L . innocua  SLCC 3379 sv 6a and  L.w elshim eri SLCC 
.■>334 sv  6a; 24 h  culture. C a n d  D : fro m  up  to  down, L. ivanovii SLCC 2379 sv 5, L . monocytogenes 
SLCC 2373 sv 3a and L . monocytogenes SLCC 2371 sv l /2 a ;  18 h  cu ltu re . E  an d  F : from  up  to  
dow n, L . monocytogenes s tra in s  SLCC 2540 sv 3b, SLCC 2778 sv  4e, SLCC 2376 sv 4c, SLCC 2482 
sv  7 a n d  SLCC 2374 sv 4a; 48 h  cu ltu re . G and H : from  u p  to  dow n, L . monocytogenes L-488a, 

L. monocytogenes L -1284 and L . ivanovii L 1 P E ; 48 h  cu ltu re
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cytogenes s tra in s  a lw ays produce  a w eak b e ta -h aem o ly sis  th a t  is d ifficu lt to  
d e te rm in e  (h aem o ly tic  c h a ra c te r  of 58 .4%  o f th e  s tra in s  te s ted  was d o u b tfu l 
on blood agar), and  in p ro p o rtio n  a d ra m a tic  synerg ic  haem olysis re a c tio n  
w hen grow n close to  R . equi. T herefore, th e  R . equi CAM P phenom enon could  
be considered  even m ore rem ark ab le  w ith  L . monocytogenes (a species d efin ed  
as CAMP n eg a tiv e  w ith  R . equi [3]) th en  w ith  L . ivanovii.

L . seeligeri s tra in s  p resen ted  variab le  re su lts  in  th e  CAMP te s t  w ith
R . equi. W hile C IP  100/100 an d  SLCC 5921 gave a positive reac tio n  (th ese  
s tra in s  being defined  as CAMP neg a tiv e  w ith  R . equi [3]), th e  rem ain ing  w ere 
n eg a tiv e . L . innocua  and  L . w elshim eri, w hich are  non -h aem o ly tic , were a lw ays 
nega tive .

W ith  re sp ec t to  th e  CAM P te s t w ith  S. aureus, L . monocytogenes s tra in s  
w ere positive  b u t th e  reac tio n s w ere n o t as c lear as tho se  o b ta ined  w ith  R . equi. 
A t 24 h in cu b a tio n , in  th e  zone of b e ta -h aem o ly sis  a w eak halo of co m p le te  
haem olysis ap p eared  (no t a lw ays p resen t) an d  an  e x te rn a l one, a rro w -h ead  
sh ap ed , incom ple te  haem olysis. A fte r 48 h  in c u b a tio n  th e  reac tions w ere 
d o u b tfu l due to  th e  ly tic  effect o f th e  h e ta -h aem o ly s in  from  S. aureus. T he  
resu lts  of th e  CAM P te s t  w ith  S. aureus w ere m ore d ifficu lt to  in te rp re t w hen  
com pared  to  tho se  o b ta in ed  w ith  R. equi because  in  ce rta in  cases L . innocua  
s tra in s  p roduced  a c learing  reac tio n  (F ig. 1) v e ry  s im ila r to  th a t  observed  w ith  
som e L . monocytogenes s tra in s . T he resu lts  w ere also d o u b tfu l w ith  all L . seeligeri 
s tra in s . L. ivanovii [»resented som etim es a w eak  synerg is tic  haem olysis re a c tio n

(F ig - !) •
In  acco rdance  w ith  these resu lts  it could he considered  th a t  th e  CA M P 

te s t  as defined  fo r L isteria  is n o t a reliable to o l fo r th e  ch a rac te riza tio n  o f  th e se  
organism s, for tw o  reasons: f irs t, d o u b tfu l reac tio n s  could  he observed  in  th e
S . aureus CAM P te s t  w hen assay ing  h aem o ly tic  an d  non-haem oly tic  L isteria  
s tra in s , i. e. th e  possib ility  of fa lse-negative  an d  false-positive re su lts ; an d  
second, a p ositive  CAM P te s t  w ith  R . equi is n o t specific for L . ivanovii as 
L . monocytogenes g ive also a c lear positive re a c tio n  (th is  was d e m o n s tra te d  
p rev iously  b y  o th e r  a u th o rs  [14— 16]), i. e. th is  m e th o d  is n o t as d isc rim in a tiv e  
as considered.

T ak ing  in to  co n sid e ra tio n  these  fac ts  wc p ropose  th e  use of a re liab le  
M icroplate T ech n iq u e  p rev iously  described b y  us [1], in stead  of CAM P te s t  
w ith  S. aureus an d  R . equi, for th e  d e te rm in a tio n  o f th e  haem oly tic  a c t iv i ty  
in  th e  ro u tin e  ty p in g  of Listeria . T he M icroplate  T ech n iq u e  proposed a p p e a re d  
to  be a sim ple an d  re liab le  m eth o d  of a clear an d  u n m is tak ab le  d iffe re n tia tio n  
betw een  h aem o ly tic  an d  n o n -haem oly tic  L isteria  s tra in s , th a t  is, o f th e  fu n d a ­
m en ta l pu rpose  o f th e  CAM P te s t for w hich i t  seem s n o t to  he valid  enough . 
F u rth e rm o re , th e  M icrohaem olysis te ch n iq u e  allow s th e  q u a n tita tio n  o f th e  
h aem oly tic  a c tiv ity , by  m eans o f C H U  (C om plete  H aem olysis U n its) an d  
M H U  (M inim al H aem olysis  U n its  [1]), a c h a ra c te r  th a t  should be co nsidered
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o f taxon om ic interest according to our results, especially in the case o f L . 
iv a n o v ii  and L . seeligeri, th at present the sam e sugar acidification pattern but 
a characteristic differential haem olytic one [1].

E m ploying the M icrohaem olysis techn ique, the five L isteria  species refer­
red to  are differentiated as follows: L . monocytogenes, haem olytic (variable 
in te n s ity  [1]) and D -xylose-negative; L . inno cu a , non-haem olytic and D -xylose­
n eg a tiv e; L . welshim eri, non-haem olytic and D-xylose-positive; L . seeligeri, 
w ea k ly  haem olytic (0 C H U , 3 -6  M H U ) and D-xylose-positive; and L . ivanovii, 
h igh ly  haem olytic (24 C H U , 384 M HU) and D-xylose-positive [1].
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ASSOCIATION OF VIRULENCE MARKERS WITH ANIMAL 
PATHOGENICITY OF ESCHERICHIA COLI IN 

DIFFERENT MODELS

É va  Czirók , Ma r y v o n n e  D u o , Ma r ia  H e r p a y , I. Gadó  and
IIEd d a  M ilch

N ational In stitu te  o f  Hygiene, Budapest, H ungary, and N ational Agricultural Research Centre, 
Research Centres o f  T ou ts-N o u zilly , S ta tion  o f  A v ia n  Pathology and Parasitology, M o n n a ie ,

France

(R eceived  J u ly  6, 1989)

E m p lo y in g  ch icken  and several s tra in s  o f mice, d iffe ren t ro u tes ( in tra p e rito n e a l, 
su b cu tan eo u s) o f infections and isogenic p a irs  o f s tra in s , association  of v irulence m ark e rs  w ith  
an im al p a th o g e n ic ity  was stud ied  in E scherichia coli. Mouse v iru lence of av ian  s tra in s  w as less 
s ig n ifican t th a n  th e  le th a lity  for chicks o f  h u m an  stra ins . L D S0 in various an im als d id  n o t 
differ s ig n ifican tly . S tra in s  w ith  an tig en  K1 w ere m ore v iru len t for mice th a n  th e ir  K l ~  d e r i­
v a tiv es. Loss o f haem olysin  (H ly). m annose re s is ta n t h aem ag g lu tin a tin g  cap ac ity  o r a n tig e n  
K5 less m ark ed ly  decreased  the  v iru lence . As opposed to o th e r v iru lence facto rs, in creased  
v iru lence  of K l + s tra in s  could also be d e m o n s tra te d  in m ouse sepsis assay  based on b a c te r ia l  
coun ts in the  liver. Loss o f I l ly  alone d id  n o t in fluence th e  persistence in the liver, ho w ev er, 
these  s tra in s  k illed  less mice. A e ro b ac tin  ac ts  to g e th e r w ith  o th er factors, it is n o t  pe r se a 
v iru lence  fac to r. In  o rg ano trop ic  e x p erim en ts  19 s tra in s  o u t of 36 belonging to  se ro ty p es  
0 7 :K 1 :H - ,  0 1 8 :K 1 :H - , 0 7 8 :H - and  sp o n tan eo u s ly  ag g lu tin ab le  K l + cu ltu res , caused  o p h th a l­
m itis  w ith  p u ru le n t d ischarge, and 4 o u t o f 22 s tra in s  th a t belonged to sero type  0 7 8 :H - in d u ced  
in co o rd in a ted  m o v em en t of mice. Because of its special o rg an o tro p ic  a ffin ity  to  th e  b ra in  and  
as i t  caused  tw o ep idem ics of m en ing itis  am ong  new borns in H u n g a ry , sero type  078:11- h a s  a 
special p a th ogen ic  p ro p e rty  and d iffers fro m  o th e r 0 7 8  stra in s  th a t  were iso la ted  in  o th e r  
coun tries .

Since T heo d o r E scherich  described  “ B ac te riu m  coli com m une” 100 y ea rs  
ago, im p o r ta n t  advances have  been  m ade on Escherichia coli to  e s ta b lish  th e  
d ifference b e tw een  n o n -p a th o g en ic  organism s (as believed a t th a t  tim e ) an d  
path o g en ic  ones ( th a t  were la te r  d iscovered  [1]). As early  as in  1907 W inslow  
and W alk er [2]. la te r  on G o ldschm id t [3] d iffe ren tia ted  th e  harm fu l o rg an ism s 
from  com m ensal s tra in s  by  m eans of fe rm e n ta tio n  reac tions and  even b y  se ro ­
logical tech n iq u es . Owing to  th e  serological ty p in g  schem e for E . coli w o rk ed  
o u t b y  K a u ffm a n n  in th e  early  1940’s [4] it w as possible to  e s tab lish  th a t  
d ifferences ex is t betw een  norm al faecal s tra in s  and  s tra in s  iso la ted  from  p a th o ­
logical m a te r ia l [5]. Several o th e r  p ro p e rtie s  of E . coli have been  recogn ized  
to  be o ften  associated  in s tra in s  iso la ted  from  infections and  re la tiv e ly

É va  Cz ir ó k , Ma r ia  H e r p a y , I stván  Ga d ó , H e d d a  M ilc h
N a tio n a l  I n s t i tu te  o f  H y g ien e
G yáli ú t  2 - 6 ,  H -1966 B u d a p e s t,  H u n g ary
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u n co m m o n  in  E . coli o f  th e  norm al en te ric  f lo ra . In  1921 D udgeon  et al. [6] 
f i r s t  rep o rted  th a t  E . coli s tra in s from  e x tra in te s t in a l  sources w ere v e ry  often  
h aem o ly tic  co m p ared  w ith  those stra in s iso la te d  from  th e  faecal flo ra . In  several 
o th e r  p u b lica tio n s [5, 7—9] one also m ee ts  th e  concep tion  th a t  haem olysin  
p ro d u c tio n  m ay  he a v iru len ce  fac to r. F ro m  his in v estig a tio n  K au ffm an n  [5] 
concluded  th a t  О g ro u p , О in ag g lu tin ab ility , o rig in , to x ic ity , haem olysis an d  
a b ili ty  to  cause necrosis  w ere co rre la ted . A dhesion  o f b ac te ria  to  th e  h o s t’s 
ep ith e liu m  has been  recognized , too, as an  im p o r ta n t  v iru lence  fac to r  in m an y  
b a c te r ia l in fec tions [8—11]. A ccording to  o th e r  in v es tig a tio n s  colicin V p ro d u c­
tio n  is a com m on p ro p e r ty  of E . coli s tra in s  iso la ted  from  bac te raem ias  of 
h u m a n s  [11, 12].

V arious an im al m odels have been em p lo y ed , w hich confirm ed th e  p a th o ­
genic role of E . coli. K au ffm an n  [5] d e m o n s tra te d  th a t  s tra in s  iso la ted  from  
p a th o lo g ica l m a te r ia l w ere toxic for m ice. P ow ell and  F inke lste in  [13] found  
th a t  d ifferences in v iru len ce  am ong E . coli s tra in s  could be d em o n stra ted  in 
13-day-o ld  ch icken  em b ry o s  inocu lated  a llan to ica lly . In  these  te s ts  d ifferen t 
ro u te s  of in fection  w ere  em ployed: in tra n a s a l in s ta lla tio n  lung  oedem a [14], 
in tra p e r ito n e a l in je c tio n  [12], in trav en o u s [7] an d  subcu tan eo u s 19] in fections. 
V an  den  Bosch e t a l. [7] investig a ted  th e  k in e tic s  of th e  v iab le  co u n t in th e  
m ouse k idney . H a c k e r  e t al. [9] no ticed  m ouse le th a lity  (i. e. L D 50) a fte r  in t r a ­
p e rito n e a l in fec tion  co m p arin g  w ith  ch icken  em bryo  assay, m ouse nephro- 
p a th o g en ic ity  te s t ,  m ouse resp ira to ry  in fec tio n  m odel an d  m ouse sepsis system .

In  our fo rm er p a p e r  [15] stu d y in g  a sso c ia tio n  in  E . coli of L D 50 w ith  
h aem olysin  p ro d u c tio n , h aem ag g lu tin a tin g  c a p a c ity , an tigens K l ,  K 5, coli- 
c inogen ic ity  an d  p a th o g e n ic ity , 663 E . coli s tra in s  o f h u m an  origin w ere 
ex am in ed . As a re su lt, i t  w as concluded th a t :  (i) s tra in s  of th e  m ost freq u en tly  
o ccu rrin g  serogroups w ere m ore path o g en ic  fo r  m ice th a n  those  o f belonging 
to  th e  o th ers ; (ii) th e  ou tcom e of an E . coli in fection  depended  no t on one 
v iru len ce  fac to r b u t  on  a com bination  o f th e se  d e te rm in an ts  ac tin g  to g e th e r, 
h ow ever, possession o f  an tig en  K1 p lay ed  an  im p o r ta n t  role in  p a th o g en ic ity  
o f m ice, o th e r  v iru len ce  m arkers could be a r ra n g e d  in an  o rder of im p o rtan ce , 
an d  could  s tre n g th e n  th e  effect of each o th e r ;  (iii) E . coli w ith  d iffe ren t v iru ­
lence fac to rs  could be c lassified  in to  d iffe ren t p a th o g e n e tic a l g roups (i. e. m en in ­
g itis in  new borns a n d  sep ticaem ia  w ith  o rg an o tro p ism  in adu lts).

I t  ap p eared  p e r t in e n t  to  ask w h e th e r re su lts  of s ta tis tic a l analysis on a 
la rg e  n u m b er o f s tra in s , or o f in tra p e rito n e a l in fec tions (i. p.) of one (C FL P) 
an im a l line, or o f L D 50 m ice w ould be of u n iv e rsa l v a lid ity ?  T hus in  th e  p resen t 
s tu d y  we em ployed d iffe re n t anim als (ch icken  an d  mice), severa l s tra in s  of 
m ice beside C F L P  (N M R I, O F1), i. p. as w ell as su b cu tan eo u s (s.c.) ro u tes  of 
in fec tio n s, and  we co m p ared  results of L D 50 w ith  sepsis assay . T he effect o f 
v iru len ce  m ark ers  on an im a l experim en ts w as ex am in ed  by  using  isogenic 
p a irs  o f s tra in s  (e. g. w ild -ty p e  s tra in s a n d  th e ir  v iru lence fac to r  defective
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sp o n tan eo u s  m u tan ts). O ur a im  w as to  answ er th e  q u estio n  w h e th e r v iru lence 
fac to rs  o f  E . coli would he fac to rs  co n trib u tin g  to  th e  specific p a th o g en ic ity  
o f  E . coli causing septic  in fec tio n  and  m eningitis.

Materials and methods

B acterial strains were iso lated  from  d ifferen t hu m an  (19) an d  av ian  (28) sources. A fter 
ch arac te riz in g  E . coli s tra in s  by  d e te rm in a tio n  of their several v iru lence  facto rs, th e  n e x t pairs 
o f  isogenic s tra in s  were em ployed: 3 s tra in s  th a t  possessed an tig en  K1 and th e ir  K l -  sp o n ta ­
neous m u ta n ts ;  one H ly +/H ly -  p a ir  (iso lated  by  L. E m o d y , Pécs, H u n g a ry ); s tra in  119 
(M R H A  + , K5 + , l l ly  + ) and its  M R H A -  p a ir (119/1, iso lated  by  K u ch  e t al. [16]), as well as 
th e ir  spon tan eo u s K 5 -  m u ta n ts ;  s tra in  536 (serum  re s is tan t, S fim b ria  + , H ly  + ) a n d  i ts  de ri­
v a tiv e s  536-21 (having lost all these  p roperties) and 536 31 ( I l l y -  d e riv a tiv e  o f 536) were 
k in d ly  prov ided  by H ack er e t al. [9]. D a ta  of E. coli s tra in s  and  th e ir  v a r ia n ts  a re  lis ted  in 
T ab les I - I I I .

Classification  according to  serological ex am ination  of О a n d  H an tig e n s , m annose 
re s is ta n t haem ag g lu tin a tio n  (M R H A ), haem olysin  p ro d u c tio n  ( I l ly ) ,  d e tec tio n  of K l  an d  K5 
an tig en s, d e te rm in a tio n  of colic inogenic ity  (Col), ex am in atio n  for ae ro b ac tin  (A er) p ro d u c tio n  
w ere carried  o u t as described p rev io u sly  [17-20]. Presence or absence of a n tig e n  K l  was 
co n tro lled  by  W ellcogen N . m en ing itid is  B /E . coli K l  m onoclonal sera.

A n im a l experiments. A ssay fo r le th a lity  in mice a fte r  i.p. in fec tion  were c a rried  o u t  in 
C F L P  (C arw orth  F arm  L ane P e tte r ) ,  N M R I (orig inated  from  N aval M edical R esearch  In s t i tu te ,  
USA) an d  O F I (Oncius F rance  1) lin e s  o f mice. The le th a lity  o f b ac te ria  for m ice a n d  50%  
le th a l dose (L D 50) were assessed as d escribed  earlier [15]. Letha lity  test in  chicken w as co n d u cted  
by  in o cu la tin g  un d ilu ted  o v e rn ig h t b ro th  cu ltu res s.c. in to  g ro u p s of one-day-old  ch icks, as 
described  previously  [21]. M ouse sepsis assay  was perfo rm ed  accord ing  to  H ack er e t al. [9]. 
T he ex p erim en ts  were done re p e a te d ly  fro m  tim e to tim e (as in d ic a te d  in th e  tab les). E x a m in a ­
tion o f  organotropism in mice. G ro u p s of 20-20 C FL P mice w eigh ing  14-16 g w ere in o cu la ted  
i.p. w ith  0.5 ml of bac teria  grow n fo r 4 -6  h  in b ro th  and d ilu te d  in physio logical sa line  so th a t  
th e  v iab le  n u m b er of bac teria  co rresp o n d ed  to  LD 50.

Results

D ifferences in  virulence o f  hum an and avian E . coli strains fo r  chickens 
and m ice . E . coli s tra in s  of h u m an  (19) and av ian  (28) orig in  w ere te s te d  for 
m ouse as well as for ch ieken  le th a lity . R esults o f h u m a n  s tra in s  w ith  well- 
defined  v iru lence  m arkers a re  show n in T ab le  I . T h ir te e n  ou t of 19 s tra in s  
p roved  to  be v iru len t (e. g. L D 50 was less th a n  1 X 106 [15]) b o th  fo r m ice and 
ch ickens. F u r th e r  3 s tra in s  (840, 990 and 52 771) were v iru len t only for ch ickens. 
In  case of s tra in  840, L D 50 w as 3.1 X 105, accord ing ly , it  w as n ea r to  th e  h ighest 
va lue  o f le th a l class 1 (e. g. 103 to  106 [22]) for ch icken . M eanw hile L D 50 in 
m ice o f s tra in s  52 771 and  990 (2.7 X Ю6 and 2.1 X 106) w as ju s t  over th e  h ighest 
v a lu e  o f v iru len t group for m ice. L D 50 values for ch icks p ro v ed  to  he a t  a low est 
level (L D 50 of 13 ou t o f 15 v iru le n t stra ins fell b e tw een  102-1 0 3) as co m p ared  
to  th o se  of mice (7 ou t 13 s tra in s  w ith  103-1 0 4, a n o th e r  6 s tra in s  w ith  105 L D 50).

As to  v iru lence m ark ers  o f hum an  s tra in s , we fa iled  to  show  co rre la tio n  
b e tw een  M R H A  p o s itiv ity  and  an im al v iru lence of s tra in s  e ith e r  in  m ice or 
in ch icken  (e. g. s tra in s  847, 047, 97358 were M R H A + an d  a v iru le n t fo r ani-
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L D r)0 values o f  h u m a n  E. coli strains in  mice and day-old-chicks

Table I

V iru len ce  m ark e rs  L D 50

S tra in
designation

Serotype Origin

CJ

Ó _b. -
i. 2̂ 
%
K Ü

u £4> S
<3 x i

Mice Chiks

847 01 :K 1:H - A u to p sy
m ate ria l

- + — + - 1 .5 x 1 0 - 1 . 6 x 1 0 ’

990 01 :K 1 :H 7 U , P n — + Nc + T “ 2.1 X 106 3 x  10s
505 02 : К • :H - U , Cyst. — — + + :■ 6.3 X 10' 5.2 X lO2
840 0 2 :K :1 1 loch ia + — + + — 1 .1 0 7 3 .1 x 1 0 s
180 0 7 :K 1 :H C SF , M — — E l + 1.7 x 1 0 s 2 .4x10"
074 0 7 :K 1 :H - C SF , M — + E l + + 7.1 X lO 6 3 .1 x 1 0 ’
916 0 1 8 a c :K l:H N T B , S — — l b + -F 2 .2 x 1 0 ' < 1 .8  XlO2
895 0 1 8 a c :K l:H - C SF , M — — — + — 1.5 x 1 0 s < 1 .4  XlO2
896 0 1 8 ac :K l :H - C SF, M — — Nc -F 2 .2 x 1 0 ' < 1 .6  X 102
072 0 1 8 ac :K l:H 7 cerv ix — — — 1 X 10s 1.4 x 1 0 s
321 0 1 8 a c :K l:H 7 C SF , M — — — 4- 3.2 x 1 0 s < 1 .3  X lO2
899 018ac:K  1 :H7 B , s — — Nc + + 6 .3 Х Ю 1 < 1 .8 x 1 0 *
918 0 1 8 a c :K l:H — B, s — — E l 4 - 6.3 x 1 0 s < 2 .5  X lO2
561 0 1 8 ac :K l:H 7 cerv ix — — Nc 4 - -F 3.3 x i o 4 1.4 x 1 0 s
920 0 1 8 ac :K l:H 7 C SF . M — — Nc + + 6.3 X 10s < 1 .2  XlO2

97358 0 1 8 a c :K 5 :II- F ,  I I _1_ + — _F > 1 .5  X 10" 9 .2 x 1 0 "
249 0 1 8 ac :K 5 :H - C SF , M + -L . Nc 4- 3 X 10 s 2.9 X 10s

97978 0 7 8 :K :H F , I I — — — + + 1.9 X 10s 8 .1 x 1 0 s
52771 0 7 8 :K :H - C SF , M - — V - j- 4- 2.7 X 10" 8.2 x 1 0 s

H l y  Haem elysin; M R H A  =  m annose re s is ta n t haem ag g lu tin a tio n ; lb  =  type of 
co lic in ; Nc =  not classified, N T  =  no t typab le ; U  =  u rin e ; CSF — cerebrospinal fluid; 
В = b lood; F  faeces; P n  pyelonephritis , Cyst =  cy stitis , M =  m ening itis; S = sepsis; 
H  h e a lth y ; K- =  an tigen  К  is n o t  determ ined

m ais). O ne out of th e  3 A e r~  s tra in s (847) p ro v ed  to  be a v iru le n t in bo th  
a n im a l m odels, a n o th e r (895) hav ing  an tigen  K l ,  w as v iru le n t fo r b o th  kinds 
o f  a n im a ls , the  th ird  (840) w as v iru len t on ly  fo r chicks.

E x am in in g  th e  28 s tra in s  of av ian  orig in  (T able  I I )  i t  w as found  th a t  
10 s tr a in s  belonged to  le th a l  class 1 for ch icks, an d  4 of th e m  w ere v iru len t 
a lso  fo r  mice. Thus, th e  d ifference  betw een th e  su scep tib ility  o f tw o  anim al 
m o d e ls  w as higher in  case o f  a v ian  stra ins th a n  o f h u m an  ones. T h is is p a r tly  
d u e  to  th e  selection o f h u m a n  s tra in s , as th e y  w ere chosen on th e  basis o f the 
r e s u lts  o f form er e x a m in a tio n s  in  which 13 o u t o f  19 s tra in s  h a d  belonged to  
th e  v iru le n t  group. A t th e  sam e  tim e, m ain  p a r t  o f av ian  s tra in s  (18 ou t of 
28) be lo n g ed  to  the  less p a th o g e n ic  group (i. e. L D 50 w as over 106) even  in  the  
m o re  sensitive chicken te s t .  H ow ever, one c a n n o t leave o u t to  consider the 
d iffe ren ces in sen sitiv ity  b e tw e e n  th e  tw o an im a l m odels. Since E D 50 o f stra ins 
in  le th a l  class 1 fell b e tw e e n  103—10e. those 6 s tra in s  th a t  be longed  to  le tha l
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Table II

Lethality o f avian E.coli stra ins fo r  mice and one-day-old chicks

Strain у 
design«- antigen 

tion
Origin Adhesive­

ness*
Colici-
nogeny

Syntrophism
of strain
W0987**

LI>„.for mice
LD„ class 
for chicks

1 02 trach ea , ch -f V + 7 .1 x 1 0 s l
2 02 F , ch — — — 1.2 X 107 N L
3 02 salp inx , ch — V + 5.3 X 10s 1
5 078 lung , ch + V, nd + 9.1 X 10“ 1
9 02*** trachea , ch + V + > 1 . 6 x l 0 7 1

10 078 liver, ch — V, nd + 2.7 X 10" 1
12 01 liver or vitellus + V, nd -L 9 x  10“ 2
13 02 tu rk ey  poults — V, nd 3.4 X 10“ 2
И 0 2 tu rk ey  poults — V, nd 4.2 X 10“ 2

15 0 2 tu rk ey  poults — V, nd l .O x lO 7 2
16 01 tu rk e y  poults — V, nd + 1.2 x lO 7 2
20 01 tu rk ey  poults + V, nd + > 2 .4  X 107 2

22 0141 tu rk ey  poults + V, lb + > 2 .1  X 107 3
24 O l tu rk ey  poults + Y, nd + > 2 .2  X lO 7 1
26 0141 tu rk ey  poults — — — > 2 .7  X lO 7 3
27 02 tu rk ey  poults + V + 5.6 X 10s 1
28 Ol tu rk e y  poults — V, nd > 2 .7  X 107 2
31 O l tu rk e y  poults + V, nd -L. > 3 .0  X 107 2
33 0 2 tu rk ey  poults — V, nd + 8 .4 x 1 0 “ 3
36 0141 tu rk ey  poults — — — 1.8 x lO 7 NL
38 0141 tu rk ey  poults — Y, nd + 1.5 X lO 7 3
39 0141 tu rk ey  poults — — — 2.8 X lO 7 3
43 0141 tu rk ey  poults — V, la + 1.5 x lO 7 2

49 0 2 tu rk ey  poults V, lb _u 1.4 X 10s 1
50 0141 tu rk ey  poults — V, nd + 9 .4 x 1 0 “ 3
51 0 2 tu rk ey  poults + V 1.2 X 10“ 1
56 01 tu rk ey  pou lts + — + > 2 .8  X lO 7 1
57 O l tu rk ey  poults — V, nd 1.2 X 107 2

* Examined on chicken epithelial cells 
** See Reference 22 
*** Antigen K1 +

V, la etc type of colicin; nd =  presence of another undetermined colicin; ch = chicken; 
LD50 class 1 =  10a to 10“ organisms; LD50 class 2 =  10“ to 108 organisms; LD50 class 3 =  10s 
to 10ln organisms; NL =  nonlethal

class 1 in  ch icken  and were a v iru le n t fo r mice, m igh t h av e  h ad  a h igh  v a lu e  of 
L D 5n in  ch icks (e. g. n ear to  106). A nyhow , m ouse v iru lence  o f av ian  s tra in s  
w as less sig n ifican t th a n  le th a li ty  fo r chicks of h u m an  s tra in s .

T he 4 A er s tra in s  (see sy n tro p h ism  of s tra in  W 0 9 8 7  in T ah ié  I I  [22]) 
p roved  to  be av iru len t in b o th  m odels. I t  was n o t possible to  show  an y  co rre la ­
tio n  b e tw een  adhesiveness (see T ab le  I I )  and an im al v iru lence  in a v ian  g roup  
o f s tra in s  e ith e r , as 4 adhesive s tra in s  were av iru len t in  b o th  te s t ;  5 s tra in s
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Table I I I

L D 30 values o f pairs o f  isogenic strains on C F L P , 0 F 1 , N M R I  mice and one-day-old chicks

D esig n a tio n  A ntigen ic  V irulence L D 50 v a lu es

C hicken C F L P OF1 N M R I

317 018ac K 1 :H 7 K l .  ColNc < 5 .5  x  102 2.2 X 10:l 5 x lO 3 4.7 X lO 4
317/3 018ac : 117 ColNc 4.5 x l O 7 > 1 .7  X 10" > 1 .7  X  107 > 1 .7  X 107
895 018ac K l  :H — K l < 7 .6  x lO 2 7.4 X lO 1 2.6 x 1 0 s 7.4 X lO 4
895/4 018ac :H — 1.6 x l O 7 > 2 .5  X lO 7 > 2 .5  X 107 > 2 .5  X lO 7
896 018ac K 1 :H — K l ,  ColNc < 2 .6  x lO 2 2.2 X lO 3 6 .3 x 1 0 ' l x l O 4
896/4 018ac : l l - ColNc 6.0 X 107 > 1 .9  X  107 > 1 .9  x lO 7 > 1 .9  X 107
009 04 : :H5 H ly , M RHA 2.9 x 1 0 s 5 .3 x 1 0 “ 5 .3 x 1 0 “ 5 .3 x 1 0 “
010 04 : :H5 M RHA 4.8 x 1 0 s 2 .8 x 1 0 “ 2 .8X 10“ 2.8 X  10“
119 0 1 8 a c :K 5 :I l - K 5, M RHA, 

Illy
1.3 X lO 8 5.6 X 10“ 7.5 X 10“ 7.5 X 10“

1 1 9 K 5 - 018ac : 11 M RHA,
Hly

2.0 x 1 0 s >  1.7 X 10"

119/1 0 1 8 a c :K 5 :H — K5 > 1 .6 x  107 1 .6 X 1 0 7 5 X 10“
1 1 9 /1 /K 5 - 018ac :H — l x i o 7
536 06 : :H31 S, I lly , Sre 1.6 x 1 0  s 1.6 x 1 0 s 1.2 x 1 0  s
536/21 0 6 : :H31 > 0 .7  X lO 7 > 0 .7  X 107 > 0 .7  X lO 7
536/31 06 : :H31 S, Sre 8 .4 x 1 0 “ б . з х ю 6 8 .4 x 1 0 “

N o t exam ined; H ly  =  haem olysin p ro d u c tio n ; M R H A  =  m annose re s is tan t haem ag- 
g lu tin a tio n ; S =  S fim b ria ; S re  =  serum  resistance, Nc =  n o t classified

S tra ins: 536, 536/21, 536/31 =  derived from  H ack e r e t al. [9]; 119, 119/1 =  isolated by  
K u c h  e t al. [16j, 009,010 — p ro v id ed  by  L. Em tidy

o n ly  fo r chicks an d  a n o th e r  4 in bo th  m odels w ere v iru le n t. A ssociation of 
Col V plasm id and  a n im a l viru lence could n o t be p ro v ed  e ith e r, as 24 ou t of 
28 s tra in s  w ith  d iffe re n t v iru lence  were Col V + . A v ian  s tra in s  w ere M R H A  
a n d  all b u t one H ly  . O n ly  1 stra in  (No. 9) h ad  an tig en  K l .

C o m p a r i s o n  o f  th e  l e t h a l  effect o f  E .  c o l i  s t r a i n s  w i t h  d i f f e r e n t  v i r u le n c e  

f a c t o r s  i n  v a r i o u s  a n i m a l  l i n e s .  O ne-day-old ch ick s an d  3 d iffe ren t lines (C FL P , 
N M R I, OF1) of m ice w ere  te s te d  in p a ra lle l b y  in fec tin g  th e m  w ith  isogenic 
p a irs  o f stra ins (see T a b le  I I I ) .  L D 50 given in  v a rio u s  an im als  did n o t differ 
s ig n if ican tly  from  each  o th e r , thus our ea rlie r re su lts  ob ta in ed  b y  th e  analysis 
o f  L D 50 on C FL P m ice [15) are accep tab le . I t  can  also be s ta te d  th a t  resu lts 
o f  s ta tis t ic a l  analysis on  663 s tra in s com paring  th e  effect of d iffe ren t v iru lence 
m a rk e rs  w ith  L D 50 in  m ice  are  acceptab le  as s tra in s  w ith  an tig en  K l  showed 
v iru le n c e  higher b y  3—4 log  for mice th a n  th o se  th a t  lacked  K l .  T he H ly -  
v a r ia n ts  were no t less v iru le n t  th a n  H ly + w ild  ty p e  s tra in s  since th e y  showed 
no  in crease  in L D 50 v a lu e s  (see stra ins 0 0 9 , O10) or i t  w as increased  only b y  
one ex p o n en t (see s tra in s  536, 536-31). Also loss o f M R H A  an d  K 5 p roperties 
d ec reased  th e  v iru lence  o f  s tra in s  by  only one ex p o n e n t (see s tra in s  119, 119/1, 
11 9 K 5 ~  etc.).
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Table IV

M ouse sepsis assay by isogenic pairs o f  E . coli strains with different virulence factors

D esignation  o f 
s tra in s V iru lence fac to rs Killed*

Cell nu m b er/liv er on

1st d a y 2nd d ay 3 n d  d a y

317 K l,C olN c 9, 10, 14 8 x  10s 2.3 x  10" 9 x  10"
317/3 ColNc 1, 7, 0 1 . 2 x 1 0 ' 4.5 X  10;i 7 X  102
895 K1 8 2.5 X  101 6 X lO 7 4.8 X  107
895/4 0 4 .6 x 1 0 " 2.6 x  10 s 9 X  10"
896 K l,  ColNc 9 l x i o 7 1 .6 x 1 0 " +
896/4 ColNc 0 4 X  102 1 . 2 x 1 0 ' 1.3 x i o 2

119 K 5. M R H A , Illy 7, 3 2 x 1 0 : 3 X  10' 1.3 x 1 0  s
1 1 9 K 5 - M R H A , H ly 0 8 x 1 0 * 4 x  10" 1 . 2 x 1 0 '
119/1 К 5 0 2 x 1 0 " 2.3 x l O 2 ь з х ю 3
1 1 9 /1 K 5 - 0 2 x 1 0 ° < 2 x 1 0 ° 8 x 1 0 °
42541 K5, M R H A , H ly 11 1.4 X  10' 3 . 1 x 1 0 ' 1 X  10 s
4 2 541К 5“ M R H A , H ly 0 5 X  102 1 . 4 x 1 0 ' 2 . 7 x 1 0 '

009 H ly, M RH A 9. 8 3 .3 x 1 0 " 1 .4 x 1 0 " 4.6 X  10'
010 M R H A 1, 2 1 .2 x 1 0 " i . 6 x i o ' 5 .4  X  10'
536 S, Sre, H ly 11, 10 1 x 1 0 s 5 x 1 0 ' 3.4 X  10"
536-21 0, 1 2 X lO 5 1 . 3 x 1 0 ' 3 X  10"

536-31 S, Sre 0, 3 8 x 1 0 ' 1 . 1 x 1 0 ' 1 .3 x 1 0 "

* In  each assay 15 mice w ere included and  each w as infected w ith 10' b a c te ria  s. c. The 
figures ind ica te  the  nu m b er o f m ice killed in one assay. S — S fim bria , Col =  colicin p roduction , 
Nc =  no t classified, M R H A  =  m annose re sis tan t h aem ag g lu tin a tin g  capacity , H ly  =  haem olysin  
p roduction , Sre =  serum  resistance

R esults o f  mouse sepsis assay. F o r challenge isogenic pairs o f s tra in s  w ith  
w ell-defined  v iru lence  m ark ers  were em ployed  (T able IV). In  m ouse  sepsis 
assay , an  increased  v iru lence  of K l + s tra in s  could  be d e m o n s tra te d , as th e ir  
b ac te ria l coun ts in th e  liv e r w ere h igher th a n  tho se  of th e  K1 d e riv a tiv e s , 
a lth o u g h  the  cell n u m b e r increased  d u ring  th e  3 days following su b cu tan eo u s  
in jec tio n  (Table IV ). T here  was a paralle lism  betw een  le th a lity  fo r m ice and 
b a c te r ia l coun ts in  the  liver. F o u rteen  o u t o f 15 iso lates o rig in a tin g  from  the  
liver of in fec ted  m ice, re ta in e d  th e ir  K1 p o s itiv ity . S im ilarly , 13 o u t o f 17 
c u ltu re s  recovered  from  th e  liver of mice in fec ted  b y  K1 m u ta n ts , w ere K 1 “ , 
w hereas th e  rem ain ing  4 w ere K l + ( re v e r ta n ts ?). S im ultaneous loss o f  M R H A  
an d  H ly  p ro p ertie s  re su lted  in  a m ore red u ced  n u m b e r of b ac te ria  in  th e  liver, 
co m p ared  to  th e  lack  o f an tigen  K5 alone (T able  IV). H ow ever, loss o f K5 
decreased  b o th  cell co u n ts  in  th e  liver an d  le th a lity  ra te , a lth o u g h  th e  s tra in  
k ep t its  M R H A  an d  H ly  p ro p erties . Loosing all o f M R H A , H ly , K 5 p ro p ertie s , 
th e  n u m b e r of cell co u n ts  in  th e  liver decreased  fu rth e r .

Loss of H ly  a c tiv ity  (T able IV) did n o t in fluence  th e  b a c te r ia l co u n ts  in 
th e  liv er in  case o f s tra in s  0 0 9  and  OlO re ta in in g  th e ir  M R H A  p ro p e rtie s , b u t 
H ly “ m u ta n ts  k illed less m ice. In  case o f s tra in s  o rig in a tin g  from  H a c k e r  e t al.
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Table V

O rganotropic effect and L D -0 values in  mice o f E. coli stra ins with different serogroups and virulence
factors

Age of Origin Ding- Serogroup
Virulence factors

i-ns„
Ophthalmo- Dys-

patients Hly MRHA Col pathy kinesis

1 w CSF M, E x 0 7 :K 1 :H _ — E l 7 X105 . . . _
1 W CSF M, Ex 0 7 8 :H - — — V 9 X 105 + _1 * ! -

34 y CSF M Sp:H N T + — NC 2 X10e H- +
1 w CSF M, Ex S p :K l :H7 — + V 6 x 1 0 e + —

50 y CSF S 0 6 :H 1 + + — 1 x 1 0 e — —
1 m CSF M O NT :K 5:II- — J- — 6 x 1 0 e — —
5 d CSF M, Ex 0 7 :K 1 :H - — E l 7 x 1 0 e + —
5 d CSF M, Ex ()4:H 1 + 4- 4- 4 x 1 0 e — —

30 y CSF M 0 7 :K 1 :1 I- — 4~ E l 2 X 105 4- —
9 CSF M 0 1 8 a c :K 5 :II- NC 3 X 105 — —
9 CSF M 0 4 :H 5 + — 7 x 1 0 e — —
3 d CSF M Sp : K 1 : H 7 — — NC 2 X105 — —
2 w CSF M Sp : K 1 : H 7 — — — 3 X 10e 4- —
3 d CSF M 0 1 8 a c :K l:H - — — E l 2 X 10« + —
1 w CSF M, Ex 0 4 :H 5 + + — 6 X 10e — —
3 w B S 0 7 8 : H — 4- V 2.4 XlO5 4- —
1 w B s 078:11 — + + 6.9 x lO 5 4- —
5 d CSF M 0 7 8 :H - — + V 7.5 x lO 5 4* —

1 У F Eut 0 7 8 :H N T — — — > 2  X 107 — —

3 У F H 0 7 8 :H N T — — — > 2  x lO 7 + —
2 m F H 0 7 8 :H - — — E l 3.6 X 10e + —
2 in F H 0 7 8 :H - — — — 1.9 X 105 -b —
2 w CSF M 0 7 8 :H - — — + l x i o 7 +
2 w CSF M, s 0 7 8 :H — — — + 1.7 x 1 0 e — —
7 d Nose

Tape
9 0 7 8  :H -  

0 7 8 :H —
— + Ib

V
9.2 x 1 0 e
2.3 x 1 0 e + + *

7 d Nose 9 0 7 8 :1 1 - — + y ,  Ib 5.9 x lO 5 г I *

7 d CSF M 0 7 8 :1 1 - — — V 2.7 x 1 0 e — _L*

3 m F Ent 0 7 8 :H - — — V 1.2 x 1 0 e — —

3 У F Ent 0 7 8 :H N T — — E , I 2.8 X lO 7 — —
3 m F Ent 0 7 8 :H - — — — 3 .4X 105 — —
6 m CSF M 0 7 8 :H - — — V 1 . 4 x 1 0 e 4- —
3 m F Ent 0 7 8 :H N T — — V > 3 X 1 0 7 — —

30 y F H 0 7 8 :H - — — V l x l O 7 — —
1 w Umbilicus, S 0 7 8 :H - — — V 2 .1 x 1 0 e — +
3 m F H 0 7 8 :H N T + - I l . lX lO 7 — —

* Challenge stra in  could be  re iso la ted  from the  b ra in  o f mice on th e  4 th , 7 th , 11 th  days 
fo llow ing infection, M =  m en in g itis ; S =  sepsis; E x =  fa ta l;  В =  blood; CSF =  cerebrosp inal 
f lu id ; F  =  faeces; E n t = e n te r it is ;  H  =  healthy; Sp =  spon taneously  agg lu tinab le; V, E l  
e tc . =  ty p e  of colicin; H ly  =  haem o ly sin  production; M R H A  =  m annose re s is tan t haem ag- 
g lu tin a tin g  activ ity ; Col — colicin  p roduction ; d =  d ay ; w =  week; m =  m on th ; y  =  y ear; 
? =  n o t  know n; NC =  n o t ch arac te rized
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[9] 536—21 h ad  ex h ib ited  a decreased  n u m b er of b a c te r ia l co u n ts  in th e  liver 
b y  th e  second an d  th ird  d ay s, an d  th e  le th a lity  ra te  w as also low er th a n  th a t  
o f  w ild -type  s tra in  536. In c o n tra s t  to  th e  low level o f m ouse le th a lity , b ac te ria  
p e rs is ted  in th e  liv er w hen  in fec ted  by  s tra in  536-31 (S f im b r ia + , serum  re ­
s is ta n t m u ta n t o f 536). All th e  w ild -ty p e  s tra in s  p ro d u ced  ae ro b ac tin  an d  th ey  
re ta in e d  Aer p o s itiv ity  loosing th e ir  o th e r v iru lence fac to rs . All of th em  had  
th e ir  original p ro p e rtie s  and  v iru lence  m arkers w hen th e y  w ere iso la ted  from  
th e  liv er of m ice, w ith  th e  ex cep tio n  of th e  ab o v e-m en tio n ed  K1 s tra in s .

Organotropism o f  E . coli. In  ex am in a tio n s of o rg an o tro p ic  effect o f E . coli, 
a t  f ir s t  15 s tra in s  from  m en ing itis  w ere included . R esu lts  are show n in T ab le  V. 
E ig h t s tra in s  caused  o p h th a lm itis  w ith  p u ru len t d isch arg e  in 58 o u t o f 100 
in fec ted  mice. C hallenge s tra in s  could be iso la ted  from  th e  eyes of diseased 
an im als. Lesions w ere in d u ced  b y  s tra in s  belonging to  se ro ty p es  0 7 :K 1 :H -  (3), 
0 1 8 a c :K l:H - (1 ) ,  0 7 8 :H -(1 )  an d  to  spon taneously  ag g lu tin ab le  K l + s tra in s  (3). 
T h is effect in o th e r  s tra in s  (e. g. 0 4 :H 5 , 0 6 :H 1 , 0 1 8 a c :K 5 :H - ,  О n o n -ty p ab le  
K 5 +) could no t be d e m o n s tra te d . T here was no associa tion  betw een  pa thogen ic  
m ark ers  of s tra in s  an d  occurrence  o f lesions. Beside o p h th a lm o p a th y , d y s tax ia  
could  be observed , if  th e  m ice w ere infected  by  se ro ty p e  0 7 8 :H -  s tra in s . Mice 
show ed dysk inesia  an d  som etim es a c ircu lar-fash ion  m o v em en t. T he challenge 
s tra in  could be iso la ted  also from  th e  b ra in  o f in fec ted  m ice, even on th e  l l t l i  
d ay  a fte r  i. p. in fec tion . T h u s, 21 add itiona l s tra in s  belong ing  to  serogroup 
0 7 8  w ere included in  fu r th e r  ex am in a tio n s (T able Y). F o u r  o f th em  also caused 
in co o rd in a ted  m o v em en t of m ice. I t  is rem ark ab le  t h a t  11 s tra in s  o u t o f 21 
in d u ced  o p h th a lm o p a th y , too . S tra in s  of serogroup  0 7 8  w ere re iso la ted  from  
th e  b ra in  of m ice on th e  4 th , 7 th  and 11th  days fo llow ing infec tion . This 
dysk inesia  of m ice w as assoc ia ted  w ith n e ith e r  H ly  or M R H A , n o r Col V 
p o s itiv ity  of th e  s tra in s .

T here w as a n o th e r  o b se rv a tio n , ch a rac te ris tic  o n ly  fo r m ice th a t  were 
in fec ted  b y  s tra in s  o f serogroup  0 7 8 . In  ou r p rev io u s w ork  on 663 E . coli 
s tra in s  belonging to  serogroups o th e r th a n  0 7 8 , it  w as fo u n d  th a t  on ly  5 s tra in s  

a lto g e th e r in 6 m ice — k illed  th e  an im als n o t ea rlie r th a n  3 days. In  c o n tra s t, 
4 o u t of 7 recen tly  exam ined  serogroup  0 7 8  s tra in s  k illed  th e  mice a fte r  3 days 
(m a in ly  on th e  6 th  or 7 th  days).

Discussion

R esu lts o f v a rio u s assays gave clear ou t ev idence  th a t  an tig en  K1 is 
m ost d isc rim ina tive  in th e  in  v ivo viru lence of E . coli. I t  can  also be concluded  
th a t  o th e r  v iru lence  fac to rs  (M R H A , K 5, H ly) m ust be in v o lved  in th e  d e te rm i­
n a tio n  of a s tra in ’s v iru lence  level, too , as e lim in a tio n  o f  an y  of th ese  fac to rs 
re su lted  in a decrease o f b a c te ria l counts in th e  liv e r an d  in  a decrease of 
le th a lity  ra te  on vario u s an im al m odels. F ind ings on K1 v iru lence  co rre la te
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w ith  th o s e  of Sm ith an d  H u g g in s  [12] as th e ir  K1 m u ta n ts  w ere less v iru len t 
fo r m ice  a fte r  i. p. in o cu la tio n  th a n  th e  p a re n t s tra in .

D h o  and  L afon t [21] fo u n d  a close co rre la tio n  b e tw een  le th a li ty  an d  an 
in c re a se d  ab ility  of th e  s tra in s  to  acqu ire  iron  from  tra n sfe rr in . T h ey  assum ed 
t h a t  i ro n  sequestering  a b ilitie s  could  be a m a jo r d e te rm in a n t o f  v iru lence  in 
a v ia n  s tra in s . On the  basis o f  o u r p resen t s tu d y  we can em phasize  th a t  an tigen  
K 1 is  a m ore definite v iru len ce  fa c to r  th a n  siderophores even  in  day-o ld  chicks 
(see T a b le s  I and I I I ) ,  su p p o rtin g  th e  resu lts  of S m ith  an d  H ugg in s [12], we 
e x a m in e d  th e ir  K l + s tra in s  in  1 to  25 days old chicken.

T h e  an im al assays u sed , d id  on ly  re flec t one p a r tic u la r  p a r t  of th e  infec­
tio n . F o r  exam ple, in  case o f  i. p . o r s. c. in fec tion , fim b riae  o f E . coli seem  to 
be  r a th e r  a d isad v an tag e  th a n  a v iru lence  fa c to r  for th e  b a c te r iu m  because 
o f p h ag o cy to s is . R ecep to r sp ec if ic ity  p lays an  im p o r ta n t role in  v iru lence  of 
su ch  b a c te r ia . In  ag reem en t w ith  Milch e t al. [23] it  shou ld  be m entioned  
th a t  e lim in a tio n  of Col V p la sm id  could in fluence  th e  v iru len ce  o f a stra in . 
S u m m a riz in g , d ifferen t v iru len ce  fac to rs  can  c o n tr ib u te  to  th e  effect of each 
o th e r , h u t  th e y  never a p p ro a c h  th a t  of an tigen  K l .  A er n e g a tiv e  s tra in s  can 
be  a v iru le n t  if the  s tra in  la ck s  o th e r  v iru lence fac to rs  (e. g. H ly , K l) ,  too . Thus 
A er is  n o t  a virulence fa c to r  p e r  se, b u t it ac ts  to g e th e r  w ith  th e  o th e r facto rs. 
H a c k e r  e t  al. [25] o bserved  in th e ir  m ouse sepsis assay  th a t  th e re  were no 
d iffe ren ces  betw een H ly + a n d  H ly  v a r ia n ts  of th e ir  s tra in s . T h e y  supposed 
th a t  h aem o ly sin  of E . coli w as n o t an  im p o r ta n t fac to r  in s. c. in fec tio n  resu lting  
in  a m o u se  sepsis. In  c o n tra s t  to  th e ir  find ings, in  our e x p e rim e n ts  we could 
d e m o n s tra te  th e  in fluence o f  haem olysin  on th e  le th a lity  r a te  o f mice even 
a f te r  s. c. infection . N am ely , e lim in a tio n  o f haem olysin  p ro d u c tio n  of a s tra in  
( s t r a in  536—31, OlO) re su lte d  in  a decrease of le th a lity  r a te  o f  m ice th o u g h  
p e rs is te n c e  in  the  liver fa iled  to  change. A ccord ingly , th e  b e h a v io u r  of H ly  
d e te rm in a n t  is d ifferen t fro m  o th e r  v iru lence  m arkers.

E m ő d y  et al. [24] o b se rv ed  th a t  s tra in  536, iso la ted  b y  H a c k e r  et al. [9] 
c a u se d  o rgano trop ism  in m ice a f te r  in trav en o u s  in jec tio n , g iv ing  rise to  absces­
ses a n d  p u ru le n t e n d o p h th a lm itis . T he lesions w ere n o t p ro d u ced  if  anim als 
w ere  in fe c te d  by  s tra in  536—21 (e.g. S f im b ria  an d  H ly  n eg a tiv e  m u ta n t) .  F rom  
th e ir  re su lts , th ey  have  assu m ed  th a t  th is  fim b ria , beside U T I, m u st p lay  a 
p a th o g e n e tic  role in sep tic  in fec tio n s , too . W e also n o ticed  o p h th a lm o p a th y  
o f in fe c te d  mice in ce rta in  cases d u rin g  ou r earlie r ex p erim en ts . C onsequently , 
s e t t in g  o u t from  th e  o b se rv a tio n  of E m ő d y  e t al., we h a v e  u n d e rta k e n  a 
d e ta ile d  investig a tio n . T he re su lts  w ere in  good ag reem en t w ith  th o se  of E m ődy  
e t a l. [24]. Besides, we h av e  show n th a t  s tra in s  of serogroup  0 7 8  h av e  a special 
o rg a n o tro p ic  affin ity  to  th e  b ra in  o f an im als. T h is fin d in g  is all th e  m ore 
in te r e s t in g  as in 1974 [26] a n d  in  1987 (unpub lished) th e re  w ere tw o  epidem ics 
o f m e n in g itis  in H u n g a ry  am o n g  new borns caused  b y  E . coli belonging  to  
s e ro ty p e  0 7 8 :H - .  A ccording to  l i te ra ry  d a ta  [27-29] and  also o f o u r experiences
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[15, 19] E , coli belonging to  se ro ty p e  0 7 :K 1 :H - ,  0 1 8 :K 1 :H -  (and  also  to  
sero ty p e  ()18 :K 1 :1 I7 ), or a t leas t those th a t  possess an tigen  K1 are  th e  m ain  
cau sa tiv e  ag en ts  o f m eningitis am ong  new borns. P athogen ic  p ro p e rtie s  of 
E . coli se ro ty p e  0 7 8 :H -  s tra in s  in H u n g a ry  m igh t be d ifferen t from  those 
th a t  were iso la ted  in o th e r co u n trie s , as so far th e y  have been d esc rib ed  to  
cause m en in g itis  am ong new borns in epidem ic form  only  in th is  c o u n try . ЛИ 
th e  4 s tra in s  th a t  induced  in co o rd in a ted  m ovem ent in anim als an d  8 o u t of 
11 s tra in s  th a t  caused o p h th a lm o p a th y , were associated  w ith  o u tb re a k s  of 
m en ing itis am o n g  new borns. E pidem iological d a ta  and results o f th e  an im al 
te s ts  (e. g. dysk inesis  and la te  d e a th  of mice) m ay  perm it to  assum e th a t  th is 
se ro ty p e  possesses a special pa th o g en ic  p ro p e rty .
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PARATUBERCULOSIS IN A CATTLE HERD: 
COMPARISON OF ALLERGIC, SEROLOGIC AND FAECAL

MICROSCOPIC TESTS

B. K o k m e n d y

Veterinary and P'ood Control Service , Central Veterinary Institu te , B udapest, H u n g a ry

(R eceived  A u g u st 2, 1989)

In  a beef h erd  of 230 cows k e p t on  p a s tu re  and  in fected  w ith  M ycobacterium  paratuber- 
culosis, faecal sam ples were te s te d  m icroscopically  a n d  the  blood serum  b y  th e  c o m p lem en t 
f ix a tio n  and  th e  im m undiffusion  te s t. In tra d e rm a l te s ts  were carried  ou t s im u lta n eo u s ly  w ith  
bovine an d  av ian  tu b ercu lin  as well as w ith  tw o d ilu tio n s  (0.86 m g/m l and 0.50 m g/m l tu b er- 
cu lo p ro te in ) of p a ra tu b ercu lin . In  th e  te s te d  h e rd  35 .2%  of the  cows gave p o sitiv e  faeca l tes ts  
while 10 an d  9 .1%  were p ositive  in the  ag ar gel im m unodiffusion  (A G IR ) a n d  co m p lem en t 
fix a tio n  te s t  (C FT), respec tive ly . T he a llergens show ed wide v a ria tio n s , b u t  as a  w hole  th ey  
w ere po sitiv e  in 58 .1%  of th e  faecal po sitiv e , and  in  60.9 and  76.2%  of th e  A G ID  a n d  CFT 
p ositive  ones, respectively . T he allergic te s ts  were p o sitive  in 54.4, 53.7 and 52 .2%  o f  th e  faecal, 
A G IR  an d  CFT negative  cows, resp ec tiv e ly . T he prognosis of such herds is d isa d v an tag e o u s . 
E lim in a tio n  of infection  can  only be ex p ec ted  if a fte r  im p ro v em en t of hygien ic  c ircu m stan ces  
th e  d iseased  an im als are co n tin u o u sly  culled  and  a new  breed ing  stock  re a re d  in  iso la tion .

M ycobacterium  paratuberculosis is th e  aetio logical ag en t o f p a ra tu b e r-  
culosis or J o h n e ’s disease in  chronic  e n te r itis  o f ru m in an t an im als  w ith  con­
seq u en tly  fa ta l ou tcom e. In fec tio n  an d  m ain ly  th e  clinically  m a n ife s t disease 
causes im p o r ta n t losses to  c a ttle  p ro d u c tio n  [1 -4 ].

In fec tio n  of an an im al w ith  M . paratuberculosis is u n eq u iv o ca lly  p roved  
b y  th e  iso la tion  of th e  ag en t. In  th e  in itia l, so called tu b e rcu lo id  p h ase  of 
in fec tion  allergic reac tions an d  ce llu la r te s ts , b u t  in th e  la te r  lep ro m a to u s  
phase o b se rv a tio n  of in te rm it ta n t  d ia rrh o ea  as well as d e m o n s tra tio n  o f  a n ti­
bodies in  th e  blood serum  and  o f th e  causa l agen t in th e  faeces b y  d irec t 
m icroscopy  can  co n tr ib u te  to  th e  diagnosis.

D ue to  th e  very  slow g ro w th  of th e  ag en t on cu ltu re  m ed ia , v e te r in a ry  
p rac tice  prefers qu icker in d irec t d iagnosis m eth o d s, m ain ly  se ro log ica l te s ts , 
such  as th e  com plem ent f ix a tio n  te s t  (CFT) ag ar gel im m unod iffu sion  (A G ID ) 
an d  th e  enzym e linked  im m u n o so rb en t assay  (E L ISA ) to  reveal in fe c tio n  of 
an im als  [5]. T hese te s ts  how ever, like m icroscopic inv estig a tio n  o f  th e  faeces 
are re liab le  on ly  in an im als affec ted  xvith th e  clinical form  of th e  d isease .

In  a cow herd in  w hich an im als  in  v a rious phases of th e  d isease  were 
k e p t to g e th e r  were in v es tig a ted  to  co m p are  th e  effectiveness o f a lle rg ic  te s ts , 
th e  C FT and  of th e  A G ID , w ith  th e  m icroscopic in v estiga tion  o f  th e  faeces.
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M aterials and m ethods

The tested herd c o n ta in e d  230 L im ousin beef cows k e p t  in  open farm s all over th e  year. 
F o u r  y ears  before th e  p re se n t  in v estig a tio n  b a c te ria l s tra in s  w ere iso lated  from  four cows of 
th is  h e rd , w hich p ro v ed  to  he m y co b actin  d e p en d e n t M . paratuberculosis. F o r th e  p re sen t 
in v es tig a tio n s  sam ples w ere  co llected  a t the  sam e tim e  w h en  also allergic tes ts  w ere carried  
ou t.

Allergic tests. I n t r a d e r in a l  allergic tests were s im u lta n eo u s ly  carried  ou t using  bovine 
tu b e rc u lin  (50000 IU /m l), a v ia n  tu b erc u lin  (25 000 IU /m l) a n d  tw o p a ra tu b ercu lin  p re p a ra tio n s  
co rresp o n d in g  to  P P D  q u a li ty  requ irem en ts . All p re p a ra tio n s  w ere used in 0.1 m l in d iv id u a l 
doses an d  th e  tes ts w ere re d  72 h  p o st application . T h e  te s t  w as qualified  1. as p ositive  if  the  
sk in  fo ld  swoll by  a t  le a s t  3 m m ; 2. doubtfu l if by  2 -3  m m  a n d  as “ m oved”  if sw elling of the  
sk in  fo ld  could be o b se rv ed  b u t  d id  not reach 2 m m .

Serologic tests. C o m p le m en t fix a tio n  and A G ID  te s ts  w ere carried  ou t as described  
ea rlie r [6].

Faeces microscopic test. O ne g faeces was hom o g en ized  in  4 ml saline and sh ak en  w ith  
1 m l d ie th y lae th e r. T he d ro p s  o f  th e  d ie th y lae th e r f ra c tio n  w ere  p laced  on a m icroscopic slide. 
S m ears  w ere sta ined  b y  th e  Z ieh l—Neelsen’s m ethod . A t la s t  one hun d red  m icroscopic fields 
w ere in v es tig a ted  and  o n ly  th o se  were regarded as p o s itiv e  in  w hich red  s ta in ed  organ ism s 
1-2  //m  in  size were d e m o n s tra te d  in  characteris tic  c lum ps. T h e  serological and allergic te s ts  of 
c a tt le  show ing positive  fa ec a l m icroscopic results w ere c o m p a red  and the  d iagnostic  v a lu e  of 
th e  te s ts  were e v a lu a ted  in  p e r c en ts  of infected an im als.

Table I

R  esults o f  allergic, serologic and  faecal microscopic tests in  a paratuberculosis injecied herd o f  230
cattle

Tests No. of P ercen t 
animals of herd

B -|-/d ,m A +  /d ,m  P l+ /d ,m  P 2+ /d ,m
B, A, P l ,  X Value of 

P 2 g infection 
negative index of 

(X ) о allergens

F m  +  81 35.2 2/31 11/16 1/8 7/13 34 41.9 58.1
A G ID  +  23 10.0 2/9 6/3 2/2 2/6 9 39.1 60.9 clinical
C FT +  21 9.1 1/6 3/5 2/2 4/1 5 23.8 76.2 phase

T o ta l: 5/46 20/24 5/12 13/20

F m  — 149 64.7 7/45 19/38 6/2 11/33 68 45.6 54.4
A G ID  -  207 90.0 10/63 25/48 4/27 15/41 96 46.3 53.7 tu b er-
C FT — 209 90.8 13/59 31/43 6/25 17/39 100 47.8 52.2 culoid
T o ta l: 35/213 95/1531 21/66 56/133 phase

Relation  o f  tests: A nim al A nim al

Fm -)- A G ID +  CFT-)- 3 F m — A G I D -  C F T - 131 В bovine tubercu lin
F m +  A G I D -  C F T -f 9 I'm  — AGID-)- CFT + 2 A — avian  tubercu lin
F m +  AGID-)- C F T - 9 F m  — A G I D -  CFT + 7
F m - f  A G I D -  C F T - 60 F m - AGID +  C F T - 9 P I   ̂ p aratubercu lin

(0.86 m g/m l)
T o ta l: 81 149 P2 = p aratubercu lin

(0.50 m g/m l)
- f - ,  > 3  m m , d =  doub tfu l:
2-3 mm,
m  - m oved: 0-2 m m

F m  =  faecal m icroscopies
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Results

In  th e  faecal sam ples of 81 of th e  230 cows (35.2% ) acid an d  alcohol- 
fas t germ s ag g lo m era ted  in nests  were d e m o n s tra te d . In  the  AG1D te s t  23 
(10% ) in th e  C FT  21 anim als (9 .1% ) p ro v ed  p o sitiv e . O u t of the  cows w h ich  
gave positive la b o ra to ry  te s ts  (CFT, A G ID , m icroscopic  faecal test) 5 a n d  20 
were positive in  th e  allergic te s ts  w ith  bovine an d  a v ian  tubercu lin , re sp ec tiv e ly .

W ith  p a ra tu b e rc u lin  1 and  2 th e re  w ere 5 an d  13 positive, w ith  th e  
allergens 46, 44, 12 an d  20 doub tfu l and  ’’m o v ed ”  reac tio n s , respective ly . N e g a ­
tiv e  allergic te s ts  w ere encoun tered  w ith  all 4 used  allergens in 34 faecal m ic ro s­
copic positive , in  9 A G ID  positive and  in 5 C FT p ositive  anim als (T ab le  I).

T he a llergens to g e th e r gave positive  re su lts  in  5 8 .1%  of the  faecal p o s itiv e , 
in 60 .9%  of th e  A G ID  positive and  in 76 .2%  of th e  C FT  positive cows (c lin ica l 
phase).

On c o n tra ry , in  th e  anim als w ith  n eg a tiv e  la b o ra to ry  tests  (in 5 4 .4 %  of 
faecal n eg a tiv e , in  53 .7%  of A G ID  neg a tiv e  an d  5 2 .2 %  o f CFT n eg a tiv e  ones) 
positive allergic reac tio n s  were en co u n te red  ( tu b ercu lo id  phase).

Discussion

In  35 .2%  o f th e  cows of th e  h erd , o rgan ism s charac teris tic  o f th e  p a ra -  
tubercu losis  a g e n t could be d e m o n s tra te d  in  th e  faeca l m icroscopic te s t .  T he 
positive faecal te s t  m eans high p ro b a b ility  o f p a ra tu b ercu lo s is  in fec tio n  [7], 
b u t only  successfu l iso la tion  of th e  agen t can  be ta k e n  as a proof for it. C u ltu ra l 
te s ts , how ever, c an  be d efin itive ly  read  on ly  in  15 to  20 weeks w h ich  is to o  
long for p ra c tic a l ap p lica tio n . T herefore  th e re  is a need for more p ra c tic a l, b u t  
reliab le te s ts  to  rev ea l in fected  an im als.

O u t of th e  la b o ra to ry  te s ts , th e  re su lts  o f th e  C FT were m ost c o in c id e n t 
(76 .2% ) w ith  th o se  o f th e  allergic te s ts .

The n eg a tiv e  serological and  faeces m icroscopic  te s ts  coincided in  4 5 .6 — 
47 .8%  w ith  n e g a tiv e  allergic te s ts . On th is  basis, th e  offspring of cows n e g a tiv e  
in all te s ts  can  be used to  build  up  b reed ing  s to ck  free of infection w h en  re a re d  
in iso la tion  [2, 8].

A n tigens used  in th e  CFT and  in  th e  A G ID  are  n o t s tan d a rd ised  on  an  
in te rn a tio n a l basis . These tw o te s ts , how ever, com b in ed  w ith  the  m icroscop ic  
in v estig a tio n  o f  faecal sam ples are  n o t cap ab le  e ith e r  to  reveal all in fe c te d  
an im als.

T herefo re , i t  is advisab le  to  use s im u lta n e o u s ly  several te sts , m a in ly  in 
cases in  w hich  screen ing  w ith  an  allergic te s t  show s m an y  doub tfu l or “ m o v e d ”  
reac tions. A cco rd ing  to  Colgrove e t al. [5] th e  b lood  serum  E L ISA  is c a p a b le  
of revealing  m o st in fec ted  anim als.
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In  o u r in v es tig a tio n s  p a ra tu b e rcu lin  2 gave  tw ice as m an y  reac tio n s  as 
p a ra tu b e rc u lin  1. I t  shou ld , how ever, be s tre s se d  th a t  all these  reac tio n s  are 
in d ic a tiv e  on ly  fo r a m ycobacterial in fe c tio n  in general, b u t  to  specify  it 
c u ltu ra l  te s ts  are ind ispensab le .

T h e  re la tiv e ly  high ra te  of 5 2 .2 -5 4 .4 %  o f  positive allergic te s ts  p o in t to  
a h e a v y  in fec tion  in  th is  herd , as u su a lly  en co u n tered  in  loose h o ld ing  on 
p a s tu re , all over th e  yea r. In  the  large scale h e rd  diseased an im als w ere recog ­
n ized  o n ly  la te , th e re fo re  infection w as sp re a d  by  scouring cow s to  th e ir  
o ffsp ring .

P rognosis  o f th e  in v estig a ted  herd  h as  b een  unfavourab le . T h o u g h  th e re  
is a p o ss ib ility  to  red u ce  losses due to  th e  in fe c tio n  by  culling d iseased  an im als 
a n d  to  p re p a re  for bu ild ing  up a h e a lth ly  h e rd  by  rearing  th e  o ffsp rin g  in 
iso la tio n  o f th e  in fec ted  cows [7, 9]. In  th is  case  th ere  has been  no p o ssib ility  
to  r e p e a t  th e  in v e s tig a tio n  because th e  h e rd  h a s  been s laugh te red  as a w hole.
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LISTERIA ISOLATION FROM FOODS OF ANIMAL
ORIGIN*

L. N it c h e v a , V . Y o n k o v a , Y . P opov  and C. Ma n e v

H igher In stitu te  o f  M edicine, D epartm ent o f  M icrobiology, Varna, Institu te  o f  H ygiene, V arna , 
and Institu te  o f  In fectious and P arasitic Diseases, So fia , Bulgaria

(R eceived  A ugust 9, 1989)

M icrobiological ex am in a tio n  of L isteria , iso lated  from  foods of an im al o rig in  w as c a rr ied  
o u t d u rin g  th e  period  1986-1987. A to ta l  o f 642 sam ples from  chicken, b eef an d  p o rk  ra w  
m ea ts , fish , eggs and  from  th e  e n v iro n m en t were in v es tig a ted . U sing th e  cold  tec h n iq u e , 
S tu a r t ’s t r a n s p o r t  m edium , try p to se  b ro th  and  R a lo v ich ’s m edium , 76 Listeria  s t ra in s  of 
sero g ro u p  1 and  2 were iso lated .

T here  are m an y  a rtic les concern ing  th e  ro le o f foodstuffs as a fa c to r  for 
tran sm iss io n  and  d issem ina tion  o f listeriosis [1—3] E lisherova e t al. [1] iso la ted  
L isteria  from  beef, po rk  and  ch icken  raw  m ea t in  35 .2% . M anev and  J a n a k ie v a  
[4] iso la ted  L isteria  from  frozen  m ea t in  19 .5% .

T h e  p resen t s tu d y  is p erfo rm ed  to  c larify  th e  w ays o f lis te r ia  in fec tio n  
in h e a lth y  carriers b y  w ay  o f check ing  possib le food co n tam in a tio n  [5].

M aterials and  m ethods

W e used  S tu a r t ’s tra n s p o r t  m ed iu m  (D ifco) w ith  ad d itio n  of 20 m g/1 o f n a lid ix ic  acid , 
try p to so —p h o sp h a te  b ro th , m odified  try p a f la v in -n a lid ix ic -se ru m  agar [4]. A to ta l  o f 642 
sam ples fro m  frozen m ea t (fish , beef, p o rk , lam b), eggs, w ashed-o ff m a te ria ls  fro m  k itc h e n  
e q u ip m e n t were collected using  sw abs w hich  were th e n  in cu b a ted  in  S tu a r t’s m ed iu m  fo r 48 h  a t  
room  te m p e ra tu re  and  tran s fe rre d  in to  try p to se  b ro th  a fte rw ard s. T he b ro th  w as k e p t  in  a 
re fr ig e ra to r  a t  - f  4 °C for 12 m on ths. T h e  cu ltu res  w ere m o n th ly  seeded on t ry p a f la v in -n a lid ix ic  
a c id -se ru m  agar. The iso la tes were id en tified  b iochem ically  and  serologically. T h e  sam ples 
w ere en rich ed  in try p to so -p h o sp h a te  b ro th  only , due  to  th e  lack  of S tu a r t ’s m ed iu m  u p  to  1986.
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R esults and  discussion

T ab les  I an d  I I  re p re se n t th e  re su lts  o f  th is  s tu d y . The d a ta  from  th e  
in v e s tig a tio n  of frozen  m e a t show th a t  lis te r ia  co n tam in a tio n  levels are  high, 
w h ich  is c o n tra d ic to ry  to  considerab ly  low er levels accord ing  to  o th e r au th o rs  
[1, 2 ]. A h igher iso la tio n  ra tio  in 1987 is a re su lt o f double en rich m en t of 
sam p les  in  S tu a r t’s m ed iu m  and  try p to se  b ro th . T he h ighest re la tiv e  v a lu e  is 
a sso c ia te d  w ith  s tra in s  iso la ted  from  ch ickens (28 .9% ), lam b and po rk  m eat 
(17.2 % ). Listeria  from  frozen  fish, eggs, a n d  w ashed -o ff m a te ria ls  w as less 
f re q u e n tly  iso la ted . F o u r  s tra in s  were iso la ted  from  k itch en  e q u ip m en t and  
fro m  k itc h e n  s tu ff  h an d s .

T ab le  II rep re sen ts  th e  antigenic v a r ia tio n  o f iso la ted  Listeria  se ro type  
l /2 a  a n d  s tra in s  w ith  a n tig en ic  form ula OV, IX , Х У  are p revailing . W e iso la ted  
se ro ty p e  4b in tw o cases. F o u r  stra in s had  OV, XV and  OV, V I, X V  an tigens.

Table I

Incidence o f  Listeria strains in the years 1986-1987

1987

L iste ria -positive  
N o. o f sam ples

sam ples
N o %

C hicken 72 5 7.0 152 44 28.9
P o rk  and beef m eat 170 8 4.7 64 11 17.2
Sheep in te rn al organs — — — 14 1 7.1
F ish — — — 22 2 9.1
E ggs sm ear — — — 71 1 1.4
K itch e n  env ironm en t — — — 77 4 5.2

T o ta l 242 13 5.4 400 63 15.8

Serolog

T a b le  I I

ical characteristics o f  the isolated Listeria  strains

Origin of samples (number) OV,IX, OV, OV, OV,VI, Not
l/2a 4 b 4a 4ab OV,XV o v , \ i XV VI, XV XI,XV IX,XI typ-

able

C h ic k e n s  (2 2 4 ) 28 1 l l  l _ 14 2 1 — _
B e e f  a n d  p o r k  m e a t 14 1 — l 1 — — — 1 l

(2 3 4 )
S h e e p  i n t e r n a l 1

o r g a n s  (1 4 )

F is h  (2 2 ) 2

E g g «  (7 1 ) — — — —  — — 1 — — — —

E n v i r o n m e n t  (7 7 ) 2 — —  — — 2 — — —

T o t a l  (6 4 2 ) 47 2 l 1 2 1 17 2 1 1 l

Sources

L is te ria -p o sitiv e  
N o. of sam ples
sam ples ------------

No
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I t  is in te re s tin g  th a t  in a single sam ple  (p o rk  an d  beef mince) we iso la te d  tw o 
d iffe ren t v iru len t se ro ty p es of L isteria  w h ich  were haem oly tic  a n d  belonged  
to  serovars l /2 a  an d  4b.

O ur d a ta  in d ica te  th a t  foodstu ffs o f  an im al origin could be  one o f th e  
fac to rs  of lis te ria -tran sm issio n  (from  an im a l to  m an). The iso la te d  Listeria  
s tra in s  in  th is  s tu d y  w ere an tig en ica lly  id e n tic a l w ith  those iso la ted  fro m  m any  
h e a lth y  carrie rs  in  th e  in v es tig a ted  reg ion .

T he resu lts  suggest a p o te n tia l r isk  o f listeria-infection  fo r in d iv id u a ls  
w ho are in v o lved  in  processing o f  m ea t, as well as ind iv iduals w ho consum e 
raw  m ea t or food n o t su ffic ien tly  h e a t- tre a te d . This allows th e  co n c lu sio n , th a t  
frozen  m ea t has a possible p re d o m in a n t ro le  fo r listeria  d issem in a tio n .
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PENICILLIN BINDING PROTEINS IN 
LISTERIA MONOCYTOGENES*
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(R eceived  A ugust 14, 1989)

M em branes o f L isteria  were o b ta in ed  from  p ro to p la s ts  an d  tre a te d  w ith  125I-am p ic illin  
as p robe , a t d ifferen t co n cen tra tio n s . E ig h t ban d s, co rresp o n d in g  to  p ro te in s labelled  w ith  th e  
p ro b e  w ere d e tec ted  th e ir  m o lecu lar w eigh t ran g ed  from  38 000 to  100 000, being th e  p red o m i­
n a n t  ones a t  95 000; 85 000; 60 000; 49 000 and  38 000. T he copy n u m b er o f each P B P  w as also 
e s tim a te d . By m eans o f c o m p e titiv e  ex p erim en ts  th e  b in d in g  p a tte rn  of am picillin , m ecillinam , 
p iperac illin , cefa lo tin , cefa lo rid ine , cefox itin , cefo tax im e, az th reo n a m  and im ipenem  w as 
s tu d ied . T he m ost effec tive  b in d in g  w as o b ta in ed  w ith  am pic illin , p iperacillin  and  im ipenem . 
C efo tax im e, and p a r tic u la r ly  cefox itin , p re sen t an  e x tre m e ly  low  b in d in g  ab ility . T he a m o u n t 
o f a n tib io tic  co n ce n tra tio n  p re v en tin g  an effective label b y  th e  ra d ia c tiv e  p robe to th e  d e te c te d  
pen ic illin  b ind ing  p ro te in s  seem s to co rre la te  w ith  th e  le th a l co n ce n tra tio n  of th e  d iffe re n t 
a n tib io tic s  on Listeria  monocytogenes an d  exp lains th e  n a tu ra l  re sis tan ce  of th is genus to  c e r ta in  
b e ta -la c ta m ic  com pounds.

Listeria  monocytogenes is a G ram -positive  o rgan ism  p resen ting  su sc e p ti­
b ility  to  n a tu ra l pen ic illin , am inopenicillins, ca rbox ipen ic illin s, and  to  a lesser 
e x te n t  to  isoxazo lypen icillins. A t th e  tim e  o f w ritin g , no re s is tan t s tra in s  to  
pen ic illins have been  d e tec ted  w ith  th e  excep tion  o f s tra in s  th a t  are a p p a re n tly  
n a tu ra l ly  re s is ta n t to  m ecillinam  and  a few  s tra in s  p resen tin g  res is tan ce  to  
in e th ic illin . On th e  c o n tra ry , L . monocytogenes seem s to  p resen t a n a tu ra l  
re s is tan ce  to  cepha lospo rin s especially  to  those  o f th e  th ird  genera tion , in c lu d in g  
co m pounds such as ce fo tax im e, ceftizoxim e or ce ftaz id im e. The sam e occurs 
w ith  m o n o b ac tam  a n tib io tic s , such as a z th reo n am . L . monocytogenes is su s­
cep tib le  to  ca rb ap en em s, such as im ipenem . T h is su scep tib ility  sp e c tru m  is 
s im ila r to  th e  p a t te rn  follow ed by  th e  genus Enterococcus w here th e  ex istence  
o f d iffe ren t a ff in ity  o f th e  com pounds to  the  pen ic illin -b in d in g -p ro te in s  (P B P s) 

w hich  are in v o lv ed  in  th e  la s t stage of p ep tid o g ly can  syn thesis  — has been  
p rev io u sly  exp la ined . In  c o n tra s t , th e re  is no in fo rm a tio n  ab o u t th e  P B P s  in  
L isteria . In  th is  s tu d y , we describe th e  P B P s  o f L . monocytogenes, as w ell as 
th e ir  a ffin ities fo r d iffe ren t b e ta -la c tam  an tib io tic s ; th ese  affin ities can  lead  
to  th e  e lu c id a tio n  o f th e  m echan ism s of b e ta - la c ta m  su scep tib ility  or re s is tan ce  
in th is  b ac te ria l genus.

M. F . V i c e n t e ,  J .  B e r e n g u e r , M . A. b e  P e d r o , J .  C. P é r e z - D i a z , F . B a q u e r o

D e p a rta m e n to  de M icrobio logia, H o sp ita l ’’R a m o n  y C aja l” , C en tro  de B io lóg ia  M olecu lar, CSIC-U AM , 28034 M a d rid ,S p a in

* P re se n te d  a t  th e  T e n th  In te rn a t io n a l  S ym posium  on  L isteriosis. P écs , H u n g a ry , A u g u s t 2 2 -2 6 , 1988
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M aterials and  m ethods

T h e  s tra in  L. monocytogenes L 0 2 8 , serovar l /2 c , is a clinical iso late  th a t  h a s  been  de­
sc rib ed  prev iously  [1]. M inim al in h ib ito ry  co n cen tra tio n s  (MICs) to  th e  d iffe ren t b e ta - la c ta m s  
w ere  d e te rm in e d  by  th e  ag ar d ilu tio n  m eth o d  in  M u e lle r-H in to n  A gar, acco rd ing  to  NCC.LS 
c r ite r ia  [2]. C ytoplasm ic m em b ran es were o b ta in e d  fro m  p ro to p la sted  cells an d  p re p a re d  as 
d e sc rib e d  b y  S p ra tt  [3], an d  u sed  in  b in d in g  e x p e rim e n ts  a t  a co n ce n tra tio n  o f 180 fig of 
p ro te in  p e r sam ples. Io d in a te d  a n d  t r i t ia te d  am p ic illin  d e riv a tiv es w ere p re p a re d  by  th e  
m e th o d  o f Schw artz  e t al. [4] as m odified  by  R o jo  e t  al. [5]. N -(2 -3 3H -p ro p io n y l) am picillin , 
N -(3 -)4 -h y d ro x y -5 -125I io d o p h en y l(p ro p io n y l) am pic illin , and  benzyl-35S-penicillin  w ere used  as 
p ro b e s  in  b in d in g  assays. P ro te in  e lectrophoresis, c o m p e titio n  ex p erim en ts  an d  b e ta - la c ta m  
b in d in g  assays were p e rfo rm ed  accord ing  to  th e  p ro to co l o f S p ra tt  [6]; th e  sp ec ific ity  o f b ind ing  
w as a ssu re d  by trea tin g  th e  sam ples w ith  100 /tg /m l o f cold am pic illin  or benzy lpen ic illin  
b e fo re  labelling . For th e  q u a n ti ta t iv e  d e te rm in a tio n  of P B P -b o u n d  ra d io a c tiv ity , th e  b an d  of 
th e  gel co rresponding  to  ibe d iffe ren t P B P s  was c u t o ff and the  125I-am p icilIin  ra d io a c tiv ity  
w as m ea su re d  in a g am m a-co u n ter.

R esults

Detection and a ff in i ty  o f  P B P s  fo r  labelled beta-lactams. T he  b in d in g  assays 
fo r th e  de tec tion  o f P B P s  on iso la ted  m em b ran es  of L . monocytogenes L 0 2 8  
w ere  ca rr ied  out using increasing  co n cen tra tio n s  of the  125I-am p ic illin , 3H -am pi- 
c illin  a n d  35S-penicillin d e riv a tiv e s  (Table I). F ive  stro n g ly  labelled  p ro te in s  
w ere  id en tified , w ith  a p p a re n t  M r values o f 95, 80, 78, 74 an d  49 K d a lto n s, 
e s t im a te d  b y  com parison  w ith  th e  P B P s  o f Escherichia coli (F ig . 1). R eso lu tion  
o f th e  b an d s  was o p tim a l w ith  use of 35S -penicillin  F  (Fig. 1/C), less c lear w ith  
use o f  3H -am picillin  (F ig . 1/B ), w hile use o f 125I-am pic illin  p ro d u ced  no  d is tin ­
g u ish a b le  resu lts  (Fig. 1/A). T h e  sa tu ra tio n  v a lu es  of the  L . monocytogenes P B P s 
w ith  125I-am picillin  are  show n in Fig. 2. T here  were s ig n ifican t d ifferences 
a m o n g  th e  low sa tu ra tio n  levels of P B P 1 -P B P 2  and th e  co rrespondence  to  
P B P 5 , w hich  never reach ed  100%  of s a tu ra tio n , even w ith  h igh  co n cen tra tio n s  
o f 125I-am p ic illin  (75 пм). T h e  low reso lu tion  in th e  gel o f th e  p a ir  P B P 3 -P B P 4  
m ad e  i t  d ifficu lt to  d e te rm in e  th e  re la tiv e  sa tu ra tio n  levels.

B in d in g  o f  unlabelled beta-lactams to P B P s .  The p a tte rn  o f P B P  b ind ing  
o f d if fe re n t b e ta -lac tam s w as o b ta ined  b y  co m p e titio n  ex p erim en ts . T h e  resu lts  
a re  p re se n te d  in  T ab le  I I ,  w here  th e  d iffe ren tia l b ind ing  ab ilities  are clearly  
o b se rv e d . In  general, im ipenem , am picillin  an d  penicillin  G p re se n te d  th e  best

Table I

Increasing  concentrations o f  I-a m p ic illin , 35S-benzylpenicillin , and 3H -am pic illin  used fo r  the
binding assays

C oncen trations

(A ) 3H -am picil!in (им ) 0.46 0.9 1.8 7.3 14.6 29.2 29.2
(В ) ,2r>I-am picillin  (пм) 2.3 4.6 9.2 18.4 36.8 73.5 73.5
(C) 35S-benzyl-penici)lin (//м) 0.2 2.0 20.0 40.0 40.0 — —
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F ig . 2. S a tu ra tio n  v a lu es fo r  th e  P B P s of L . monocytogenes L 0 2 8  w ith  125I-am picillin

Table I I

In teraction  o f beta-lactam antib io tic  w ith penicillin  binding proteins (P B P s )  in  !.. monocytogenes
L0 2 8

/3-lactam
M IC

(/ig /m l)
ID 90* (/ig /m l) for P B P

1 2 3 4 5

Am picillin 0.2 0.1 0.01 0.1 0.1 10.0
A zthreonam > 200.0 1.0 10.0 > 100.0 1.0 > 100.0
Cefalotin 1.0 0.1 0.1 1.0 10.0 > 100.0
Cefotaxime 75.0 1.0 0.1 100.0 0.1 > 100.0
Ceftazidim e > 50.0 10.0 0.1 > 100.0 1.0 > 100.0
Im ipenem 0.05 0.05 0.05 0.05 0.05 0.2
Penicillin  G 0.05 0.03 0.03 0.03 0.03 10.0
Piperacillin 1.0 0.5 0.1 0.5 0.1 > 10.0
M ecillinan > 50.0 > 100.0 10.0 > 100.0 > 100.0 > 100.0

* C oncentration of /З- la c ta m  required  to reduce 125I-am picillin  o f 35S-henzylpenicillin 
b in d in g  to  a given P B P  by  90%
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b ind ing  ra te  to  th e  L . monocytogenes P B P s , co rrespond ing  to  th e  lo w est M IC 
values. C ephalosporins, and  p a r tic u la rly  th ird  gen era tio n  cephalosporins such  
as cefo tax im e or ceftaz id im e, m a in ta in  a re la tiv e ly  good affin ity  fo r  P B P 2  
and  P B P 4 , an d  to  a lesser e x te n t for P B P 1 ; nev erth e less , PB P3 seem s to  be 
v e ry  re s is ta n t to  b ind ing . I t  can he suggested  th a t  th e  lack  of in a c tiv a tio n  of 
th is  P B P  ex p la in s th e  increased MIC va lu es  to  these  an tib io tics a n d  to  
az th reo n am .

D iscussion

T he P B P  p a t te rn  of L. monocytogenes L 0 2 8  resem bles the  c o rre sp o n d in g  
p a tte rn  of Enterococcus. T here  is obv iously  a s im ila r p a tte rn  of a n tib io tic  su s­
c e p tib ility  in  b o th  genera, p a rtic u la rly  co n cern in g  th e  n a tu ra l re s is ta n c e  to  
cephalosporins an d  m o n o h ac tam s. O ur re su lts  s tro n g ly  suggest th a t  th e  n a tu ra l  
su scep tib ility  p a t te rn  of L. monocytogenes L 0 2 8  to  b e ta -lac tam  d ru g s re fle c ts  
th e  su scep tib ility  o f its  P B P s to  these  a n tib io tic s . In  p a rticu la r, i t  c a n  be 
suggested  th a t  th e  lack  of b ind ing , and  c o n seq u en tly  of in ac tiv a tio n , to  P B P 3  
exp la in  th e  increased  MIC values to  th ese  a n tib io tic s  and  to  a z th reo n am . I t  is 
n o tew o rth y  th a t  th is  low -affin ity  P B P  o f L . monocytogenes has a m o lecu la r 
w eight [7] id en tica l w ith  th e  “ low  a ff in ity  P B P ”  of Enterococcus fa e c iu m  or 
Staphylococcus aureus  (ap p ro x im ate ly  76 K d a lto n s) .
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COMPARISON OF ADENOVIRAL HEXON POLYPEPTIDES 
(MONOMERS) AND OF NATIVE HEXONS (TRIMERS) BY 

SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

S. N. K h i l k o , M. A. K irasova , E . K . K is e l e v a  and 
T. I. T ik c h o n en k o

Research Institu te  fo r  A gricu ltura l Biotechnology, M oscow , U S S R , and D. K . Zabolotny  
Institu te  o f  M icrobiology and Virology, K iev , U S S R

(R eceived  Sep tem ber 6, 1989)

P urified  hexons of 27 se ro ty p es o f h u m an , sim ian, bovine  and av ian  ad en o v iru ses w ere 
an alysed  by  SD S-PA G E . T he a p p a re n t m olecular w eights of hexon po ly p ep tid es c a lcu la te d  by  
com parison  w ith  5 non-hexon  an d  3 sequenced  hexon p o ly p ep tid e  m ark ers  ran g ed  fro m  98 
k D a  (for bovine ad en o v iru s A d  bos'7) to  118 kD a  (for sim ian  ad en o v iru s A d  sim  13; SV36). 
A s ta b ility  o f n a tiv e  hexon capso iners (trim ers) in SDS a t  room  tem p e ra tu re  p e rm itte d  us to 
resolve n a tiv e  (trim eric) hexon  by S D S-P A G E  and to d is tin g u ish  th em  from  d e n a tu re d  (m o n o ­
m eric) h exon  po ly p ep tid es b y  e lec to rp h o re tic  m obilités. H ex o n  tr im e r  b ands w ith slow  m o b ility  
in SD S-P A G E  (unlike hexon  m onom er p o ly pep tide  b an d s) re ta in e d  n a tiv e  hexon  a n tig e n ic ity  
as revealed  by im m u n o b lo t analyses. Possib le ap p lica tio n s o f s im u ltan eo u s analyses o f h ex o n  
tr im e rs  and  m onom ers by  SD S -P A G E  are  discussed.

H exon  capsom er is th e  m ain  p ro te in  co m p o n en t of th e  ad en o v irio n  an d  
its  m a jo r an tigen  and  im m unogen  [1]. H exon  is com posed of th ree  id e n tic a l 
p o ly p ep tid e  chains and  has a shape  close to  a p y ram id e  w ith  tr ig o n a l to p  an d  
hexagonal hase [1]. T he sizes o f hexon p o ly p ep tid es  v a ry  from  102 to  124 
k ilo d a lto n s (kD a) for d iffe ren t se ro types of h u m an  adenov iruses as d e te rm in e d  
b y  SD S-PA G E  [2]. O nly  lim ited  and  sca tte red  in fo rm atio n  ex ists a b o u t h ex o n  
p o ly p ep tid e  sizes for ad en o v iru s  sero types o f n o n -h u m an  origin (rev iew ed  in 
[3]). These d a ta  can n o t he read ily  com pared  because of d iffe ren t e lec tro p h o re tic  
co n d itio n s used by  m a n y  a u th o rs  an d  of d ifferen t p ro te in s  em ployed  as m o le­
c u la r  w eight (Mw) m ark ers . R ecen tly , several p ro te in  m ark ers  in h exon-size  
range  has becom e av a ilab le  w ith  ex ac t Mw values know n from  d irec t seq u en c in g  
o f p o lypep tides or resp ec tiv e  genes (e. g. [4]) inc lud ing  hexon p o ly p e p tid e s  
from  3 adenov irus se ro ty p es [5—7].

U sing these  m a rk e r p o ly p ep tid es  and a p ro ced u re  of S D S -P A G E  we 
an a ly sed  here th e  re p re se n ta tiv e  hexon po ly p ep tid es  of 11 h u m an , 10 s im ian , 
4 bov ine  and  2 av ian  ad en o v iru s  sero types. R esu lts  o f th e  analysis rev ea led  
fa irly  w ide v a ria tio n  o f hexon  po ly p ep tid e  size betw een  d ifferen t a d e n o v iru s  
se ro ty p es rang ing  from  98 k D a  fo r BAV-7 to  118 k D a  for SV36. T h u s , d e sp ite

S. N . K h i l k o , M. A. K ira sova , T. I. T ik c h o n e n k o  
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th e  num erous c o n s tra in ts  im posed on h ex o n  p o ly p ep tid e  s tru c tu re  [1, 8], its  
le n g th  m ay  dev ia te  fo r as la rge  as 20 kD a o r a b o u t 180 anim o acid residues.

B y  m eans of th e  sam e procedure we a n a ly sed  hexons o f adenov iruses in 
th e ir  n a tiv e  form  (tr im ers )  an d  confirm ed t h a t  hexon  tr im e r  s ta b ility  in  SDS- 
P A G E  conditions a t a m b ie n t tem p e ra tu re  show n p rev iously  for SA7 [9] is 
th e  g enera l p ro p e rty  o f  aden o v ira l hexons fo r b o th  adenov irus genera : M asta- 
denovirus  and A viadenov irus  [10].

M aterials and  m ethods

V irus strains and  their propagation. P ro to ty p e  s tra in s  of h u m an  adenov iruses A d i, 
A d 4 , A d7, Ad8, A d i2, A d l3  a n d  Ad35 grown in  H ep-2  cells were k in d ly  d o n a ted  for us by  
D r. Gy. B erencsi. H u m a n  a d en o v iru s  stra ins Ad2, A d 3 , Ad5 and Adó (from  collection  of Dr. 
R . S. D reizin ) were g row n in  m ono layer or suspension  cu ltu res  of H ep-2 cells and  generously 
g iv en  us by  Dr. T . I. P o n o m a re v a . Sim ian a d en o v iru s  se ro types SY15, SV17, SV20, SY23, 
SY 30, SV33, SV36, SY37, SY38 a n d  SA7 (from  th e  co llec tio n  of Dr. S. S. K a lte r)  were grow n in 
se c o n d ary  m onolayer c u ltu re s  o f A frican green m o n k ey  k id n ey  cells and  were k ind  g ifts from  
D r. T . I. Ponom areva . A n a n tig e n ic  v a r ia n t SA 7P [11] in  fo rm  of purified  v irio n s was k ind ly  
p ro v id e d  by  Dr. T. S. D en iso v a . Bovine adenovirus p ro to ty p e  s tra in s  B A V I, BAV2 and  BAY3 
(fro m  collection  of Dr. A. B a r th a )  grown in m o n o lay e r cu ltu res  o f M D B K  cells an d  a field 
iso la te  o f bovine ad en o v iru s id en tif ie d  previously  as BAV 7 [12] grow n in p rim a ry  m onolayer 
c u ltu re  o f bovine te s tic u la r  cells w ere k ind ly  given b y  D rs  R . Y. B elousova and  E. S. Z alm anson. 
T h e  fow l adenovirus se ro ty p e  1 (CELO , Felps s tra in )  a n d  duck ad en o v iru s s tra in  EDS-76 
(s tra in  B8/78) grown in  e m b ry o n a te d  eggs were k in d  g if ts  fro m  Drs V. I. G rabko  and S. K isary , 
re sp ec tiv e ly .

P urifica tion  o f  adenovirus hexons and virions. H e x o n s  of m am m alian  ad en ov iruses were 
p u rif ie d  to  a s ta te  of > 8 5 %  p u r i ty  by h y d rophob ic  a n d  ion  exchange c h ro m a to g ra p h y  as will 
be  described  sep ara te ly  [13] o r b y  p rep ara tiv e  S D S -P A G E  [14]. F o r A d i an d  C ELO  virions 
p u rif ie d  in CsCl g rad ien ts  [15] w ere used.

Polyacrylamide gel electrophoresis. For d isc -e lec tro p h o res is o f p ro te in s in SD S-poly- 
a c ry lam id e  slab gels we u sed  th e  buffer system  of L aem m li [16]. T he reso lv ing  gel h a d  the 
d im en sio n s 1 4 0 x 1 0 0 x 0 .7 5  m m  an d  contained 10 to  15%  acry lam ide m onom er w ith  0.5%  
c ro ss-lin k  by  N, N ’-m eth y len e  b isacrylam ide. T he p ro te in  sam ples (0.1 to 0.5 pg) in 20 p\ of 
d isso c ia tin g  buffer (5 %  SD S, 50 т м  d ith io th re ito l, 5 м u re a , 50%  glycerol and  125 т м  Tris- 
HC1 b u ffe r; pH  6.8) w ere e ith e r  h e a ted  in a boiling w a te r  b a th  for 10 m in  or le ft for th e  same 
tim e  a t  room  tem p e ra tu re  [9] a n d  applied in to  3.5 m m  w ide wells of c o n cen tra tin g  gel (4%  
a c ry lam id e  cross-linked b y  N , N ’-m ethy lene b isac ry lam id e  a t  10%  C). T he e lec tro p h o re tic  run  
w as c a rried  for 1 h  a t  120 V  an d  th e n  for 2.5 h  a t 360 V a t  w hich  tim e th e  trac k in g  dye (B rom o- 
p h en o l B lue) m igrated  o u t  o f  th e  gel.

Silver staining o f  p ro te ins after S D S -P A G E . T h e  reso lved  gels were fix ed  for 10 m in  in 
5 0 %  aqueous acetone co n ta in in g  0 .1 %  fo rm aldehyde  a n d  1%  trich lo roacetic  acid  ( th e  la t te r  is 
e sse n tia l only for n a tiv e  h e x o n  tr im e r  stain ing), w ash ed  tw ice  for 5 m in each  in w a te r, soaked 
fo r 20 m in  in 1%  g lu ta ra ld e h y d e  solu tion  m ade on 5 0 %  aqueous acetone, s ta in ed  for 10 m in 
in  am m o n iaca l silver so lu tio n  p re p are d  as in [17] a n d  d ev elo p ed  for 2 -5  m in  in 0 .04%  aqueous 
fo rm ald eh y d e  conta in ing  0 .0 5 %  oxalic  acid. The s ta in e d  gels were p h o to g rap h ed  o n to  Mic- 
r a t  300 film  (TASMA, U S S R ).

Im m unoblot sta in ing  o f  native hexon trimers. T h e  p ro te in s  resolved b y  S D S-P A G E  were 
t ra n s fe r re d  onto n itrocellu lose  m em brane  in sem i-d ry  e lec tro tran sfe r  device e ssen tia lly  as 
d e sc rib ed  [18]. The b lo t o b ta in e d  w as blocked in 0 .0 5 %  T w een  20 for 10 m in  and  in cu b a ted  (i) 
in  r a b b i t  an tise ru m  ag a in s t n a tiv e  Ad5 hexon and (ii) in  a ho rse rad ish  perox idase  co n jugated  
a n tib o d y  against ra b b it  IgG  b o th  d ilu ted  (1 0 ~3 an d  1 0 -4 , respec tive ly ) w ith  20 т м  sodium  
c a rb o n a te  buffer (pH  9.6) c o n ta in in g  0.1 м NaCl a n d  0 .0 5 %  T w een 20. A fte r w ashing th e  blot 
w ith  0 .05%  Tw een 20 it  w as s ta in e d  for perox idase  w ith  0 .03%  o-d ian isid ine  plus 0 .003%  
h y d ro g e n  peroxide in 20 т м  1-m ethy l im idazole b u ffe r , p H  7.5.

M olecular weight estim ation . All adenoviral h e x o n  sam ples in  gels designed for hexon 
p o ly p ep tid e  Mw d e te rm in a tio n  con ta in ed  also E scherichia coli R N A -polym erase  (R P ), ra b b it  
m usc le  phosphorylase  (P h A ) a n d  E . coli c ro -rep resso r-be ta-ga lactosidase  (cro-/?Gal) fusion
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p ro te in  as in te rn a i m ark e rs  (Mw 155.2 k D a  for RP/T, 150.6 k D a  fo r R P /Î, 120 kD a  for cro-(?Gal 
fusion  p ro te in  an d  97.4 kD a  for PhA ). As an ex te rn a l m ark e r, b o v in e  serum  a lbum in  d im e r 
(BSA») was also used  (Mw 136 kD a). C a lib ra ting  line w as p lo tte d  in  lin ea r-logarithm ic  co o rd i­
n a te s  w ith  follow ing m o d ificatio n : a t  abscissa axis th e  re la tiv e  m o b ility  o f p o ly pep tide  “ x ”  
(R x) derived b y  a fo rm u la : R x =  l x_ R p ß , / l p h A - R P /P  w here 1x_ r p ^ ,  corresponds to  d is ta n c e  
be tw een  cen tres o f b an d s  “ x ”  an d  R P /Г, and  l p h A - R P /з to  d is tan c e  be tw een  cen tres o f b a n d s  
P hA  and  RP(J’ in th e  sam e trac k . As o rd in a te  th e  m ark e r M w on  logarithm ica l scale w as 
p lo tte d . In  such a sy s tem  of coo rd in a tes  R x equals 1.0 fo r P h A  a n d  О for RP/3’. F ro m  th is  
ca lib ra tin g  curve th e  Mw fig u res for hexon  po ly p ep tid es w ere d e te rm in ed  and a f te rw a rd s  
co rrected  for “ hexon  a n o m a ly ”  (see R esu lts).

Results

Comparative analysis o f  adenoviral hexon po lypep tides

The re p re se n ta tiv e  e lec tropherog ram  of a d e n o v ira l hexon p o ly p ep tid es  
covering  th e  w hole range of th e ir  Mw’s is p resen ted  in  F ig . 1. The hexon ch a in s  
m ig ra ted  in all cases betw een  th e  in te rn a l m ark ers  RP/9 (Mw 150.2 kD a) a n d  
P h A  (Mw 97.4 k D a), th u s  only  th e  cen tra l p a r t  o f th e  gel is show n. T he th ird  
in te rn a l m ark er, /IGal h ad  R x of 0.58 and  the  e x te rn a l m a rk e r  BSA2 (not show n)

T) X) X)
У cr> “0  T>> о TP TP

! t  M

1 BAV 7
1 SV 23

11 1 EDS 76
11 1 BAV 1
1 1 5A7 (230)
1 1 1 BAV 3
1 t . SV 15
1 11 5A7

r t  l CELO
'  V : SV 20
▼ 1 SV 38
«* SV 33
4« • SA7P
31 1 SV 37

f  1 Ad5
1 I* SV 17
I l л Ad2

-Î Ц  Ad3
r  x t 5v 36

F ig. 1. SD S-P A G E  (10%  T) ana ly sis  o f ad enov ira l hexon p o ly p ep tid e s  (m onom ers). T he c e n tra l  
p o rtio n  of 10%  T  p o ly acry lam id e  gel a f te r  silver sta in in g . A d en o v ira l hexon po ly p ep tid es a re  
s itu a te d  be tw een  those  of in te rn a l m ark e rs  \{P ß  and  P h A  in c lu d ed  in  each  track . T he /3Gal 

m ark er w as also included  in to  e ig h t le ftm o st track s  as well as in to  five  rig h tm o st tra c k s
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m ig ra te d  w ith  R x o f 0.28. T he h ex o n  sam ples were applied  o n to  th e  gel in 
a p p ro x im a te  o rd er o f decreasing  e le c tro p h o re tic  m obilities (i. e. o f  increasing  
M w ’s). M ost adenov irus sero ty p es a n a ly se d  had  revealed  u n iq u e  h ex o n  po ly ­
p e p tid e  b a n d s , h u t several of th em  c o n ta in e d  double or tr ip le  h ex o n  hands 
(e. g. A d2 , SY15, SA7) as show n p re v io u s ly  for some h u m a n  [2] an d  sim ian 
[19] se ro ty p es . O f th e  an a lysed  ad en o v iru s  sero types, SV36 (F ig . 1, r ig h tm o st 
lan e ) h a d  th e  larg est hexon  p o ly p e p tid e  m ig ra tin g  slower th a n  B SA  dim er, 
a n d  BA V 7 (F ig . 1, le ftm o st lane) h a d  th e  sm allest one w hich  m ig ra te d  ju s t  
a f te r  P hA . T he hexon po ly p ep tid es  o f h u m a n  and sim ian  ad en o v iru ses  no t 
sh o w n  in  Fig. 1 w ere well inc luded  in  th e  Mw range defin ed  b y  SV36 and 
B A V 7 hex o n s [2, 19] as well as BAY2 h ex o n  po lypep tide  (also n o t show n in 
F ig . 1; see Fig. 5).

To q u a n ti ta te  th e  M w’s of h ex o n  po ly p ep tid es  we c o n s tru c te d  a cali­
b r a t in g  cu rv e  show n in Fig. 2. P o in ts  co rresp o n d in g  to  th e  fiv e  n o n -h ex o n  p ro ­
te in  Mw m ark ers  (R P/T , RP/9, BSA2, /5Gal an d  PhA ) conform ed fa ir ly  enough  to 
l in e a r i ty  in  th e  co o rd ina tes chosen (u p p e r  line in Fig. 2). B u t th e  th re e  hexon 
p o ly p e p tid e s  w ith  ex ac t Mw values k n o w n  from  sequences (A d2, A d5 and 
B A \ 3 [5—7]) d ev ia ted  s ig n ifican tly  and  sy s tem atica lly  from  th e  cu rv e  draw n 
fo r th e  n on -hexon  m ark ers  and  gave a n o th e r  ca lib ra tin g  line sh ifted  down 
(F ig . 1, low er line). T he an o m aly  of h ex o n  p o lypep tides e le c tro p h o re tic  m obil­
itie s  con Id I )e seen also in Fig. 1 w here  A d2 hexon chain  (Mw 109 k D a  [5]) 
m ig ra te d  slow er th a n  cro-ßGal m ark e r (M w 120 kD a). The a p p a re n t  Mw’s of

0 0.5 1.0

£
сл

5.2

5.1

5.0

F ig . 2. C a lib ra tin g  curves fo r h exon  p o ly p ep tid e  m olecular w eight e s tim a tio n . A bscissa: 
re la tiv e  e lec tro p h o re tic  m o b ility  of p o ly p ep tid e  44x ” : R x =  l x_ppß,/lphA —RP/3’ w here l x_ r p^, 
co rre sp o n d s  to  d istance  be tw een  cen tres o f b a n d s  44x ”  and  R P /Г, and  lphA—RP)3’ to  d istance 
b e tw ee n  cen tre s  of ban d s P hA  and  RPjd’ in  th e  sam e tra c k  (see Fig. 1). O rd in a te : log of Mw. 
Solid  c irc les: non-hexon  m ark e rs; open circles: h e x o n  po lypep tide  Mw m ark e rs ; u p p e r  curve: 

u n co rrec ted ; low er curve: co rrec ted  fo r 44h ex o n  anom aly”  (see R esu lts )
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A d2, Ad5 and  BAV3 h ex o n  p o lypep tides d eriv ed  from  th e  u p p er cu rv e  in 
F ig . 2 w ere h igher th a n  tru e  values know n from  re sp ec tiv e  sequences (T able  I). 
T he anom aly  in  hexon  p o ly p ep tid e  e lec trophore tic  m o b ility  reflec ted  in  p ro ­
p o rtio n a l sh ift o f a p p a re n t Mw could resu lt from  som e in h e ren t p ro p e r ty  of 
hexon  am ino acid co m position  (e. g. high p ro line c o n te n t [5]) an d /o r sequence . 
W e assum ed th a t  such  a p ro p e r ty  could be com m on  for hexon p o ly p ep tid e  
chains from  all aden o v iru s  se ro types and c o n s tru c te d  a second c a lib ra tin g

Table I

A pparent molecular weights fo r  hexon polypeptides o f  adenoviruses*

A d en o v iru s A p p aren t Mw derived  fro m

H o st S ubgenus S ero ty p e non •hexon hex o n
species (subgroup) m ark e rs m ark e rs

и A d  h3 Ad3 120 112
A d  h7 Ad 7 124 109
A d  h35 Ad 35 128 111.5
A d  h i A di 128 111.5

H um an c A d  h2 Ad 2 126 -: 124 109**
A d  h5 Ad5 118 107**
A d  h6 AdO 127 111

1) A d  h8 AdH 124 109
A d  h !3 A dl3 129 : 127 112 +  111

E A d  h i Ad 4 128 111.5

1 A d  s im l3 Ad 13 140 118

A d  sim 3 SV15 112 109 103 +  102
2 A d  sim 4 SV17 127 111

A d  sim 6 SV23 104 99
A d  s im l4 SV37 118 107

Sim ian m onkeys A d  sim 5 SV20 112 103
3 A d  sim 8 SV30 114 104

A d  s im l l SV33 116 105
A d  s im l5 SV38 116 1- 110 105 -f- 102

A d  s im ló SA7 112 r  109 103 +  102
4 A d  s im l6 SA7 (230) 109 102

SA7P 116 105

A d  bosl В AVI 107 101
Bovine 1 A d  bos2 BAV2 107 101

A d  bos3 BAV3 109 102**
2 A d  bos7 BAV7 103 98

Fowl 1 A d  g a l l CELO 114 104

Fow l (or duck) E D S-76 110 1- 108 102.5 - f  101.5

* N om enclature suggested by  ICTV A denovirus S tu d y  G roup [10] 
** F rom  sequenced genes [5-7]
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lin e  (F ig . 2) to  e s tim a te  th e  co rrec ted  Mw v a lu es . A ccordingly , all hexon  poly­
p e p tid e  Mw figures w ere f ir s t  de te rm in ed  from  non-hexon  m ark ers  (u p p e r curve 
o f  F ig . 2) and then  co rre c ted  fo r “ hexon an o m a ly ”  hy  v ertica l p ro je c tin g  each 
in d iv id u a l p o in t to  th e  lo w er cu rve. T he v a lu es  ob ta in ed  are g iven  in  T ab le  I 
( tw o  la s t  colum ns, re sp ec tiv e ly ).

A n a ly s is  o f stable hexon trim ers by S D S -P A G E .

T h e s tab ility  of a d e n o v ira l hexon a n tig e n ic ity  to  a n u m b e r o f d en a tu - 
r a t in g  agen ts inc lu d in g  SD S has been k n o w n  for a long tim e  [1, 20]. 
B ecau se  n a tiv e  hexon a n tig e n ic ity  in v a r ia n lly  co rre la tes w ith  its  n a tiv e  tri- 
m eric  s tru c tu re  [1, 21] i t  w as reasonab le  to  assum e th a t  h ex o n  tr im e rs  are 
s ta b le  in  SDS. Indeed , we p rev io u sly  d e m o n s tra te d  a s ta b ility  o f  SA7 hexon 
tr im e rs  in conditions o f S D S -P A G E  p erfo rm ed  w ith o u t th e rm o d e n a tu ra tio n  
o f  sam p les  [9, 14].

H ere  we analysed  b y  th e  sam e m o d ifica tio n  of SD S -P A G E  th e  whole 
ra n g e  o f adenov ira l h ex o n s. E ach  hexon sam ple  w as d iv ided  to  tw o  p o rtions, 
th e  f i r s t  being d e n a tu ra te d  b y  boiling in S D S -con ta in ing  sam ple b u ffe r  (“ p lus” 
sam p le ) and  th e  second m ild ly  tre a te d  by  th e  sam e buffer a t  20 °C (“ m inus” 
sa m p le ) . B o th  sam ples w ere ru n  in  para lle l tra c k s  of th e  sam e SD S -po lyacry l- 
a m id e  gel [9]. W hen such  a procedure  w as ap p lied  to  hexons, th e  p a tte rn  
em erg ed  w hich is i l lu s tra te d  b y  each p a ir  o f  a d jacen t lanes m a rk e d  “ p lus” 
a n d  “ m in u s”  in Figs 3, 4 a n d  5. E ach  “ p lu s”  lan e  revealed  d e n a tu ra te d  adeno­
v ira l  h ex o n  p o lypep tide  c h a in  of m ob ility  ex p ec ted  from  its  size (F igs 1, 2; 
T a b le  I). On the  o th e r h a n d  in “ m inus”  lanes hexon p o ly p ep tid e  b a n d s  were 
a b s e n t  an d  replaced b y  m ore  slow ly m ig ra tin g  b an d s or b y  a series of such 
slo w er b an d s  (see F igs 3, 4 a n d  5). As show n p rev io u sly  for SA7 [9, 14] such 
b a n d s  consist of in ta c t ad en o v ira l hexon capsom ers (trim ers of p o ly p ep tid es) 
h a v in g  ty p ic a l hexon sh ap e  a n d  dim ensions a t  e lec tro n  m icrographs a n d  re ta in ­
in g  h e x o n  an tig en ic ity  in  v a rio u s  im m unoassays.

A s illu s tra ted  in  F igs 3, 4 an d  5, all h ex o n  sam ples in our h a n d s  d isp layed  
id e n tic a l  e lec trophoretic  b e h a v io u r  in th e  “ p lu s—m in u s”  te s t. T h is o b se rv a tio n  
c o n firm e d  th a t  p rev io u sly  re p o rte d  s ta b ility  o f  n a tiv e  hexon tr im e r  in  SDS- 
P A G E  a t  am bien t te m p e ra tu re  [9] is th e  gen era l p ro p e rty  of hex o n s specified 
b y  w id e ly  differing a d e n o v iru s  sero types. O u r analysis here in c lu d ed  h u m an  
a d e n o v iru se  from  5 o u t o f  th e  know n 6 su b g en era  (Figs 3, 6; th e  A d l2  Ы 2  
(su b g en u s  A) hexon tra c k s  w ere n o t an a lysed  in  exp erim en t show n in F ig . 3 
b u t  t r im e rs  of th is  h ex o n  cou ld  be seen on im m u n o b lo t in  e x p e c te d  tr im er 
p o s itio n ) [2, 10], s im ian  ad en o v iru ses  from  all 4 subgroups (F ig . 4) [3, 10, 19, 
22 ], b o v in e  adenovirus se ro ty p e s  from  b o th  sub g ro u p s (F ig. 5) [3, 10, 23] and 
a v ia n  adenov iruses (F ig . 5) [3, 10] from  th e  second genus of th e  A denoviridae  
fa m ily . T h u s  hexon s ta b il i ty  in  SD S-PA G E  m a y  be regarded  as a c h a ra c te r

A d a  Microbiologica Hungarica 37, 1990



A D E N O V I H A L  H E X O N  P O L Y P E P T I D E S 239
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F ig . 3. SD S-P A G E  (15%  T ) analysis of h u m an  a d en o v iru s  hexons. E ach  hexon  p re p a ra tio n  
w as se p a ra ted  in tw o p ara lle l lanes, “ p lu s”  sam ple  h a v in g  been hea ted  in L aem m li’s [17] 
sam ple  b u ffer for 10 m in  a t  100 °C while “ m inus”  sam ple  in cu b a ted  a t  the  sam e b u ffe r  a t  20 °C. 
H e x ^  positions o f hexon p o ly p ep tid es (m onom ers); H e x 3: positions o f n a tiv e  h exon  m olecules

(trim ers)

Subgroup

Serotype

Boiling

HEX J 

HEX,

4  h — I h 4  h

SV36
SA7

SV37 SV15 SV20 SV30 SV33 (230) SA7P
I-----] I-----1 I------II------II------■( I----- II-----1

Fig. 4. SD S-PA G E  analysis o f sim ian  ad en o v iru s h exons. C onditions and d esig n atio n s as for
Fig. 3

Hosl

Subgroup

Bovine Fowl Simian monkeys
— \ I--------------11-----------------------------------1

чн— I—
Serotype BAV1 BAV2 BAV 3 BAV7 CELO EDS-76 SV36 SV17 SV37 SV23

I------II— II— H I------- 1 I------ 1 I-------1 I------ 11------ 1 I------ 1 I—
Boiling * " * —— " * — _* " * —— “

HEX,

HEX,

Fig. 5. SD S-P A G E  analysis o f hexons from  bovine, a v ia n  an d  sim ian adenoviruses. C ond itions 
an d  designations as for Eig. 3. T he u p p e r b an d  in E D S-76  “ m inus”  tra c k  is n o t a  h ex o n  tr im e r  
b u t  f ib e r  and  p en to n  base -co n ta in in g  oligom er (S .N .K ., E .K .K ., T .I.T ., S .D . O sidze, N.V.

F o m in a, to be pub lish ed )
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sh a re d  b y  all ty p ic a l adenov iruses belonging to  b o th  estab lished  genera ( M asta- 
denovirus  an d  A via d en o v iru s)  [10] includ ing  th e ir  respective p ro to ty p e  s tra in s  
(Ad2 an d  CELO ) as w ell as by  sero types d e v ia tin g  from  these genera  (ВАУ7 
an d  E D S -76 , resp ec tiv e ly ) in  s tru c tu ra l, a n tig en ic  and /o r biological fea tu re s
[3, 23, 24].

I t  w as show n p rev io u sly  [9, 21, 25] t h a t  an tib o d ies  raised ag a in st n a tiv e  
a d e n o v ira l hexons do n o t recognize d e n a tu ra te d  hexon  po lypep tides an d  vice 
v e rsa , th e  n a tiv e  h ex o n  an tig en ic ity  being  an  exclusive p ro p e rty  of tr im eric  
m olecule  [9, 25]. To p ro v e  th a t  “ slow” fo rm s o f hexon in “ m inus”  lan es  of 
S D S -P A G E  co rrespond  to  n a tiv e  trim ers  we h a v e  probed  a b lo t c o n ta in in g  
b o th  “ p lu s”  and  “ m in u s”  form s of ad en o v ira l hex o n s w ith  a n tib o d y  ag a in s t 
n a tiv e  h exon . S everal h u m an , sim ian an d  b o v in e  adenovirus hexons w ere 
reso lv ed  in  SD S -P A G E  in “ p lu s-m in u s” p ro ced u re . The e lec tro p h ero g ram  was 
su b se q u e n tly  tra n sfe rre d  o n to  a n itrocellu lose f i l te r  and  reac ted  w ith  an  a n t i ­
se ru m  a g a in s t n a tiv e  A d5 hexon (Fig. 6). S uch  an  analysis revealed  im m uno- 
s ta in in g  on ly  for slow  hexon  hands in “ m in u s”  lan es , th u s  iden tify ing  th e m  as 
n a tiv e  h ex o n  tr im ers  w ith  ch a rac te ris tic  a n tig e n ic ity .

To p rove th e  sam e conclusion for h ex o n s o f adenov ira l se ro types no t 
re la te d  an tig en ica lly  to  Ad5 (BAV7, CELO an d  ED S-76) we perfo rm ed  a n a lo ­
gous im m u n o -b lo ttin g  in  respective  system s o f an tig en s and  an tib o d ies . The 
re su lts  (n o t show n) w ere in accordance w ith  d a ta  d em o n stra ted  in F ig . 6 — i. e. 
o idy  slow  hexon  h an d s  in “ m in u s”  lanes w ere s ta in e d  by  respective an tib o d ies  
a g a in s t n a tiv e  hexons.

T h e  follow ing p o in ts  in  “ p lu s-m in u s”  an a ly s is  deserve com m ents, (i) The

Host

Subgroup

Serotype

Boiling

Human Simian monkeys Bovine
I------------------------------1 I-----------------------\ I-------

Adl2 Ad3 Ad5 Adl3 Ad A SV36 SV37 SV33 SA7 BAV1

HEX3

HEX,

Fig. 6. Im m u n o b lo t analy sis  o f m am m alian  ad en o v iru s h ex o n s a fte r SD S-PA G E  sep a ra tio n . 
E le c tro p h o re tic  co nd itions as for Fig. 3. N itrocellu lose  b lo t o f th e  hexon e lec tro p h ero g ram  
w as t r e a te d  w ith  ra b b it  a n ti- (n a tiv e  Ad5 hexon) se ru m  a n d  im m une com plexes fo rm ed  w ere 
d e te c te d  b y  p e ro x id ase -co n ju g a ted  ovine a n ti-rab b it Ig G  an tib o d ies . Positive  reac tio n s seen  in  
som e “ p lu s”  lanes re su lte d  in fa c t from  co n tam in a tin g  h e x o n  trim ers  from  n e a rb y  “ m in u s”  
lanes a n d  n o t  from  hexon  m onom ers hav in g  h igher m o b ilitie s in  SD S-PA G E  (see F igs 3, 4 a n d  5)
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e lec tro p h o re tic  m obilities o f hexon trim ers (lid n o t necessarily  re flec t th e ir  
re sp ec tiv e  m olecu lar w eights. T hus hexon tr im e r  o f  SC36, th e  larg est hexon  of 
sim ian  adenov iruses ana ly sed  (Table 1) had  th e  h ig h e s t m ob ility  (fo rm ally , th e  
sm allest Mw) in  th e  sam e g roup  (Fig. 4). Also BAV1 and  BAV2 n a tiv e  hexons 
m ig ra ted  slower th a n  m ore h igh m olecular BAV3 and  C ELO  hexons (F ig . 5). 
Such an  observ a tio n  w as n o t unexpected  since e lec tro p h o re tic  m o b ility  of 
co m p ac tly  packed  hexon tr im e r  m ust no t d ep en d  s tr ic tly  on its m ass (unlike 
th e  case of com ple te ly  un fo lded  hexon chain  com plexed  w ith  SDS) h u t be a 
com plex  func tion  of m olecu lar volum e, shape an d  charge . T he la s t p a ra m e te r  
fo r hexon tr im e r consists of th e  sum  of exposed  charged  residues o f hexon  
itse lf  and of b o u n d  SDS m olecules, b o th  d e p en d in g  on in d iv id u a l hexon 
p rim a ry  s tru c tu re .

(ii) The m u ltip le  hexon  trim er e lec tro p h o re tic  b an d s  ch a rac te ris tic  of 
som e adenov irus sero ty p es (e. g. those of h u m a n  adenov iruses, F ig . 3) could  
correspond e ith e r  to  a series of oligom ers m ade fro m  hexon  tr im e r m olecules 
or to  m olecules w ith  d iffe ren t q u an titie s  of SDS b o u n d . All such form s of n a tiv e  
h ex o n  re ta in  a n tig e n ic ity  o f n a tiv e  hexon in  re a c tio n  w ith  b o th  po lyclonal 
(F ig . 6) and m onoclonal (d a ta  n o t shown) an tib o d ie s .

(iii) N ot on ly  in ta c t  hexon  po ly p ep tid es  ch an g ed  th e ir  m obilities as a 
re su lt o f “ p lu s-m in u s”  sh ift b u t also hexon p a r t ia l  p ro teo ly sis  p ro d u c ts  p resen t 
in som e sam ples. F o r exam ple  in  Fig. 3 th e  m in o r d eg rad a tio n  p ro d u c ts  of 
A d6 and  Ad7 hexon p o ly p ep tid es  could be id e n tif ie d  in  “ p lus”  lanes w hile 
ab se n t from  respec tive  “ m in u s”  lanes. P rev io u sly  we have  show n th a t  even 
p ro teo ly tic  frag m en ts  of hexon  in th e  absence o f in ta c t  hexon p o ly p ep tid e  
fo rm ed  stab le  s tru c tu re s  resem bling  in ta c t hexon  tr im e rs  seen on e lec trophero - 
g rans [25, 26]. T h u s b y  difference betw een “ p lu s”  an d  “ m inus” lanes in SDS- 
P A G E  hexon p o ly p ep tid es  and  th e ir  d e g ra d a tio n  p ro d u c ts  could be sim ply  
d iffe ren tia ted  from  non-v irio n  and  m ost o f ad en o v irio n  non-hexon  p o ly p ep tid es  
in com plex m ix tu res .

D iscussion

Variability  o f  hexon polypeptide d im ensions

An S D S-PA G E  analysis  of hexon p o ly p e p tid e  chains of a n u m b e r of 
tax o n o m ica lly  w idely d iffe ren t adenoviruses (F ig . 1, T ab le  1) rev ea led  con­
siderab le  v a ria b ility  o f th e ir  lengths. The sm alle st hexon  p o ly p ep tid e  (Mw 98 
k D a  derived  from  hexon Mw m arkers) is c h a ra c te r is tic  of BAV7 (som e a d d i­
tio n a l sero types from  th e  second subgroup  of bov ine  adenov iruses also co n ta in  
hexon  po lypep tides of th e  sam e size (S. N . K ., E . K . K ., A. B a r th a ;  u n ­
published)). S im ian ad en o v iru s  SV36 co n ta in s  th e  la rg es t hexon p o ly p ep tid e  
(Mw 118 kD a). T he size difference betw een  th e se  p a r tic u la r  hexon  ch a in s  is
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20 k D a  o r abou t 180 am ino  ac id  residues acco u n tin g  for ro u g h ly  15%  o f the 
c h a in  le n g th . The la t te r  conclusion  c e rta in ly  depends on th e  u n ifo rm ity  of 
d e v ia t io n  of hexon p o ly p e p tid e  b eh av io u r in  SD S-PA G E  (fo rm ally  th e  v e rtica l 
d is ta n c e  betw een  u p p er a n d  low er lines on F ig . 2) b u t a rea l d ifference  of 57 
re s id u e s  betw een  Ad2 an d  BAY3 hexon  p o ly p ep tid es  is e s tab lish ed  fro m  th e ii 
se q u e n c e s  [5, 7].

W e have  no t o b se rv ed  sy s tem a tic  dependence  of hexon  p o ly p ep tid e  
le n g th  on  the  taxonom ica l p o sitio n  o f th e  re sp ec tiv e  adenov irus se ro ty p es  in 
o u r r e s t r ic te d  sam ple. T h is re s u lt  is in  acco rdance  w ith  th e  conclusion  th a t  th e  
h ex o n  is th e  m ost va riab le  (in size) co m p o n en t am ong ad en o v ira l s tru c tu ra l 
p ro te in s  [2, 19]. S im ian su b g ro u p  2 adenov iruses (Figs 4, 5, T ab le  I) m ay  be 
re g a rd e d  as a good exam ple  o f  hexon  size v a r ia b ility  w ith in  a ta x o n o m ic  group 
b e c a u se  th e ir  hexon p o ly p e p tid e s  range w idely  in  size betw een  99 k D a  (SV23) 
a n d  110 k D a  (SV17). In  f a c t ,  hexon  p o ly p ep tid es  m ay  differ in  d im ensions 
ev en  w ith in  a given se ro ty p e  for d iffe ren t genom e and /o r an tig en ic  v a r ia n ts . 
F o r  e x a m p le , we have sh o w n  p rev iously  th a t  SA7 v a ria n ts  w ith  d iffe ren t 
p a ssa g e  h isto ries co n ta in  d iffe re n t com b in a tio n s o f hexon chains [19, 25, 27]. 
M o reo v e r, ind iv idual SA7 clone 230 w hich m ay  be regarded  as genom e ty p e  
[19] d iffe rs  from  th e  p re v a ilin g  SA7 genom e ty p e  b o th  in  hexon  p o ly p ep tid e  
size a n d  t ry p t ic  pep tides m a p  ([25], F ig . 1, T ab le  I) and in hexon  gene re s tr ic ­
tio n  s ite  m ap  [19, 27]. A n tig en ic  and  genom e v a r ia n t SA7P 112] in d e p e n d e n tly  
is o la te d  fro m  A frican green  m o n k ey  also m a y  be d istingu ished  from  a n o th e r 
SA7 v a r ia n ts  by  hexon size ([12, 19], F igs 1, 4; T able I). In  th is  re sp ec t it 
seem s in te re s tin g  to  search  fo r  hexon  size v a r ia n ts  am ong th e  d iffe ren t ad en o ­
v iru s  A d 4 , Ad7 and A d l9  genom e ty p es  c ircu la tin g  in  h u m an  p o p u la tio n  [28].

S om e u n ifo rm ity  o f h e x o n  p o ly p ep tid e  dim ensions in  severa l aden o v iru s  
ta x o n o m ic  groups (e. g., h u m a n  subgenus C or bov ine  subgroup  2) m a y  resu lt 
f ro m  fa ir ly  recen t p h y lo g en e tic  d ivergence o f sero types in  th ese  t a x a  [28]. 
E v e n  in  such  re la tiv e ly  h om ogenous g roups in d iv id u a l ad en o v iru s  se ro types 
m a y  d e v ia te  in  hexon ch a in  size (F igs 3, 5; T ab le  I). On th e  o th e r  h a n d  ad en o ­
v iru se s  f ro m  d ifferent ta x o n o m ic  g roups o ften  possess hexon  p o ly p ep tid e s  of 
a p p a r e n t ly  equal size, as th o se  of ВАУЗ an d  SA7(230) or o f A dó a n d  SV37 
(T ab le  I) .

In  conclusion, th e  h ex o n  p o ly p ep tid e  size m ay  v a ry  con sid erab ly  betw een  
d if fe re n t adenov irus se ro ty p es (som etim es w ith in  sero type) an d  such  v a r ia tio n  
is n o t  d ire c tly  co rre la ted  w ith  re spec tive  ad en o v iru s  taxonom ic  p o sitio n .

S ta b ility  o f  hexon capsom ers (tr im ers) in  S D S -P A G E  conditions

A  sim ple m od ifica tion  o f  sam ple  t r e a tm e n t  (om ittin g  o f bo iling  sam ples 
in  S D S -u re a  dissociating  b u ffe r) m akes i t  possib le to  observe in ta c t  hexon 
tr im e rs  in  SD S-PA G E ([9 ], th is  s tu d y ). T h e  b an d s  of low er m o b ilities th a n
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hexon  m onom ers in “ m in u s”  lanes correspond to  n a tiv e  hexon tr im e rs , as 
show n b y  elec tron  m icroscopic and  im m unochem ical analysis for SA7 hexon  
[9, 14, 25]. T he sam e k in d  o f e lec trophoretic  p a t te rn  in  “ p lu s-m in u s”  analysis  
ap p ears  to  be com m on for all adenov ira l hexons te s te d  (Figs 3, 4 a n d  5). 
B ecause th is  k ind  o f hexon  b eh av io u r in “ p lu s -m in u s”  SD S-PA G E  w as con­
s is ten tly  observed for all aden o v iru s  sero types an a ly zed  here (as w ell as for 
A d8, A d l2 , BAV4, BAV5, BAY6, BAV8, BAY9, CAV1, 0A Y 1, 0A V 2, OAV3 
an d  0A V 4) we believe th e  n a tiv e  hexon s ta b ili ty  in SD S-PA G E  a t  low  te m ­
p e ra tu re  to  be a general p ro p e r ty  of adenov ira l h ex o n  re flec tin g  its  co n se rv a tiv e  
te r t ia ry  and  q u a te rn a ry  s tru c tu re .

O nly slow hexon b an d s  in  “ m inus”  lanes re ta in  n a tiv e  hexon a n tig e n ic ity  
in im m u n o b lo t analysis fo r ty p ic a l m am m alian  adenov iruses (F ig . 6) as well 
as for bovine subgroup  2 an d  av ian  adenov iruses (resu lts  n o t show n) in  re ­
spective  a n tib o d y  system s. T hese d a ta  stro n g ly  suggest th a t  th e  slow er hexon  
b an d s  in  “ m inus”  lanes co n ta in  adenov ira l hexon in  th e ir  n a tiv e  (trim eric ) form .

As show n p rev iously  fo r SA7 hexon, th e rm o d e n a tu ra tio n  o f h ex o n  to  
c o n s titu e n t po ly p ep tid e  ch a in s  is an  irreversib le  one-m o m en t p rocess w ith o u t 
an y  e lec tro p h o re tica lly  d iscern ib le  in te rm e d ia te  form s [9, 25]. T h e  level of 
n a tiv e  hexon th e rm o s ta b ility  in  Laem m li’s [17] sam ple  buffer varies  fo r dif­
fe ren t adenov irus se ro ty p es. W e ro u tin e ly  observed  h u m a n  subgenus C and  
bovine sero type  BAV3 hexons to  be m ore labile  w hile BAV7, SV23 a n d  E D S-76 
to  have  a h igher s ta b ility  th a n  th e  re st of hexons ana lyzed . This o b se rv a tio n  
m ay  be useful in co m p ara tiv e  s tud ies of ad en o v ira l hexon  te r tia ry  a n d  q u a te r ­
n a ry  s tru c tu re  (e. g. as in [8]) an d  for co rre la tions o f hexon  and  v irio n  th e rm o ­
s ta b ility  d iffering for v a rio u s sero types (e. g. h igh  th e rm o s ta b ility  o f av ian  
adenov iruses).

SD S-PA G E  m obilities o f n a tiv e  aden o v ira l hexons do n o t s tr ic t ly  co r­
re la te  w ith  th e ir  re spec tive  p o lypep tide  sizes. F o r exam ple , SV36 h ex o n  (cal­
cu la ted  Mw for tr im e r  354 kD a) m oves m ore ra p id ly  th a n  th a t  o f A d  bosl 
(Mw 300). N ativ e  hexon m obilities in S D S-PA G E  are  v e ry  sensitive  to  PAG 
p o ro sity  (% T , % C) un like  th e  m obilities o f d e n a tu ra te d  hexon ch a in s  (in 
fac t, SV36 hexon tr im e r  m oves fa ste r th a n  th e  re sp ec tiv e  m onom er in  gels 
w ith  <79%  T ; 0 .5%  C; d a ta  n o t shown).

In te re s tin g  and as y e t unreso lved  o b se rv a tio n  concerns th e  ap p ea ran ce  
of m u ltip le  n a tiv e  hexon  b an d s  in “ m inus”  lanes (e. g. for h u m an  aden o v iru ses  
in F ig . 3). T he p a tte rn  o f m u ltip le  n a tiv e  hexon  b an d s  ( th e ir  n u m b er, m obilities 
in g iven PA G E  co n d itions an d  re la tive  ra tio ) is rep roduc ib le  for each  ad en o ­
v iru s  sero type  and  in d e p e n d e n t of source of hexon  m a te ria l (e ith e r  v irions, 
excess “ soluble an tig en s”  or purified  hexons). T h is m ay  in d ica te  som e form  
o f th e ir  in terconversion  in  SD S-PA G E  cond itions (e. g., reversib le h ex o n  cap- 
som er o ligom erization) b u t  it  rem ains to  be p ro v en  b y  d irec t te s ts . A ll such 
isoform s of n a tiv e  hexon  re ta in  n a tiv e  hexon a n tig e n ic ity  (F ig. 6).
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T h e  “ p lu s-m in u s”  v a r ia n t  of SD S-PA G E  p erm its  to  sim p ly  d istingu ish  
b e tw e e n  n a tiv e  and d e n a tu ra te d  hexon m olecules in  a given hexon  p re p a ra tio n . 
F o r  ex am p le , ВАУ1, В А У 2 and  BAV3 h ex o n s analyzed  in F ig . 3 con ta in  
s u b s ta n t ia l  am ounts o f d e n a tu ra te d  hexon p o ly p ep tid e s  revealed  as m onom er 
b a n d s  in  “ m inus”  lanes. S u ch  a v a rian t of h ex o n  q u a te rn a ry  s tru c tu re  analysis 
m a y  be  useful for an a ly s is  o f  hexon tr im e r fo rm a tio n  in  v ivo an d  in  v itro  as 
w ell as for c h a ra c te riz a tio n  o f hexon s ta te  in  cells in fec ted  w ith  adenov irus 
ls -m u ta n ts  defective in h ex o n  trim eriza tio n  or n u c lea r tra n sp o r t .

B y  a “ p lu s-m in u s”  S D S-PA G E  analysis  aden o v ira l hexons o f all sero­
ty p e s  m a y  be sim ply d iffe re n tia ted  from  th e  re s t  of p ro te in s  in  u n p u rified  
p re p a ra t io n s  ceon ta in in g  la rg e  am ounts o f u n re la te d  p ro te in s  [9] an d  we use 
th is  m e th o d  for ro u tin e  te s t in g  during h ex o n  p u rific a tio n . I ts  se n s itiv ity  in 
c o m b in a tio n  w ith  silver s ta in in g  of e lec tro p h ero g ram s perm its  h ex o n  detec tio n  
in th e  presence of v a s t excess o f  un re la ted  p ro te in s  (the  de tec tio n  lim it is abou t
0 . 0 5 .  o f  hexon in p ro te in  m ix tu re ).

W e have observed  a s im ila r behav iou r in  “ p lu s -m in u s”  S D S -P A G E  also 
fo r  so m e non-hexon a d e n o v irio n  oligom eric p ro te in s : fiber [14], p e n to n  base 
(S. N . K ., E . K. K ., to  be pub lish ed ) and h av e  fo u n d  in th e  l i te ra tu re  fo r s tru c ­
tu r a l  p ro te in s  of u n re la te d  v iru se s  [29]. In a case o f  phage P22 ta il f ib e r p ro te in  
[2 9 1 th e  s itu a tio n  is q u ite  s im ila r to  one w ith  hex o n : th e  p ro te in  is hom o- 
t r im e r  fo rm ed  w ith  help  o f  v iru s  coded scaffo ld  p ro te in ; it is s tab le  to  p ro teo ­
ly t ic  a t ta c k  only in n a t iv e  (trim eric) s ta te  a n d  its  th e rm o d e n a tu ra tio n  is 
ir re v e rs ib le .

T h e  s tab ility  of o ligom eric  v irion p ro te in s  in  SD S-PA G E  m ay  be w idely  
sp re a d  am ong  icosahed ra l a n d  spherical v iru ses . F ro m  in d irec t l i te ra ry  d a ta  
we su g g e s t th is p ro p e rty  to  be  likely  in cases o f  p a rv o v iru s  an d  ro ta v iru s  o u te r 
v ir io n  p ro te in s . If  it be th e  case  the  sim ple an d  in fo rm ativ e  v a r ia n t o f “ p lu s -  
m in u s”  SD S-PA G E  an a ly s is  will add  to  s t ru c tu ra l  and  b io sy n th e tic  stud ies 
on th o s e  v irion  p ro te ins.
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I. The livhridoina principle

1. The f ir s t  “ hybridom a”

W ith o u t re fe rring  to  th e m  as “ h y b rid o m as” , fusion p ro d u c ts  o f  ly m p h o m a  
cells a n d  specific  a n tib o d y -p ro d u c in g  spleen cells were f irs t described  in  1968- 
1969 [1]. A m ouse ly m p h o m a consisting  of d ip lo id  m alig n an t cells w as m a in ­
ta in e d  as a cell passage line in  th e  m id-1960s. B udd ing  re tro v iru s  p a rtic le s  re n ­
dered  th e  lym phom a cells an tig en ic . Mice re jec tin g  lym p h o m as a f te r  sm all inocula  
ly m p h o m a cells ( <  10:i*7 cells) developed  m ouse leukem ia v iru s-n eu tra liz in g  
an tib o d ies  an d  co m p lem en t-d ep en d en t an tibod ies ly tic  to  ly m p h o m a  cells. 
In o cu la  o f >  104,7 ly m p h o m a cells gave rise to  large solid ly m p h o m a to u s  tu -
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m o u rs  lead ing  to  th e  d e a th  of th e  an im als. W h en  leukem ia v iru s-rep lica tin g  
d ip lo id  lym phom a cells w ere m ixed w ith  sp leen  cells o f re jec to r m ice, th e  fol­
lo w ing  resu lts  w ere o b se rv ed :

1. g row th  o f so lid  ly m p h o m ato u s  tu m o u rs  an d  th e ir  re jec tio n ;
2. g row th  of so lid  ly m p h o m ato u s  tu m o u rs  a d v an c in g  to  th e  d e a th  of th e  

in o c u la te d  an im als;
3. diffusely g row ing  large cell ly m p h o m as in f il tra tin g  all o rgans and  

g row ing  as ascites tu m o u rs ;
4. no no ticeab le  g ro w th  of ly m p h o m a.
G row th p a t te rn  :)фЗ w as a new o b se rv a tio n  [1, 2]. The large ly m p h o m a 

cells fo rm ing  th is g ro w th  p a t te r n  were f re q u e n tly  b in u c le a te d  and  in th e  te tra -  
p lo id  ch rom osom al m ode; th e y  form ed re tro v iru s  pa rtic le s  th a t  were freq u en tly  
in c o m p le te  or defo rm ed  an d  n o t leukem ogen ic ; an d  th e y  produced  im m unog lo ­
b u lin s . S u p e rn a ta n t flu id  o f crude ascites or sp in n e r b o ttle  suspension  cu ltu res 
o r p u rif ie d  im m une g lobu lins derived from  th ese  cells s trong ly  and  specifically  
n e u tra liz e d  the  m ouse le u k e m ia  v irus [3, 4].

T h is u n p reced en ted  ph en o m en o n  w as re p o r te d  as a self-defensive a c t of 
ly m p h o m a  cells th ro u g h  w h ich  th e y  gained  v iru lence  an d  im m un o resis tan ce . 
F o r  th e  m echanism  o f th e  phenom enon  th e  e x p la n a tio n  w as offered th a t  le u ­
k e m ia  v ira l an tigens ex p ressed  in the m em b ran e  of th e  lym phom a cell a ttra c te d  
th e  im m u n e  p lasm a cell exp ressing  specific  a n tib o d y  to  th e  v ira l an tigens. 
T h e  tw o  cells a ligned , a ch iev ed  high a ffin ity  m em b ran e  c o n ta c t and  fused  [5, 6]. 
T h e  fu sed  cells concealed  th e ir  “ n eo an tig en s” , i.e. th e  b u d d in g  v irions, by 
c o a tin g  th e m  w ith  se lf a n tib o d y  th u s  escaping  im m u n e  re jec tio n  (h u t rem ain ing  
v u ln e ra b le  to  a n tib o d y -d e p e n d e n t ce ll-m ed ia ted  c y to to x ic ity  of m onocytes- 
m acro p h ag es an d  th u s  d isp lay in g  th e  “ s ta r ry  s k y ”  h isto log ic p a tte rn ) .

I t  w as fu r th e r  p ro p o sed  th a t  p h en o m en a  o f cell fusion occur in th e  n a tu ra l 
course  o f m alig n an t ly m p h o m as. T he large te tra p lo id  im m u n o re s is ta n t B ur- 
k i t t ’s ly m p h o m a cell a ris in g  a fte r rem ission in  p a tie n ts  w ith  an ti-E B Y  im m u ­
n i ty  [1], th e  R eed -S te rn b e rg  cell of H o d g k in ’s disease [6, 7] an d  th e  large 
S éza ry  cell were sing led  o u t  as rep re sen ta tiv es  o f  th is  phenom enon  [4, 6].

T h is w ork w as rece iv ed  w ith  skep tic ism  or in d u ced  no reaction  a t all. The 
N a tio n a l Cancer I n s t i tu te ’s ta rg e te d  cancer re sea rch  p ro g ram  of th e  ea rly  1970s 
gave  i t  low p rio rity  an d  no fund ing . H ow ever, th e  orig inal d escrip tion  of th e  
o b se rv a tio n  as wro rd ed  in  1969 s tan d s u n c h an g ed  to d a y  [1]: “ . . . te tra p lo id  
im m u n o re s is ta n t ly m p h o m a  cells in the  m ouse em erge by  fusion of th e  dip lo id , 
v iru s-p ro d u c in g  ly m p h o m a  cell w ith  a p la sm a  cell p roducing  virus-specific  
g lo b u lin s . The re su ltin g  te tra p lo id  cell will r e ta in  m a lig n an t g row th  p o ten tia l 
an d  th e  genetically  d e te rm in e d  co m m ittedness o f b o th  p a ren t cells: to  p roduce 
le u k e m ia  v irus as coded for b y  th e  v iral genom e w ith in  th e  neop lastic  cell, and  
to  sy n th es ize  v irus specific  g lobulins, as coded fo r b y  th e  genom e of th e  p lasm a 
ce ll.”
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2. H ybridom u technology and monoclonal antibodies

F ive years la te r  K oh ler and  M ilste in  rep o rted  th e  fusion o f a specific 
a n tib o d y -p ro d u c in g  p lasm a cell w ith  a m yelom a cell th u s  giv ing rise to  an  ex ­
p a n d in g  clone of specific  an tib o d y -p ro d u c in g  im m o rta l cells g row ing in  su s­
pension  cu ltu res or in  th e  fo rm  of asc ites  tu m o u rs  in mice (8]. T hese “ hy b rid o - 
m as”  fused no t because o f specific a n tib o d y -a n tig e n  reac tio n s on th e ir  surface. 
T he new  technology  allow ed for th e  fusion  of an y  specific a n tib o d y -p ro d u c in g  
p la sm a  cell w ith  a m yelom a cell th ro u g h  th e  ac tio n  of S endai v iru s  or p o ly ­
e th y len e  glycoll. N onfused , en zym e-defective  m yelom a cells an d  nonfused  
m o rta l, no rm al im m une spleen cells could  no t grow in th e  special m ed iu m  
designed for these  ex p erim en ts . T he h y b rid o m a  tech n o lo g y  o f K o h le r an d  
M ilstein  p rov ided  m onoclonal an tib o d ies  (M eAb) of the  h ighest sp ec ific ity  [9].

I I .  Pathophysio logy  o f  endotoxinaem ia

1. Endogenous opioids

E n d o rp h in s  are am ong  agen ts th a t  m ed ia te  h y p o ten sio n  in en d o to x in  
shock  [10 I. A n tag o n is ts  o f en k ep h a lin -p refe rrin g  Л-receptors can  rev erse  shock 
an d  m o rp h in -p refe rrin g  //-recep to r an ta g o n is ts  (/3-funaltrexam ine) can  p re ­
e m p t th is  effect [11]. In  p a tie n ts  in tra v e n o u s  bolus of na loxone rev e rsed  h y p o ­
ten sio n  and  b ra d y c a rd ia  th a t  was in d u ced  by  endogenous opioids t h a t  were 
re leased  by en d o to x in  [12]. W hile 15 m in  0.3 m g/kg naloxone bo lus could  rise 
b lood pressure in h a lf  o f th e  p a tie n ts  w ith  sep tic  shock , th e re  are  en tire ly  
n eg a tiv e  clinical tr ia ls  on record . N aloxone infusion a t  30 p /k g /h  for 8 -1 6  h 
ap p ears  to  be m ore effec tive: it s ig n if ican tly  reduced  vasop resso r re q u ire m e n t 
an d  ex erted  positive in o to p e  effect, im p ro v ed  stroke  vo lum e an d  no rm alized  
h e a r t  ra te  [12].

I t  is no t only en d o to x in  th a t  can  derep ress th e  gene(s) for endogenous op i­
oids. In  certa in  m a lig n an t tu m o u rs  such  as neoplasm s o f n eu ro en d o crin e  de­
riv a tio n , o v erp ro d u c tio n  of endogenous opioids occurs. T hese p a tie n ts  p res­
e n t xvith b rad y p n ea , narrow  pupils a n d  h y p o ten sio n  an d  resp o n d  w ith  d ra ­
m atic  im p ro v em en t to  naloxone d rip  in fusion . In  c h em o th e rap y -in d u ced  re ­
m ission opioid levels d ro p  and  in re lap se  th e y  rise [13]. C erta in  v ira l genes can 
a c tiv a te  cellu lar gene(s) responsib le fo r th e  encoding of endogenous op io ids; for 
exam ple  th e  p a ram y x o v iru s  N ew castle  disease v irus can  induce  th e  pro-opio- 
m elanocortin  gene [14].
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2. B ra d yk in in  and ang io tensin

I t  was in th e  la te  1960s w hen an g io tensin  I I  w as p roposed  to  be th e  n a ­
tu r a l  an tag o n is t o f th e  n o n a -p ep tid e  b ra d y k in in  (A rg -P ro-P ro-G ly-P he-S er- 
P ro -P he-A rg ) [15]. T h is  n o tio n  was based  on clin ical o b serv a tio n s in  p a tie n ts  
sh o w in g  response o f  ca te c h o lam in e -re s is ta n t e n d o to x in  shock to  ang io tensin  
d r ip  [15]. I t  is now k n o w n  th a t  b rad y k in in  ac ts  th ro u g h  its  B2 recep to r w hose 
c o u p lin g  to  p h o sp ho lipase  C is m ed iated  b y  a g u an in e  nucleo tid e-b in d in g  (G) 
p ro te in  th a t  is no t a c te d  u p o n  b y  pertussis to x in : it  is n e ith e r  Gi nor Go [16]. 
H o w ev e r, 4 ß phorbol-12  /S -m yrista te-13«-aceta te  (PM A ) b locks b rad y k in in -in - 
d u c e d  inositol m o n o p h o sp h a te  fo rm ation . S y n th e tic  B2 recep to r a n tag o n is ts  
B 41 5 8  (D P he-P ro-G ly-T h i-S er-D P he-T hi-A rg) o r N PC 567 (D A rg [H y p 3 
D P H e ']B k )  also b lo ck  e ffec ts  o f b rad y k in in . N PC 567 p ro te c te d  50 %  of r a ts  
f ro m  endo tox in  shock  t h a t  w as 100%  fa ta l in  u n tre a te d  con tro ls [17].

R hinoviruses a c t iv a te  th e  b rad y k in in  gene [18, 19]. R h inov iruses e n te r  
ce lls  a f te r  a tta c h m e n t to  th e ir  recep to r ICAM -1. T h is cell adhesion  m olecule 
fu n c tio n s  also as th e  l ig a n d  for lym phocy te  fu n c tio n  associa ted  m olecule-1 
(L F A -1 ) and  i t  is im p o r ta n t  fo r T  ly m phocy tes ex ecu tin g  lysis of th e ir  ta rg e t  
ce lls. A McAb b in d in g  to  ICAM-1 p rev en ts  rh in o v iru s  a tta c h m e n t to  and  
e n t r y  in to  ta rg e t cells. R h in o rrh o ea  and  sore th r o a t  d u rin g  rh inov irus in fec­
t io n , eicosanoid fo rm a tio n  a n d  airw ay h y p e rse n s itiv ity  in  a s th m a  ap p ea r to  be 
b ra d y k in in -m e d ia te d  g iv in g  room  to  fu r th e r  c lin ical tr ia ls  of b rad y k in in - 
a n d  b rad y k in in  re c e p to r-a n ta g o n is ts  in  th ese  co n d itions an d  in  en d o to x in  
sh o c k . The oncopro te in  en co d ed  by  a m u ta n t  H a rv e y -ra s  oncogene induces e x ­
cessiv e  expression o f  b ra d y k in in  recep to rs; fo r cells w ith  overexpression  of these  
re c e p to rs , b rad y k in in  a c ts  as a m itogen [20]. E ndo g en o u s opioid and  b ra d y ­
k in in  ac tiv a tio n  in  c e r ta in  v iru s  infection  leads to  s tro n g  clinical resem blance 
o f  th e se  infections to  b a c te r ia l  en d o to x in aem ia , b u t  w ith o u t th e  high m o rta li­
t y  o f  tru e  en d o to x in aem ia .

N a tu ra l in a c tiv a tio n  o f  b rad y k in in  is ca rr ied  o u t b y  th e  p ep tid y l d i­
p e p tid a se , kininase I I ,  o r  ang io tensin  co n v ertin g  enzym e (ACE) on v ascu la r 
e n d o th e l  cells. ACE in h ib ito rs  (S -l N2-l-c a rb o x y l-3 -p h en y l p ropyl) are now  
w id e ly  used for th e  t r e a tm e n t  of h y p erten sio n . A CE is overexpressed  in  p a ­
t ie n ts  w ith  active sa rco idosis  w here b rad y k in in  levels shou ld  be low. In  h y p e r­
te n s iv e s  tre a te d  w ith  A C E -in h ib ito rs  b ra d y k in in  levels are  e levated .

T he mas p ro tooncogene-oncogene was recogn ized  in  th e  heav y  D N A  of a 
h u m a n  squam ous cell c a rc in o m a  by its a b ility  to  tra n s fo rm  N IH 3T 3  cells and 
in d u c e  tum ours in a th y m ie  nude mice [21]. T h is oncogene encodes a G TP- 
b in d in g  (G) p ro te in  w h ich  responds to  its  co g n a te  lig an d  ang io tensin  I I .  T he 
o c ta p e p tid e  ang io tensin  I I  derives from  th e  d e cap ep tid e  an g io tensin  I  u n d e r 
th e  e ffec t of converting  en zy m es; ang io tensin  I  derives from  ang io tensinogen  a
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2 g lobulin  u n d er th e  effect o f th e  p ro teo ly tic  enzym e ren in  released from  ju x ta ­
g lom eru lar cells o f th e  k idney . A ngio tensinogens are  p roduced  by h ép a to cy tes  
an d  astro cy tes  [22]. A ng io tensin  I I  increased [3H ] th y m id in e  in co rp o ra tio n  
in  an d  is m itogenic to  cells exp ressing  its  recep to r. Signal t r a n s d u c tio n  is 
th ro u g h  phospho inositide  h y d ro lysis  and  m ob iliza tion  o f C a + + flu x ; Gi is 
a c tiv a te d  and  ad en y la te  cyclase is in h ib ited . T h is recep to r does n o t cap tu re  
b rad y k in in , b u t  it  could be b locked  b y  substance  P, th e  b ro a d -sp e c tru m  p ep tide  
a n ta g o n is t (D A rg1, D P ro 2, D -T rp7’9, L e u 11).

3. T um our necrosis factor

O f the  m ajo r c o n tr ib u to rs  to  th e  pa thogenesis  o f en d o to x in  shock  (p ro ­
s tag lan d in s , b ra d y k in in , opioids, e tc .)  tu m o u r necrosis fac to r-cach ec tin  em erges 
as th e  m ost im p o r ta n t one. T u m o u r necrosis fa c to r  (T N F ) was d iscovered  in 
1975 as a p o lypep tide  of m acrophage  origin released  upon  exposure to  b ac te ria l- 
p ro d u c ts  especially  to  lipopo lysaccharide  (L PS) en d o to x in  [23]. L P S  induces 
tra n sc r ip tio n  of th e  T N F  a  gene an d  d ex am eth aso n e  suppresses tra n sc r ip tio n  
[24, 25]. LA K  an d  N K  cells, T ly m p h o cy te s  an d  m icroglial cells also p roduce 
T N F  [26]. PM A is a n o th e r  in d u cer o f  T N F . TNFoc is d is tin g u ish ed  from  lym - 
p h o to x in  (LT) or TNF/3. T N F a  an d  ß  share  am ino  acid  (AA) sequence hom ol­
ogy b u t  m onoclonal a n tib o d y  d irec ted  aga in st one w ill n o t neu tra lize  th e  o ther. 
B o th  T N F a  and  ß  induce  cellu lar endonucleases w hich  frag m en t (“ d isso lve” ) 
th e  D N A  of ta rg e t cells [27] th u s  causing  p ro g ram m ed  cell d e a th  (apop tosis) 
th a t  also occurs un d er physiologic co n d itions, for exam ple  w hen in th e  deve lop ­
ing em bryo  an  early  anlage of a p rim itiv e  o rgan  regresses [28]. LT/TN F/3 is 
c learly  d ifferen t from  p erfo rin s [29 -31 ]. These la t te r  lym phokines cause ta rg e t 
cell d e a th  th rough  th e  p o ly m eriza tio n  of p ro te in s in to  m icrochannels o f tra n s -  
m em b ran e  location  w ith  re su lta n t leakage of cy to p lasm ic  co n ten ts  from  ta rg e t 
colls. T N F a  inh ib its  lipop ro te in  lipase in ad ip o cy tes  (cachectin  effect) [32]; 
induces bone reso rp tio n  th ro u g h  osteo c last a c tiv a tio n ; ex e rts  a n tiv ira l and  
a n tip a ra s itic  a c tiv ity ; changes th e  p h en o ty p e  from  cubo id  to  e lo n g a ted  of 
en d o th e l cells and  causes necrosis o f  these  cells; causes “ anaem ia  o f ch ron ic  in ­
fe c tio n ” [33]; s tim u la tes  f ib ro b la s ts  an d  increases G M -C SF and  M -C S F  p ro ­
d u c tio n  by fib ro b lasts  [34]; and  m ed ia tes  a d u lt re sp ira to ry  d istress syndrom e, 
cap illa ry  leakage and  o th e r life th re a te n in g  sequela  of en d o to x in  shock  [32— 
37]. r-H u -T N F a  s tim u la te s  th e  g ro w th  of h u m a n  fib ro b las ts  b u t  in  th e  
presence  of arach idon ic  acid  it  becom es h ighly  cy to to x ic  to  these  cells [38]. 
C onnective tissue cell d e a th  m ay occu r in  en d o to x in  shock w here b o th  T N F a  
an d  p ro stag lan d in s  are ov erp ro d u ced .

T he h u m an  T N F a  gene resides in  chrom osom e 6. I t  encodes a p o ly p ep tid e  
p recu rso r of som e 231 AA o f w hich а 155 AA chain  form s th e  17 000 m olecular 
w eigh t m a tu re  agen t. H u m a n  rec o m b in a n t T N F a  (r-H u -T N F a) p ro d u ced  in
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E scherich ia  coli is n o n g ly c o sy la te d  and  is b io log ica lly  ac tive . I t  ac ts  th ro u g h  
b in d in g  to  its high a f f in ity  recep to rs  [39]. T N F a  a n d  /3 com pete  fo r th e  sam e 
re c e p to r . In te rac tio n  o f T N F a  w ith  its  recep to r re su lts  e ith e r in  superox ide  p ro ­
d u c t io n  ( 0 2 —> H 20 2) le a d in g  to  cell dea th  or in  th e  in d u c tio n  of th e  222 AA —► 
—► 198 AA m itochondria l p ro te in  m anganous superox ide  d ism u tase  (M nSOD) 
c o n v e y in g  resistance to  th e  cell against T N F a  [40]. I L - la  an d  ß  also induce 
M nS O D  th u s  p ro tec t cells a g a in s t T N F a  [40-42].

T N F a  and ß  in d u ce  tra n sc r ip tio n  of th e  H IV  p ro v ira l D N A . McAb to  
T N F a  b locks H IV  in d u c tio n . O nce ac tiv a te d , H IV  itse lf  can  induce  T N F a  and  
its  re c e p to r . Thus th e  H IV  p ro v ira l D N A  undergoes tra n sc r ip tio n  lead ing  to  the  
re lea se  o f  m atu re  H IV  v ir io n s ; m acrophages p ro d u c in g  these v irions do n o t die 
lik e  C D 4 T cells do [43—46]. T N F a  induces R N A  tra n sc r ip ts  o f th e  c-abl p ro to ­
o n co g en e  in  hum an  bone m a rro w  strom al cells. Cells w ith  u n re g u la te d  c-abl 
R N A  tra n sc r ip ts  also ex p re ssed  am plified  G M -C SF tra n sc r ip ts  b u t  p rocollagen  
I  t ra n s c r ip ts  were d o w n re g u la te d . Thus T N F a  a ffec ts  h aem ato p o ie tic  grow th 
fa c to r  a n d  ex trace llu lar m a tr ix  p roduction  th ro u g h  pro tooncogene ac tiv a tio n
[47].

T h e  m ost p ro m in e n t physio logical a n ta g o n is ts  o f T N F a  are IFN/3 and 
TG F/3. T his la tte r  a g en t is a n  in h ib ito r  of IL - l- in d u c e d  th y m o cy te  p ro life ra tio n  
a n d  m acrophage- or ly m p h o c y te -m e d ia ted  c y to to x ic ity  [48-52]. McAb to 
T G F /3  augm ents L A K  cell an d  T ly m p h o cy te  p ro life ra tio n . In  m an y  w ays 
T G F/3 synergizes w ith  cy c lo sp o rin  A, a n o th e r a n ta g o n is t of IL -2 . IF N a  ac ti­
v a te s  m acrophages an d  in d u ces  th e  release o f b o th  T N F a  and  TGF/3. B y in ­
d u c in g  haem og lob in iza tion  (in  K-562 cell assay ), TGF/3 m ay  also an tagon ize  
T N F a -in d u c e d  anaem ia  [53, 54]. TGF/3 in h ib its  T N F a-in d u ced  en d o to x in  shock 
in  e x p e rim e n ta l an im als [55]. T he calcium  ch an n e l b locker v e rap am il in h ib ited  
T N F a  p rodu c tio n  b y  e n d o to x in -s tim u la te d  h u m a n  m onocytes an d  reduced  
m o r ta l i ty  of endo tox in  sh o ck  in  ra ts  [56]. A m ong im m unosu p p ressiv e  factors 
re le a se d  by  tum ours, TGF/3 is th e  m ost p ro m in e n t [57]. IL -6  also inh ib its  
L P S -in d u c e d  T N F a  p ro d u c tio n  in  hum an  m o nocy tes [58].

In  hairy  cell leu k em ia  h igh  levels of T N F a  are  p roduced  b y  th e  leukem ic 
ce lls . I n  th is system  T N F a  suppresses h em atopo iesis . A d m in is tra tio n  of an ti- 
T N F a  McAb re induced  hem ato p o iesis  in an  in  vitro  hem ato p o ie tic  colony assay
[59].

T N F a  levels w ere e le v a te d  in  p a tie n ts  w ith  A ID S and  A ID S -re la ted  
c o m p le x  [60]. W hile c o n tro l sera seldom  show  h ig h er th a n  28 n g /litre  T N F a  
le v e ls , A ID S p a tien ts  se ra  u su a lly  con ta in  over 50 n g /litre  T N F a , as de te rm ined  
in  a double  an tib o d y  rad io im m u n o assay  using  E rn s t-B o e h rin g e r’s (V ienna, 
A u s tr ia )  rab b it a n tise ru m  a n d  12oIT N F a . W h en  expressed  in  pg /m l, T N F a  
lev e ls  w ere higher (50—1000 pg/m l) in p a tie n ts  w ith  com plica ted  Plasm odium  
fa lc ip a r u m  m alaria, th a n  in  p a tie n ts  w ith  u n co m p lica ted  m a la ria  (10-250 pg / 
m l), as de term ined  in  an  im m u n o rad io m etric  assay  (T N F a  IR M A , IR E  Med-
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gen ix , F leu rus, B elgium ) [61]. W hen  m easu red  as cy to to x ic  a c t iv i ty  o f  cell- 
free su p e rn a ta n ts  to  cy c lo h ex im id e -trea ted  H eL a  cells, s ta rv in g  h e a lth y  vo l­
u n te e rs  also h ad  e levated  T N F a  b lood  levels. A p p ro x im ate ly  8 %  o r less of 
h e a lth y  norm al ind iv id u a ls  show occasional e levated  T N F a  levels [62]. Som e of 
th e se  sera positive in  E L IS A  show  no  c y to to x ic ity  ch a rac te ris tic  fo r T N F a  th u s 
in d ic a tin g  th a t  false positive E L IS A  resu lts  m ay  occur [63]. C on sen tin g  vo l­
u n tee rs  in jec ted  w ith  E . coli e n d o to x in  show ed elevated  T N F a  levels o n ly  a t 
th e  onse t of clin ical sy m p to m s. T N F a  levels w ere high in  m en ingococcaem ia  
an d  d irec tly  co rre la ted  w ith  m o r ta l i ty . In  o th e r  sep ticaem ias, T N F a  levels 
w ere on ly  tra n s ie n tly  e levated  e a r ly  in  th e  process and  it  was n o t possib le  to  
p ro v e  d irect co rre la tio n  betw een  h ig h er levels and  increased  m o r ta l i ty  [63]. 
E L IS A  w ith  a n ti-T N F a  McAb w as u tilized  in  th is  s tu d y . T he h ig h e s t level 
(250—500 pg/m l) occu rred  in p a tie n ts  w ith  Enterobacter cloacae sep ticaem ia . 
B ro n ch ia l w ashings o b ta in ed  from  a d u l t  re sp ira to ry  distress sy n d ro m e  (A R D S), 
b u t  n o t from  p a tie n ts  w ith  tu b e rcu lo s is  or sarcoidosis or from  h e a lth y  in d iv i­
du a ls , co n ta ined  h igh ly  elevated  levels  ( >> 500 U /m l =  >  12.5 ng /m l) o f T N F a  
[64]. In te rleuk in -1  (H u -r-IL -1 ) also  c o n tr ib u te s  to  th e  p a th o g en esis  o f A R D S 
b y  increasing  tra n se n d o th e lia l a lb u m in  flu x  [41]. In te rleu k in -6  ( I F /72; В cell 
d iffe ren tia tio n  fac to r; h y b rid o m a g ro w th  fa c to r; p lasm acy to m a g row n  fac to r) 
levels were increased  in  septic  shock  an d  h ig h er titre s  co rre la ted  w ith  h igher 
m o rta li ty  [65]. rH u -T N F a  is kn o w n  to  induce  endogenous 1L-6.

I I I .  E arly results o f  treatm ent o f endotoxinaem ia  
with m onoclonal antibodies

1. Polyclonal antisera

A ntiserum  o f h e a lth y  m ale v o lu n tee rs  im m u n ized  w ith  E . coli J5  am elio ­
ra te d  en d o to x in  shock  in  p a tie n ts . T h e  lipopo lysaccharide  core o f  E . coli J5  
lacks o ligosaccharide side chains t h a t  d e te rm in e  an tigen ic  d iv e rs ity . T h e  p o ly ­
saccharide-lip id  A com plex  of th e  core is v e ry  sim ilar an tig en ica lly  in  m ost 
G ram -nega tive  b ac te ria . M o rta lity  o f  en d o to x in  shock was red u ced  fo r bac- 
te raem ic  p a tie n ts  t re a te d  by s ta n d a rd  m eans from  39%  (42 of 109 p a tie n ts )  in 
th e  contro ls to  22 %  (23 of 103 p a tie n ts )  in th e  group tre a te d  w ith  th e  a d d itio n  of 
an tise ru m  [66]. In  p ro found  e n d o to x in  shock , m o rta lity  of 77%  (30 o f  39 p a ­
tie n ts )  o f p a tie n ts  tre a te d  w ith  s ta n d a rd  m eans was reduced  to  4 4 %  (18 o f 41 
p a tie n ts )  in rec ip ien ts  o f J5  an tise ru m  [67]. P ro phy lac tic  a d m in is tra tio n  o f  J5  
an tise ru m  reduced  th e  incidence o f e n d o to x in  shock in high risk  p a tie n ts  from  
11%  in contro l g roup  (15 of 136 p a tie n ts )  to  4 .7 %  in th e  tre a te d  g roup  (6 o f 126 
p a tie n ts ) ; p a tie n ts  w ith  abdo m in a l su rg ery  b en efited  th e  m ost: in c id en ce  of 
sep tic  shock decreased  from  15.6%  in  con tro ls  (13 of 83 p a tie n ts )  to  4 .7 %  in
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t r e a te d  patien ts  (2 o f 71 p a tie n ts )  [67]. H o w ev er, J 5  an tise ru m  used p rophy lac- 
t ic a l ly  in  leukem ic n e u tro p e n ic  p a tien ts  fa iled  to  p re v e n t or am elio ra te  G ram - 
n e g a tiv e  bac te raem ia  [68]. O ne w onders how  m u ch  b en e fit m ay  be derived  from  
a c tiv e  im m uniza tion  o f  p a tie n ts  w ith  high risk  fo r G ram -nega tive  b ac te raem ia  
w ith  irrad ia ted  e n d o to x in  (T olerin) [69]?

2. M urin e  antiendotoxin monoclonal antibodies

A ntien d o to x in  m u rin e  McAb X M M E N —O E 5 (XOM A) derives from  
B a lb /c  mice im m u n ized  w ith  the  J5  m u ta n t  E . coli s tra in . S p lenocytes of 
im m u n ized  mice w ere fu sed  w ith  m urine m y elo m a cell line B 3 -X 6 3-A g8 .653 . 
H y b rid o m as  th u s c re a te d  grew  as ascites tu m o u rs  an d  released  IgM  a n tib o d y  
sp ecifica lly  b ind ing  th e  core lip id  A region o f e n d o to x in  o f b o th  Enterobacteria- 
ceae a n d  Pseudomonadaceae sp . The p u rified  a n tib o d y  was n o t pyrogenic  in 
r a b b i ts ,  was free of v ira l c o n ta m in a tio n  an d  c o n ta in e d  less th a n  16 ng D N A . In  
m ice  septicaem ic w ith  G ram -nega tive  b a c te r ia , p e r cen t su rv ivals  a fte r  t r e a t ­
m e n t w ere 29 for sa lin e ; 45 fo r an tib io tics a n d  sa lin e ; 29 for h igh dose E5 and  
sa lin e ; 50 for low dose E5 an d  an tib io tics; an d  61 for h igh dose E5 an d  a n t i ­
b io tic s  [70]. In tra d e rm a l in jec tio n  of 100 /ig E5 se ru m  induced  no im m ed ia te  
h y p e rse n s itiv ity  re a c tio n  in  vo lun teers. In  la te r  clinical tr ia ls  p a tie n ts  w ith  
p o s itiv e  skin reac tio n  w ere excluded. In tra v e n o u s  a d m in is tra tio n  up  to  60 
m g /k g  of the serum  E 5 in d u c e d  no to x ic ity  b u t  8 o f 14 sub jec ts  p roduced  a n ti­
m ouse  an tibodies. A t th e  15 m g/kg dose level p e a k  serum  co n cen tra tio n  of the  
a n tib o d y  was 188 ^ig/ml. T erm in a l e lim in a tio n  p h ase  of th e  a n tib o d y  s ta r te d  
a b o u t 60 m in a fte r th e  en d  o f  in travenous in fu s io n . O f th e  f irs t 11 sep ticaem ic  
p a tie n ts  tre a te d , 2 d ied  (1 w ith  m e ta s ta tic  sm all cell carc inom a of lung ; 1 w ith  
h e a r t  failure) and  9 p a t ie n ts  surv ived . In  a p ro sp ec tiv e ly  random ized  double 
b lin d  clinical tr ia l 242 p a tie n ts  received M cAb E 5 and  226 p a tie n ts  received  
p laceb o  in add itio n  to  s ta n d a rd  th e rap y . O f 316 p a tie n ts  w ith  blood cu ltu res  
p o s itiv e  for G ram -n eg a tiv e  b ac te ria , 179 w ere, a n d  137 were n o t in  shock. 
P a tie n ts  in shock a n d /o r  w ith  d issem inated  in tra v a sc u la r  coagu la tion  w ere 
e v e n ly  d is trib u ted  in  th e  im m u n e  serum  E5 an d  p lacebo  groups: 5 6%  and  56%  
in  sh ock , 26 %  and  2 4 %  w ith  DIG. The m ost com m on  G ram -negative  b a c te ria  in 
b o th  groups were E . coli, Klebsiella, P seudom onas  sp . and  Enterobacter sp. 
O v e ra ll m o rta lity  w as 1 2 %  versus 23%  in im m u n e  se ru m -tre a ted  and  co n tro l 
p a tie n ts , respective ly . M o rta lity  and m o rb id ity  w as m ost sig n ifican tly  re ­
d u ced  by  E5 am ong  p a tie n ts  w ith  G ram -n eg a tiv e  sep ticaem ia  who w ere no t 
y e t  in  shock [71, 72]. A llerg ic  (an aphy lac to id ) re a c tio n s  to  E5 occurred  on ly  in  
1 .6 %  o f p a tien ts  b u t  4 3 %  o f p a tien ts  p ro d u ced  an tib o d ie s  to  E5.

A t Centocor m u rin e  hy b rid o m as secre tin g  M cAb to  E. coli J5  an d  Sa lm o­
nella m innesota  R595 e n d o to x in  were g en era ted  [73]. S everal o th e r groups of 
in v e s tig a to rs  deve loped  m u rin e  hybridom as sec re tin g  M cAb specific to  lip id
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A o f en d o to x in  b u t  no clinical t r ia ls  w ith  these McAb have as y e t  b een  rep o rted  
[74 -  76].

255

3. H um an antiendotoxin monoclonal antibodies

V ery low doses (1 10 pg /m ouse) of a h u m an  IgM McAh specific  to  E . coli
J5  en d o to x in  p ro te c te d  mice a g a in s t le th a l shock [77].

C entocor an d  B aylor College o f  M edicine (H o uston , T exas) h av e  developed 
an d  are te s tin g  th e  h u m an  M cAh H A  1A ag a in st end o to x in  shock . A p a tie n t 
w ith  H o d gk in ’s disease was im m u n iz e d  w ith  endo tox in  before s ta g in g  la p a ro ­
to m y  and  sp lenectom y. Spleen ce lls  o f  th is  p a tie n t were fused w ith  ly m p h o m a 
cells to  form  h y h rid o m as sec re tin g  IgM  an tien d o to x in  an tib o d ie s  specific  to 
lip id  A. O ver 36 p a tie n ts  w ith  sep ticaem ias  w ere tre a te d  w ith  H A — 1A; in  the 
b lood  of 22 p a tie n ts  G ram -n eg a tiv e  b a c te ria  were d o cum en ted . T h e re  w ere no 
adverse  effects and  a n ti-H a — 1A  im m unog lobu lin  p ro d u c tio n  d id  n o t take  
p lace. Serum  h a lf  life of H a — 1A w as 16 h. T rea ted  p a tie n ts  ra p id ly  defervesced  
a n d  norm alized  th e ir  blood p re ssu re  [78]. C ontrolled  an d  ra n d o m ized  clinical 
tr ia ls  have  n o t as y e t been e v a lu a te d . O ncogen in S eattle  p ro d u ced  h u m a n  IgG l 
M cAb 2138 and  2B8 against ty p e  a an d  b flagella  of Pseudom onas aeruginosa  
an d  show ed p ro tec tiv e  effect o f  th e se  im m une sera in  m ice a g a in s t le th a l 
pseudom onas in fec tion  [79].

4. Monoclonal antibodies to tu m o u r necrosis factor

T N F a/cach ec tin  induces d e p le tio n  o f bo d y  fa t accom pan ied  b y  hyper- 
trig ly ce rid aem ia  in  tu m o u r-h e a rin g  m ice. A ntibodies specific to  T N F a /cach ec tin  
a llev ia te  these effects [80]. T N F a /c a c h e c tin  induces IL-1 an d  IL -6  p ro d u c tio n ; 
th ese  la t te r  cy tok ines am plify  th e  effects o f T N F a/cach ec tin  an d  c o n tr ib u te  to 
th e  sev erity  o f  end o to x in  shock  [81]. C olum n c h ro m a to g ra p h y -p u rif ie d  and 
pepsin -d igested  F a b 2 fragm ents o f  Ig G  McAh to  T N F a /cach ec tin  cou ld  n e u tra ­
lize in  its  co n cen tra tio n  of 10 p g /m l over 50 ng/m l r-H u -T N F a /c a c h e c tin . In  
b ab o o n s w ith E . coli sep ticaem ia  th is  a n tib o d y  sign ifican tly  re d u ced  IL-1/3 
an d  IL -6  p ro d u c tio n  and  am e lio ra te d  th e  ou tcom e of en d o to x in  shock  [81, 82].

M urine McAb CB6 d ev e lo p ed  b y  Celltech (Slough, E n g lan d ) aga in st 
r -H u -T N F a  w as given in tra v e n o u s ly  up  to  10 m g/kg to  p a tie n ts  w ith  severe 
sep tic  shock an d  hypo tension  n o t  responsive  to  co n v en tiona l t re a tm e n t .  N or­
m aliza tion  of b lood  pressure o ccu rred  in th e  m ean  of 9h in 9 o f  10 p a tie n ts  who 
su rv iv ed  over 72 h. T h erea fter 5 p a tie n ts  w orsened and  died . A t o v e r 7 days 
su rv iv a l ra te  w as 5 of 10 p a tie n ts  [83].
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IV. D iscussion and su m m a ry

I n  th e  USA, n osocom ial in fections often  re su ltin g  in  sep ticaem ia  are a t  an 
e x tra o rd in a r ily  high level due  to  extensive use o f  in v as iv e  techno logy  for d iag ­
nosis a n d  th e rap y , im m u n o su p p ressiv e  th e ra p e u tic s  fo r collagen diseases an d  for 
o rg an  tra n sp la n t rec ip ien ts , a n d  due to  ex tensive  co m b in a tio n  ch em o th erap y  
fo r m a lig n a n t diseases. T h e  a n n u a l incidence o f b a c te ra em ia s  is e s tim a ted  to  be 
close to  200 000 w ith  75 000 d ea th s . This h igh  m o r ta l i ty  occurs despite  e x tra ­
o rd in a ry  ava ilab ility  o f  p o te n t  an tib io tics. M ost fa ta litie s  are consequen tia l to  
e n d o to x in  shock of G ram -n eg a tiv e  bac te ria l sep ticaem ia  [84].

T h e  m ediators o f e n d o to x in  shock have a n ti tu m o u r  effect in  exp erim en ta l 
sy s te m s . U n fo rtu n a te ly , w h en  endo tox in  shock  occurs in  p a tie n ts  w ith  fa r 
a d v a n c e d  cancers, th e  m o lecu la r m ediators g e n e ra te d  seldom  induce tu m o u r 
reg ressio n  [85, 86]. S y stem ic  ad m in is tra tio n  o f b a c te r ia l p ro d u c ts  w ith o u t th e  
a c tu a l in d uc tion  of e n d o to x in  shock is so m ew hat m ore effective (as th e  New 
Y o rk  C ity  surgeon W. II. C oley observed it f i r s t  a t  th e  tu rn  o f the  cen tu ry ) 
[87]. In je c tio n  of live o n co ly tic  v iruses or tu m o u r coll m em branes w ith  bud d in g  
v iru s  pa rtic le s  (“ v ira l o n c o ly sa te s” ) also induce a n u m b e r  o f m olecular m ed ia to rs 
( IF N -a , ß; IU-2; T N F a ; endogenous opioids, e tc .) th a t  m ay  cause m ild clinical 
sy m p to m s  d is tan tly  re sem b lin g  endo tox in  effects. T hese in te rv en tio n s  also m ay 
lead  to  tem p o ra ry  p a r t ia l  rem issions in tu m o u r-b e a rin g  p a tie n ts  or suppress the  
g ro w th  o f subclinical tu m o u r  m étastasés thus d e lay in g  re lapses in the  course of 
m a lig n a n t diseases [88].

I f  p ro tooncogenes-oncogenes are a c tiv a te d  or d e a c tiv a ted  in endo tox in  
sh o ck , these  events are  e n tire ly  unknow n. B a c te r ia l to x in s  have p ro found  
e ffec ts  on  some signal t r a n s d u c tio n  p a th w ay s t h a t  p ro tooncogene-oncogene 
p ro d u c ts  u tilize. F o r ex a m p le , pertussis to x in , like cho lera  to x in  and E . coli 
e n d o to x in  en ter cells th ro u g h  endocytic vesicles, r ib o sy la te  A D P of G TP- 
b in d in g  p ro te in s an d  b y  d e reg u la tin g  ad en y la te  cyclase grossly a lte r  in tr a ­
c e llu la r  cA M P co n c e n tra tio n s . Cholera to x in  en h an ced  th e  g row th  of h u m an  
b re a s t  carcinom a cells in  a th y m ie  mice; i t  s tim u la te d  a d en y la te  cyclase and  
cA M P  in colon carc inom a cells in v itro  [89, 90]. cA M P suppressed  th e  v-ras 
o n co g en e  and  cholera to x in  an tag o n ized  th is  effect [91]. I f  in  en do tox in  shock 
th e  m as  p ro tooncogene is d e a c tiv a ted , an g io ten sin  I I  recep to r m ay undergo  
d o w n reg u la tio n  th u s  c re a tin g  a s ta te  of h y p o te n s io n  re s is ta n t to  angio tensin . 
I f  a m u ta n t  H -rns oncogene is am plified , o v e rre a c tiv ity  to  b rad y k in in  m ay  
fo llow  due to  excessive e x p re ss io n  of B2 recep to rs.

Im m u n e  serum  th e ra p y  o f endo tox in  shock  becam e a m ost p rom ising 
m o d a lity  w hen co rre la tio n  w as found betw een  re co v e ry  an d  high ti tre s  of 
c irc u la tin g  an tibodies to  E . coli endo tox in  core in  p a tie n ts  w ith  pseudom onas 
se p tic a e m ia  [92]. A b ra h a m  B rau d e  and  his a ssoc ia tes p u rsu ed  th e  idea  of 
s e ro th e ra p y  firs t w ith  p o ly c lo n a l and w ith  m onoclonal an tib o d ies  [93].
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Table

Serotherapy with M e Ab fo r  endotoxin-shod,'

McAb Target Comments Major investigators and affiliations

Murine ES IgM Lipid A of endotoxin  
J5

/Neutralizes endotoxin  and al­
lev ia tes shock in patien ts . 
Induces HAM A production

K. Gorelick: E . Ziegler: L. Y oung et al. XOMA B erke­
ley, Calif: U niv Calif, San Francisco, Calif: U niv  S 
F lorida. B ay Pines VA H osp.. T am pa and  St P e te rs­
burg , F lorida: St Louis U niv. S t Louis. Missouri

M urine IgG 
I .ou 4. 20, 25, 28

I.ipid A of endotoxin  
J 5  and /o r S. minne- 
sota R595

N eutralizes endotoxin W . Bogard e t al. Centocor. M alvern. P ennsy lvan ia: 
U niv M innesota. M inneapolis, M inn

H am ster-m ouse hy- 
bridoina

8 0 K  endotox in  receptor Binds to endotoxin  receptor D. M orrison e t al. U niv K ansas, K ansas City, K ansas

H um an IgM НА- I V Lipid A of endotoxin
J5

N eutralizes endotox in : alle­
v ia tes shock in p a tien ts

C. Sm ith : R . P. D ellinger e t al. Centocor. M alvern. 
P ennsy lvan ia : B aylor College Medicine. H ouston. 
Texas

M urine 154/6 
M urine CB6

T N F a
T N F a

B inds to  TN F a  
Binds to  TN Fa
R eversal of hypotension  in 

p a tien ts

G. T rinchieri. W ista r In s titu te . Ph iladelph ia . P en n ­
sylvania

A. R. E xley: R. R iddell e t al. H am m ersm ith  H ospi­
tal. London. Celltech. Slough. England

M urine IgG F ab  2 T N F a N eutralizes r-H u-T N F a. R e­
duces IL-1/? and IL -6 in­
duction  by endotoxin  in 
baboons

K. J .  T racey e t al. Cornell Medical C enter. New Y ork 
NN. Rockefeller U niversity , New Y ork NY. C hiron. 

E m eryville, Calif
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T ab le  I  sum m arizes c u rre n t approaches to  th e  se ro th e rap y  of en d o to x in  
shock  [94]. The p ro d u c tio n  o f  an tim urine  im m u n e  globulins w hen m ouse McAb 
are  u sed  for se ro th e ra p y  em erges as a se tb a c k  especially  w hen re p e a te d  in ­
fu sion  o f th e  a n tib o d y  a re  needed. The d ev e lo p m e n t and ad m in is tra tio n  of 
h u m a n  McAb d irec ted  to  lip id  A or to  T N F a /c a c h e c tin  hold the  h ighest prom ise 
fo r success. E x tra  m easu res b ey o n d  s ta n d a rd  th e ra p y  a re  essential to  red u ce  th e  
h igh  m o rta lity  of e n d o to x in a e m ia .

I n  su m m ary , e n d o to x in  shock is a m ost co m p lex  and  often fa ta l clinical 
e n t i ty .  E n d o to x in  in d u ces  th e  generation  of b ra d y k in in  and p ro s tag lan d in s ; it  
d erep resses the  gene o f endogenous opioids an d  a c tiv a te s  th e  gene o f  T N F a  
w h ich  in  tu rn  induces th e  o v erp roduc tion  o f  IL -1  an d  IL -6 . E n d o th e l cell 
d am ag e  lead ing  to  v a sc u la r  leakage syn d ro m e w ith  depletion  of c ircu la tin g  
b lood  vo lum e due to  e x tra v a sa tio n  resu lts  in  h y p o ten sio n  and  in  ren a l and  
h e p a tic  ischem ia. C o n seq u en tia lly  m etabolic ac idosis sets in. A lveolar a n d  endo­
th e lia l cell dam age in  th e  lu n g s  produces a d u lt  re sp ira to ry  distress syndrom e 
w ith  h igh  m o rta lity . C o n su m p tio n  c o ag u lo p a th y  w ith  d issem inated  b leed ing  
fo llow s. D espite p ro m p t vo lum e rep lacem en t, com bined  an tib io tic s , secure 
a irw ay s  an d  a d m in is tra tio n  o f dopam ine d rip , e n d o to x in  shock often  p ro g res­
ses to  d e a th . Specific an tib o d ie s  n eu tra liz in g  e n d o to x in  itse lf or th e  m ajo r 
m e d ia to r  o f th e  com plex  sy n d ro m e it causes: T N F a , a re  able to  induce rev ersa l 
o f th e  n e a r-fa ta l p rocess. E a r ly  clinical tr ia ls  fo r  th e  se ro th e rap y  of en d o to x in  
shock  w ith  m onoclonal an tib o d ie s  are review ed in  T ab le  I.

Acknow ledgem ent. T h e  a u th o r  is g ia te fu l to  P r o f e s s o r  I .  N á s z  for th e  in v ita tio n  to  
p u b lish  th is  m a te ria l in  A c ta  M icrobiologica H u n g a rica .
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MODULATING THE MICROBIAL COLONIZATION OF 
THE GASTROINTESTINAL TRACT BY ORAL 

ADMINISTRATION OF DEFINED ESCHERICHIA COLI
STRAINS

III .  LI POPOI,У SACCHARIDE-SPECIFIC IgA IN THE INTESTINE 
AFTER ORAL ADMINISTRATION OF E S C H E R IC H IA  C O LI

R . S c h r ö d e r , R. R latz an d  K . L in d e  

In s titu te  o f  M edical M icrobiology, K arl M a rx  l.'n iversity , Leipzig, E R G  

(Receiver! M ay 23, 1988)

T he a ssu m p tio n  th a t  local im m unologie m ech an ism s are  responsib le for f in d in g s  on  th e  
specific m icrob ial co lon ization  of th e  g a s tro in te s tin a l t r a c t  of mice, is confirm ed  b y  re su lts  
described  in th e  p re sen t com m unica tion . Q u a n tita tiv e  ex am in a tio n  of in te s tin a l la v a g e  flu id s 
a fte r  oral a d m in is tra tio n  of germ s by  E L IS A  show ed  th a t  (i) th ere  is a  c ritica l dose  above 
w hich a s ig n ifican t increase  o f IgA  sy n th esis is o b se rv ab le ; (ii) low an tibody  leve ls co u ld  be 
d e te c te d  a lread y  in  th e  u n tre a te d  con tro l g roup . I t  m a y  be assum ed th a t  — re g ard less  o f th e  
b iological c h a ra c te ris tic s  o f th e  ad m in iste red  s tra in ,  n a m e ly , su b s tra te  and re c e p to r  c o m p e ti­
tio n  — th e  s tim u la b ili ty  o f  local im m u n ity  p ro v id es a g a in s t p e rm a n en t m o n o co lo n iza tio n  w ith  
d isp lacem en t o f th e  au to c h th o n o u s  Enterobacteriaceae in  a d u lt  and im m u n o c o m p e ten t h o sts.

T he possib ility  of specific m icrobial co lon iza tio n  of th e  g a s tro in te s tin a l 
t r a c t  o f  co n v en tio n a l a d u lt mice b y  oral a d m in is tra tio n  of living Escherichia coli 
s tra in s  has been discussed in  th e  f irs t an d  second  com m unications o f th is  series. 
T he ra te  o f co lon iza tion  o f the  g a s tro in te s tin a l t r a c t  could be g re a tly  in ­
creased b y  using  fu n c tio n a lly  o p tim ized  c u ltu re s  an d  “ fo reign”  s tra in s  no 
occu rring  in  th is  c o u n try . N o tw ith s ta n d in g  th is , p redom inance  o f  th e  colo­
nizing  s tra in  over th e  au to ch th o n o u s  Enterobacteriaceae was no t d e te c ta b le  for 
m ore th a n  th ree  days. I t  has been assum ed  th a t  local im m unologic m ech an ism s 
are responsib le  fo r th is  find ing .

Materials and m ethods

E xperim en ta l an im als. C onventional m ale IC R  m ice o b ta in ed  from  V E B  V e rsu c h s tie r­
p ro d u k tio n , S chönw alde, G D R , were used  as e x p e rim e n ta l anim als. T heir as su p p lied  b o d y  
w eigh t w as b e tw een  18 and  20 g and th e y  were u sed  a f te r  an  a d ap ta tio n  period  o f  one  to  two 
weeks.
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B acteria. E . coli M17 (D r. B o n d a ren k o , G a m a le y a  In s t i tu te , A cadem y o f M edical 
S c iences o f th e  U SSR ) a sp o n ta n eo u s  m u ta n t  ca rry in g  r ifam p ic in  and nalid ix ic  acid  re s is tan c e  
as an  id en tif ic a tio n  m ark e r. (F o r  d e ta ils  of the  m e th o d  of selection see th e  f irs t c o m m u ­
n ic a t io n .)

Oral im m u n iza tio n  w as done  using  an o eso p h ag ea l tu b e  w ith g raded  doses o f b a c te r ia  
in 1 m l f lu id .

Collection o f  in testinal la vage flu id .  A 20 cm long  p iece  of in te s tin e  was w ashed o u t  cau d  a l ­
ly  f ro m  th e  py lo rus w ith  1 m l ice-cooled PBS c o n ta in in g  100 an ti- trv p s in  u n its  o f C o n try k a l 
(Y E B  A rze im itte lw erk , D resd en , FR G ). Solids w ere re m o v e d  by cen trifugation  a t  4 °C. T h e  
s u p e r n a ta n t  flu id  w as s to red , before  use, a t  —20 °C.

Im m u n iza tio n  and sa m p lin g . O ral im m uniza tion  o f m ice was perform ed on seven con secu ­
tiv e  d a y s  w ith  107, 10s, 109, 1010 a n d  10n living E . coli M 17. Sam ples were co llected  a f te r  5 ,8 ,  
10, 15 a n d  20 days a fte r  th e  la s t  a d m in is tra tio n  of a n tig e n .

Detection o f  lipopolysaccharide-specific IgA  an tibodies by means o f an enzym e im m u n o a s­
sa y . T h e  coupling  of a lka line  p h o sp h a ta se  to a n ti-m u rin e  IgA  (a lp h a  chain-specific: B io ch em i­
cal C o rp o ra tio n , C leveland, U S A ), as well as the  b u ffe rs  a n d  so lu tions used w ere desc rib ed  
p re v io u s ly  [1]. T he enzym e im m u n o assay  [2 | w as m o d ified  using  th e  m eth o d  d esc rib ed  by 
B a r r e t t  e t  al. [3]. To assure b e tte r  b in d in g  of the  te s t  a n tig e n  (L P S  of E . coli M17), th e  m icro- 
t i t r a t i o n  p la te s  (D y n a tech . A lex an d ria , USA an d  Y E B  P o ly p la s t H a lb e rs ta d t, G D R ) w ere 
p re c o a te d  w ith  100 //1 E . coli M17 ra b b it  serum  per w ell. T h e  p la te s  were in cu b a ted  o v e rn ig h t 
a t  4 °C a n d  su b seq u en tly  rin sed  fiv e  tim es w ith  a w a sh in g  b u ffer. T his was follow ed b y  in c u ­
b a tio n  fo r 2 h  a t 37 °C w ith  th e  L P S  (100 /d/w ell) d isso lv ed  in coating  buffer. T he L P S  co n ­
c e n tr a t io n  w as 100 jWg/ml. A fte r  th is , th e  in te s tin a l lav ag e  f lu id  (low est d ilu tion  1 : 2) a n d  as a 
la s t  s te p , th e  a n ti-m u rin e  IgA  tag g e d  w ith  alkaline  p h o sp h a ta s e  (d ilu tion  1 : 100) w ere a d d ed , 
a n d  in c u b a te d  for 2 and  3 h a t  37 °C. re spec tive ly . A fte r  a re ac tio n  period of 1 h a t 37 °C, th e  
s u b s tr a te  conversion  w as p h o to m e tr ic a lly  d e te rm in ed  a t  405 nm . Only those te s ts  w ere co n ­
s id e re d  p o sitiv e  in w hich  th e  so-called  c ritica l e x tin c tio n  w as reached or exceeded. T h is  w as 
d e te rm in e d  as follows. A pool w as p re p a re d  from  10 in te s t in a l  lavage flu ids and used  to  m ak e  
18 d e te rm in a tio n s  in  tw o in d e p e n d e n t series of te s ts . T h e  m ean  value  (x) and  th e  s ta n d a rd  
d e v ia t io n  (SD ) were d e te rm in ed . O nly  m easured  v a lu e s  g re a te r  th a n  or equal to  x  +  3 SD 
wrere  c o n sid e red  as re flec tin g  p o s it iv e  d e tectio n  of a m ib o d ie s . By using  these “ c ritica l e x tin c ­
t io n ”  re su lts ,  the  in te s tin a l la v a g e  flu id s were g ro u p ed  in to  sam ples w ith  and w ith o u t d e te c ­
ta b le  Ig A  an tib o d ies .

S ta tis tica l analysis. To d e te rm in e  the  effects o f th e  a n tig en  dose on the  n u m b er o f r e a c t ­
in g  a n im a ls , th e  m easu red  v a lu e s  o f all ex p erim en ts w ere  com piled . S ta tis tica l co m p ariso n  w as 
m ad e  b y  th e  ch i-square  te s t  (P  =  0.05). D ifferences in  t i t r e  were tes ted  for sign ificance  b y  
F in n e y ’s p ro b it  analysis (P  0.05).

Results

T h e  effect o f th e  an tig en  dose upon th e  n u m b e r  of an im als w ith  d e te c ta b le  
lip o p o ly sacch arid e-sp ec ific  IgA  an tibodies in th e  in tes tin e  was d e te c ta b le  in  
less th a n  one h a lf o f th e  an im als  a lread y  a f te r  a d m in is tra tio n  of da ily  a n tig e n  
doses as sm all as 10 ' liv ing  germ s. I t  is in te re s tin g  to  note th a t  an tib o d ies  w ere 
also  d e te c ta b le  in tw o o f th e  u n tre a te d  co n tro ls  (8% ).

F o r  doses o f 10% 109, 1010 and  10n g e rm s/d a y , s ta tis tic a l evidence could  he 
o b ta in e d  for the  d ifference from  tin* co n tro l v a lu e s . Dose dependence o f  th e  
local Ig A  response could n o t be determ ined  in  th e  ran g e  of 10" to  109 g e rm s/d ay . 
T h is w as on ly  observab le  in tho se  cases in  w h ich  la rg e r q u an titie s  o f b a c te r ia  
w ere u sed . A fter a d m in is tra tio n  of 101() and  10 11 germ s/d ay , th e  n u m b e r o f  te s t  
a n im a ls  w ith  d e tec tab le  IgA  an tibod ies increased  to  52%  and  76% , re sp ec tiv e ly . 
T h e re  w as a sign ifican t d ifference betw een  an im a ls  im m unized  w ith 109 an d  1011 
g e rm s /d a y . T he resu lts  o b ta in ed  are su m m arized  in  Fig. 1.
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T he sam e resu lts  were o b ta in ed  in  t hose cases w here  sam ples were t i t r a te d  
u n til th e  critica l e x tin c tio n  was reached . The m ean  titre s  increased  sign ifican tly  
w hen an tigen  doses were increased  from  10° to  1011 g erm s/d ay  (Fig. 2).

F ig. 1. N u m b er o f m ice w ith  lipopolysaccharide-specific  IgA  a n tib o d ies  in th e  in te stin e  a f te r  
o ra l a d m in is tra tio n  of d ifferen t doses o f liv in g  E. coli M17

Fig. 2. M ean t i t r e  o f lipopolysaccharide-specific  Ig A  a n tib o d ie s  in m urine  in testin a l lav ag e  
flu id  a f te r  oral a d m in is tra tio n  of d ifferen t doses o f  liv ing  E. coli M17
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Discussion

T he p re sen t re su lts  show  th a t  o ra l ad m in is tra tio n  o f liv ing  E . coli in 
su ita b le  m u ltip le  doses m ay  trig g e r an  Ig A  response in  th e  m u rin e  in tes tin e . 
Q u ite  obv iously , a m in im um  q u a n ti ty  o f  germ s is necessary to  in d u ce  d e tec tab le  
Ig A  a n tib o d y  p ro d u c tio n .

T he dose dependence of a local im m u n e  response has b een  described  
p re v io u s ly  [4, 5]. U n d e r th e  cond itions u se d  in  these in v es tig a tio n s , th e  m a jo rity  
o f  e x p e rim e n ta l an im als m ay  be ex p ec ted  to  produce s trong  im m u n e  response  to  
o ra lly  ad m in is te red  doses of 10l ° or m ore  germ /day . H ow ever, th is  also cor­
re sp o n d s  to  th e  n u m b e r of b ac te ria  t h a t  a re  required  to  enab le  d e te c ta b le  
co lo n iza tio n  in  th e  exp erim en ta l an im al m odel used in  th ese  s tu d ie s . A ccord­
in g ly , colonizing ex p erim en ts  are in v a r ia b ly  accom panied b y  a s tim u la tio n  of 
lo ca l im m u n ity . L ikew ise, reg u la to ry  a n tib o d y  synthesis m ay  be in d u ced  in 
th o se  cases in w hich  th e  m u ltip lic a tio n  o f  a colonizable species exceeds a 
c e r ta in  critical lim inal value w hich for E . coli is believed to  be in  th e  reg ion  of 
1 0 L0 germ s. IgA  is capab le  of p re v e n tin g  an tig en  con tac t w ith  e p ith e lia l cells
[6]. I n  ad d itio n  to  an tib o d ies  w ith  a d is t in c t  specificity  for fim b ria e , an tib o d ies  
a g a in s t  th e  0  an tig en  of E . coli are also in v o lv ed  in  the  b lo ck ad e  o f  b a c te ria l 
a d h e re n c e  [7, 8].

A ccord ing ly , th e  an tibod ies d e te c te d  in  these  exp erim en ta l an im a l stud ies 
v i l i  c o n tr ib u te  to  e lim in a tin g  th e  co rre sp o n d in g  E . coli b a c te r ia  from  th e  in ­
te s t in e .  O bviously , th e  secreted  a n tib o d ie s  are  capable of affec tin g  th e  ra te  of 
co lo n iza tio n  a t a v e ry  early  tim e, for th e y  w ere detectab le  a lre a d y  a f te r  five 
d a y s  from  th e  la s t a d m in is tra tio n  of th e  a n tig e n . H ow ever, th e  im m u n e  response 
m a y  be  in itia te d  a t an even earlier tim e  [9].

T h e  im m une response m ay  also be m o d ified  by previous a n tig e n  c o n tac ts . 
O ffe rin g  sign ifican t evidence in fav o u r o f  th is  assum ption  is th e  fa c t t h a t  lipo- 
po lysacch arid e-sp ec ific  IgA  an tibod ies w ere  also detectab le  in  tw o  o f th e  u n ­
t r e a te d  con tro ls. So-called n a tu ra l an tib o d ie s  against Enterobacteriaceae were 
d e te c te d  n o t only  in  h u m an  serum  b u t  in  th e  duodenal ju ice  [10] or in  th e  
s a liv a  o f co n v en tio n a l lab o ra to ry  m ice [11] as well. T heir p rin c ip a l s tim u lu s 
sh o u ld  be th e  no rm al flo ra  w ith  its  n u m ero u s  an tigenic  co m m u n ities  [12]. The 
p re s e n t  resu lts  of ex p erim en ts  on c o n v e n tio n a l lab o ra to ry  m ice allow  to  m ake 
th e  fo llow ing  conclusions for the  o vera ll o b je c t o f m odifying e x is tin g  E ntero­
bacteriaceae th ro u g h  m ucosal co lon ization  w ith  an  ap athogenetic  s tra in , (i) C om ­
p a re d  to  nonselected  s tra in s , th e  selection  o f  d efin ed  and fu n c tio n a lly  o p tim ized  
s tra in s  re su lts  in  a m ark ed  increase in  th e  r a te  of colonization, (ii) P ro p e r  se­
le c tio n  o f s tra in s  enab les a sh o rt-tim e  co lo n iza tio n  (w ith th e  p ro p o r tio n  of 
p a r t ic u la r  s tra in s  in  th e  au to ch th o n o u s  l a c + Enterobacteriaceae f lo ra  being  
g re a te r  th a t  50%  for one to  th ree  days) in n e a r ly  all exp erim en ta l an im a ls  (see 
seco n d  co m m u n ica tio n ). In  a fully  im m u n o c o m p e te n t hosts, how ever, lo n g -te rm
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colonization  is genera lly  lim ited  by various fac to rs . T h e  large oral doses re q u ire d  
for co lonization  an d  th e  n u m b er o f germ s o b ta in e d  d u rin g  progressive co lo­
n iza tio n , te n d  to  in d u ce  local im m unologic defenses w hich , th ro u g h  th e  s y n th e ­
sis of s-IgA , p re v e n t the n u m erica l dom inance  over th e  rem ark in g  E ntcro- 
bacteriaceae b y  b rin g in g  a b o u t a red u c tio n  to  a to le rab le  num ber of germ s or, 
else, e lim in a tin g  th e  foreign germ  com pletely . A d d ed  to  these come p rev ious 
an tig en  co n tac ts  w h ich  are due to  num erous a n tig en ic  com m unities of E . coli 
sero ty p es and  to  re la tio n s  w ith  o th e r Enterobacteriaceae. These co n ta c ts , like 
co lonization  o f a co rresp o n d in g  s tra in , lead to  local IgA  a n tib o d y  sy n th esis .
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(R ece iv ed  A u g u s t 11, 1988)

Telrahvm ena  cells trea te d  ( im p rin ted )  w ith  in su lin  on a single occasion b o u n d  sign ifi­
c a n tly  m ore in su lin  th a n  th e  con tro l cells fo r as m an y  as 70 days, i.e. over 664 g e n e ra tio n  
changes. A lth o u g h  la te  reexposure  to  in su lin  red u ced  th e  b ind ing  of labeled ho rm one fo r 24 h, 
th e  b in d in g  va lue  o f th e  im p rin ted  cells still increased  sig n ifican tly  over th e  co n tro l. M a in te ­
n ance  u n d e r an aero b ic  conditions for 80 d a y s  acco u n ted  for a tem p o ra ry  susp en sio n  o f th e  
effec t o f im p rin tin g  w hich  was, how ever, reco v e red  w ith in  a w eek of re tu rn  to aerob ic  c o n d i­
tio n s , in an  even s tro n g e r form  th an  o b se rv ed  in  cu ltu res  m a in ta in ed  w ith o u t an  an ae ro b ic  
episode. T he ex p erim e n ts  d e m o n s tra ted  t h a t  th e  im p rin tin g -in d u ced  re ce p to r “ m e m o ry ”  
la s te d  long, b u t  w as vu ln erab le  to tr e a tm e n t  w ith  a n o th e r  p o ly p ep tid e  horm one.

The cells receive chem ical o r o th e r  en v iro n m en ta l signals b y  m ean s o f 
m em b ran e-asso cia ted  or cy to so l-asso c ia ted  h igh ly  sensitive, com plex  c o n fi­
g u ra tio n , th e  recep to rs , whose s t ru c tu re  v a rie s  w ith  th e  n a tu re  o f th e  specific  
signal m olecule. T he m echanism  p ro v id es  fo r a selective p rocessing  o f th e  
d iffe ren t im pulses w hich ac t on th e  cells in b io logical system s, and  it  a c co u n ts  
n o t only  for an  im m ed ia te  ce llu la r resp o n se , b u t  also for the  in d u c tio n  of a 
ce llu lar-level “ m em o ry ” of the  e v e n t, to  ju d g e  from  th e  consisten t recu rren ce  
o f th e  signal-evoked  response p a t te rn  over a re la tiv e ly  long period . T h is a b ili ty  
o f cells c o n tr ib u te s  to  the  ev o lv em en t o f h igh ly  com plex reac tio n  p a t te rn s  in  
m u ltice llu la r o rgan ism s.

B iochem ical m em ory , w hich  o p e ra te s  a t  all levels of phy logenesis from  
un ice llu la r o rgan ism s to  high v e r te b ra te s , p resupposes th e  co o rd in a ted  fu n c tio n  
o f all cells an d  all p ro tec tive  m ech an ism s o f th e  organism . A lth o u g h  m a n y  
d e ta ils  o f ce llu la r “ m em ory” are  s till obscure , ev idence has been a c c u m u la ted  
th a t  its physio log ica l opera tion  a n d  changes p resuppose  in tac tn ess  o f  th e  cell 
m em b ran e  and  nucleus, an d  its m o d u la tio n s  depend  on th e  p ro te in  sy n th es is .

The foregoing considera tions can  also offer an  ex p lan a tio n  for th e  p h e ­
nom enon of h o rm o n a l im p rin tin g , w hich  has been show n to  occur in  b o th  
un ice llu la r [1] an d  m u ltice llu lar o rg an ism s [2]. P r im a ry  in te ra c tio n  ( im p rin t-
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ing) o f  a given ta rg e t  cell w ith  a ho rm one  acco u n ts  for a changed  u sua lly  
in c reased  — response  to  th e  la t te r  on reex p o su re , as if  th e  cell “ rem em b ered ”  
th e  p r im a ry  ev en t. T h e  changed  response is show n  n o t only b y  th e  cells d irec tly  
in v o lv ed  in  p r im a ry  in te ra c tio n , b u t  also  b y  m a n y  su b seq u en t genera tions. 
T he u n d e rly in g  m ech an ism  is a chain  of re a c tio n s , w hich tak e  place a t  severa l 
levels an d  are , for th e  m ost p a r t, s till o b scu re . T he ex te rn a l m em brane  o f th e  
cell, th e  in tra c e llu la r  m em b ran e  system s, th e  in te ra c tio n s  betw een  in tra c e llu la r  
c o m p a rtm e n ts  [3, 4 ], c e r ta in  in tra n u c le a r  chan g es an d  fu n c tio n a l s ta te s  of th e  
ce llu la r nucleus [5] m a y  all be involved  in  th e  m echan ism  o f im p rin tin g .

T he im p rin tin g -in d u c e d  m od ifica tions o f ce llu la r response can  be assessed 
from  changes in  sev e ra l cellu lar fu n c tio n s, su ch  as m ito tic  a c tiv ity  [6], p h ag o ­
cy tic  a c tiv ity  [7], h o rm o n  b inding  c a p ac ity  [8, 9] an d  m em brane p o te n tia l 110].

T he pu rpose  o f  th e  p resen t s tu d y  w as to  in v es tig a te  how  long th e  im ­
p rin tin g -in d u ced  in c rease  in  response to  in su lin  w as tra n sm itte d  to  su b seq u en t 
g en e ra tio n s  o f th e  m odel cell Tetrahym ena  [11]. I t  was also exam ined  in  th is  
c o n te x t, w h e th e r im p rin tin g -in d u ced  re c e p to r  “ m em ory”  w as in flu en ced  by  
la te r  t r e a tm e n t w ith  in su lin  itse lf or a n o th e r  p o ly p ep tid e  horm one (T S H ), o r b y  
la s tin g  in h ib itio n  o f m itosis  under anaerob ic  con d itio n s of m ain ten an ce .

Materials and m ethods

C ulture. Tetrahym ena p yrifo rm is  GL cells, p ro p a g a te d  in  0 .1%  y e as t e x tra c t (D ifco , 
I  SA) an d  1%  T ry p to n e  (O xoid , E ng land) co n ta in in g  m ed iu m  a t 28 °C were used  in th e  ex p o ­
n e n tia l  ph ase  o f g row th .

Treatm ent. P a r t  o f th e  m ass cu ltu re  w as t r e a te d  w ith  1 0 -c  M insu lin  for 1 h , th e  u n tre a te d  
p a r t  se rv ed  as co n tro l. A fte r  in su lin  tre a tm e n t, th e  e x p e rim e n ta l cu ltu re  w as re tu rn e d  to  p la in  
m ed iu m  for 24 h. T he c u ltu re  m edium  was su b seq u e n tly  ch an g ed  every  48 h.

D eterm ination  o f  hormone binding. S am ples ta k e n  fro m  th e  cu ltu res  a t p red e te rm in ed  
tim e  in te rv a ls  (every  se v e n th  d a y  betw een g e n era tio n s  9 -3 2 3 , and every  fo u rte e n th  d a y  b e ­
tw een  g en era tio n s 323 664) w ere fix ed  in 4 %  fo rm a lin  so lu tio n  (in  PB S), w ashed  in  PB S , e x ­
po sed  to  f lu o resce in -iso th io cy an a te  (FITC , B H D , E n g la n d )  labe led  insu lin  fo r l h , a n d  ex am ined  
for b in d in g  of th e  labe l wdth a Zeiss F luoval cy to flu o rim e te r .

S ta tistica l evaluation. T he analogous signals o f  th e  cy to flu o rim e te r w ere tran s fo rm e d  to 
d ig ita l signals fo r a sse ssm en t o f m ean values, s ta n d a rd  d e v ia tio n  and  significance of in te r-  
g roup  d ifferences b y  m ea n s  of a H P-41C X  c a lcu la to r  co n n ec ted  w ith  th e  cy to flu o rim e te r. 
S ix re p lica  assays were d o n e , an d  20 cells w ere a ssa y ed  in each  group  for in te n s ity  o f flu o res­
cence.

Second hormone treatm ent. Cells cu ltu red  as ab o v e  w ere tre a te d  w ith  10 ~e M in su lin  o r 
th y ro tro p in  for 1 h , w ere re tu rn e d  to  p lain  m ed iu m  fo r 24 h , and  were fin a lly  reexposed  to 
FT T C -insulin  for 1 h. H o rm o n e  b ind ing  was th e n  assay ed  b y  c y to flu o rim e try , as above.

Anaerobic culturing  conditions. P a r t  o f th e  c u ltu re s  w ere, a fte r  p ro p ag atio n  for 3 m o n th s , 
re d u ce d  to  anaerob ic  co n d itio n s  b y  spreading a 1 m m  th ic k  lay er o f p a ra ffin  oil on to  th e  su r­
face th e  n u tr ie n t  m ed iu m . E ig h ty  days la te r  th e  cells w ere re tu rn e d  to aerobic con d itio n s for 
one w eek, d u rin g  w hich  th e y  w ere assayed for in su lin  b in d in g  on days 4 an d  7. A naerobic co n ­
d itio n s  w ere th en  p ro v id ed  again  fo r 6 m o n th s , a f te r  w h ich  th e  cells were re tu rn e d  to  aerobic  
co n d itio n s  an d  assay ed  fo r in su lin  b ind ing  on d a y  7.

T h e  cells w ere t r e a te d  w ith  10-c M in su lin  o r T S H  on d a y  7 a fte r  th e  f ir s t  an aero b ic  
ep isode  o f 80 days.
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Results

In  th e  ex p e rim en ta l series we follow ed u p  th e  changes induced by  p r im a ry  
in te ra c tio n  w ith  a horm one (ho rm onal im p rin tin g ) in  th e  horm one b in d in g  
cap ac ity  o f th e  in te rac tin g  cells an d  th e ir  o ffsp ring  generations (F ig . 1). T he 
gen era tio n  tim e  o f Tetrahym ena  being  a b o u t 150 m in , th e  weekly e x a m in a tio n  
d e tec ted  F IT C -insu lin  b ind ing  in  a b o u t ev e ry  6 0 th  generation . T h e  h o rm o n e  
b ind ing  c a p a c ity  of the in su lin -p re tre a ted  cells differed  sign ifican tly  f ro m  th e  
con tro l th ro u g h o u t. B inding  increase over th e  co n tro l was on av e rag e  110%  
in th e  in itia l period  (generations 9-323) an d  115%  in th e  664th g e n e ra tio n .

Ыu
C
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°  90
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Fig. ]. F IT C -insu lin  b ind ing  in th e  o ffspring  g en era tio n s  o f Tetrahymena  cells t r e a te d  w ith  
horm one on a single occasion (co n tro l 1004;,)
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Generat ion changes

In  th e  second ex p erim en ta l series we s tu d ie d  th e  la te  effects o f h o rm o n a l 
im p rin tin g  an d  th e  response of th e  cells to  a second  tre a tm e n t w ith  th e  sam e  or 
a n o th e r p o ly p ep tid e  horm one (F ig . 2). T his scries covered the  follow ing g ro u p s: 
c o n tro l/co n tro l (C/C); con tro l/in su lin  (C /I); co n tro l/T S H  (C/T); in su lin /c o n tro l 
(I/C ); in su lin /in su lin  (I /1); in su lin /T S H  (I/T ).

Fig. 2. L a te  effec ts o f in su lin -im p rin tin g  in Tetrahym ena  cells reexposcd to in su lin  o r T S H  a t 
d iffe ren t tim e in te rv a ls  in th e  course of 664 g e n era tio n  ch an g es (open colum ns), a n d  7 d ay s 
a fte r m a in ten a n ce  u n d e r an aerob ic  co n d itio n s fo r 80 d a y s  (sh ad ed  colum ns); (C - c o n tro l;

I insulin; T TSH)
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T h e  b ind ing  o f F IT C -in su lin  was low (1 0 5 % ) in  the  cells no t p reex p o sed  to  
th e  h o rm o n e  (C/I), a n d  th a t  of TSH  was s till low er (102% ) u n d e r th e  sam e 
c o n d itio n s  of t r e a tm e n t (C/T). The cells p reex p o sed , h u t no t reex p o sed  to  
in su lin  (I/C ) and  tho se  b o th  preexposed an d  re e x p o se d  to it (I/I) eq u a lly  show ed 
a s ig n if ic a n t (115% ) b in d in g  increase over th e  co n tro l, w hereas th o se  precx- 
p o sed  to  insu lin  and  reex p o sed  to  th y ro tro p in  (I/T ) did no t ap p rec iab ly  differ 
from  th e  con tro l in re sp e c t o f insulin  b ind ing  (9 8 % ).

T h e  im p rin ted  cells red u ced  to  anaerob ic  con d itio n s for 80 days reco v ered  
th e ir  in su lin  b ind ing  c a p a c ity  g radually , to  ju d g e  from  a re la tiv e  decrease 
(9 1 % ) on day  4 o f r e tu rn  to  aerobic co n d itio n s , a n d  a significant re la tiv e  in ­
crease  (140% ) on d ay  7 (F ig . 3).

F ig . 3. F IT C -in su lin  b in d in g  in  Tetrahym ena  cells a t  d if fe re n t  tim es after re tu rn  fro m  an ae ro b ic  
to  aerob ic  conditions (co n tro l =  100% )

M em brane-level chan g es show n in re sp o n se  to  exposure to  in su lin  or T S H  
a f te r  an aero b ic  co n d itio n s o f cu ltu ring  w ere also  assessed in  cu ltu res  t re a te d  
on  th e  schem es described  above. A lthough th e  ab so lu te  values of F IT C -in su lin  
b in d in g  w ere s ligh tly  in c reased  on day  7 a f te r  r e tu rn  to  aerobic co n d itio n s, th e  
b in d in g s  profile itse lf  did n o t appreciab ly  d iffe r front the p re -an aero b ic  one. 
A lth o u g h  th e  b ind ing  v a lu es  o f the groups C /I a n d  C/T increased ap p re c ia b ly  
(112, re sp ec tiv e ly  108% ) o v er the  con tro l, th e y  w ere still con sid erab ly  low er 
th a n  tho se  show n b y  th e  I/C  (142% ) or I / I  cells (116% ). Mixed h o rm o n e  t r e a t ­
m e n t (I/T ) h ad  no in flu en ce  on insulin  b in d in g  (98% ) in th is  e x p e rim e n ta l 
series. T h e  cu ltu res r e tu rn e d  to  anaerobic  c o n d itio n s  for fu r th e r  6 m o n th s  
sh o w ed  th e  sam e p a t te rn s  o f response as a f te r  80 days.

A d a  Microbiologica Hungarica 37, 1990



I M P R I N T I N G  I N  T E T  R A I  I YM  E N A 273

Discussion

Hormonal im printing takes place at primary interaction  betw een target 
cell and hormone. In unicellular organisms, non-specific membrane patterns 
transform to persistent receptor structures [12] in presence o f horm one, 
whereas in higher organisms the genetically encoded receptor is am plified by 
hormonal influence [1]. H orm onal imprinting alters — usually increases — the 
hormone binding capacity and the specific response o f the cell at later interac­
tions [13, 14].

In earlier studies along th is line, diiodothyrosine im printing still operated  
in T e tr a h y m e n a ,  i.e. a “ m em ory” o f  it was still dem onstrable by elevation  o f the 
m itotic index, after as many as 500 generation changes [6]. Such persistent and 
transm issible receptor “ m em ory” could arise either b y  a structural alteration  
of the receptor, or by a regular or horm one-induced recycling to the external 
membrane o f receptors associated w ith the cyto plasm ic membrane pool. A third  
alternative explanation  is th at the memory persists at post-receptorial rather 
than  receptor level, and the changes induced b y  it  in the post-receptorial 
m echanisms (e.g. cAMP elevation) account for an increased cellular response on 
reexposures to the hormone and usually for an increased hormone binding  
capacity  as well.

The purpose of the present experim ents was exactly  to identify , w hether  
the persistence over many generations of the functional changes associated w ith  
hormonal im printing [6] was due to  receptor-level or post-receptorial changes.

A single interaction with insulin was in fact su fficien t to induce a “ m em o­
ry” o f im printing, and, consequently , an increased binding capacity for insulin  
in as many as 664 subsequent generations o f T e tr a h y m e n a .  The binding capacity  
was fairly uniform  at the different sam pling tim es, and tended to increase 
rather than to decrease towards the end o f the experim ental period. A lthough  
this does not exclude a periodic recurrence o f n egative binding results, the 
binding values unequivocally  portrayed the persistent im pact o f im printing. 
The present observations cannot disclose, w hether im printing hail changed the  
structure or the number o f the membrane receptors in T e tr a h y m e n a , but the 
fact remains th a t the insulin binding capacity was durably increased in the  
progeny generations of the im printed cells.

Part o f  the cells were reexposed to insulin or T SH  after 70 days o f  cul­
turing, i. e. after 664 generation changes, to clarify w hether or not the im print­
ing elevated binding capacity  w as further increased by the second treatm ent, 
and whether the response was specific. It is known th at hormones or hormone- 
-like materials m ay increase the binding capacity for another hormone also by 
nonspecific influence [15-18]. T SH  was used to exclude this alternative.

The second hormone treatm ent gave rise to  dow n-regulations, probably  
because the assay was done 24 h after insulin reexposure, when increase over the
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con tro l was appreciable, but not significant in the C/I cells, and significant 
rela tive  to C/C but m arkedly decreased relative to I/C, in the I /I  cells, owing in 
all probability  to the dow n-regulating effect o f the second insulin  treatm ent. 
T S H  was less active in  the C/T group than insulin in the C/I group, and it abol­
ished altogether the effect o f  insulin im printing in the I/T series. This suggests 
th a t la te  reexposure to  a polypeptide horm one destroys the im printing effect 
o f  prim ary interaction w ith  another polypeptide hormone. Special em phasis is 
laid in  th is context on the length  o f the tim e interval between the primary and 
secondary treatm ents, because no such effect was observed if  one polypeptide  
horm one was em ployed shortly  after, or sim ultaneously w ith , the other [19]. 
I t  fo llow s that, although th e  effect o f im printing is strong, it  can be ex tin ­
guished  by certain adverse conditions.

P art of the cells w ere, after 70 days (664 generation changes), reduced to  
anaerobic conditions for 80 days, and again for 6 m onths, to in h ib it division  
and th ereb y  the transm ission o f im printing-induced m em ory to  daughter cells. 
Since no exchange o f m edium  was made during anaerobic culturing, the cells 
had to  use up a considerable part o f their m em branes for nutrition. T hey indeed  
recovered  their potentia ls slow ly after return to  aerobic conditions in fresh 
m edium . There was no ind ication  o f the effect o f im printing after 4 days, but a 
sig n ifica n t binding increase over the original level took place by day 7. Response 
to  reexposure to insulin or T SH  on day 7 was sim ilar to, or even  greater, com ­
pared to  that of the cells m aintained in  aerobic conditions throughout. It follows 
th a t  th e  imprinted cells w ere not only able to  transm it the “ m em ory” of 
im p rin tin g  to daughter cells, but, as dem onstrated already earlier [20] also to 
store it , and to use it again after return to physiological conditions.T hus, further 
to  earlier functional ev idence o f receptor m em ory, additional evidence of it 
em erged from the present binding studies.

The long persistence o f  im printing in both the functional and binding 
a ctiv itie s  of T e tr a h y m e n a  supports the hypothesis of a nuclear-level transm is­
sion  o f  im printing-induced “ m em ory” from one generation to the other.

R E F E R E N C E S

1. C sab a , G.: Biol R ev  55, 47 (1980).
2. C sa b a , G ., D obozy, O ., K a ize r, G .: H o rm  M etab  R es 13, 177 (1981).
3. C sa b a , G., K ovács, P ., V as, Á .: A c ta  Physio l H u n g  69, 231 (1987).
4. K o v á c s , P ., Csaba, G.: A c ta  P h y s io l H u n g  69, 167 (1987).
5. C sab a , G., Sudár, F ., P a d o s , R .:  E ndocrino log ie  76, 340 (1980).
6. C sab a , G., N ém eth , G ., V a rg h a , P .: E x p  Cell Biol 50, 291 (1982).
7. D a rv a s ,  Zs., László, V ., C saba , G ., V arg h a , P .: B iológia 32, 137 (1984).
8. K o v á c s , P ., Csaba, G. : A c ta  P ro to zo o l 24, 37 (1985).
9. K o v á c s , P ., Csaba, G., B o h d a n ec zk y , E .: Comp B iochem  Physio l 80A, 41 (1985).

10. K ő h id a i, L ., M uto, Y ., N o zaw a, Y ., C saba, G.: Cell Mol Biol 32, 641 (1986).
11. C sa b a , G.: In te rn a tio n a l R ev  C yto l 95, 327 (1985).
12. C sa b a , G.: E x p erien tia  42, 715 (1986).

Acta Microbiologica Hungarica 37, 1990



I M P R I N T I N G  I N  T E T R A H Y M E N A 275

13. C saba, G.: O ntogeny  and  p h y lo g en y  of horm one recep to rs . K a rg er, Basel -N e w  Y ork
1981.

14. C saba, G.: E x p erien tia  42, 750 (1986).
15. D ave, J . R ., K razek , R. A.: P ro c  N a tl A cad Sei USA 77, 6597 (1980).
16. D ave, J .  R ., K razek , R. A., L iu , S. C.: B iochim  B iophys R es Com m  100, 45 (1981).
17. D ave, .J. R ., B row n, N. V., K n azek , R. A.: Biochim  B iophys Res Com m  108, 193 (1982).
18. D av e, J .  R ., W itors, R. J .:  B ioch im  B iophys Res Comm 113, 220 (1983).
19. C saba, G., K ovács, P ., László, Y .: A c ta  P rotozool 28, 175 (1989).
20. C saba, G., D a rv as ,Zs., László, V ., V a rg h a , P .: E xp  Cell Biol 52, 21 1 (1984).

A d a  Microhiolot'ica Hungarira 37, 1990





Acta M icrobiologie a H ungarica  37 (3 ) ,  pp . 2 7 7 —280 (1 9 9 0 )

CELL-TO-CELL TRANSMISSION OE HORMONAL 
IMPRINTING PERSISTS LONG IN 

TETRAH YMENA
G. Cs a b a , P. K ovács  and V a l e r i a  L ászló

D epartm ent o f  Biology, Sem m elw eis U niversity  M edical School, Budapest 

(R eceived S e p tem b e r 20, 1988)

R eplicating, a n d  rep lica tio n -in h ib ited  (m a in ta in e d  u n d e r anaerob ic  co n d itions) Telra- 
hym ena  cells w ere still able to  tra n sm it to  “ v irg in ”  cells in su lin -induced  horm onal im p r in tin g  
a fte r  fo u r w eeks, i.e. a f te r  ab o u t 220 to  280 g e n era tio n  changes. The effect of im p rin tin g  w as 
n o t u n ifo rm ly  d em o n s trab le  du rin g  th a t  p e rio d , and th e  cells m ain ta in ed  u n d e r a n ae ro b ic  
co n d itions even show ed a decrease in in su lin  b in d in g  c ap a c ity  a f te r  tw o weeks. I t  a p p e a rs  t h a t  
in  th e  m a jo rity  o f th e  cases, th e  in te n s ity  o f  tr a n s m itte d  im p rin tin g  g rea tly  dep en d s on  t h a t  
o f  th e  genuine im p rin tin g .

The reception o f environm ental signals,and the recognition and “ m em o­
ry” o f their advantageous or disadvantageous nature is a life condition for u n i­
cellular organisms [1 -3 ]. Such“ m em ory” can be induced by molecules w hich are 
able to act (and/or to bind) at m em brane level, as are above all the m olecules 
functioning as horm ones in higher organism s [2—4]. Primary interaction  o f  
target cells w ith such molecules gives rise to hormonal im printing. The dynam ic  
membrane o f unicellulars always presents receptor structures, for exam ple  
nutrient (food) receptors [5], w hich “ question” the environm ent for inform a­
tion-carrying signal molecules. Im printing accounts either for the am p lifi­
cation of such membrane structures, or for the form ation of new receptors, on  
which follows the transm ission o f “ m em ory” to the daughter cells by an as y e t  
not fully understood m echanism. T hus, as a result o f hormonal im printing, 
scores of the offspring generations w ill “ rem em ber” the primary interaction  
with a hormone [7], and w ill, consequently , show a changed — a sa  rule increased  
— response to it.

Several theoretical explanations have been offered for the mode o f tran s­
mission o f cellular “ memory” to daughter cells. I t probably involves certain  
membrane changes which give rise to  continuous receptor form ation v ia  self- 
assem bly, and the details o f m em brane transm itted  to the daughter cells 
preserve th is property. It has also been suggested th at hormonal im printing
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cou ld  ta k e  place in tra c e llu la r ly  a t R N A  o r D N A  level, an d  tran sm iss io n  of 
“ m e m o ry ”  could be associa ted  w ith  th e  in fo rm a tio n  sto ring  fu n c tio n  of these  
m olecules.

R ecen tly  ev idence  lias been acc u m u la ted  th a t  in m am m alian  cell cu ltu res  
n o t  on ly  those cells show  po st-recep to ria l changes a fte r p rim ary  in te ra c tio n  
w ith  a horm one w h ich  h a d  bound it, b u t  also tho se  w hich had no c o n ta n t w ith  
th e  h o rm o n e  itse lf, o n ly  w ith  the  in te ra c tin g  cells of the  p o p u la tio n  [8-11]. 
T h is  in d ica tes  a cell-to-cell transm ission  o f th e  in fo rm ation  m ed ia ted  by th e  
h o rm o n e . T ran sm issio n  of horm onal in fo rm a tio n  from  in te rac tin g  to  no t in te r ­
a c tin g  (v irgin) cells can  p resu m ab ly  ta k e  p lace  in th e  course of ho rm onal im ­
p r in tin g , n o t on ly  in  cu ltu res  of m am m alian  cells [12], b u t also in  tho se  of 
u n ic e llu la r  o rgan ism s [13, 14].

W e in v e s tig a te d  in th e  present s tu d y  how long th e  im p rin ted  Tetrahym ena  
cells w ere able to  tra n s m it  the  in fo rm a tio n  associa ted  w ith  im p rin tin g , w ith  
sp ec ia l regard  to  th e  im p a c t of changed life fu n c tio n s , such as re sp ira tio n  and  
d iv is io n .

M aterials an d  m ethods

C ulturing  conditions and  treatment. Tetrahym ena p y r ifo rm is  GL cells, m a in ta in e d  in 0 .1%  
y e a s t  e x tr a c t  and  1%  T ry p to n e  (O xoid, E n g la n d ) c o n ta in in g  m edium  a t  28 °C w ere used  in 
th e  lo g a rith m ic  phase  of g ro w th , in w hich th e y  w ere  t r e a te d  w ith  10 ~6 м in su lin  (Sem ilente, 
MC, JNovo, C openhagen). A fte r  tre a tm e n t th e  c u ltu re s  w ere e ith e r re tu rn e d  to  p la in  m edium  
or m a in ta in e d  u n d e r oil o v e ila y  (m ain tenance  m ed iu m  in  10 ml d istilled  w a te r: 1 cm  of sm all 
in te s t in e  o f  s ta rv ed  r a t  -f- 0.5 m l paraffin  oil a u to c lav e d  a t  121 °C). B oth  t \p e s  o f m ass cu ltu res  
w ere tra n s fe rre d  to  p la in  m ed iu m  one, tw o or fo u r w eeks la te r . The co n tro l cu ltu res  were 
tra n s fe r re d  on the sam e schedu le  as the  e x p e rim e n ta l ones. Two days a fte r  tra n s fe r  th e  cell 
c o u n ts  w ere d e te rm in ed  in  a F u ch s-R o sen th a l c h a m b e r , an d  tran sfe r  w as m ade again  in  a 
m a n n e r  t h a t  in  ad d itio n  to  in su lin -tre a ted  and  co n tro l cu ltu re s , m ixed cu ltu res , w ere p rep ared  
fro m  e q u a l volum es of e x p e rim e n ta l and con tro l cell suspensions.

A ssay  fo r  in su lin  binding. One day a fte r  th e  la s t  tra n s fe r  all cu ltu res w ere fix ed  in a 4%  
n e u tr a l  fo rm alin  so lu tion  (in  p H  7.2, 0.05 м PB S ), w ash ed  in  tw o changes of PB S , an d  in cu b a ted  
in p re sen ce  of F IT C -lab e led  in su lin  for 1 h  a t  ro o m  te m p e ra tu re . The p ro te in  c o n ce n tra tio n  of 
th e  c o n ju g a te  was 0.2 m g /m l an d  th e  F IT C /p ro te in  ra tio  w as 0.41. A fter in cu b a tio n  th e  cells 
w ere w ash ed  in  th ree  ch an g es o f PB S, sp iead  o n  slides, d ried , and exam ined  fo r in te n s ity  of 
flu o rescen ce  w ith  a Zeiss F lu o v a l cy to flu o rim ete r.

S ta tistica l evaluation. T he analogous signals e m it te d  b y  th e  c y to flu o rim e te r  w ere t r a n s ­
fo rm ed  to  d ig ita l signals fo r reco rd ing  and  m a th e m a tic a l-s ta tis t ic a l  e v a lu a tio n  w ith  a H ew ­
le t t - P a c k a r d  H P  41 CX ca lcu la to r, p ro g ram m ed  fo r d e te rm in a tio n  of th e  m ean  v a lu es an d  
fo r a n a ly s is  oi in te r-g ro u p  d ifferences for sign ificance (b y  S tu d e n t’s f-test an d  analysis of v a r i ­
ance).

In  ev ery  case, a t  le a s t  six  rep lica  assays w ere  done. Since 20 cells w ere assay ed  in  each  
g ro u p , th e  va lues show n in  F ig . 1 rep resen t m eans fo r a t  le a s t  120 cells.

R esu lts

U n d e r th e  co n d itio n s  o f m a in ten an ce  describ ed  in M aterials an d  m ethods, 
T . p y r ifo rm is  cells d iv id e  a t  in te rva ls  o f  a b o u t 150 m in, giving th u s  rise to  
8 -1 0  g en era tio n s w ith in  one day. T hus a b o u t 220-280  new g en era tio n s arose
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d u rin g  th e  four-w eek ex perim een tal period . H ow ever, as d em o n stra ted  ea rlie r 
[15], d iv ision  was red u ced  to  a m in im u m  u n d e r th e  anaerob ic  conditions p ro ­
v ided  by  the oil o v e rlay . R e tu rn  to  aerobic  co n d itio n s in  p la in  m edium  w as 
th e re fo re  necessary  fo r a few days, in  w hich  th e  “ m em o ry ”  of ho rm onal im ­
p rin tin g  was fvdly rev iv ed .

F it’. 1. F IT C -insulin  b in d in g  of in su lin -p re trea te d  ( im p rin ted ) a n d  n o t p re trea ted  T elrahym ena  
tem p o rarily  in h ib ite d  and  no t in h ib ited  in d iv ision  a f te r  p r im a ry  horm one exposure

The cells w h ich  could divide free ly  show ed a f te r  one week th e  c h a ra c ­
te ris tic  effect of im p rin tin g , i.e. a s ig n if ic a n t b in d in g  increase over th e  c o n tro l, 
w hich  was also show n  b y  the v irg in  cells. Two w eeks la te r  th e  b ind ing  c a p a c ity  
an d  th e  in te n s ity  o f  transm ission  e q u a lly  te n d e d  to  decrease, th en  a tta in e d  a 
p eak  again by  fo u r w eeks. The cells m a in ta in ed  u n d e r  anaerobic co n d itio n s 
ex h ib ited  a fte r one w eek the  sam e in su lin  b in d in g  c a p a c ity  as those n o t  in ­
h ib ited  in d iv ision, b u t  th e  tran sm iss io n  o f im p rin tin g  ap p eared  to  be d is tu rb e d . 
T he d is tu rbance  w as s till m ore o b v ious a t  tw o  w eeks. W hile the  insu lin  b in d ­
ing cap ac ity  of th e  freely  d iv id ing  cells increased  ap p rec iab ly , a lth o u g h  n o t 
sig n ifican tly , over th e  contro l in  b o th  th e  p u re  and  m ixed  cu ltu res, th a t  o f  th e  
cells tem p o ra rily  m ain ta in ed  an ae ro b ica lly  show ed a sign ifican t re la tiv e  
decrease in b o th  c u ltu re  types. H o w ev er, by  fo u r w eeks b ind ing  peaks as h igh  
as in  th e  freely d iv id in g  p o p u la tio n s were m easu red  in  all cu ltu res p rev io u sly  
red u ced  to  an ae ro b ic  conditions.
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D iscussion

T he p resen t ex p e rim en ta l o b se rv a tio n s  have  unequ ivocally  a ffirm ed  th a t  
th e  a b ility  to  tr a n s m it  h o rm onal im p r in tin g  persists as long as th e  im p ac t 
o f  im p rin tin g  itself. T his does n o t, h ow ever, exclude certa in  f lu c tu a tio n s  in tin- 
in te n s i ty  of im p rin tin g , such  as observed  a t  tw o  weeks of th e  fou r-w eek  period  
c o v e red  in  the  s tu d y . N evertheless, i t  a p p e a rs  th a t  the  in te n s ity  o f th e  effect 
t r a n s m it te d  to  th e  v irg in  cells is e q u iv a le n t to  th a t received by th e  t r a n s ­
m it te r  cells d irec tly  invo lved  in  im p rin tin g .

T htts the  h y p o th es is  lies close a t  h a n d  th a t  insulin  im p rin tin g  an d  th e  
tra n sm is s ib il i ty  o f th e  in fo rm a tio n  so a c q u ire d  equally  p e rs is t long in  Tetra- 
h ym en a . This suggests th a t  the  s till ob scu re  fac to r ca rry ing  th e  in fo rm a tio n  
a sso c ia te d  w ith  im p rin tin g  is d u rab ly  p re se n t in  th e  un icellu lar, an d  can  th e re ­
fo re  in fluence  th e  v irg in  cells n o t in v o lv ed  in p rim ary  in te ra c tio n  w ith  the  
h o rm o n e . This m echan ism  seem s to  he o f  g re a t im portance  o f  th e  u n ice llu la r 
in  i ts  n a tu ra l e n v iro n m e n t, for i t  assu res th e  tra n sfe r  of in fo rm a tio n  n o t on ly  
to  d a u g h te r  cells (cells o f th e  sam e clone), b u t  also to  o ther cells o f th e  p o p u la tio n .

T h e  ex p e rim en ta l fa c t th a t  th e  in fo rm a tio n  tra n sfe r  c a p a c ity  d id  n o t 
d iffe r  on a long te rm  betw een  c o n tin u o u s ly  d iv id ing and  te m p o ra r ily  n o t 
d iv id in g  cells in d ica tes  th a t  the  in fo rm a tio n  tra n s fe r  fac to r was well p reserv ed , 
a n d  as such was n o t affec ted  c ith e r  by  p o p u la tio n  increase v ia  d iv ision , or by- 
ch an g es  in  life co n d itio n s in  an an aero b ic  env iro n m en t.
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DURATION OF THE MICROSOMAL ENZYME 
(CYTOCHROME b5GUll„) INDUCER ACTION 

AND IMPRINTING POTENTIAL OF A STEROID IN 
TETRAHYMENA

V a l é r i a  L ászló , S z . S z e b e r é n y i  a n d  C. Csa b a

D epartm ent o f  B iology, Sem m elw eis U niversity  M edical School, 
and  N ational In stitu te  o f  Occupational H ealth , B udapest

(R eceived  M arch 4, 1989)

Tetrahym ena  su b je c ted  to a  th ree -d av  exposure to th e  s te ro id  triam cino lone  ex h ib ited  
a decreased  m icrosom al enzym e a c tiv ity , th ree  days a lte r  t r e a tm e n t,  follow ed by  a slight and  
a considerab le  a c tiv ity  increase over the  co n tro l a t  one an d  tw o  w eeks a fte r  t r e a tm e n t, re s ­
pectively . R eexposure  to  triam ic ino lonc  a f te r  re tu rn  to p la in  m ed iu m  for th ree  days acco u n ted  
for a m arked  increase  in  th e  in d u cer ac tio n  w hich, how ever, fa iled  to  persist for an ap p rec iab le  
tim e.

T he un ice llu la r Tetrahym ena  p ro v ed  to  be an  ex ce llen t m odel for e x p e ri­
m en ta l s tud ies in to  ce rta in  fu n c tio n s o f th e  e u k a ry o tic  cells o f  higher organ ism s 
[1]. Being a c ilia ted  u n ice llu la r, Tetrahym ena  re p re se n ts  a h igh ly  d iffe ren tia ted  
organism  a t  its  ow n phy logenetic  level and  co n ta in s  as such  m any  ac tive  m o ­
lecules an d /o r m echan ism s, w hose presence is c h a ra c te r is tic  of, and /o r in d isp e n ­
sable for, th e  fu n c tio n in g  o f c e r ta in  specialized cell p o p u la tio n s  of h igher o r ­
ganism s. M oreover, being an  a q u a tic  organism  Tetrahym ena  necessarily  m a in ­
ta in s  a h igh ly  d y n am ic  in te ra c tio n  w ith  its e n v iro n m e n t, w hich p resupposes 
th e  o p era tio n  o f a h igh ly  developed  recognition  sy s tem  [2]. Owing to  th e se  
p ro p erties , Tetrahym ena  can  he used  w ith  success fo r in v estig a tio n s in to  recep ­
to r  d ev e lopm en t (evo lu tion ). In  presence  of v e r te b ra te  horm ones Tetrahym ena  
is able to  tra n s fo rm  ce rta in  non-specific  m em brane  p a tte rn s  to  recep to r s tru c ­
tu res , w hich p e rs is t for a long tim e  in m any  su b se q u e n t generations [3—5J. 
Tetrahym ena  co n ta in s  itse lf  sev era l horm ones or horm one-like m olecules, 
w hich arc ch a ra c te ris tic  o f h igher organism s [6—10]. T he precise role o f th e se  
active m olecules a t  th e  un ice llu lar level is obscure for th e  tim e  being, u n less 
they  rep resen t b y -p ro d u c ts  of p ro te in  syn thesis  or of ev o lu tio n ary  changes. 
R ecen tly  presence o f a m icrosom al enzym e, too , w as d e m o n s tra te d  in lé tra -
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h ym en a  [11], and  tw o  o f us [12] succeeded  in  inducing  b y  s te ro id  tre a tm e n t 
p ro d u c tio n  of th a t  enzym e b y  th e  u n ice llu la r.

T he v e r te b ra te  h o rm o n e  exposu re  o u tlin ed  above h a d  such  a m arked  
e ffe c t on Tetrahym ena  t h a t  th e ir  consequences reap p eared  in  m a n y  offspring 
g e n e ra tio n s . F o r ex am p le , th e  effect o f  p rim a ry  in te ra c tio n  w ith  a horm one 
(h o rm o n a l im p rin tin g ) w as s till d e m o n s tra b le  a fte r 500 g e n e ra tio n  changes 
[1 3 ], an d  th e  s te ro id -in d u ced  increase  in  m icrosom al en zy m e (cy tochrom e 
h 560ms) a c tiv ity  p e rs is ted  over severa l su b seq u en t g en era tio n s o f  d au g h te r 
cells [12].

T h e  long d u ra tio n  o f  th e  effect(s) o f  ho rm onal im p rin tin g  on Tetrahym ena  
p ro m p te d  us to  in v e s tig a te  th e  p ers is ten ce  o f th e  im p ac t o f s te ro id  tre a tm e n t 
o n  th e  m icrosom al enzym e a c tiv ity  o f  th e  un icellu lar, w ith  special reg ard  to  
th e  in fluence  of one or tw o  s te ro id  exposu res on enzym e in d u c tio n .

Materials and methods

M odel cells and their m aintenance. Tetrahym ena p yrifo rm is  GL cells, c u ltu re s  in 0 .1%  
y e a s t  e x tr a c t  and  1 .0%  T ry p to n e  (O xoid , E n g la n d )  co n ta in in g  m ed iu m  fo r 72 h  a t  28 °C, 
w e re  u sed  in  th e  lo g arith m ic  p h ase  of g row th . T h e  ste ro id  used  for t r e a tm e n t  (triam cino lone  
a c e to n id e , R ich te r, B u d a p es t)  w as d issolved in  ab so lu te  e th an o l and  d ilu te d  in  n u tr ie n t  m e­
d iu m  fo r  use a t  10 _6 M co n ce n tra tio n . A p p ro p ria te  co n cen tra tio n s o f e th a n o l w ere also added  
to  th e  co n tro l cu ltu res.

T h e  cu ltu res w ere tre a te d  w ith  tr iam cin o lo n e  for 72 h, w ashed, re tu rn e d  to  p la in  m edium  
fo r  th re e ,  seven or 14 d ay s, a n d  w ere th re a f te r  e ith e r  reexposed  to tr ia m cin o lo n e  for 4 h, or 
w e re  cen trifu g ed  and  hom ogen ized  by so n ica tio n  in  30%  glycerol c o n ta in in g  L osina-L osinsky 
so lu tio n . R eexposure fo r 4 h  w as fo llow ed by  w ash in g , re tu rn  to  p la in  m ed iu m  fo r 24 or 72 h, 
a n d  i in a l ly  by  c en trifu g a tio n  a n d  h o m o g en iza tio n . A p a r t  from  th e  s tra in s  re tu rn e d  to plain 
m e d iu m  fo r 24 h  a fte r reex p o su re , th e  cu ltu re s  w ere alw ays hom ogenized a f te r  cu ltu rin g  for 
72 h.

D eterm ination o f  p ro te in  content. All h o m o g en iza tes  were ex am in ed  fo r p ro te in  co n ten t 
b y  th e  m eth o d  of L ow ry  e t  al. [14], an d  su b seq u a n tly  ad ju s ted  to  25 m g/m l p ro te in  con ten t.

E nzym e assay. T he Tetrahym ena  c u ltu re s  w ere exam ined  for cy to ch ro m e  b 560ms enzym e 
c o n te n t  b y  sp ec tro p h o to m etry . As p roposed  b y  F u k u sh im a  e t al. [11], th e  d iffe re n tia l spec trum  
o f th e  N a 2S 20 4-reduced m in u s o x id ized  enzym e c o n te n t was d e te rm in ed  in  a  Zeiss UV-Vis- 
-S p e c o rd  sp e c tro p h o to m e ttr  b e tw een  425 an d  410 nm , using  an  ex tin c tio n  co effic ien t of 216 
/ im —1c m -1 . The re su lts  w ere exp ressed  in  te rm s  of specific p ro te in  c o n te n t  (nm ol cyto- 
c h ro m e /m g  protein).

M athem atical-statistical evaluation. T h e  sign ificance of in te r-g ro u p  d ifferences was 
a n a ly z e d  b y  S tu d e n t’s t- te s t.

Results and discussion

W e d em o n stra ted  ea rlie r [12] t h a t  24-h tre a tm e n t o f Tetrahym ena  w ith  
s te ro id  (triam cinolone) acco u n ted  for a g rad u a l decrease in  th e  m icrosom al 
e n z y m e  co n ten t w ith  p rog ressing  tim e . In  th e  tim e in te rv a l b e tw een  one and 
fo u r  d ay s , inh ib itio n  w as a t  p eak  on d ay s  3 an d  4. H ow ever, t r e a tm e n t  w ith  
th e  s te ro id  for 48 h gave rise  to  a m ark ed  increase  in  m icrosom al enzym e ac tiv ­
i t y  w ith in  24 h , w hereas t r e a tm e n t  w ith  i t  fo r 72 h p ro d u ced  a re la tiv e ly  lesser
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a c tiv ity  increase. T he f ir s t  enzym e a ssa y s  w ere p erfo rm ed  in the  p re se n t s tu d y  
a fte r  re tu rn  to  p la in  m ed ium  for 72 h  o f  th e  Telrahym ena  cells p reex p o sed  to  
triam cin o lo n e  for 72 h , and  p o rtra y e d  th e re fo re  th e  cytochrom e b 5eoms levels 
a p p ea rin g  in  response to  p rim ary  ex p o su re . I t  appears th a t  th e  in d u ce r effect 
o f th e  p rim ary  th re e -d a y  steroid  ex p o su re  h ad  exp ired  by  th a t  tim e to  su ch  an  
e x te n t th a t  m icrosom al enzym e a c t iv i ty  d ro p p ed  below  th e  c o n tro l level. 
R e m a rk a b ly , how ever, th e  m icrosom al cy to ch ro m e co n cen tra tio n  te n d e d  to  
ap p ro x im a te  th e  con tro l level one w eek  a f te r  triam cino lone  t r e a tm e n t ,  an d  
increased  over it considerab ly  by tw o  w eeks. T ak in g  in to  co n sid e ra tio n  th a t  
th e  Tetrahym ena p yr ifo rm is  s tra in  u sed  in  th e  p re sen t s tu d y  had  u n d e rw e n t five 
to  six genera tio n  changes (divisions) d a ily , th e re  is reason to  conclude  th a t  
a lth o u g h  th e  inducer effect had in itia lly  f lu c tu a te d  to  certa in  e x te n t — since 
it  had  d ro p p ed  below  th e  control lev e l from  an  e levated  value w ith in  th ree  
days — it  p roved  to  be durab le in  th e  long  ru n , because it was s till p re se n t 
a f te r  90—100 gen era tio n  changes (F ig . 1).

A B C

/•'it:. 7. M icrosom a! enzym e levels in Tetrahym ena  th ree  d a y s  (A), one week (B ), a n d  tw o  w eeks 
(C) a fte r  t r e a tm e n t  w ith  triam cino lone fo r 72 h  (O ), and  24,72 and 144 h a f te r  re e x p o su re  to

triam cino lone  fo r  4  h . . — p  <  0.05

R eexposure to  triam cino lone  fo r  4 h  o f  th e  cells w hich had been  re tu rn e d  
to  p la in  m edium  for 72 h following p re e x p o su re  to  the  stero id  also fo r 72 h , 
a cco u n ted  for a considerab le  increase in  m icrosom al enzym e a c tiv ity . I t  fo l­
lows th a t  im p rin tin g  w ith  th e  ste ro id  h a d  in  fa c t ta k e n  place a t p r im a ry  e x p o ­
sure. T his suggests th a t ,  in princ ip le , im p rin tin g  for m icrosom al en zy m e pro -
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d u c tio n  could  occur in  Tetrahynem a  [15, 16] b y  analogy  of p e rin a ta l im p r in t­
in g  in  m am m als [17, 18]. H ow ever, th is  a n a lo g y  does no t hold, because in d u c ­
tio n  o f m icrosom al enzym e synthesis fa iled  to  p e rs is t a t th e  u n ice llu la r level, 
to  ju d g e  from  a m ark ed  a c tiv ity  decrease a f te r  72 h , and  a re la tiv e  decrease in  
th e  reexposed  cu ltu re s  com pared  to  th e  c o n tro l. I t  appears th a t ,  a lth o u g h  th e  
“ m e m o ry ” of la s tin g  triam cino lone  t r e a tm e n t  h a d  persisted  in  Tetrahym ena  
fo r th e  n e x t th ree  d ay s , i t  did fade aw ay , i.e. fa iled  to  reap p ear on in d u c tio n  
in  th e  la te  offsp ring  genera tions. I t  is, n ev e rth e le ss , rem arkab le  th a t  th e  a c t iv ­
i ty  changes w ere n o t  unequ ivoca l a t th re e  a n d  seven  days a fte r 72-h tr e a tm e n t  
w ith  triam cin o lo n e , a n d  a s tab iliza tion  c h a ra c te riz e d  by the m en tioned  a c tiv ­
ity  increase , w hich  h ad  no t been in flu en ced  b y  reexposure, occurred  on ly  
tw o  w eeks a fte r  p r im a ry  ste ro id  t re a tm e n t.
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DOSE-DEPENDENT IMPACT OF PRETREATMENT 
(IMPRINTING) WITH HISTAMINE AND SEROTONIN 

ON THE PHAGOCYTIC ACTIVITY OF 
TETRA H Y MENA

Zsuzsa  D a k v a s  an d  G. Csaba  

D epartm ent o f  B iology, Sem m elw eis U niversity  M edical School, B udapest

(R eceived  M ay 3. 1989)

Serotonin and histam ine stim ulate the phagocytic activ ity  o f Telrahym ena  at prim ary  
interaction. The effect o f histam ine is dose-dependent. W hile serotonin elicits an im printing- 
eike phenom enon at a high concentration, h istam ine induces no im printing, probably for 
1 volutionary reasons.

T he h o rm o n es an d  horm one recep to rs  are  p ro d u c ts  o f ev o lu tio n . T he 
phy lo g en e tica lly  low  unicellu lar o rg an ism  Tetrahym ena pyrifo rm is , w h ich  we 
have used as m odel system  in h o rm o n e  recep to r s tud ies [1], possesses n o n ­
specific , d y n am ic  m em brane  p a tte rs , w h ich  are ab le to  receive th e  e n v iro n ­
m e n ta l signals a n d  tran sfo rm  to specific  recep to rs  u n d e r the in fluence  of a d e ­
q u a te  signal m olecules [2, 3].

W e d e m o n s tra te d  earlier [4] t h a t  c e r ta in  v e r te b ra te  horm ones can  h in d  
to  Tetrahym ena  an d  e x e rt on it a b io log ica l in fluence. O f these ho rm o n es h is ta ­
m ine and  se ro to n in , w hich ac t on p h ag o cy to s is  in  h ig h er organism s, s t im u la te d  
th e  phag o cy tic  a c tiv ity  o f Tetrahym ena, to o  [5, 6].

In  u n ice llu la r organism s th e  p rim a ry  in te ra c tio n  w ith  a v e r te b ra te  h o r­
m one (ho rm onal im p rin tin g ) s tim u la te s  re c e p to r fo rm atio n , and also acco u n ts  
for tran sm issio n  o f th e  recep to rs fo rm ed  to  th e  d a u g h te r  cells o v e r severa l 
h u n d red s  o f g en era tio n s [7]. Im p r in tin g  can  he in d u ced  by  a w ide ra n g e  of 
horm ones, in c lud ing  am ino acid like h o rm o n es, and  th e  basic am ino ac id  com ­
p o n en ts  of th e  la t te r  can  also ac t as im p rin te rs  [8). E a rlie r ex p e rim e n ts , w h ich  
h ad  d e m o n s tra te d  th e  specificity  o f  th e  phago cy to sis  s tim u la n t a c tio n  o f ce r­
ta in  am ino acid horm ones, inc lud ing  h is ta m in e  and  sero ton in , on T etrahym ena, 
p ro m p te d  us to  in v es tig a te  the se n s it iv ity  o f th e  im p rin tin g -in d u ced  recep to rs  
for th ese  horm ones.
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M aterials and  m eth o d s

C ulturing and treatm ent. Tetrahym ena p y r ifo rm is  G L  cells, cu ltu red  fo r tw o d a y s  in
0 .1 %  y e a s t  e x tra c t  an d  1 %  T ry p to n e  (O xoid, E n g la n d )  co n ta in in g  m edium  u n d e r sh ak in g  a t  
28 °C, w ere used  in  th e  e a rly  s ta tio n a ry  phase . B efore  te s tin g  for p h ag o cy tic  a c tiv ity , th e  
cells w ere  s ta rv ed  for 4 h  in  L osina-L osinsky  so lu tion . T h e  ho rm one tre a tm e n ts  w ere p e rfo rm ed  
w ith  h is tam in e  d ih y d ro ch lo rid e  (R ean a l, B u d ap est), o r se ro to n in -c rea tin in e  su lp h a te  (R e an a l, 
B u d a p es t) .

G rain counting and  statistical evaluation. P h a g o c y tic  a c tiv ity  was assessed from  th e  n u m ­
b e rs  o f  p h a g o cy ted  g ra in s  of Chinese ink , su spended  in  L o sin a -L o sin sk y  so lu tio n  fo r feed ing  
to  th e  un ice llu lars .

T he Chinese in k  c o n ta in in g  vacuoles w ere c o u n te d  in  50 cells in  each  group , a n d  th e  
m e a n  v a lu e  was re g ard e d  as th e  p h agocy tic  in d ex  (P I ) .  T h e  P I  values o f th e  e x p e rim e n ta l 
g ro u p s  w ere re la te d  to  th e  P I  v a lu e  of th e  con tro l as 100. T he p e rcen tua l v a lu es gave th e  PC 
(p h a g o c y tic  coefficient). F ive  rep lica  experim en ts  w ere se t u p  in  each series, an d  th e  d ifferences 
b e tw e e n  th e  m ean  v a lu e s  w ere ana ly zed  for sign ificance  w ith  S tu d e n t’s t-te st.

E xperim en ta l groups. G roup  C/C: th e  cells o f th is  g ro u p  did no t receive ho rm o n e, only 
C hinese in k  in  L o sin a -L o sin sk y  so lu tion  for 5 m in , a f te r  s ta rv a tio n  fo r 4 h . G roups C /H 5, 
G /H ,„ C /S5 and  C /S9: th ese  cells w ere n o t p re tre a te d  a n d  w ere exposed to  10 _s м  h is tam in e , 
1 0 - 9 M  h is tam in e , 1 0 -5  M  se ro to n in  and 10 ~9 M se ro to n in , respec tive ly , sim u ltan eo u s ly  w ith  
th e  feed in g  of Chinese in k  a f te r  s ta rv a tio n  for 4 h . G ro u p s  H 5/H 5 or H 9, S5/S- or S 9: th e  cells 
w ere , a f te r  p re tre a tm e n t w ith  10 5 м horm one fo r 24 h , r e tu rn e d  to p la in  m ed ium  fo r 24 h, 
s ta rv e d  fo r 4 h , and  reex p o sed  to  10 _5 or 10 -9 м h o rm o n e  sim u ltan eo u sly  w ith  th e  feed ing  of 
C hinese in k  for 5 m in. G roups 11,11 - or H 9, 8,,/S , o r S /,,: th e  cells were tre a te d  on  th e  sam e 
sch ed u le  as above, e x ce p t fo r  p re tre a tm e n t w ith  1 0 -9 м  h is ta m in e  or sero tonin .

R esults and d iscussion

In  h igher o rg an ism s, h istam ine  ac ts  as a phagocy tosis s tim u la tin g  h o r­
m o n e , in asm u ch  as i t  enhances th e  p h a g o c y tic  a c tiv ity  of th e  m acrophages 
a n d  o f  o th e r  p o te n tia l phag o cy tes  of th e  re ticu lo en d o th e lia l sy stem  [9 -11 ]. 
S e ro to n in , too , is k n o w n  to  s tim u la te  p h ag o cy to s is  [12]. W e d e m o n s tra te d  
e a rlie r  th a t  b o th  h o rm o n es developed a p h ag o cy to sis  s t im u la n t ac tio n  in  
T etra h ym en a , too  [5, 6]. T he d issim ilar im p a c ts  o f h istam ine  analogues an d  
a n ta g o n is ts , se ro to n in  analogues and  p recu rso rs  on th e  un ice llu lar in d ic a te d  
se le c tiv ity  of its  resp o n se . T he p resen t e x p e rim e n ts  su b s ta n tia te d  th e  p h a g o ­
cy to s is  s t im u la n t a c tio n  of h is tam in e  an d  se ro to n in  on Tetrahym ena  a t  b o th  
te s te d  co n cen tra tio n s .

T h e  ac tion  o f h is ta m in e  w as d o se -d ep en d en t a t  p rim ary  exposu re , w here- 
as t h a t  o f se ro to n in  w as n o t. H istam ine  w as considerab ly  m ore ac tiv e  th a n  
se ro to n in  a t  10-5 м co n cen tra tio n , b u t  th is  a c t iv i ty  difference v an ish ed  a t  
1 0 -® M.

O n reex p o su re , ce llu la r response w as g re a te r  to  sero ton in  a t  10 M, an d  
to  h is ta m in e  a t  10~5 M, b u t  in  n e ith e r case d id  i t  increase over th e  level of 
p r im a ry  response. I t  follow s th a t  — as assessed  in  te rm s of phagocy tosis  no 
im p r in tin g  h ad  ta k e n  p lace in  e ith er case.

R esponse to  h is ta m in e  d id  n o t a p p re c ia b ly  differ from  th e  co n tro l a t  
e ith e r  dose level o f  reex p o su re . R esponse to  se ro to n in  reexposure w as low  re ­
la t iv e  to  th e  con tro l in  b o th  th e  S g/S5 an d  S5/S 9 sy s tem  of tre a tm e n t.
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Since h is tam in e  anti se ro to n in  eq u a lly  belong  to  th e  class of th e  m ost 
p rim itiv e  h o rm ones, there  is reason  to  p o s tu la te  th a t  th e y  could occu r in  th e  
n a tu ra l e n v iro n m e n t of Tetrahym vna. T h e  p h y lo g en e tica lly  low o rg an ism s p o s­
sess food recep to rs  for ainino acids | 13, 14], w h ich  can  also ac t as re c e p to s r

X I  ' 4 > N  \  ^  <J) ( Л  N  \  \  x -
\  N. in in  a> cn \  \  I/, in  en cr
o c 3  X  X  X I  O O  СО со L OCO

Fig. 1. In fluence  of single and  rep ea ted  tre a tm e n ts  w ith  low or h igh  con cen tra tio n s o f h is tam in e  
and se ro to n in  on th e  phagocytic  a c tiv ity  o f Tetrahym ena. P . C. — phagocytic  c o effic ien t (p e r 
cen t a c tiv ity  re la te d  to the  con tro l as 100). S ignificance: • p  <  0.05; • • p < 0 .01 ; • • • p <  0.00  L

for am ino  acid  horm ones [8]. T his can  p ro b a b ly  ex p la in  the  in ten siv e  a n d  se­
lective response  of Tetrahym vna  to  such  horm ones a lread y  at p rim ary  in te ra c ­
tio n , an d  th e  lack  of an  increased  response  (im p rin tin g ) to  reexposure  as well, 
since im p rin tin g  (w ith  basic am ino  acids or horm ones) m ay have h ad  o ccu rred  
earlier in life an d  given rise to  m ore developed  recep to rs  th a n  those a v a ila b le  in 
th e  m em b ran e  o f th e  u n ice llu lar for o th e r  e.g. po lypep tide h o rm o n es. 
T he recep to rs  fo r th e  tw o am ino acid ho rm ones te s te d  behaved  s im ila rly  u n d e r 
th e  given co n d itio n s, excep t in th e  c ro ss-im p rin tin g  experim ents.
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BACTERIAL TRANSLOCATION ALTER COLD 
STRESS IN YOUNG AND OLD MICE

P ir o sk a  A n d e r l i k , I l o n a  S z e r i , Zs u z s a n n a  B áno s  and Z s u z s a n n a  B arna

Institu te o f  M icrobiology , Sem m elw eis U niversity  M edical School, B u dapest 

(R ece ived  A pril 1, 1989)

Spo n tan eo u s tran s lo c a tio n  of th e  n o rm al in te s tin a l flo ra  was o bserved  in  h igher ra te  
in old m ice being in a s ta te  o f th y m u s  in v o lu tio n  th a n  in  young  ones. T he p ro p o rtio n  of bac­
te r ia l tran s lo ca tio n  24 an d  48 h  a f te r  cold stress increased  in b o th  y o u n g  a n d  o ld  m ice, th e  
increase  o f tran s lo ca tio n  as co m p ared  to  con tro ls w as larg e r in case o f y o u n g  m ice th a n  in 
old ones. T he d is tr ib u tio n  o f iso la ted  b a c te ria l s tra in s  acco rd ing  to  G ram  s ta in  also differed  in 
y o u n g  a n d  old groups.

U n d er co n v en tio n a l c ircu m stan ces , b a c te ria  o f the  n o rm a l in te s tin a l 
f lo ra  m ay in a sm all degree p e rm ea te  th e  in te s tin a l w all and  can  be tra n s lo c a te d  
in to  organs generally  re g a rd e d  as sterile  [1].

In  ce rta in  p a th o lo g ica l cond itions, e.g. enhanced  p e rm e a b ility  of the 
in te s tin a l m ucosa or in  excess o f  som e b a c te r ia l species in  th e  g u t, m em bers 
o f  th e  in te s tin a l flo ra  m ay  p e rm e a te  th e  in te s tin a l wall in a la rg e r p ropo rtio n  
an d  th e y  are tra n s lo c a te d  in to  m esen teric  ly m p h  nodes, sp leen o r liv er. A n in ­
crease o f th e  degree o f tra n s lo c a tio n  was observed  w hen th e  T -d e p e n d e n t im ­
m u n e  system  was lack ing , fo r exam ple  in n u d e  mice and in m ice th y m ec to m i- 
zed in  new born  age [2]. O u r p rev ious ex p erim en ts  have also show n th e  increase 
o f  b a c te r ia l tra m  location  in m ice tre a te d  w ith  a ly m p h o tro p ic  c y to s ta tic  agent. 
T h e  m ax im u m  of th e  tra n s lo c a tio n  coincided w ith  th e  m ost serious spleen 
a tro p h y  caused b y  th e  a g e n t [3]. I n  h u m an s, serious tra u m a s , b u rn s  and  sta tes  
o f  shock  enhance th e  tra n s fe r  o f b ac te ria  of th e  no rm al in te s tin a l f lo ra  th ro u g h  
th e  in te s tin a l wall and  th e ir  ap p ea ran ce  in  generally  sterile  o rgans [4].

Since Selye’s d esc rip tio n , i t  is know n th a t  th e  o rganism  re a c ts  to  stress 
effects w ith  general a d a p ta t io n  processes. P a r t  of th is  re a c tio n  is ly m p h o ­
p en ia  in  th e  periphera l b lood  som e hours a f te r  stress and  a tra n s ie n t  loss of 
w eigh t o f th e  ly m p h a tic  o rg an s d e tec tab le  in  12-18 h [5, 6].

In  old mice w ith  physio logical th y m u s in v o lu tio n , th e  n u m b e r  of c ircu ­
la tin g  lym p h o cy tes  is low , a f te r  s tress th e y  have  a decreased ly m p h o p én ie  reac­
tio n  an d  d isp lay  increased  se n s itiv ity  to  cold [7]. In  old m ice, besides im paired  
genera l a d a p ta tio n , th e  specific  a d a p ta tio n  (specific im m une resp o n se  ab ility ) 
is also decreased  [8].
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I n  our presen t e x p e r im e n t, i t  has been ex am in ed  w h e th e r th e re  is in ­
c rea sed  b ac te ria l tra n s lo c a tio n  in  conventional o ld  m ice in  s ta te  o f th y m u s 
in v o lu tio n , and also if  cold s tre ss  influences th e  r a te  o f b ac te ria l tra n s lo c a ­
tio n  in  conven tional y o u n g  a n d  old mice.

M ateria ls  and m ethods

E xperim en ta l anim als. E ig h t-w e ek -o ld  (young) and  tw e n ty -fo u r-m o n th -o ld  (old) C FL P  
(L A T I)  co n v en tio n al mice o f b o th  sex es were used.

Cold stress. Mice w ere p la c e d  in  w ire ne t cages p ro v id in g  in d iv id u a l p lacem en t in to  a 
-f-4 °C re fr ig e ra to r  for 4 h.

E xa m in a tio n  o f translocation , (a ) Cell suspension. T w o m esen teric  ly m p h  nodes, th e  
sp leen  a n d  th e  liver were a se p tic a lly  rem o v ed  from  each  sac rificed  m ouse. Cell suspensions were 
p re p a re d  fro m  the  lym ph  nodes a n d  th e  spleen as well as f ro m  a 100 m g frag m e n t of th e  liver; 
e ac h  sam p le  w as dilu ted  in 0.5 m l P B S . (b) Isolation o f  bacteria. T h e  en tire  a m o u n t o f each  cell 
su sp en s io n  w as poured in to  se ru m  b r o th  m edium , fro m  w hich  su b c u ltu re s  w ere m ade on idood 
a g a r m ed iu m  a t 24 h in te rv a ls . C u ltu re s  were in cu b a ted  aero b ica lly . Id e n tif ic a tio n  of b ac te ria  
w as c a r r ie d  o u t on th e  basis o f m acro sco p ica l, m icroscopical a n d  b iochem ical ex am in a tio n  of 
co lon ies in  th e  subcultures. T h e  r e s u l t  was considered n e g a tiv e  if  no b a c te ria l grow th  h a d  ap ­
p e a re d  on  a n y  of the  five s u b c u ltu re s  b y  th e  48th h  of in c u b a tio n .

Lym phocyte  ( ly )  count w as d e te rm in e d  in cau d a l v e in  sam p les u n d e r s ta n d a rd ize d  con­
d itio n s .

D eterm ination o f relative th y m u s  weight and translocation index. A fter sacrificing , th e  
re la tiv e  th y m u s  w eights o f y o u n g  a n d  old mice were d e te rm in e d  a n d  th e ir  m ean  v a lu e  was 
c a lc u la te d .

M ean  re la tive  th y m u s  w e ig h t =
m ean  th y m u s w e ig h t (m g)

m ean body  w e ig h t (g)
T h e  percen tage of t r a n s lo c a tio n  w as calcu la ted  from  th e  n u m b er of mice or o rgans w ith  

p o s it iv e  b ac te ria l cu ltures as r e la te d  to  th e  num ber o f m ice o r o rg an s w ith  n eg ativ e  b ac teria l 
c u ltu re s .

. . .  pe r c e n t o f  tran s lo c a tio n  in  s tre ssed  g ro u p
T ra n s lo c a tio n  index  =  -----------  .. , . --------

p e r c e n t  o t tran s lo c a tio n  in  co n tro l g ro u p

E x p erim en ts  and resu lts

S e v e n ty  young a n d  43 o ld  mice were exposed  to  cold stress. D uring  the  
s tre s s , 5 old mice d ied  due  to  th e ir  increased cold  sen s itiv ity . T here w ere no 
d e a th s  am ong  young m ice.

S ix  hours after th e  s tre s s , th e  ly  count in  th e  p e r ip h e ra l blood of 15 young  
an d  10 o ld  stressed an d  o f  10 y o u n g  and  10 old u n s tre sse d  contro l mice w as de­
te rm in e d . The ly  cou n t w as lo w er in unstressed  old m ice th a n  in  y oung  ones. 
T h e re  w as a 50%  decrease in  th e  ly  count in  s tre ssed  y o u n g  mice as com pared  
to  th e  u n stressed  ones. T h e  ly  coun t in s tressed  o ld  m ice d id  n o t change as 
c o m p a re d  to  the  u n stressed  ones. T hus, in acco rd an ce  w ith  th e  know n  d a ta  
[5—7 ], as opposed to  y o u n g  m ice, there  was no ly m p h o p én ie  reac tio n  in  old 
m ice.

T h e  45 mice used  fo r d e te rm in in g  th e  ly  c o u n t w ere observed  for one 
w eek  an d  there  were no d e a th s  during  th is tim e . A fte r  sacrifice, th e  re la tiv e
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th y m u s  w eig h ts  w ere d e te rm in ed , its  m ean  v a lu e  w as 3.6 in case o f  y o u n g  
m ice a n d  0.4 in  case o f old mice b o th  in  s tre ssed  a n d  u n stressed  g roups. T h u s  
th e  e x a m in e d  old m ice w ere in  a state' of physio log ica l th y m u s in v o lu tio n .

Iso la tio n  o f b a c te r ia  w as carried  ou t on th e  o th e r  55 young a n d  28 old 
mice exposed  to  stress . A fte r 24 h , we ex am in ed  th e  organs of 26 y o u n g  an d  
12 old m ice, a f te r  48 h  th e  organs o f 29 y o u n g  an d  16 old mice. In  b o th  e x p e ri­
m en ts , 21 an d  21 y o u n g  an d  18 an d  17 old m ice n o t exposed to  s tre ss  w ere 
used  as co n tro ls . In  these  con tro l groups, th e  sam e resu lts  were reach ed  in 
b o th  e x p e rim en ts , th u s  th e y  w ere added  to g e th e r . T he resu lts  o f iso la tio n  
ex p erim en ts  are  show n in T ab le  I an d  F ig . 1.

Table 1

Bacterial translocation in  mice and in  their organs after stress

T ra n slo c a tio n

M ouse groups in m ice 

frequency* %
in organs 

freq u en cy * *

T rans lo ca tio n  inde:

Y oung contro l 3/42 7 9/126 7 1.0 1.0
stressed 24 li 8/20 33 12/78 15 4.7 2.1

48 h 12/20 41 15/87 17 5.9 2.4

Old contro l 10/35 28 14/105 13 1.0 1.0

stressed 24 li 6/12 50 8/36 22 1.8 1.6
48 li 11/16 68 12/48 25 2.4 1.9

* N u m b er o f positive  m ice/num ber of exam ined mice
** N u m b er of positive o rgans/num ber of exam ined  organs

T ab le  I  shoxvs th e  frequency  o f b a c te ria l tra n s lo c a tio n  as re fe rred  to  th e  
n u m b er o f ex am in ed  mice an d  th e ir  organs. In  case of th e  contro l y o u n g  an d  
old m ice, th e  ra te  o f b a c te ria l tran s lo ca tio n s  w ere  d iffe ren t, th ere  w ere p o sitiv e  
resu lts  in 7 %  o f y o ung  m ice, in 28%  of old m ice, an d , in  7%  of th e  o rg an s  o f 
young mice an d  in 13%  o f th e  organs of old ones. T w en ty -fo u r an d  48 h  a f te r  
stress, th e  p ro p o rtio n  o f tran s lo ca tio n  was g ra d u a lly  increasing  as can  be seen 
from  th e  tra n s lo c a tio n  indices 48 h a fte r  s tress. T he frequency  of tra n s lo c a tio n  
was m ore p ro m in e n t in old mice (m ice, 68 % ; o rg an s, 25% ) th a n  in y o u n g  a n i­
m als (m ice, 4 1 % ; o rgans, 17% ). T he increase o f tran s lo ca tio n , h o w ever, as 
com pared  to  th e  con tro ls , was m ore expressed  in  y o u n g  mice th a n  in old ones 
( tran s lo ca tio n  indices in m ice, 5.9 and  2.4; in o rg an s, 2.4 and  1.9).

The ra te  o f positive cu ltu res  from  th e  in d iv id u a l organs as re fe rred  to  th e  
n u m b er o f  o rgans exam ined  is show n in F ig . 1. In  th e  young  stressed  m ouse 
group th e  r a te  o f  positive cu ltu res  24 and  48 h  a f te r  stress was la rg e r in  case 
of ly m p h  nodes an d  th e  liver th a n  those am o n g  th e  contro ls. The ra te  o f  po-
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s it iv e  sp leen  cu ltu res a f te r  24 h was s ig n if ic a n tly  sm aller th a n  in  co n tro ls , and  
a f te r  48 h , how ever, th e  p ro p o rtio n  o f b a c te r ia l  tran s lo ca tio n  in c reased  in  the  
sp le e n s  a n d  su rpassed  th a t  o f th e  con tro ls.

F ig . 1. P ro p o rtio n  of p o sitiv e  cu ltu res  in d iffe ren t o rg an s  as referred  to  th e  n u m b e r o f e x am ­
in e d  o rg an s . C, con tro l, n o t  exposed  to stress; S j, s tre sse d , 24 h  a fte r stress; S 2, s tre ssed , 48 h 

a fte r stress. S h ad ed  colum ns, ly m p h  n o d e ; sp o tte d  colum ns, sp leen; 
h a tc h ed  co lum ns, liv e r

I n  th e  old s tre ssed  m ouse group , th e  p ro p o rtio n  of positive cu ltu re s  was 
la rg e r  th a n  in th e  co n tro ls  in  b o th  periods a n d  in all th ree  o rgans. T h e  high 
r a te  o f  tran s lo ca tio n  o b se rv ed  in  th e  liv er 48 h  a f te r  stress was s tr ik in g .

C om paring  th e  e ffec t o f cold stress on tran s lo ca tio n , in old a n d  y o ung  
m ice , th e  m ost o u ts ta n d in g  difference in  th e  degree and th e  d y n a m ism  of 
tra n s lo c a tio n  was o b serv ed  in  case of sp leens. T he ra te  of tra n s lo c a tio n  24 h 
a f te r  th e  cold stress s ig n ifican tly  decreased  in  case of young m ice, w hile  in  
case  o f  th e  old m ice, i t  in c reased  s ig n ifican tly . T he degree of tra n s lo c a tio n  48 h 
a f te r  s tre ss  increased  in  th e  spleen of y o u n g  m ice, while it  decreased  in the  
sp le e n  o f  old ones, h u t  i t  w as still la rger th a n  th a t  of the  contro ls.

D is tr ib u tio n  of iso la ted  b ac te ria  acco rd in g  to  Gram  s ta in  can  be seen in 
T a b le  I I .  F rom  som e sam p les , m ore th a n  one b ac te riu m  was iso la ted , i.e . th e  
n u m b e r  of iso la ted  b a c te r ia  is la rger th a n  t h a t  o f th e  organs. T h ere  w ere no 
s ig n if ic a n t differences in  iso la tio n  resu lts  rece iv ed  24 and  48 h  a f te r  s tress, 
th u s  th e se  resu lts  are a d d e d  to g e th e r in  T ab le  I I .
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T able  II

Num ber o f  isolated bacteria in different mouse groups and their distribution 
in organs according to Gram stain

I so la te d  b ac te r ia

G ram -positive*  G ram -negative**

Number lymph
node spleen liver total lymph

node liver total

contro l 9 2 3 2 9 _
Y oung

stressed 27 7 4 и 22 1 1 3 5

control 16 1 4 5 4 3 4 11
Old

stressed 23 5 3 3 13 5 3 2 10

* Staphylococcus, Streptococcus
** Escherichia, Proteus, Klebsiella

In  y o u n g  c o n tro l m ice, only G ram -p o sitiv e  cocci were found , w hile in  o ld  
con tro ls  th e re  w ere m ore G ram -n eg a tiv e  b a c te ria  (11 isolates ou t o f 16). A fte r  
s tre ss , th e  n u m b e r o f G ram -positive  b a c te r ia  increased  in young  m ice an d  
G ram -nega tives ap p ea red  in all th re e  o rg an s o f th e m . In  old mice th e  n u m b e r 
o f G ram -p o sitiv e  iso la tes increased .

Discussion

S p o n tan eo u s b ac te ria l tra n s lo c a tio n  w as observed  in 7%  of y o u n g  co n ­
v e n tio n a l mice an d  in  7%  of th e ir  o rg an s. T his corresponds to  o th e r  d a ta  [1]. 
T ran slo ca tio n  is m ore ra re  in e x p e rim e n ta l an im als kep t in S P F  c ircu m stan ces , 
th o u g h  even  th e n  i t  is 2 -5 % . T hese d a ta  show  th a t  u n d er certa in  co n d itio n s  
th e  equ ilib riu m  b e tw een  com m ensal an d  p o te n tia lly  pathogen ic  b a c te ria  o f  th e  
no rm al in te s tin a l flo ra  m ay he a lte red  a n d  th e  specific and  aspecific re a c tio n s  
h in d erin g  m icrob ia l adm ission in to  th e  organs can  be sh ifted  in  fa v o u r  of 
b ac te ria . T he reaso n  for th is  can be t h a t  even in  h e a lth y  anim als, th e  in te s t in a l  
wall is n o t com ple te ly  in ta c t [1]. In  th e  w all o f th e  sm all in te stin e  o f c o n v e n ­
tio n a l mice, th e  observed  slight in f la m m a to ry  in filtra tio n  can he a sign o f  th e  
p e n e tra tio n  of b a c te r ia  in to  th e  in te s t in a l  w all [9].

All im p ac ts  th a t  decrease th e  specific  an d  aspecific defence m ech an ism  
of th e  organ ism  can  increase th e  degree o f b a c te ria l tran s lo ca tio n  [2, 9]. In  
ou r e x p e rim en t, spon tan eo u s b a c te r ia l tra n s lo c a tio n  was observed  in  h ig h er 
ra te  in  old mice th a n  in  young ones. T h e  sh ift o f th e  equ ilib rium  in  fa v o u r  o f 
b a c te ria  is due to  th e  decreased im m u n e  responsiveness of old mice b e in g  in  a 
s ta te  of physio log ica l th y m u s in v o lu tio n .

In  our e x p e rim en t, 24 an d  48 h a f te r  s tress , th e  p ropo rtio n  o f b a c te r ia l 
tra n s lo c a tio n  in creased  in b o th  y o u n g  and  old mice as com pared  to  co n tro ls .
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T h  ese changes can  be in  connection  w ith  th e  h ig h er cortison  level a f te r  s tress . 
C o rtiso n  decreases in flam m atio n  an d  is o f  im m unosuppressive  effec t; w hile 
th e re  is a h ig h er co rtiso n  level, th e  defen siv e  fu nc tion  of th e  o rgan ism  are  
d ecreased  th a t  can  en h an ce  the  tra n s lo c a tio n  o f bac te ria . In  case o f old m ice, 
th e  sm alle r increase o f  tran slo ca tio n  a f te r  s tre ss  can  he in  connection  w ith  th e  
d ecreased  fu n c tio n  o f th e  ad renal g land  c h a ra c te r is tic  of old age. In  ou r e x p e r­
im e n t, th e  decreased  fu n c tio n  of the  a d re n a l g land  was ind ica ted  b y  th e  fa ilu re  
o f  ly m p h o p én ie  re a c tio n  an d  the  increased  se n s itiv ity  to  cold in stressed  o ld  
m ice.

N e ith e r th e  d ifferences in d is tr ib u tio n  o f tran s lo ca ted  b ac te ria l s tra in s  
acco rd in g  to  G ram  s ta in , no r the  d ifferences in  th e  p roportion  of sp leens found  
p o s itiv e  a fte r  s tre ss  in  young  and  old m ice c a n  be exp lained  on th e  basis o f o u r 
e x p e rim e n ts  or l i te ra ry  d a ta . F u n c tio n a l d ifferences of the  im m une- an d  e n ­
docrino log ical sy stem s of young and old m ice, th e  co n ten ts  of no rm al in te s tin a l 
f lo ra , p e rm e a b ility  o f th e  in tes tin a l wall are  a ll c ircum stances th a t  can  a c tu a lly  
in flu e n c e  th e  em ergence o f bac te ria  o u t o f th e  in testin es  and  th e  tem p o  an d  
deg ree  o f th e ir  e lim in a tio n .

O ur re su lts  are  in accordance w ith  clin ical experiences show ing th a t  cli­
n ica l m an ife s ta tio n  o f  endogenic in fec tions are  m ore freq u en t in  o rganism s 
ex p o sed  to  stress th a n  in organism s free o f  s tre ss  and th is is m ore va lid  in old 
age.
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EFFECT OF MANNOZYM TREATMENT ON PLASMA 
FIBRONECTIN CONCENTRATION IN 

GERMFREE AND CONVENTIONAL MICE
P i roska  A n d e r l i k , I lona  S zeri , Zs u z s a n n a  B á n o s ,

Zs u z s a n n a  B a r n a , L. K a l ab ay  an d  ív. J akab

Institu te o f  M icrobiology , and  Third  D epartment o f  M ed ic ine ,
Semmelw eis U niversity  M edical School, B udapest

(R ece iv ed  J u ly  7, 1989)

As a resu lt o f a single in tra p e r ito n e a l tre a tm e n t w ith  1 m g/m l of M annozym  (M) th e  
p lasm a  f ib ro n ec tin  (F N ) level was s ig n ifican tly  increased b o th  in  gerin free  (Gf) and  c o n v en ­
tio n a l (Cv) m ice, and  th o u g h  i t  s ta r te d  from  a lower value  in G f m ice, it rose to a sim ila r level 
to t h a t  o f Cv anim als. T he m ax im u m  of F N  level was observed  on th e  f ir s t  d ay  a fte r  t r e a tm e n t  
b o th  in G f an d  Cv mice. It h ad  re tu rn e d  to  norm al b y  th e  7 th  d a y  in  Cv mice, b u t  i t  w as 
h ig h er in  G f mice as com pared  to  u n tre a te d  con tro ls even on th e  14 th  d ay . T h u s the  increase  
o f F N  level was of h igher degree and  longer du ra tio n  follow ing M tre a tm e n t in  G f m ice th a n  
in  Cv an im als . In  trea ted  G f mice th e  p lasm a  FN  c o n cen tra tio n  w as in  th e  sam e ra n g e  as in 
u n tr e a te d  Cv mice even at th e  te rm in a tio n  of ex p erim en t. B o th  in  G f an d  Cv m ice, th e re  w as 
a re la tiv e  sp leen  w eigh t increase, th e  degree  of w hich was sim ilar, b u t  th e  d u ra tio n  w as longer 
in G f m ice th a n  in Cv ones.

M annozym  (M) is a zym osan  con ta in in g  cell w all d e riv a tiv e  o f  Saccha­
romyces cerevisiae. In  h u m a n  th e ra p y  th is  m ateria l is used  fo r en h an cem en t of 
n o n sp ec ific  im m u n ity  an d  to  p re v e n t u n w an ted  side-effects of X -ra y  t r e a t ­
m en t [1—3]. I t  has been d e m o n s tra te d  th a t in an im al ex p erim en ts  i t  enhances 
b o th  th e  h um ora l and  ce llu la r im m u n e  responses [4]. I ts  m ode of ac tio n  is n o t 
e x a c tly  know n y e t, h u t it has heen d em o n stra ted  th a t  zym osan , in flu en c in g  
th ro u g h  d iffe ren t m echanism s th e  fu n c tio n  o f th e  m ononuclear p h ag o cy tic  
sy s tem  (M PS), can  increase th e  phagocy tosis  [5 -12].

O ne o f th e  m ost im p o r ta n t  biological effects o f  p lasm a  fib ro n ec tin  (F N ) 
is its  opsonic ac itiv ity . F u r th e r , i t  also m ediates th e  m o tility  and  so lub le  m e­
d ia to r  p ro d u c tio n  o f ph ag o cy tic  cells. T he effective o p e ra tio n  of th e  M PS d e ­
pends on  th e  co n cen tra tio n  o f p la sm a  FN . The p h ag o cy tic  a c tiv ity  o f M PS is 
im p a ire d  w hen  p lasm a F N  co n c e n tra tio n  is reduced  and  is im proved  if  its  
level increases [13—15].
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The lym p h o id  sy s te m  of germ free (G f) m ice is und erd ev e lo p ed  and  th e ir 
p h ag o cy tic  a c tiv ity  is decreased  as co m p a re d  to  th a t  o f co n v en tiona l (Cv) 
m ice [16, 17]. In  o u r  ea rlie r ex perim en ts i t  w as p roved  th a t  th e  p lasm a FN  
lev e l o f Gf mice is s ig n if ic a n tly  lower th a n  th a t  of Cv an im als  [18]. In  the 
p re se n t experim en t i t  w as exam ined  w h e th e r M tre a tm e n t h a d  an influence on 
th e  p lasm a FN  c o n c e n tra tio n  of G f and  Cv m ice.

Materials and m ethods

E xperim ental an im a ls . G f and Cv 3 -m onth-o ld  C3H m ice of b o th  sexes, a b o u t 25 g each 
w ere  u sed  (LA TI, G ödöllő). G erm free  s ta te  and its  co n tro l were p ro v id ed  acco rd ing  to  re fe r­
en ces 119].

M annozym . ( I n s t i tu te  fo r Serobacterio log ical P ro d u c tio n  and  R esearch , H u m an . B u d a ­
p e st) . The p rep ara tio n  c o n ta in s  1 m g/m l w a ter-in so lub le  g lu co m an n an  p o lysaccharide  purified  
fro m  S. cerevisiae. I t  is su sp e n d e d  in iso ton ic  sa lin e  w ith o u t  an y  p re se rv a tiv e  [ l j .

D eterm ination o f  m ouse p la sm a  F  N  level. B lood w as ta k e n  from  th e  c au d a l ve in  using  
so d iu m  c itra te  as a n tic o a g u la n t .  F N  co n ce n tra tio n  w as d e te rm in ed  fro m  in d iv id u a l p lasm a 
b y  e lec tro im m u n o d iffu sio n  [18 |.

E xam inations o f  the lym p h o id  system. L y m p h o c y te  coun t was d e te rm in ed  from  blood 
ta k e n  from  the cau d a l v e in  u n d e r  stan d ard ized  c o n d itio n s. F o r d e te rm in in g  re la tiv e  lym phoid  
o rg a n  w eight, body w e ig h t a n d  a f te r  sacrifice sp leen  an d  th y m u s  w eigh ts w ere de te rm in ed  and 
re la tiv e  organ w eight w as c a lcu la ted .

organ w eigh t (m g)
R elative  o rg an  w e ig h t =  -—-— —-----— —- —

body  w eight (g)
Statistical evaluation . S tu d e n t 's  t te s t  was a p p lied . T he accep ted  sign ificance level was

p  0 .05 .

Experiments and results

T h irty  Gf a n d  30 Cv mice were t re a te d  in tra p e rito n e a lly  on one occasion 
w ith  1 m l of M annozym  (groups M). T his dose is equal to  40 ing/kg zym osan 
in  case of 25 g b o d y  w e ig h t. T h ir ty  G f an d  30 Cv mice n o t tre a te d  w ith  M 
se rv e d  as contro ls.

Six tre a te d  a n d  6 c o n tro l mice were b led  to  d e a th  on d ays 1, 4, 7, 10 and 
14 follow ing M tre a tm e n t ,  a n d  p lasm a F N  level w as d e te rm in ed  an d  th e  ly m ­
p h o id  system  ex am in ed .

P lasm a F N  c o n c e n tra tio n s  are show n in F ig . 1. F N  level va lues of u n ­
tr e a te d  Gf mice w ere s ig n if ic a n tly  low er th a n  th a t  o f u n tre a te d  Cv mice. Al­
r e a d y  on the  1st d a y , th e  F N  level follow ing M tre a tm e n t w as sign ifican tly  
h ig h e r b o th  in  G f a n d  Cv m ice, and  th o u g h  it  s ta r te d  from  a low er value in 
G f m ice, it  rose to  th e  sam e  level as th a t  o f Cv m ice. F N  level in  Cv mice 
r e tu rn e d  to norm al on  th e  7 th  «lay, hu t i t  was h ig h er in G f mice as com pared 
to  th e  values o f u n t r e a te d  ones even on th e  14th day . P la sm a  F N  con­
c e n tra t io n  of tre a te d  G f m ice w as in  th e  ran g e  of u n tre a te d  Cv mice after 
th e  4 th  day  of th  e e x p e rim e n t.

R elative sp leen  w e ig h ts  of mice are show n in Fig. 2. In  u n tre a te d  Gf 
m ice these  were sm alle r th a n  in u n tre a te d  Cv m ice. On th e  f ir s t  d ay  a fte r M
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t re a tm e n t ,  th e  m ean  re la tive  sp leen  w eigh t of b o th  G f an d  Cv mice w as 
s ig n ifican tly  higher as com pared  to  th e  u n tre a te d  ones. T ho u g h  it s ta r te d  from  
a low er value in case o f G f m ice, it rose to  th e  sam e level as th a t  of Cv m ice.

1 M
Germf ree

Fig. 1. E ffec t of M annozym  on the p lasm a  EM level in  G f and  Cv m ice. g ro u p s  M;
..............con tro ls

Germf ree

F ig . 2. R e la tiv e  sp leen  w eight o f Gf an d  Cv inice trea te d  w ith  M annozym . g ro u p s  M ;
..............contro ls
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Follow ing a s lig h t decrease observed on th e  4 th  d ay , th e  m ax im um  increase 
w as observed b o th  in  Cv and  Gf mice on  th e  7 th  day . O n th is  day , th e  degree 
o f  increase as c o m p a re d  to  controls w as s im ila r b o th  in  G f and  Cv mice. The 
increased  re la tiv e  sp leen  w eight in d ic a tin g  spleen h y p e rtro p h y  in  G f mice 
ex is ted  even on th e  1 4 th  day, while th is  v a lu e  re tu rn e d  to  no rm al on th e  10 th  
d a y  in  Cv m ice. R e la tiv e  spleen w eight o f  t r e a te d  G f m ice was in  th e  range o f  
u n tre a te d  Cv m ice a t  th e  te rm in a tio n  o f  th e  ex p erim en t.

P erip h era l b lo o d  lym phocy te  c o u n ts  an d  re la tiv e  th y m u s  w eigths of 
u n tre a te d  Gf m ice w ere low er th a n  th o se  o f  u n tre a te d  Cv m ice. In  M tre a te d  
G f and  Cv mice th e se  v a lu es  did no t d iffer s ig n ifican tly  from  values of u n tre a te d  
con tro ls  in  an y  o f  th e  exam ined  days.

Discussion

We have fo u n d  s ig n ifican tly  low er p la sm a  F N  levels in  3-m onth-o ld  G f 
m ice com pared to  th e  values of Cv m ice o f  sam e age, s im ilarly  to  our earlier 
re su lts  in  case o f  6 -w eek-o ld  and 1 2 -m o n th -o ld  m ice [18]. A ccording to  our 
ea rlie r resu lts, t r e a tm e n t  w ith  an a t te n u a te d  N D V  vaccine of im m u n o m o d u la­
to r y  effect in c reased  th e  p lasm a FN  level o f  G f m ice [18]. In  our p resen t ex p er­
im e n t, M annozym  in c reased  th e  p lasm a F N  level b o th  in  G f an d  Cv mice. 
T h e  m axim um  o f in c rea se  b o th  in G f an d  Cv mice was observed  on th e  f irs t  
d a y  a fte r M t r e a tm e n t ,  h u t  th e  increase w as o f  a h igher degree in  G f mice and  
d id  n o t re tu rn  to  n o rm a l even on th e  14 th  d a y , w hile th e  values of Cv mice b e ­
cam e norm al b y  th e  7 th  day . Thus in  G f m ice th e  effect o f M tre a tm e n t was 
m an ifest in  a F N  lev e l increase of la rg e r degree and  longer period  th a n  in  Cv 
m ice. The p lasm a F N  co n cen tra tio n  of G f m ice w as in  th e  range of u n tre a te d  
Cv m ice even on th e  1 4 th  day  after t r e a tm e n t .  These re su lts  su p p o rt th e  as­
su m p tio n s  th a t  th e  low  leve l of p lasm a F N  m a y  be due to  lack  of no rm al m icro­
b ia l flo ra .

In  accordance w ith  th e  know n d a ta  [16, 17] re la tiv e  lym pho id  organ  
w eigh ts and blood  ly m p h o c y te  counts o f u n tre a te d  G f mice; were low er th a n  
th o se  of u n tre a te d  Cv m ice. Spleen h y p e r tro p h y  w as caused  by  M tre a tm e n t 
b o th  in  Gf and  Cv m ice. This resu lt is in  acco rdance  w ith  ou r earlier resu lts 
a t ta in e d  w ith  t r e a tm e n ts  w ith  know n m ic ro b ia l im m u n o m o d u lan ts  as Borde­
tella pertussis  vacc in e  a n d  rad iodetox ified  Escherichia coli lipopo lysaccharide 
en d o to x in  [20, 21].

Changes in  re la tiv e  spleen w eight a n d  in  p lasm a F N  level follow ing M 
tr e a tm e n t  show ed a s im ila r  tendency  b o th  in  G f and  Cv m ice. O n th e  f irs t  day  
fo llow ing M t r e a tm e n t ,  m ean  relative sp leen  w eig h t w as increased  in  b o th  Gf 
a n d  Cv mice b u t th e  F N  co n cen tra tio n  re a c h e d  th e  m ax im u m  on th e  f irs t day , 
w hile  th e  spleen h y p e r tro p h y  was the  h ig h e s t on  th e  7 th  d ay  a fte r  tre a tm e n t.
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S im ilarly  to  changes in  p lasm a FN  levels, re la tiv e  sp leen  w eight re tu rn e d  to  
n o rm a l only in case o f Cv m ice u n til the  14th d a y , w hile in  G f m ice, it w as 
h igher even a t  th is  d a te  as com pared  to  u n tre a te d  con tro ls , and  it w as in th e  
ran g e  o f  u n tre a te d  Cv m ice. T he degree of increase  o f re la tiv e  spleen w eights 
a fte r  M tre a tm e n t w as a b o u t th e  sam e in case o f  G f an d  Cv mice, b u t  its d u ra ­
tio n  w as longer in G f m ice.

In  M’s effect of s tim u la tin g  non-specific im m u n ity , its effect o f enh an c in g  
th e  fu n c tio n  of M PS m ay  p lay  an  im p o rta n t ro le . O ur re su lts  are in accordance  
w ith  th is  possib ility . M annozym , besides its  o th e r  know n effects [5-12 , 22], 
m ay enhance  the  fu n c tio n  o f the  M PS by increasin g  the  p lasm a F N  level.
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SEPARATION AND SOME PROPERTIES OF AN 
ENDO-l,4-ß-D-XYLANASE FROM 

ASPERGILLUS FLAVIPES
A. A. S h e r ie f

B otany  D epartm ent, F aculty  o f  Science, M a nsoura  U niversity , 
M a n so u ra , E gypt

(R ece iv ed  N ovem ber 17, 1989)

A fun g a l s tra in  iso lated  from  sto red  w h eat straw  and  id en tified  as A spergillus fla v ip es  
w as found  to  p ro d u ce  an  e x tra ce llu la r  endo-l,4 ,/?-D -xylanase w hen  grow n in  sh ak e -cu ltu re  o f 
a m in eral sa lt  m ed iu m  co n ta in in g  0 .1 %  w h ea t s traw x y lan  as a sole source of ca rb o n  fo r 3 days 
a t  28 °C. T h e  enzym e w as se p a ra ted  by  p re c ip ita tio n  w ith  a m m o n iu m  su lp h a te  an d  d esa lted  
by  S ephadex  G-25 colum n. F ra c tio n a tio n  and  pu rifica tio n  of th e  enzym e were carried  o u t by 
c h ro m a to g ra p h y  on Bio-Gel P-100. T h e  purified  enzym e (m ol w t 45 000) was fo u n d  to release 
xy loo ligom ers on ly  from  /?-l,4 -xy lan . I t  show ed m ax im u m  a c tiv ity  a t  p H  5,0 an d  te m p e r­
a tu re  55 °C.

T he en zy m a tic  h y d ro lysis  of lignocellulosics, in  p a rtic u la r , has been  re ­
ceiv ing m uch a tte n tio n . T h is is due to  the  im p o rtan ce  o f soluble sugars in  the  
secondary  fe rm e n ta tio n  processes o f food, fuel an d  chem ical p ro d u c tio n  as 
p o in ted  o u t b y  R y u  an d  M andelt [1] and E rik sso n  an d  W ood [2]

L a te ly , considerab le  research  efforts have been  focussed on w ays o f p ro ­
ducing th ese  enzym es a t  reaso n ab le  costs. N o tab le  in  th is  regard  is th e  iso la­
tio n  of fungi w hich o v erp roduce  cellulases an d  hem icellu lases, e.g. M oloney 
e t al. [3], W ood e t al. [4], H offm an  and  W ood [5] a n d  B row n e t al. [6]. V ar­
ious fungal xy lanases are  secre ted  ex trace llu la rly  an d  a n u m b er of fung i have 
been used fo r xy lanase  p ro d u c tio n , e.g., A s p e r g i l l u s  n ig e r  by  C onrad [7], A s ­

p e r g i l l u s  f u m i g a t u s  by  S te w a rt e t al. [8], T r i c h o d e r m a  r e e s i  by  D ekker [9] and  
A s p e r g i l l u s  a w a m o r i  b y  L inko  e t al. [10], S te w a rt e t  al. [8], L inko e t al. [11] 
and  P o u ta n e n  e t al. [12].

M any such  fungal x y lanases have been secre ted  an d  pu rified  to  o b ta in  a 
h igh ly  effective enzym e fo r th e  d igestion  of w h e a t-s tra w  xy lan . In  th e  p resen t 
w ork, a s tra in  of A s p e r g i l l u s  f l a v i p e s ,  iso lated  from  E g y p tia n  w hea t s tra w  was 
found to  produce  e x tra c e llu la r  xy lanase , th e  p u rif ic a tio n  an d  p ro p e rtie s  of 
w hich are  h ereb y  described .

A b d e l  D a y em  A b o u l fe t o u h  Sh e r ie f

B o ta n y  D e p a r tm e n t,  F a c u lty  o f Science, M an so u ra  U n iv e rs ity  
M ansoura, E g y p t
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M aterials am i m ethods

Isolation o f fu n g u s .  M odified  m edium  of B ak er e t  al. [13] w as used  fo r iso la tion  of the 
x y lan ase -p ro d u c in g  fu n g u s. I t  is com posed of N H 4N 0 3, 1.0 g; K H 2P O „  0.4 g; M gSO,. 7 H 20 ,
0.2 g ; KC1, 0.2 g; y e as t e x tra c t ,  1 g; trac e  sa lt so lu tio n , 1 m l; agar, 20 g pe r litre  o f d istilled  
w a te r .  T he m edium  w as su p p le m e n ted  w ith  2 %  larchw ood  as a sole source o f carb o n . Л  few 
d ro p s  o f  aqueous e x tra c t  o f ro t te n  w h e a t straw  w ere p laced  on P e tri p la te s  o f th e  m edium  and 
in c u b a te d  a t  27 °C for 5 d ay s. E a c h  of th e  re su ltin g  colonies, ou tlined  by  a h a lo -c lea r zone, was 
t ra n s fe r re d  to  a sep a ra te  p la te . T he fu n g u s w as id en tif ie d  as A sperg illus f la v ip e s , using  the 
A sp e rg illu s  key of K aper an d  Fen n e ll 114].

Substrates and chemicals. Ball m illed w h ea t an d  b a rley  straw s ( tre a te d  a n d  u n trea te d )  
b e s id es  corn  cob were o b ta in e d  lo ca lly  an d  were used  to g e th e r w ith  la rchw ood  x y la n  of Sigm a 
C h em icals as carbon  sources fo r fu ngus grow th . p -N itrophenyl-/?-D -sy lopyranoside  and p- 
-n itro p h en y l-^ -D -g lu co p y ran o sid e  w ere o b ta in ed  from  Sigm a. C arb o xym etby l-cellu lose  was 
o b ta in e d  from  F lu k a  Ch. an d  B iogel P-100 from  B io -R ad  L td .

E n zym e  preparation. B a k e r e t al. [13] m ed iu m  fo r x y lanase  p ro d u c tio n  consisted  of 
w h e a t  straw -x y lan , 1 g ; N H .,N O ;„ 1 g; K H .,P 0 4, 650 m g; MgSO.„ 181 m g; К  Cl, 149 m g; y eas t 
e x tr a c t ,  1 g; trace  sa lt so lu tio n , 1 m l pe r litre  o f d istilled  w a ter. Crude x y lan ase  w as produced  
b y  grow  ing A . fla v ip es  in  sh ak e  c u ltu re  (80 r .p .m .)  for 3 d ay s a t  28 °C.

E n zym e  assays. R e a c tio n  m ix tu re s  (0.8 ml of 0 .5 %  x y lan  or 1%  CMC disso lved  in  0.1 м 
a c e ta te  buffer, pH  5,0 a n d  0.2 m l o f enzym e so lu tio n ) w ere in cu b a ted  for 30 m in  a t  40 °C. 
T h e  re d u c in g  sugars fo rm ed  w ere d e te rm in ed  by  th e  N elson — Som ogyi m eth o d  115, 16 | using  
D -xylose or D-glucose as s ta n d a rd .

O ne u n it of enzym e a c t iv ity  (U) w as defined  as t h a t  a m o u n t o f enzym e w h ich  produces 
1 [I m o le  o f the  p ro d u c t in  one m in , u n d e r  the  assay  co n d itions. /З-X y losidase  an d  /1-glucosidase 
a c t iv it ie s  were de te rm in ed  b y  in c u b a tio n  of 0.2 ml o f th e  enzym e so lu tion  w ith  0.8 ml 0.0135 м 
o f th e  corresponding  p -n itro p h e n y l sugar d e riv a tiv e s in  ace ta te  buffer, p H  4.5 a t  40 °C for 
1 h . T h e  reac tio n  was s to p p ed  b y  ad d in g  10%  sod ium  c a rb o n a te  so lu tion . T h e  ac tiv itie s  were 
d e te rm in e d  by  m easuring  th e  re leased  p -n itro p h en o l sp e c tro p h o to m etric a lly  a t  410 nm .

Separation o f  ß-14-T>-xylanase. T he enzym es p re sen t in  th e  c u ltu re f i l tra te  w ere p rec ip ­
i ta te d  b y  sa tu ra tio n  w ith  a m m o n iu m  su lp h a te  up  to  9 5% . T he p re c ip ita te d  p ro te in  w as re ­
d isso lv ed  in ace ta te  b u ffe r , p H  5.0. T he enzym e p re p a ra tio n  was d esa lted  on  S ep h ad ex  G-25 
c o lu m n , using  0.05 м a c e ta te  b u ffer for e lu tion . T he e lu a n t was c o n ce n tra ted  by  using  an 
u l t r a f i l t r a t io n  cell (M odel 52 A m icon  Corp. L td .) a t  4 °C, th e n  d ialyzed  a g a in s t d is tilled  w ater 
fo r 24 h , th e n  against a c e ta te  b u ffe r , p H  5.0 for 24 h , w ith  several changes o f th e  b u ffer so­
lu tio n .

F o r  frac tio n a tio n , se p a ra tio n  an d  p u rif ic a tio n  of th e  co n ce n tra ted  d ia ly zed  enzyim e 
so lu tio n , Biogel P-100 ( 8 5 x 2  cm ) e q u ilib ra ted  w ith  a c e ta te  buffer, p H  5.0 w as used . E lu tio n  
w as c a rr ied  ou t a t 6 °C a t flow  r a te  (12 rnl/h) and  frac tio n s  of 2 ml w ere co llected . T he action 
f ra c t io n s  of each enzym e w ere com b in ed  and  lyophilized .

P ro te in  w as d e te rm in ed  b y  th e  m eth o d  of L ow ry  e t  al. [17] using  bovine  se ru m  a lbum in  
as a s ta n d a rd .  The tra n s m itta n c e  w as m easu red  a t  280 nm .

O ptim  ization o f  p H  and tem perature. O p tim iza tio n  o f p H  was pe rfo rm ed  in  0.05 M ace­
ta te  b u ffe r  ad ju s ted  to  in it ia l  p H  v a lu es 3.5 — 7.5. T he re ac tio n  m ix tu re s , co n ta in in g  larchw ood 
x y la n  (0 .5 %  w/v) and  an a p p ro p ria te  vo lum e of p u rified  xy lan ase , w ere in c u b a te d  a t  40 °C 
fo r 30 m in .

T em p era tu re  o p tim iz a tio n  s tu d y  was s im ilarly  u n d e rta k e n  b u t  in  a c e ta te  buffer, pH
5.0 a n d  assay ing  for red u cin g  su g ars , re leased  a fte r in cu b a tio n  for 30 m in , w as m ade  a t  various 
te m p e ra tu re s .

M olecular weight determ ination . S lab  gel e lectro p h o resis (12 .5%  p o ly acry lam id e  in  the  
p re sen c e  of SDS) was c a rr ied  o u t b y  th e  m eth o d  of W eb er and  O sborn  [18]. T h e  gels were 
s ta in e d  fo r p ro te in  w ith  C om assie B lue; th e  p ro te in  s ta n d a rd s  for m olecu lar w e ig h t d e te rm in a ­
tio n  w ere  u rease (Jack  B ean ) 272 000, a lb u m in  bovine  (d im er 132 000 an d  m o nom er 66 000), 
egg a lb u m in  =  45 000, carbon ic  a n h y d ra se  29 000 and  a -la c ta lb u m in  14 200.

T h e  m olecular w e ig h t o f th e  enzym e was also d e te rm in ed  on th e  sam e co lum n used  for 
d e sa lt in g  an d  under th e  sam e c o n d itio n s o f se p a ra tio n  b y  th e  Biogel. T he c a lib ra tio n  was 
m ad e  a g a in s t the  follow ing p ro te in  s ta n d a rd s : ap o fe rritin  (433 000), a -am y la se  (200 000), 
a lco h o l dehydrogenase  (150 000), b o v ine  serum  a lb u m in  (57 000), carbon ic  a n h y d ra se  (29 000) 
a n d  cy to ch ro m e  C (12 400) fro m  S igm a Chem icals. T he e lu tio n  volum e of th e  s ta n d a rd s  was 
p lo t te d  ag a in s t the  log10 o f th e  m o lecu la r w eigh t to  give a s tra ig h t line p lo t fro m  w hich  the  
m o le c u la r  w eigh t of th e  a c tiv e  f ra c tio n s  w as read  off.
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R esults and discussion

T he g ro w th  o f A . fla v ip e s  on various n a tu ra l  su b s tra te s  and  larchw ood 
x y lan  was screened . T hree  lignocellulosic su b s tra te s , v iz ., w heat s traw , b a rley  
s traw  and  co rn  cob w ere te s te d . Since th e  g ro w th  o f th e  fungus on th em  was 
good, th e y  w ere used for fu r th e r  w ork to  assess th e  effect o f the  various carb o n  
sources on xy lan ase  p ro d u c tio n . The resu lts (T ab le  I) in d ica te  th a t  A . fla v ip es  
p roduces th e  h ighest x y lan ase  a c tiv ity  in  th e  m ed iu m  co n ta in in g  w h ea t s traw  
(u n trea ted ) as su b s tra te . T he delignified  su b s tra te s , i.e ., the  tre a te d  w h ea t and  
b a rley  s traw  su p p o rte d  low er p ro d u c tio n  o f x y la n a se  a c tiv ity , w hereas th e  
low est a c tiv ity  was o b ta in ed  using  corn col) as su b s tra te  for grow th of A . f la v i ­
pes. S im ilar  o b se rv a tio n s w ere m ade by S tew art e t  al. [8 | and  G hosh an d  D eb 
[19], and  in d ica tio n s  w ere g iven th a t  b leaching  o f  lignocellulosics affec ted  th e  
hem icelluloses in  th e  su b s tra te s .

Table I

Production o f  xylanase by A . fla v ip es on varions substrates

S u b s tra te X y la n a se  a c tiv ity  (U /m l)

W heat straw  (u n trea ted ) 18.2
B arley straw  (u n trea ted ) 12.5
X ylan  (larchw ood) 11.6
W heat straw  (trea ted ) 8.8
B arley  s traw  (trea ted ) 8.0
Corn cob (u n trea te d ) 7.9

The f ra c tio n a tio n  o f th e  desa lted  enzym e so lu tio n  p roduced  by  A . fla v ip es  
grow ing on w h ea t s traw -x y lan  p rov ided  a ty p ic a l e lu tio n  profile (F ig. 1). T hree 
enzym es em erged  from  th e  Biogel-100 co lum n  besides xy lanase . T h ey  are 
/З-xylosidase, /J-glucosidase an d  endoglucanase. X y lan ase  was pooled  from  th e  
la s t frac tio n  a fte r  sep a ra tio n  o f th e  o ther h eav ie r assoc ia ted  enzym es.

T hree co m p o n en ts , 60 m l each, clearly  recogn ized  in  Fig. 1 were desig­
n a te d  I ,  I I  an d  I I I  w ith  frac tio n  num bers 4 5 -7 5 , 70 -100  and 95—125, re sp ec ­
tiv e ly . T hey  inc lude  th ree  peaks of p ro te in  a c t iv i ty  a t  th e  respective frac tio n  
n u m b ers  55, 85 an d  115.

The f irs t co m p o n en t covers the  ac tiv ilie s  o f  b o th  /З-xylosidase a n d  /3-glu- 
eosidase w hich  s ta r ts  its a c tiv ity  sligh tly  la te r  (a t  f ra c tio n  No. 48), ends also 
before th e  fo rm er (a t frac tio n  N o. 68) an d  reach es its  p eak  a t  frac tio n  N o. 60 
w ith  a co rrespond ing  a c tiv ity  value of 0.75 U /m l. T h is is considerab ly  low er 
th a n  th e  2.75 U /m l p eak  ach ieved  by /З-xy losidase  a t  frac tio n  No. 55.

The second  co m p o n en t is m ain ly  covered  b y  th e  a c tiv ity  o f en d o g lu ca­
nase w ith  o v erlap p in g  a c tiv itie s , in its ea rlie r frac tio n s  (from  frac tio n  N o. 70
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to  75) b y  th e  concluding a c tiv ity  o f  /2-xylosidase and  in th e  la t te r  frac tio n s  hy 
th e  e a r ly  a c tiv ity  of x y lan ase . T his la t te r  in terference  was avo ided  in  o rd er to  
o b ta in  as pu re  xy lanase as possib le. T he endoglucanase show s an  a c tiv i ty  peak  
o f  0.2 U /m l a t  a correspond ing  fra c tio n  N o. o f 85.

T h e  th ird  com ponen t is m a in ly  covered  by x y lanase  w ith  an  a c tiv ity  
p e a k  o f  10.5 U/ml a t  frac tio n  N o. 110.

F ig . 1. E lu t io n  profile of desa lted  enzym e so lu tio n  b y  A . fla v ip es  show ing th e  se p a ra tio n  of
p ro te in  p e a k s  and enzym e ac tiv itie s  reco v ered  fro m  th e  hiogel P-100 co lum n, о ------------- о
p ro te in ; Д ------------- Д  /S-xylosidase; ■ ------------■  /?-gIucosidase:0  0 e n d o g lu c a n a se ;

A ------— A x y lanase

T h e  frac tio n a tio n  d a ta  m en tio n ed  above are qu ite  c o n s is te n t w ith  
ea rlie r  s tu d ie s , e.g., Jo h n  e t al. [20] an d  S te w a rt e t al. |8 |.  T he enzym e a c tiv i­
ties m e a su re d  w ith  x y lan , p -n itro p h e n o l d e riv a tiv es  and  glycans are  d is tin c t, 
on th e  basis of b o th  th e ir  p h y sica l se p a ra tio n  an d  th e  fac t th a t  A spergillus  
s tra in s  p ro d u ce  a copious a m o u n t o f b o th  x y lanase  and  p -n itro p h en y l enzym es 
(/1-xylosidase and  /J-glucosidase) b u t  on ly  sm all or negligible a m o u n ts  of 
g ly can ases .

+ I

I
F ig . 2. E lec tro p h o re sis  of th e  x y lan ase  as t re a te d  w ith  m ercap to e th an o l on  SD S p o ly a c ry la ­
m ide gel, p H  8.6. E lectrophoresis w as carried  o u t for 2.5 h a t  8 m A per tu b e  w ith  40 /ig of

enzym e p ro te in

T h e  analysis of xy lan ase  a fte r  gel f i l tra tio n  using S D S -P A G E  show ed 
t h a t  i t  w as hom ogeneous an d  gave a single b a n d  (Fig. 2) w ith  a m o lecu la r 
w e ig h t o f  45 000.
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T he end  p ro d u c ts  of x y lan  hydro lysis b y  th e  pu rified  xy lan ase  w ere 
solely xylooligom ers (X 2, X 3, X 4 an d  X 5). Such a hydro lysis  p a tte rn  is ty p ic a l 
o f an  endo x y lan ase . This p ro p e rty  is well d o cu m en ted  am ong o th e r o rg an ism s 
by  N ak a jim a  et al. [21 J, N ak an ish i e t al. [22] and  Lee e t al. [23].

3 i  5 6 7 8
pH

Fig. 3. p H  o p tim u m  of x y lan ase  a c tiv ity  assayed in a c e ta te  b u ffer a t 55 °C for 30 m in . T he 
a c tiv ity  o b ta in e d  a t p H  5.0 was tak en  as th e  100%  reference  level for xy lanase  a c t iv ity

Fig. 4. T em p era tu re  o p tim u m  of xy lanase  a c tiv ity  assayed  in  ace ta te  buffer (pH  5.0) fo r 30 m in. 
T he a c tiv ity  o b ta in ed  a t  55 °C w as tak e n  as th e  100%  level for xy lanase  a c t iv ity

T he d a ta  for th e  o p tim iza tio n  o f p H  an d  te m p e ra tu re  for xy lan ase  a c t iv ­
ity  are p re sen ted  respec tive ly  in F igures 3 an d  4. T he pu rified  enzym e show ed 
m ax im um  a c tiv ity  a t  pH  5.0 and  te m p e ra tu re  55 °C.
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I n  conclusion, th e  p re sen tly  re p o rte d  en zy m e p rep ara tio n  can  e ffic ien tly  
be  u se d  to  enhance th e  d eg rad a tio n  of a ra b in o x y la n  of w h ea t s tra w  besides 
l,4 -/?-D -xylan  and  could  a c t as an endoenzym e.
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CHARACTERIZATION OF A SERIES OF MONOCLONAL 
ANTIBODIES SPECIFIC FOR BOVINE 

ADENOVIRUS SEROTYPE BAV3 HEXON ANTIGEN 
AND THEIR USE IN AN ELISA FOR 

DETECTION OF ADENOVIRAL HEXONS
Y. R . I s a k o v a , E . K . K i s e l e v a , M. A. K i r a s o v a ,

M. K. Z e l i v y a n s k a y a , V. G. G r i g o r y e v , S. N . K hilko 
and T . I. T iKCHONENKO

Research In stitu te  fo r  A gricu ltu ra l Biotechnology , M oscow , 
and  Zabolotny Institu te  o f  M icrobiology and V irology , K iev . l .'S S R

(R ece iv ed  D ecem ber 4, 1989)

A fte r im m u n iza tio n  of m ice w ith  p u rified  hexon (th e  m ain  capsid  an tigen ) o f bovine 
ad en o v iru s se ro ty p e  BAV3 we have  o b ta in e d  a se t of 16 in d iv id u a l h y b rid o m a  clones p ro d u c ­
ing  M A b’s ag a in st BAV3 hexon. All M A h’s were show n to belong  to  im m unog lobu lin  G class. 
S pecificity  of th e  m o st av id  MAh m ark e d  B 3 H x -l was tes ted  on  a p an e l o f re p re se n ta tiv e  hexon  
an tig en s fro m  16 ad en o v iru s se ro ty p es o f h u m an  and  an im al o rig in  u sing  several im m u n o a s­
says. In  W estern  b lo t analysis th e  M Ah B 3 H x -l reac ted  on ly  w ith  n a tiv e  (trim eric ) fo rm  of 
hexon  p ro te in  and  n o t  w ith  d e n a tu ra te d  hexon p o ly pep tide  ch a in s. T he ep itope d e fin ed  by 
B 3 H x -l ap p eared  stab le  ag a in st SD S a t  am b ie n t tem p e ra tu re  a n d  ag a in s t ch lo ram in e -p ro ­
m oted  io d in a tio n . The specificity  o f the  e p ito p e  w as ch arac te rized  as a lm o st g enus-crossreac tive : 
i t  was ab sen t fro m  hexons of av ian  and  of bovine  subgroup  2 ad en o v iru s  sero types an d  p re sen t 
in m o st hexons of bovine, can ine, sim ian  and  h u m an  adeno v iru ses te s ted . W ith in  th e  la t te r  
group  its  expression  was w eak or a b se n t on ly  for h u m an  subgenus G se ro types . Several v a r ia n ts  
o f san d w ich-type  E L IS A  were developed  using  MAb B 3 H x -l a n d  d iffe re n t polyclonal a n tib o d ­
ies ag a in st hexons of m am m alian  adenov iruses. The level o f h ex o n  d e tectio n  for d iffe ren t 
ad en ov irus se ro ty p es v aried  in ran g e  10 _i) to 10 _8 g per ml.

T he m ain  capsid  p ro te in  o f  adenoviruses ra iled  h ex o n  has very  com plex  
an tigen ic  s tru c tu re . Tin* tw o c lassically  dete rm in ed  specificities in hexon  (se­
ro type-spec ific  or F and  genus-crossreactive  or a  [1]) now  seem to  be  b o th  
com posed o f m u ltip le  in d iv id u a l ep itopes m ostly  o f in te rm e d ia te  specific ities 
be tw een  a  an d  e [2, 3]. B esides, new  k inds o f an tig en ic  d e te rm in an ts  w hich 
fall o u t o f  th e  range  f - cc wert* re c e n tly  d e tec ted  in hexons by sen sitive  im ­
m unoassays: a subsero type- or clone-specific one [3, 4] an d  an in te rg en u s- 
crossreactive  d e te rm in a n t [2 -6 j.
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R ecen tly  sev era l se ts  o f m onoclonal an tib o d ies  (M A b’s) specific for 
h e x o n s  (m ostly  o f h u m a n  adenov iruses) w ere o b ta in ed  an d  th e ir  taxonom ic  
specific ities  ch a rac te rized  [7 -11]. M Ab’s o b ta in e d  had  re a c tiv itie s  ranging  
fro m  subsero type- to  genus-specific  for m am m alian  aden o v iru ses , m any of 
th e m  represen ting  in te rm e d ia te  specific ity . O nly  in one case th e  an ti-hexon  
M A b’s were ch a rac te rized  in  respect o f n a tiv e  (trim er) and  d e n a tu ra te d  (m o­
n o m er) hexon form s [7]. In d e e d , in d irec t ev idence suggested  th a t  hexon  re a c tiv ­
i ty  w ith  MAh could be re s to re d  from  m onom ers a fte r specific  tre a tm e n t of 
m on o m ers  in W este rn  b lo t analysis  [8, M. R u sv a i, personal com m unica tion ]. 
T h e  la t te r  a p p a re n tly  c o n tra d ic te d  w ith  irrev ers ib le  n a tu re  o f  hexon  dissocia­
tio n  to  m onom er ch a in s  [12, 13] and re q u ire d  fu r th e r  analysis.

In  th e  presen t co m m u n ica tio n  we re p o rt on the  p re p a ra tio n  and in itia l 
c h a ra c te riz a tio n  o f a series o f  M Ab’s reac tin g  w ith  pure hexon  o f bov ine  adeno­
v iru s  sero type BAY3.

Materials and m ethods

Adenovirus hexons. E le c tro p h o re tic a lly  p u re  p re p a ra tio n s  of n a tiv e  h ex o n  p ro te in s o f  
B A Y 3 a n d  of o ther a d en o v iru s  se ro ty p es of bovine, can in e , sim ian, h u m a n  an d  av ian  origin 
w ere  o b ta in e d  by a c o m b in a tio n  o f hydrophobic  an d  io n  exchange c h ro m a to g ra p h y  as ou tlined  
in  o u r  in v en tio n  [14] and  will be  described  elsew here. Sources of in itia l ad en o v iru s  p rep ara tio n s  
u se d  fo r hexon p u rif ic a tio n  are  l is te d  in our p rev ious p u b lic a tio n s  [6, 13].

Monoclonal antibodies. A  g roup  of 10 B alb /c  m ice was im m unized  b y  a pu rified  BAV3 
h e x o n  (SO /<g per in tra p e r ito n e a l in jec tio n ) four tim es d u rin g  a 3 m o n th  p e riod . T hree  days a fte r 
th e  la s t  im m uniza tion  th e  sp le n o cy te s  were fused w ith  Sp2/0  m yelom a cells u sing  po lyethy lene  
g ly co l 4000. H y bridom a c u ltu re s  o b ta in ed  were screened  for p ro d u c tio n  o f a n ti-h ex o n  a n ti­
b o d ies  b y  ind irect E L IS A  as desc rib ed  [15]. P ositiv e  h y b rid o m as w ere c loned  in  0 .25%  agar, 
re sc re e n ed  and grown for a sc ite s  p ro d u c tio n  in  p ris tan e -p rim e d  mice.

Enzym e im m unoassays. Ind irect E L I S A  on  p o ly s ty ren e  p la te s  w as pe rfo rm ed  as de­
sc rib ed  prev iously  [15] w ith  th e  follow ing m od ifications: in  m ost cases h ex o n  w as fix ed  in wells 
a c t iv a te d  by  g lu ta ra ld eh y d e , a n d  A B TS was used  as an  a lte rn a tiv e  su b s tra te  fo r peroxidase  
re a c tio n .

Dot-blot im m unoassay  on  n itrocellu lose  f ilte rs  w as perfo rm ed  u su a lly  as described by 
T a ra ss ish in  [16].

Western blot im m u n o a ssa y  w as done as in our p rev io u s p u b lica tio n  [13].
Sandwich-type E L I S A  w ith  h exon  an tigens in  th e  in n er (second) la y e r  o f th e  sandw ich 

w as pe rfo rm ed  generally  b y  th e  p ro ced u re  of A dám  et al. [9 | except th a t  in  e ith e r lower (cap ­
tu r in g )  or up p er ( in d ic a to r)  a n tib o d y  layer po lyclonal bov ine, ra b b it  or ch ick en  an ti-hexon  
a n tib o d ie s  were used an d  th e  f in a l  lay e r in each case co n ta in ed  p e ro x id ase -co n ju g a ted  second 
a n tib o d ie s  of respective  sp e c if ic ity  (e ith e r an ti-m o u se , ra b b it  or ch icken  IgG ). F o r four ty p es 
o f E IA  we have used  h o m e-m ad e  a ffin ity -p u rified  an ti-Ig G  an tib o d ies  labe lled  w ith  
p e ro x id a se  [15].

Radioim m unoassays. R a d io im m u n o p ré c ip ita tio n  assay  w ith  e le c tro p h o re tic  analysis 
( R IP A )  as well as d irec t a n d  co m p e titiv e  rad io im m u n o assay s (R IA ) u s in g  BAV3 and  SV37 
h ex o n s  labeled  w ith  io d in e -125 b y  ch loram ine tech n iq u e  w ere carried  ou t u sin g  Staphylococcus 
aureus  s tra in  Cowan fix ed  cells fo r p re c ip ita tio n  o f im m u n e  com plexes fo rm ed  as in  p revious 
p u b lic a tio n  [6].
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Results and discussion

A fte r th ree  fu sion-c lon ing  cycles 28 in d iv id u a l h y b rid o m a clones were 
o b ta in e d  w hich p ro d u ced  M A h’s reac ting  w ith  BAV3 hexon  used as im m u n o ­
gen. T he h y b rid o m a cells from  each clone w ere fu r th e r  m u ltip lied  in  ascite 
fo rm  in  p r is ta n -p re tre a te d  m ice. S ix teen  ascites o b ta in e d  w ere te s te d  for th e  
specific  ac tiv ities of M A h’s b y  E L IS A  and  d irec t R IA  (T able I).

T he M Ab’s differed  w idely  in  E L IS A  titre s  fo r th e  hom ologous hexon, 
B 3 H x -l being the  m ost av id  in  th is  reac tio n  (as w ell is R IA ). N o n -reac tiv ity  
o f som e M Ab’s w ith  [ ,25IJh ex o n  o f BAV3 in R IA  (T able  1) could  resu lt from  
e ith e r  lab ility  of re sp ec tiv e  ep itopes in  cond itions o f o x id a tiv e  io d in a tio n  of 
th e  hexon  or lack  for th e  re a c tio n  of th e ir  F c w ith  p ro te in  A o f S. aureus as 
kn o w n  for som e subclasses o f m ouse IgG .

Table I

Reactivities o f  M A b 's  in ascite f lu id s  with V A V 3  hexon

MAI) Designation* ELISA titre** R IA  reactivity***

B 3 H x -l 14 +
В ЗП х-2 9 4
B 3H x-3 8
B 3H x-4 3 - j -

B 3H x-5 8 +
B 3H x-6 7
B 3H x-7 10
B 3H x-8 8 ND****
B 3H x-9 7 ND
В ЗН х-10 S ND
В ЗН х-11 5 ND
В ЗН х-12 5 ND
В ЗН х-13 7 N1)
В ЗН х-14 3 ND
B 3H x-13 5 ND
В ЗН х-16 8 ND

* The MAb’s were desig n ated  as suggested in [7] by  includ ing  ab b rev ia ted  sero type  (B3), 
hexon  antigen (H x) and  a n u m b er

** Log . of th e  ascites d ilu tio n  giving ha lf-m axim al response in  E L IS A
*** P rec ip itab ility  o f [12I]B A V 3 hexon w ith  S. aureus s tra in  Cowan fixed  cells

AD N ot d e term ined

T he specific ity  o f se lec ted  M Ab’s (B 3 H x -l to  6, 8, 10 and  12) in  reac tio n  
w ith  pure  hexons o f m a m m alian  and av ian  aden o v iru ses  w as d e te rm in ed  by  
d o t and  b lo t E IA  on n itrocellu lose  filte rs  (T able  I I ) .  W e have n o t o b ta ined  
M A b’s of narrow  (se ro ty p e  or e) specificity  in  o u r collection . All o f  th e  M A b’s 
te s te d  have ex h ib ited  specific ities close b u t  n o r id en tica l to  genus-crossreac- 
tive  (a). N either o f th e m  could recognize all o f th e  hexons of ty p ic a l m am ­
m alian  adenov iruses te s te d  or ex h ib it m ore w ide specific ities e.g. in te r-genus
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(su c h  M A b’s should  re a c t  w ith  hexons of a v ian  an d  bovine su b g ro u p  2 ade­
n o v iru se s).

F o r  more de ta iled  c h a ra c te r iz a tio n  we h av e  chosen th e  m o st av id  an ti- 
B A V 3 hexon m onoclonal in  o u r collection, i.e. B 3 H x -l. By in d ire c t E L ISA  
w ith  class-specific reag en ts  its  IgG  subclass w as estim a ted  as y 2b. T he range 
o f  i ts  re a c tiv ity  w ith  h ex o n s inc luded  all bov ine  subgroup  1 se ro ty p es te s ted , 
th e  o n ly  canine sero ty p e  in  o u r collection as well as re p re se n ta tiv e s  of th e  four 
s im ia n  adenov irus su b g ro u p . T h e  MAb could a p p a re n tly  d is tin g u ish  betw een  
s u b g e n e ra  of h u m an  a d en o v iru se s , being s ligh tly  or n o n -reac tiv e  w ith  sub ­
g en u s  C m em bers.

Table II

Specificities o f  monoclonal antibodies in  dot-and-blot E l  A  reactions 
with adenoviral hexons

Adenovirus Reactivity w ith  mimoclonal atitibody

H ost species Subgroup Serotype B3Hx- 1 B3Hx-2 B3Hx-3 B3Hx-■4 B3H x-5 B3Hx -6 B3H x-8 B3H x-10 ВЗНх-12

BAV3 + + + + + + _j_ +
B ovine l В AVI + + + + + + + + -f

BAV2 - f ND N1) ND ND ND ND ND N1)
2 BAV7 - - - - — -

A Ad 12 + + — ND ND — + +
Ad3 + N1) ND ND ND ND ND ND ND

II Ad7 + ND ND ND ND ND ND ND ND
Ad35 + + + -j- + +
Adi ± + + + ND + +

H u m a n C Ad2 — — + — — ND — — +
Ad 5 + ± ± ± ± D N +

D Ad8 + ± + + ND + +
Ad 13 T~ ND ND ND ND ND ND ND ND

E A d t + ND ND ND ND ND ND ND ND

1 SV36 + + ± ND ND ± +

S im ian 2 SV37 + + + + ~ r ~ r + +
3 SV33 + + + — — — ± ±
4 SA7 + + 4 - ± ± — — ± ±

C anine CAV1 + + + - - ND - ± ±

A vian CEI.O
EDS76

Ï4D =  N ot determ ined

A s B 3 H x -l was show n to  re a c t in  d irec t R IA  (T able I) i t  w as analyzed  
f u r th e r  in  R IP A  (Fig. 1). In  p rev io u s  re p o rt [13] we have d e m o n s tra te d  s ta b il­
i ty  o f  n a tiv e  form of a d e n o v ira l hexon (hom otrim er) ag a in s t d é n a tu ra tio n  in
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Щ

non-HEX <

.
Fig. 1. R ad io im m u n o p réc ip ita tio n  analysis o f sim ian a d en o v iru s  SV37 hexon w ith  th e  m onoclo ­
nal a n tib o d y  B 3 H x -l . R ad io flu o ro g ram  of SD S-PA G E  (1 2 %  T ; 0 .5 %  C). A: SV37 h ex o n  la ­
beled w ith  125I w as se p a ra ted  w ith o u t p re c ip ita tio n  in  tw o p a ra lle l lanes, “ p lus”  sam ple h a v in g  
been  h ea ted  in  sam ple  b u ffer for 10 m in a t 100 °C while “ m in u s”  sam ple  in cu b a ted  a t  th e  sam e 
b u ffer a t  20 °C [13]. B : T he [ l2tI]h ex o n  of SV37 was allow ed to  r e a c t  w ith  B 3 H x -l m onoclonal 
a n tib o d y  an d  th e  im m u n e  com plexes fo rm ed were p re c ip ita te d  w ith  S . aureus re ag e n t and  a n a ­
lyzed  u n d e r th e  sam e cond itions. H E X t, positions o f h exon  p o ly p ep tid es  (m onom ers); H E X .,, 
positio n s o f n a tiv e  h exon  m olecules (trim ers ); n o n -H E X , p o sitio n s  o f non-hexon im p u ritie s  

p re sen t in th e  io d in a ted  h exon  p re p a ra tio n  b u t  n o t  in  th e  p re c ip ita te  o b ta in ed

S D S -con ta in ing  b u ffe r in  cond itions of e lec trophoresis  b e ing  perform ed w ith o u t 
boiling  of sam ples. Such a phenom enon  p e rm itte d  us to  sim ply  d is tin g u ish  
betw een  n a tiv e  (trim er) an d  d e n a tu ra te d  (m onom er) form s of hexons b y  SD S- 
P A G E  in  “ p lu s-m in u s”  v a r ia n t [13]. A pp lica tio n  o f th u s  m odified  e le c tro ­
p h o re tic  analysis  to  io d in a ted  p re p a ra tio n  of SV37 h ex o n  (Fig. 1) has rev ea led  
n a tiv e  [125I]h e x o n  tr im e r  in “ m in u s”  lane an d  d e n a tu ra te d  hexon p o ly p ep tid e  
chains in  “ p lu s”  lane . Some im p u rities  were also p re se n t in th e  p re p a ra tio n  
h av in g  non -h ex o n  n a tu re  (as th e y  d id  n o t change m obilities as re su lt of “ plus- 
m in u s”  sh ift). A fte r  p re c ip ita tio n  w ith  B 3 H x -l o n ly  hexon  bands could be o b ­
served  (F ig. 1) co n firm in g  th e  specific ity  of th e  M Ah and  iden tify ing  n a tiv e  
tr im e r  in th e  im m u n e  com plex .

T axonom ic  sp ec ific ity  o f B 3 H x -l reac tio n  w ith  hexons was fu r th e r  te s te d  
by  co m p e titiv e  H IA  (F ig . 2). Io d in a te d  SV37 h ex o n  w as tried  to  be rep laced  
from  th e  com plex  w ith  th e  MAh by  excess o f u n lab e led  adenov ira l h ex o n s. 
P rep a ra tio n s  o f hom ologous BAV3 hexon as well as o f heterologous hexons o f 
bovine (BAV1), h u m a n  (Ad3) an d  sim ian  (SA7) orig in  effectively co m p e ted  
w ith  th e  tra c e r  g iv ing  p a ra lle l lines of rep lacem en t w hile h u m an  su bgenus C 
(Ad5) an d  bo v in e  subgroup  2 (ВАУ7) hexons w ere w ith o u t effect. S uch  a 
specific ity  con fo rm ed  th e  range o f B 3 H x -l re a c tiv i ty  d em o n stra ted  b y  E IA  
tech n iq u es (T ab le  I I ) .
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[HEX] ; )лд1  ml

F ig . 2. C om petitive  rad io im m u n o assay  for b in d in g  of hexons of m am m alian  aden o v iru ses to 
m o n o c lo n a l an tib o d y  B 3 H x -l. [125I]h ex o n  of SV37 re a c te d  w ith  h a lf-p re c ip ita tin g  d ilu tio n  of 
B 3 H x - l  m onoclonal a n tib o d y  in  the p resence  o f  co m p etin g  un lab e led  a d en o v ira l hexons. 
O rd in a te , p e rcen t o f to ta l  b in d in g  (w ith o u t c o m p e titio n ); abscissa, c o n ce n tra tio n s  o f th e  com ­
p e ti to r s  in  logarithm ic  scale. •  ------- •  BA V 3; о --------------о BAV1; □ -------------- □  BAV7;

■  —H  A d5; Д ------------- Д  A d3 ; A -  — ▲ SA7

O nly  n ative  h ex o n  trim ers  w ere show n  prev iously  to  re a c t w ith  p o ly ­
c lo n a l an ti-h ex o n  an tib o d ies  (13 an d  re fe rences there in ) re flec tin g  the  confor­
m a tio n a l n a tu re  o f h u lk  an tigen ic  ep ito p es  in  hexon s tru c tu re . Such obser­
v a t io n  do n o t p rec lu d e  in  princip le  th e  ex istence  of ra re  ep ito p es in  hexon 
h a v in g  lin ea r n a tu re  an d  being  p re se n t b o th  in  n a tiv e  trim ers  a n d  in  dena- 
tu r a te d  hexon  m onom ers. As th e  level o f  p re se n ta tio n  of such  ep ito p es m ust 
n o t  be  h ig h  the  b est w ay  to  d e tec t th e m  seem s to  he th e  use o f M A b’s. Som e 
ev id en ce  fo r such a possib ility  is p re se n te d  b y  recen t resu lts  o f  M. R u sv a i and  
his co lleagues [8, an d  M. R usvai, p e rso n a l com m unication ]. T h e  a u th o rs  can 
d e te c t  re a c tiv ity  of RAV2 m onom ers a f te r  conven tional (e.g. “ p lu s” ) SDS- 
P A G E  w ith  anti-R A V 2 hexon  an tib o d ie s . W e have ana lyzed  m onom er or 
t r im e r  specific ity  o f o u r re p re se n ta tiv e  an ti-h ex o n  MAh (E 3 H x - l)  b y  b lo t 
E IA  a f te r  “ p lus-m inus”  SD S-PA G E  (F ig . 3).

E a c h  hexon p re p a ra tio n  in th is  e x p e rim e n t gave m onom er h a n d  in  “ p lus” 
(b o iled  sam ple) lane an d  tr im e r b a n d  or series o f hands in  re sp ec tiv e  “ m in u s” 
lan e  (F ig . ЗА). A m ong hexon  e lec tro p h o re tica l bands only  th o se  o f n a tiv e  
tr im e rs  h av e  reac ted  w ith  th e  MAb (F ig . 3B). T he reac tio n  w as w eak  in  case 
o f A d 5  h ex o n  and  a b se n t for ВАУ7 h ex o n  con firm ing  th e  sp ec ific ity  o f  B 3 H x -l 
(T ab le  I I ) .  Thus th e  ep itope  in h ex o n  recogn ized  by  B 3 H x -l h as  co n fo rm a­
tio n a l n a tu re .
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Host Bovine H u m an  MonkeysI--------- ----------------- к- . -I,----- .—  --------1

Subgroup  1 2 С В E 2 1 4
(S u b g e n u s )  I-------  ---- 1|--------- |f— — | |----------II----------1|— — 1|-------- 1 |---------- 1

Serotype BAV3 BAV1 8AV 2 BAV7 Ad 5 Ad 3 Ad U SV37 SV 36 SA7

Г
HEX, i

l

Fig. 3. Im m u n o b lo t analysis o f th e  m onoclonal a n tib o d y  B 3 H x - l  specificity  ag a in st h ex o n s o f 
m am m alian  ad en o v iruses. E le c tro p h o re tic  conditions a n d  desig n atio n s as for Fig. 1. A : silver 
sta ined  gel e lec tro p h e ro g ram ; B : n itrocellu lose  b lo t o f  th e  h exon  e lectropherogram  id en tica l 
to th a t  show n in  A  w as tre a te d  w ith  B 3 H x -l 10~4) a n d  im m u n e  com plexes fo rm ed w ere d e ­

te c te d  by  p e ro x id ase -co n ju g a ted  ra b b it  a n ti-m o u se  IgG  an tibodies

To te s t  th e  possible presence of linear ep ito p es in hexon th a t  m ay  he 
rev e rsib ly  d es tro y ed  b y  SD S tre a tm e n t and  re n a tu ra te d  by mild rep lacem en t 
of SDS (the  a u th o r ’s e x p la n a tio n  o f R u sv a i’s re su lts )  we analyzed b y  d o t an d  
b lo t E IA  re a c tiv i ty  o f aden o v ira l hexons bo iled  w ith  or w ith o u t SD S before 
e lec trophoresis (or before d irec t ap p lica tion  o n to  n itrocellulose) w ith  M A b’s. 
To re n a tu ra te  h ex o n  a n tig e n ic ity  from  m onom ers we te s ted  several fo rm u la ­
tions o f d e te rg en ts , u rea  an d  alcohols in c lu d in g  th a t  used by  R u sv a i e t al. 
N e ith e r of M A h’s from  o u r collection  or se lec ted  M A b’s aga in st A d i ,  Ad35 
(from  E . Á dám ) an d  RAV2 (from  M. R usvai) w ere  able to  reac t w ith  n itro c e l­
lu lose-fixed, h e a t-d e n a tu ra te d  hexon  m onom er ch a in s  while all of th e m  read ily  
reac ted  w ith  n a tiv e  hexon  tr iin e rs  of re spec tive  adenov ira l sero types (resu lts  
no t show n). W e h ad  no reaso n ab le  ex p lan a tio n  fo r th e  divergence o f  o u r d a ta  
w ith  tho se  o f  R u sv a i e t al. an d  could reach  a te n ta t iv e  conclusion th a t  all ep i­
topes in  n a tiv e  hexon  an tig en ic  s tru c tu re  re p re se n t con fo rm ational en titie s  
expressed  on ly  in  tr im eric  hexon m olecule.
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U sing anti-B A V 3 h ex o n  m onoclonal a n tib o d y  В З Н х -l an d  sev e ra l high- 
t i t e r e d  polyclonal a n tib o d y  p rep a ra tio n s  we h av e  co n stru c ted  fo u r-la y e r san d ­
w ich  E L IS A  system s for d e tec tio n  of ad en o v ira l hexons. The M Ah w as te s ted  
e i th e r  in  th e  lower la y e r  o f  th e  sandw ich  fo r th e  cap tu re  of hexon  a n tig en s  or 
in  th e  th ird  layer for d e te c tin g  th e  an tig en s . T he o th e r a n tib o d y  co m p o n e n t of 
th e  sy s te m  (detec ting  or c a p tu r in g  lay e r, respective ly ) was chosen  betw een  
r a b b i t ,  bovine or ch icken  an ti-h ex o n  im m un o g lo b u lin  p re p a ra tio n s  o b ta in ed  
b y  h y p e rim m u n iz a tio n  w ith  p u rified  BAV3, ВАУ1 or Ad5 hexons. T h e  u p p er 
la y e r  co n ta in ed  resp ec tiv e  an ti-Ig G  pero x id ase  con jugate .

O f th e  E L IS A  sy s tem s  te s ted  tho se  u s in g  polyclonal an tib o d ie s  against 
B A Y 3 o r BAV1 could d e te c t only  BAV1, BAV2 an d  BAV3 hexons. In  c o n tra s t, 
c o m b in a tio n s  of the  M Ah w ith  rab b it po ly c lo n a l anti-A dS hexon se ru m  (ф)=31) 
d e te c te d  also hexons o f can in e  (C A V -l), s im ian  (SA7 and  SY37) a n d  h u m an  
(A d 7 , A d l2  and A d l3 ) aden o v iru ses . N e ith e r  subgenus C (A d i, A d5) n o r su b ­
g en u s  E  (Ad4) h u m an  a d en o v iru s  hexons w ere d e tec ted  b y  an y  E L IS A  system . 
F o r  b o th  com binations o f В З Н х -l and  =)ф51 an tise ru m  th e  d e tec tio n  levels for 
h e x o n s  w ere e s tim a ted  ra n g in g  from  0.2 to  60 ng  per ml. Such E L IS A  system s 
c o u ld  w ell be regarded  as p o te n tia l d iagnostic  too ls  for de tec tion  o f hex o n s in 
a t  le a s t  bovine and  can ine  adenov ira l in fec tio n s.
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CHARACTERIZATION OF AN INTERMEDIATE 
ADENOVIRUS STRAIN

Gy . F e j é r , A . K is s ,  A n n a  L e n g y e l , Z s . R uzs i cs ,
Gy . B e r e nc s i  an d  I . N ász

in stitu te  o f  M icrobiology , Semmelweis U niversity  M edical School, Budapest 

(R eceived D ecem ber 20, 1089)

A n in te rm ed ia te  s tra in  o f h u m an  ad en o v iru s o f sub g en u s D w as in v estig a ted  b y  ty p e  
specific serological re ac tio n s  an d  re s tr ic tio n  endonuclease  ana ly sis . T he la t te r  m ethod  show ed 
th e  s tra in  id en tica l to  th e  p ro to ty p e  s tra in  o f h u m an  ad en o v iru s ty p e  9 as well as d id  se ru m  
n e u tra liz a tio n  tes ts . In  c o n tra s t  w ith  th e  p rev ious m eth o d s  h a em ag g lu tin a tio n  in h ib itio n  te s ts  
show ed th e  s tra in  re la te d  to  b o th  th e  p ro to ty p e s  s tra in s  o f h u m an  ad en o v iru s 9 and  13.

Since th e  d iscovery  of adenoviruses in  1953, 47 d ifferen t h u m an  se ro ­
ty p es  have  heen  id e n tif ie d  [1]. T ype specific id e n tif ic a tio n  o f adenovirus s tra in s  
is c a rr ied  o u t b y  se ru m  n e u tra liza tio n  (SN) an d  h aem ag g lu tin a tio n  in h ib itio n  
(H I) te s ts  w hich  are  b ased  on th e  im m unolog ica l p ro p e rtie s  of th e  v iru s. B e ­
side these  m e th o d s  re s tr ic tio n  endonuclease analysis  is also being used in  th e  
id e n tif ic a tio n  o f  b o th  h u m a n  and  an im al adenov iruses [2 -4 ]. The la tte r  m e th o d  
rev ea led  th a t  iso la te s  belonging  to  given se ro ty p es som etim es possess d iffe ren t 
re s tr ic tio n  p a tte rs  [5 -8 ]. This phenom enon  re flec ts  th e  fac t th a t  th e  genes 
w h ich  are  responsib le  fo r th e  serological sp ec ific ity  o f adenoviruses com prise  
less th a n  0.1 p a r t  o f th e  w hole genom e [9]. O th e r s tra in s  were found  to  be 
an tigen ica lly  re la te d  n o t to  only one b u t  to  tw o or m ore p ro to ty p es  [10].

In  our p re se n t w ork  we s tu d ied  th e  ch a rac te ris tic s  o f such an  in te rm e ­
d ia te  s tra in  re la te d  to  the  p ro to ty p e  s tra in s  o f aden o v iru s  9 and  13.

Acta Microbiologica Hungarica 37 (3 ), pp. 315 -318 (1990)

Materials and m ethods

Viruses and  tissue cultures. T he in te rm ed ia te  a d en o v iru s  s tra in s  AV 13/9 was o b ta in e d  
from  th e  F R G  in  1967; a t  t h a t  tim e i t  w as believed to  he  th e  p ro to ty p e  s tra in  of AV 13. A d e ­
n o v iruses 9 and  13 w ere p ro to ty p e  s tra in s  from  H . G. P e re ira .

Viruses were p ro p a g a te d  on  th e  h u m an  cell line  “ 293”  tran s fo rm e d  by  the  D N A  o f h u m a n  
ad en o v iru s ty p e  5 [11]. Cells were g row n  in C a++ free E ag le ’s M EM  supp lem en ted  w ith  0.1 
p a r t  o f fe ta l ca lf se ru m , pen ic illin  and  s tre p to m y c in .

P urifica tio n  o f  vira l D N A .  V irus in fec ted  cells w ere h a rv es te d  w hen  th e  C PE  w as a lm o s t 
com plete  b y  low  sp eed  c en trifu g a tio n . T he cell p e lle t w as e x tra c te d  w ith  5 m g /m lT rito n  X 100,
0.4 M NaCl an d  10 mM  T ris-H C l p H  7.5 as described  p rev io u s ly  [12]. T h is e x tra c t,  c o n ta in in g  
m ain ly  v irion  an d  v ira l  D N A , w as th e n  fu r th e r  pu rified  b y  S D S/pronase  tre a tm e n t fo llow ed 
by  phenol and ch lo ro fo rm : isoam ylalcohol e x tra c tio n  acco rd ing  to  s ta n d a rd  pro toco ls [13-15  |.

Gy ö r g y  F e j é r , A l e x is  K is s , A n n a  L e n g y e l , Zsolt R u zsics , G y ö r g y  B e r e n c s i, I stvá n  N ász 
I n s t i tu te  o f  M icrob io logy , S em m elw eis U n iv e rs ity  M edical School 
H -1445 B u d a p e s t, P .O .B . 370, H u n g a ry
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Restriction endonuclease analysis. R e s tr ic tio n  endonucleases B a m H  I, E coR  I ,  Bgl I I ,  
S a l  I and  H in d  I I I  w ere p u rch ased  from  R e an a l (B u d ap es t) an d  w ere used  acco rd ing  to  th e  
in s tru c t io n s  o f the  m a n u fa c tu re r . T he re su ltin g  D N A  frag m en ts  w ere se p a ra ted  on  10 m g/m l 
ag aro se  slab  gels. T he gels w ere ru n  a t  1 V /cm  an d  su b seq u en tly  s ta in e d  w ith  e th id iu m  b ro ­
m id e .

A ntisera . A n tise ra  w ere p rep ared  ag a in s t th e  sam e v iru s s tra in s  used  in  o u r p re sen t 
e x p e rim e n ts . T hey  w ere o b ta in e d  a fte r several inocu la tio n s of u n p u rified  v iru s  in to  ra b b its . In  
a d d it io n  to these sera a W H O  reference horse a n tise ru m  to AY 13 w as also used .

Serological tests. N e u tra liz a tio n  te s ts  w ere perfo rm ed  in  “ 293” cell tu b es accord ing  to 
s ta n d a r d  pro toco ls |16] w ith  an  in itia l se rum  d ilu tio n  of 1 : 2. T he cells w ere e x tra c te d  w ith 
th e  T r ito n  X 100-N aC l so lu tio n  and n e u tra liz a tio n  w as eva lu a ted  w h e th er new ly  sy n th e tized  
u n i t  le n g th  DN A  could or could  n o t have  been seen a fte r  SD S/pronase  t re a tm e n t  and  agarose 
gel e lectrophoresis. H I te s ts  w ere p e rfo rm ed  w ith  h u m a n  red  blood cells in ro u n d  b o tto m  m icro­
t i te r  p la te s  w ith  an  in itia l se ru m  d ilu tio n  of 1 : 40.

Results

T he resu lts o f SN a n d  H I tests  are sum m arized  in T ab les T an d  I I .  In  H I 
te s ts  th e  AV 13/9 s tra in  reac ted  w ith  a n tise ra  to  b o th  AV 9 an d  AV 13. A n ti­
se ru m  to  AY 9 show ed th e  sam e H I  t i t re  in  hetero logous reac tio n s. In te re s tin g ly  
o n ly  th e  W H O  reference an tise ru m  to  AV 13 cross-reacted  w ith  th e  AY 13/9 
s t r a in ,  b u t  in th is  case th e  cross-reacting  H I  t itre  w as even  h ig h er th a n  in  
th e  hom ologous reac tio n . S im ilarly  a n tise ru m  to AV 13/9 c ross-reacted  w ith  
th e  p ro to ty p e  AV 9 and  in  low er e x te n t w ith  th e  p ro to ty p e  AV 13. A n tisera  
a g a in s t  th e  p ro to ty p e  s tra in s  d id  n o t c ro ss-react w ith  hetero logous an tigens.

Table I

IIaem agglutination inhibition

S era

V irus s tra in A V 13 AV 9 AV 13/9

1 2*

AV 13 1280 320 40 80
AV 9 40 40 1280 320
AV 13/9 40 1280** 1280 640

* W H O  reference serum  
** P a rtia l  inhib ition

Table II

Serum neutralization

S era

V irus s tra in AV 13 AV 9 AV 13/9

AV 13 256 2 2

AV 9 2 256 256

AV 13/9 2 64 32
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In  SN te s ts  AY 13/9 was eq u a lly  n eu tra liz e d  b y  an tisera  to  AV 13/9 and  
AV 9. On th e  o th e r  h an d  AV 9 w as also n eu tra liz e d  by  b o th  the  p rev io u s  a n t i ­
sera. In te re s tin g ly  an tiserum  to  AY 13/9 show ed a sign ifican tly  h ig h e r t i t r e  to  
AV 9 th a n  to  AV 13/9. O ther c ro ss-reactio n s w ere n o t d e tec ted  in SN te s ts .

T he D N A  o f  AV 13/9 s tra in  w as c u t by  five  re s tric tio n  enzym es a n d  th e  
frag m en t p a tte rn s  w ere com pared  w ith  tho se  of th e  p ro to ty p e  s tra in s  o f  AV 13 
an d  AV 9. T he restric tio n  frag m en t p a tte rn s  o f AV 13/9 genera ted  b y  Sa l I , 
B a m H  I ,  EcoR  I (F ig. 1) and Bgl I I  (d a ta  n o t show n) were iden tica l w ith  th e  
respective  p a tte rn s  of AV 9. E v en  s lig h t differences could no t have b e e n  fo u n d  
betw een  AV 9 an d  AV 13/9. T hey  b o th  ch a rac te ris tic a lly  differed fro m  th e  re ­
s tr ic tio n  fra g m e n t p a tte rn s  of AV 13. T he re s tr ic tio n  fragm ent p a t te rn s  o f th e  
p ro to ty p e  s tra in s  corresponded  to  th e  ones found  in th e  lite ra tu re  [17].

1 2  3 4 5 6 7 8 9 10 11 12 13

Fig. 1. D N A  re s tr ic tio n  analysis w ith  B a m H  I. H i n d l l l ,  S a i l , E coR l. Lanes 1, 4, 7, 10 AV9; 
lanes 2, 5, 8, 11 AV13/9; lanes 3 ,6 , 9, 12 A V 13; lan e  13, AVI D N A  cu t by  H in d l l l ,  as m o lecu la r

w e ig h t con tro l

D iscussion

In  our p re se n t s tu d y  we an a ly sed  an  in te rm e d ia te  sero type o f su b g en u s  
D. In  H I  te s ts  th e  s tra in  ivas re la te d  to  b o th  AV 9 and  AV 13 while in  SN  te s ts  
it was re la te d  on ly  to  AV 9. In  p rev io u s w orks th e  genom e typ es of in te rm e d ia te  
s tra in s  of subgenus D were found  to  be s im ila r to  th a t  p ro to ty p e  s t r a in  w hich  
was re la ted  to  th em  in H I, how ever, s ligh t d ifferences had  been d e te c te d  [18]. 
O ur resu lts  show  a n o th e r v a ria tio n  w hen  th e  genom e ty p e  of the  in te rm e d ia te  
s tra in  co rresponds to  the  genom e o f  th e  p ro to ty p e  s tra in  re la ted  in SN .
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I n  a p rev ious s tu d y  th e re  were also d iffe rences betw een  АУ 13/9 (believed 
a t  t h a t  tim e to  be th e  p ro to ty p e  s tra in  o f h u m a n  adenovirus ty p e  13) and  
AY 9 [20].

A possible e x p la n a tio n  of our re su lts  is t h a t  a slight a lte ra tio n  ex ists  in  
th e  f ib e r  gene o f th e  in te rm e d ia te  s tra in  c o m p a rin g  to  the  p ro to ty p e  s tra in  of 
AV 9. T his a lte ra tio n  can  n o t he recognized b y  th e  restic tio n  enzym es used  h u t  
c h a n g e d  the  h a e m a g g lu tin a tio n  p roperties o f  th e  v iru s while th e  n eu tra liz in g  
e p ito p es  rem ained  th e  sam e.

Acknowledgements. T h e  skillfull technical a ss is ta n ce  of Miss K a t a l i n  B e d e c s , M á r i a  
V é g h  a n d  Z s u z s a n n a  B a k o n y i  is apprec ia ted  v e ry  m u ch .
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A  to ta l o f 2637 G ram -negative  fa c u lta tiv e ly  p a th o g en ic  b a c te ria  were iso la ted  in  th e  
L ászló  C entra l H o sp ita l fo r In fectious D iseases du rin g  a 5 -year-period  1'rom clinical sam p les o f 
p a tie n ts  o f th e  R e sp ira to ry  In tensive  Care U n it;  28 fu r th e r  s tra in s  w ere cu ltu red  fro m  h o sp ita l 
personnel and  fo in ites. Pseudomonas aeruginosa, K lebsiella  a n d  Acinelobacter spp. w ere  m o st 
f req u e n tly  iso lated . C om plex ty p in g  (d e te rm in a tio n  o f О serogroup , phage p a tte rn ,  p y o c in  
ty p e , a n tib io g ram  a n d  p lasm id  p a tte rn )  o f  P . aeruginosa  s tra in s  show ed the  p red o m in an ce  of 
serogroup  O i l  (6 2 % ), b u t  th e  iso lates d iffered  from  each  o th e r  by  o th er c h a ra c te ris tic s . 
C o n ju g atio n  ex p erim e n ts  showed no com m on  resis tan ce  p lasm id s in th e  tes ted  p o p u la tio n .

G ram -n eg a tiv e  facu lta tiv e ly  p a th o g en ic  (G N F P ) b ac te ria  ( f irs t o f  all 
Pseudom onas aeruginosa, Klebsiella pneum oniae , Acinetobacter calcoaceticus, 
b u t  freq u en tly  also Aerom onas, Enterobacter, Proteus, Serratia  spp ., e tc .) co m ­
m only  cause nosocom ial in fections an d  cause large o u tb reak s  w hich are  o ften  
d ifficu lt to  con tro l [1—6]. The p a tie n ts  in lo n g -s tay  h o sp ita l u n its , especia lly  in  
in ten siv e  w ards are h igh ly  defensless. T hey  acq u ire  soon one or m ore ag en ts  
of nosocom ial in fec tio n s no t being in  associa tion  w ith  th e ir  underly ing  d iseases. 
These m icroorgan ism s persist p e rm a n e n tly  in  th e  p a tie n ts ’ flo ra  an d  in  th e  
in an im a ted  en v iro n m en t. The m ain  p rob lem s o f h o sp ita l epidem iology are  th e  
m ultispecies o u tb re a k s , the p a tie n t- to -p a tie n t sp read  of these b a c te r ia , an d  
th e ir  increased  resis tan ce  to  an tim ic ro b ia ls . In  p a r tic u la r , P . aaeruginosa  co­
lon iza tio n  of p a tie n ts  was considered  to  be a c o n tr ib u tin g  fac to r in  h ig h er m o r­
ta l i ty  [3]. The re su lts  ob ta ined  in  a h o sp ita l o u tb re a k  caused  by  G N F P  b a c te ­
ria  are  p resen ted  in  th is  paper.

* T h is  lec tu re  w as p re se n te d  a t  the  jo in t  sc ie n tif ic  m ee tin g  o f  th e  B ac te rio lo g y  S ec tion  o f the  H u n g a r ia n  S o c ie ty  o f 
M icrobio logy, and  th e  N a tio u u l  I n s t i tu te  of H ygiene, B u d a p e s t,  1988.
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M aterials an d  m ethods

P atients. Of th e  p a tie n ts  t re a te d  in  the  R e sp ira to ry  In ten siv e  Care U n it  o f  th e  L ászló 
C e n tra l  H o sp ita l for In fec tio u s  D iseases in th e  y e a rs  1982 —1986, 30%  w ere ch ild ren  u n d e r 
14 y e a rs  o f age, and 70%  w ere ad u lts . All th e  p a t ie n ts  h a d  serious u n d e rly in g  d iseases (e.g. 
m e n in g itis ,  te ta n u s , G u illa in -B arré  syndrom e, e tc .) . M ost of th em  were in tu b a te d  an d  received  
a lo n g -la s tin g  com bined  a n tib io tic  th e ra p y  [7].

Bacterial strains. A  to ta l  o f 2637 G N F P  s t r a in s  w ere iso lated  m ain ly  from  re sp ira to ry  
t r a c t  sam ples. F ro m  th e  e n v iro n m en t (a ir, b ed -c lo th es, ta p s , sinks, to ile t sea t, d ra in  o f  re sp i­
r a to r y  device and  suc tion  a p p a ra tu s , and  h an d s  o f  s ta ff ,  respec tive ly) 28 G N F P  s tra in s  were 
iso la te d  b y  a single sam pling  in th e  la s t q u a r te r  o f 1986 [7].

The antibiotic suscep tib ility  w as te s ted  w ith  a g a r diffusion m eth o d  [8] on  m odified  
M u e lle r-H in to n  m edium  (H u m a n , B u d ap es t) u sin g  R e s is te s t disks (H u m a n , B u d ap es t) .

The determ ination o f  0  serogroups was c a rr ie d  o u t  according to  L án y i an d  B erg an  [9].
The phage typ ing  and p yo cin  typ ing  o f  P. aeruginosa  s tra in s  w as p e rfo rm ed  b y  L indberg  

a n d  L a t t a ’s [10] and  b y  G illies a n d  G ovan’s [11] m eth o d .
P lasm ids  were d e tec ted  sim ultaneously  b y  m e th o d s  of B e n n e tt e t  al. [12] an d  K ieser 

[13] in  0 .7 %  agarose (Seakem , M iam i) gel acco rd ing  to  M eyers and co-w orkers [14].
Genetic exchange w as p e rfo rm ed  by  using  th e  m e th o d  of D ean  e t al. [15]. T h e  liq u id  m e­

d ia  w e re  supp lem en ted  w ith  0 .0 2 %  agarose to  in crease  th e  m ating  freq u en cy  [16]. T h e  rifam - 
p ic in - re s is ta n t  m u ta n ts  o f Escherichia  coli J 5 -3  [17 | a n d  P . aeruginosa P A 0 6 7 4  [15] w ere used 
as re c ip ie n ts , an d  selection w as fo r  b o th  th e  donor a n d  rec ip ien ts  m arkers.

R esults and discussion

In  clinical specim ens P . aeruginosa o ccu rred  the m ost f re q u e n tly  while 
in  th e  en v iro n m en t Acinetobacter h vo ffii p re d o m in a te d  (Fig. 1). T he s ta f f  h a r ­
b o u re d  no G N F P  s tra in s  [7].

B o th  p a tie n t an d  e n v iro n m e n ta l iso la te s  proved  to  he h igh ly  re s is ta n t 
to  c o m m o n ly  used an tim ic ro b ia ls . T ab le  I  p re sen ts  th e  incidence o f re s is ta n t 
iso la te s  am ong the  m ost fre q u e n tly  occu rrin g  species. C om parison o f su scep ti­
b i l i ty  d a ta  of 5 years show ed  th a t  th e  o ccu rren ce  o f s tra in s  re s is ta n t to  ce rta in

Tabic 1

Antibiotic susceptibility o f  Gram-negative facu lta tively  pathogenic bacteria isolated

Species
Percentage of strains resistant to

AM CB AZL MZ MA CXM C T X C E O

P . aeruginosa 1 0 0 62 39 42 98 98 98 36
K lebsiella 65 64 38 32 35 27 6 0

A . calcjacelicus 87 78 51 54 97 68 68 15
A . h v o ffii 67 52 44 44 62 61 61 33
O th e r 65 75 44 38 70 43 41 33
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agents —- especia lly  to  am inoglycosides an d  new  penicillins — is increasing . 
F or exam ple th e  incidence  o f P. aeruginosa s tra in s  re s is ta n t to  g en tam icin  a n d  
to b ram y c in  rose tw o-fo ld .

Clinical samples 
(1982-1986)

4.1

Environmental samples 
(1986)

57

Pseudomonas aeruginosa 

Pseudomonas spp 

Acinetobacter calcoaceticus 

Acinetobacter Iwoffii 

Klebsiella spp.

Escherichia coli 

P ro te u s  mirabilis

J  Other

Fig. 1. Incidence  of G ram -n eg a tiv e  facu lta tiv e ly  p a th o g e n ic  b a c te ria  in the  R e sp ira to ry  I n t e n ­
sive Care U n it o f the  László C entra l H osp ita l fo r In fec tio u s  Diseases (pe rcen tag es)

from  patients o f  the R espiratory Intensive Care U nit o f  László H ospital in 1986

Species
Percentage of strains resistant to

CAZ GM TM AN N E T Т Е c S X T

P. aeruginosa 14 69 65 13 l 96 95 98
Klebsiella 0 46 42 16 0 59 56 17
A . calcoaceticus 9 93 87 79 9 93 100 75
A . Iwoffii 1) 77 78 42 21 65 57 32
O ther 0 47 44 5 0 67 44 19

A bbrev iations: AM am picillin , CB carbenicillin , A ZL azlocillin , MZ m ezlocillin, MA cep h am an - 
dole, CXM cefuroxim e, CTX cefo tax im e, CRO cephtriaxone, CAZ ceftaz id im e , 
GM g en tam ic in , TM tobram ycin , A 14 am ik ac in , N E T  netilm icin, Т Е  te trac y c lin , 
C chloram phenico l, SX T co-trim oxazole
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Since th e  iso la tes belonging  to  d iffe re n t species of d iffe ren t o rig in  ex h i­
b ite d  s im ila r resistance  p a tte rn s , an d  th e  inc idence  of re s is ta n t a n d  m u ltip ly  
r e s is ta n t  s tra in s  increased  y ea r b y  y e a r  [7], tw o  possibilities w ere s tu d ied : 
w h e th e r  re s is ta n t clones are  sp read  or a c o n tin u o u s  gene tra n sfe r  occurs am ong 
th e  d iffe re n t species in  th e  en v iro n m en t, a n d  re s is tan t s tra in s  are  selected  
w ith in  th e  p a tie n ts  d u rin g  th e ra p y .

O u r know ledge o f th e  ep idem iology  an d  con tro l of o u tb re a k s  developes 
on  th e  av a ilab ility  o f accu ra te  ty p in g  p ro ced u re s . Subspecifica tion  o r id e n tif i­
c a tio n  o f  d is tin c t ty p es  w ith in  a species is th e  a im  of typ ing . N u m ero u s schem es 
h a v e  been  used to  d iffe ren tia te  severa l species, viz. serological ty p in g , b ac te - 
r io c in  p ro d u c tio n , b ac te rio p h ag e  ty p in g , use  of an tib iog ram s, an d  p lasm id  
p a t te r s  analysis. Since no single ty p in g  m e th o d  has gained w id esp read  ac ­
c e p ta n c e , tw o or m ore m eth o d s are o ften  u sed  for co m p ara tiv e  ty p in g  o f iso­
la te s .

U sing  these  m eth o d s on 114 ra n d o m ly  selected  s tra in s  rev ea led  no p re ­
d o m in an ce  of an y  w ell-definab le  clones: ev e ry  G N F P  stra in  d iffered  fro m  each 
o th e r  a t  least in one ch a rac te ris tic  [18]. A to ta l  of 36 P. aeruginosa  iso lates 
w ere  ex am in ed  in  m ore d e ta in s . In  re sp ec t o f th e  resu lts o f s e ro ty p in g  only , 
th e  p red o m in an ce  of serogroup  O i l  w as s tr ik in g  (62% ). This serogroup  h as  been 
g en e ra lly  considered  to  cause a g rea t m a jo r ity  of nosocom ial in fec tio n s  as­
so c ia te d  w ith  in tensive  th e ra p y  [19-21].

F u r th e r  ty p in g  ex p erim en ts  re su lted  in  m ore  ex ac t grouping  o f th e  s tra in s . 
T h e  36 P . aeruginosa  s tra in s  exam ined  belo n g ed  in to  15 d ifferen t p y o c in  typ es 
a n d  fell in to  21 d iffe ren t phage p a tte rn s . W h e n  these tw o fea tu res  w ere con­
s id e re d , th e  36 s tra in s  could  be classified in  28 d ifferen t groups. I t  is in te re s tin g  
t h a t  p h ag e  p a tte rn  44/C21 occurred  on ly  am o n g  O i l  s tra ins, an d  also th e  in ­
c idence  o f  pyocin  ty p e  NC 1 was h ig h er in  th e  serogroup (48% ) th a n  in  o th e r  
ones (15% ).

S ix ty -fiv e  p e rcen t of these  iso la tes h a rb o u re d  one or m ore p lasm id s 
w ith  1.4—130 Md in  size. T his ra tio  is s ig n if ic a n tly  h igher as in d ic a te d  b y  l i te r ­
a ry  d a ta  d a ta  [15, 22, 23]. T here w as no co rre la tio n  am ong th e  re s is tan ce  
p h e n o ty p e  and  p lasm id -h a rb o u rin g .

S ince th e  resis tan ce  p a tte rn  of b a c te r ia  belonging to  d iffe ren t species 
w as s im ila r, and  th e  d iffe ren t species h a rb o u re d  p lasm ids w ith  id e n tic a l m ole­
c u la r  m ass [18], i t  seem ed to  be in te re s tin g  to  exam ine w heth er co m m o n  re ­
s is ta n c e  p lam ids w ere p resen t in  all o f th e  ep idem ic  popu la tion . To decide  th e  
p resen ce  o f  genetical exchange am ong th e  c lin ica l s tra in s we p erfo rm ed  m a t­
ing  ex p e rim e n ts .

R esis tan ce  tra n s fe r  w as observed  in  5 ex p erim en ts  from  P. aeruginosa  
d o n o rs , o n ly  to  th e  sam e species. In te rg c n e ric  tra n sfe r  occurred  from  E ntero­
bacter aerogenes donor to  P . aeruginosa  re c ip ie n t in  one case, from  one. A . 
Iw o ffii, one E . aerogenes, one E . cloacae, one Klebsiella oxytoca, a n d  tw o  K .
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p n e u m o n i a e  donors to E .  coli recipient, respectively . The frequency o f  re­
com bination occurred in range o f 7 X  10 "8 to 6.1 X  10 “5. One of the p lasm ids  
o f the donors were detected only in three transconjugants obtained from  
A .  I w o f f i i , K .  o xy to c a  and K .  p n e u m o n i a e  donors (27 MC, 43 Md, and 83 Md, 
respectively). This observation suggests the appearance o f  transposon-m ediated  
resistance in the epidem ic population.

From our typ ing results it m ay be assumed th a t the ancestor of our iso ­
lates was a m ultiply resistant O i l ,  phage pattern 44/C21, pyocin typ e NC 1
P. a e r u g in o s a  clone, that has been divided into subclones by acquiring som e  
different resistance determ inants sourced from the co-existing flora during a 
continuous antibiotic pressure.

Acknowledgement. T he a u th o rs  a re  in d eb ted  to D r. M a r i a n n e  K o n k o l y  T h e g e  and  
D r. I. G a d Ó (N a tio n a l In s t i tu te  of H yg iene, B udapest) for th e  re c ip ie n t s tra in s  a n d  to  Mrs 
J u l i a  P a p  an d  Mrs M a g d a  I I e t z m a n  fo r sk illed  techn ica l a ssistance .
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BOOK RECEIVED

II.-J . R ehm  and G. R e e d  (eds): Volum e 6B of B iotechnology “ A Comprehen­
sive Treatise in 8 V olum es” . VHC Verlagsgesellschaft, W einheim -B asel-C am - 
bridge—N ew  York 1989. pp. 810. Price DM 495; US $ 198

“ Special m icrobial processes”  a re  sum m arized  in 25 c h ap te rs  com ple ted  by  294 figures 
and  136 tab les. The volum e ed ito r  H a n s-Jü rg e n  R ehm  w ro te  in  th e  P reface . . . .  “ o th e r  new 
fields — m odels for b io technolog ical p h o to sy n th es is , a cc u m u la tio n  and  leach in g  of m etals, 
fu tu re  p e rspec tives of biotechnology in  space and m ore e a r th b o u n d  m a tte rs  such as th e  m icro­
b ial processing  of tobacco, f lax , a n d  lea th e r , . . . have  been  tre a te d  . . . .  b ecause  of their 
p o te n tia l  fu tu re  d ev elo p m en ts” . I t  is also m en tioned  in th e  preface  th a t  V C H  V erlagsgesell­
sch a ft is a lread y  p lann ing  the  Second E d itio n  of the  series w ith  ce rta in  m odifico tions.

C h ap ters 1 to 6 are o f p ra c tic a l in te re s t. M icrobial p ro d u c tio n  of b u tan o l, ace to n e , 2,3- 
-b u tan ed io l, glycerol and  re la te d  com p o u n d s, h y d ro carb o n s, h y d rogen , and p o ly -b e ta -h y d ro x y - 
b u ty r ic  acid  is described in d e ta il. T h e  to p ic  covered b y  C h ap te r 7 is o f specific  ch arac te r; 
m icrob ial p ro d u c tio n  of labeled  co m p o u n d s are sum m arized  com ple ted  w ith  th e  en zym atic  
p rocedures, too. In  c h ap te r  8 a b io m im etic  m odel of p h o to sy n th es is  is p resen ted .

C hap ters 9 and  10 are m o st v a lu a b le  for viro logists. M ethodology of th e  m ass p ro d u c tio n  
of e u k a ry o tic  cells b o th  of p lan t an d  m am m alian  origin h av e  been com piled by  P. F . H einste in , 
Л . E m ery , and M. B u tle r so as to co rresp o n d  to the  h ig h es t professional s ta n d a rd . B iosensors 
a n d  “ b ioelectron ics”  in c h ap te r  11 belong  to  the sam e su b je c t in te res tin g  for m ed ical an d  bio- 
eng ineers , too .

T he n ex t group  of c h ap te rs  12 -16) are dealing w ith  n a tu ra l  resources. T h ey  describe 
leach ing , c o n cen tra tio n , and  e lim in a tio n  of m etals, n itro g en , p h osphorus, su lfu r and  coal. 
Tw o c h ap te rs  (13 and  17) are o f e ssen tia l in te re s t for th ose , w ho are w orking on th e  e lim ination  
of co n ta m in a tio n s  from  the  su rro u n d in g . T he role, and  c h a ra c te ris tic s  o f aerosols is useful for 
la b o ra to ry  sa fe ty  m easu rem en ts  an d  h e a lth  sa fe ty  reg u la tio n .

F o u r sy s tem atic  w orks o f  th eo re tic a l im p o rtan ce  w as also included  by  th e  e d ito r  (ch ap ­
te rs  18-21). P ro te in  c ry sta ls  m ig h t be used  la te r  on by  th e  in d u s try , an d  space b io techno logy  
m ig h t be in te res tin g  for big co u n trie s , neverth e less , th e  c h a p te rs  on gliding b a c te r ia , a n d  arehe- 
b ac te ria  are in fo rm ativ e  for all m icrob io log ists.

P e rsp ectiv es of b io techno logy  (c h ap te rs  22- 25) in  a g ricu ltu re  was ou tlin ed  by  G. W enzel 
in  ad d itio n  to  the  th ree  in d u s tr ia l to p ics  m en tioned  in th e  c ita tio n  from  the  ed ito r  H .-J . R ehm  
above, w ho has done an  o u ts ta n d in g  w ork.

György fíerencsi
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INSTRUCTIONS TO AUTHORS

M an u scrip ts  a re  accep ted  on  th e  basis o f sc ien tific  significance an d  su itab ility  for 
p u b lica tio n  on th e  u n d e rs tan d in g  th a t  th e y  h av e  n o t b een  p u b lish ed , su b m itte d  or accep ted  fo r 
p u b lica tio n  e lsew here. A cceptance dep en d s on th e  o p in io n  o f one or m ore  referees an d  th e  d e c i­
sion of th e  E d ito ria l B oard . P ap ers  accep ted  for p u b lic a tio n  are  su b jec t to  ed ito rial rev is io n .

M A N U S C R IPT  ST Y L E

M an u scrip ts  m u st be in E ng lish  and  c learly  a n d  concisely  w ritte n . T h ey  should be ty p e d  
double  spaced  w ith  w ide m arg ius. T w o copies o f th e  m an u sc rip t sh o u ld  be  su b m itted .

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

T itle. T h e  t i t le  should  be  a c lear and  concise s ta te m e n t o f th e  c o n te n ts  in no t m ore t h a n  
14 w ords. A sh o rt ru n n in g  t it le  o f no t m ore th a n  40 le tte rs  shou ld  also be supplied. T h is  is 
follow ed by  th e  a u th o rs ’ in itia ls  (full f irs t nam e o f w om en) a n d  su rn am e, a n d  th e  nam e o f  th e  
in s titu tio n  w here  th e  w ork w as done.

A b stract. T h is shou ld  n o t exceed 200 w ords a n d  sh o u ld  o u tlin e  b rie fly  th e  purpose o f  th e  
s tu d y  a n d  d e ta il im p o r ta n t f in d in g s  a n d  th e  a u th o r s ’ p rin c ip a l conclusions. R e d u n d a n t  
p h rases , gen era lly  know n in fo rm a tio n  an d  re p e titio n  sh o u ld  be avo ided .

In tro d u c tio n . T his p a r t  shou ld  s ta te  b riefly  th e  n a tu re  a n d  p u rp o se  of th e  w ork a n d  c ite  
recen t im p o r ta n t  w ork  by o th ers .

M ateria ls an d  m ethods. D escribe  m icroorgan ism s, m e th o d s , a p p a ra tu s , p rocedure  a n d  
s ta tis t ic a l  m e th o d s  in  suffic ien t d e ta il to  allow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . T h is p a r t  
m ay  hav e  su b h ead in g s  like “ B ac te ria l s tra in s”  o r “ C u ltu re  m ed ia” .

R esu lts . T h e  ex p erim en ta l d a ta  should  be p re sen te d  c learly  a n d  concisely. A void  re ­
p ea tin g  in fo rm a tio n  p resen ted  in  tab le s  a n d  figu res.

D iscussion should  be focussed  on th e  in te rp re ta tio n  of e x p erim en ta l findings. D o n o t  
rep ea t lite ra ry  d a ta  p resen ted  in  th e  In tro d u c tio n  o r in fo rm a tio n  g iven  in  R esults.

A cknow ledgem ent o f g ra n ts  a n d  technical he lp .
R eferences. C ite on ly  essen tia l references. T h ey  shou ld  be  a rra n g e d  in n u m erica l se­

quence  as c ited  in  th e  te x t ,  w here  th e  n u m bers a p p e a r  (in  p a ren th eses)  w ith  or w ith o u t th e  
a u th o rs ’ n am e, e.g. E d en  a n d  H ansson  [1], F ra n k e l [2 ]. G e lb art e t  al. [3] or [ I ,  2]. T h e  
reference list a t  th e  end  of th e  p a p e r  should  c o n ta in

— fo r jo u rn a ls :  nam es a n d  in itia ls  o f  all a u th o rs , jo u rn a l t it le  a b b re v ia te d  according to  th e
s ty le  used  in  In d e x  M edicus, vo lum e n u m b er, p a g in a tio n , y ear.

— for hooks: nam es a n d  in itia ls  o f a u th o rs /e d ito rs , t it le , p u b lish e r, p lace a n d  y e a r  o f
p u b lic a tio n , page  n u m b er.
Address o f th e  au th o rs . T h e  (full) nam e a n d  m ailin g  ad d ress o f th e  a u th o rs  sh o u ld  be  

given a f te r  th e  reference list.
Tables. T h ey  shou ld  be ty p e d  on sep a ra te  sh e e ts  a n d  h av e  a concise head ing  each. T a b le s  

a rc  to  be n u m b ered  sequ en tia lly  by  R om an  nu m b ers .
F igu res. G oo d -q u a lity  glossy p r in ts  o f  h a lf- to n e  illu s tra tio n s  a n d  c lear line d raw in g s in  

In d ian  ink  a re  accep ted . T he n u m b er o f th e  figu re , th e  a u th o rs ’ nam e, a n d  th e  top  of th e  f ig u re  
should  be in d ic a te d  lig h tly  in so ft pencil on th e  b ack . T h e  figures a re  to  be num bered  s e q u e n tia l­
ly  by  A rab ic  n u m b ers . C aptions shou ld  be p ro v id ed  o n  a sep a ra te  sh ee t. All figures sh o u ld  be 
referred  to  in  th e  te x t  and  th e ir  a p p ro x im a te  p lace  in d ic a te d  on th e  m arg in .

A bbrev iations and sym bols. Q u an tities  sho u ld  be  expressed  in  S I u n its . All a b b re v ia tio n s  
should  be spelled o u t  w hen f irs t  u sed  in  th e  te x t .  P lease  id en tify  u n u su a l sym bols in th e  m a rg in .

N o m en clatu re  o f m icroorgan ism s. B inom ial n am es should  conform  to  th e  In te rn a tio n a l  
R ules o f  N o m en cla tu re  a n d  to  c u rre n t te rm s o f th e  In te rn a tio n a l C om m ittee  on S y s te m a tic  
B acterio logy- N am es used  for v iruses should be th o se  ap p ro v ed  by th e  In te rn a tio n a l C o m m it­
tee on T ax o n o m y  o f V iruses (IC TV ). G eneric a n d  specific  nam es of species should be  w r i t te n  
in full in  th e  t i t le  a n d  th e  f irs t tim e  th ey  a p p ea r in  th e  a b s tra c t  a n d  in  th e  te x t. S u b seq u e n tly  
th ey  shou ld  b e  ab b rev ia te d . G eneric an d  specific n am es shou ld  be u n d e rlin ed  for ita lic s . N o 
specific nam e w ith o u t a cap ita lized  generic nam e sh o u ld  be used.

Proofs an d  rep rin ts. Two se ts o f proofs w ill b e  p ro v id ed , w h ich  are  req uested  to  b e  
re tu rn e d  w ith in  48 hours o f rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  te x t  a n d  especially in  th e  
illu s tra tio n s  a re  expensive  and  sh o u ld  be avo ided . O ne h u n d re d  a n d  f if ty  rep rin ts  of each p a p e r  
ure supplied  free o f charge. A d d itio n a l rep rin ts  can  be  o rd e red  a t  cost p rice  a t  the  tim e th e  p a g e  
proof is re tu rn e d .



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C.B.D. LIBRARY AND SUBSCRIPTION SERVICE 
39 East Splanade
P Q Box 1001, Manly N S W  2095 

AUSTRIA
GLOBUS. Höchstädtplatz 3. 1206 Wien XX 

BELGIUM
OFFICE INTERNATIONAL DES PERIODIQUES 
Avenue Louise, 485, 1050 Bruxelles 
E. STORY-SCIENTIA P.V.B A.
P van Duyseplein 8. 9000 Gent

BULGARIA
HEMUS, Bulvár Ruszki 6, Sofia 

CANADA
PANNÓNIA BOOKS, P.0 Box 1017 
Postal Station "B", Toronto. Ont M 5T 2T8

CHINA
CNPICOR, Periodical Department, P О Box 50 
Peking

CZECH AND SLOVAK FEDERAL REPUBLIC
MADÄRSKA KULTÚRA. Národm thda 22 
115 66  Praha
PNS DOVOZ TISKU. Vinohradská 46, Praha 2 
PNS DOVOZ TLACE, Bratislava 2

DENMARK
EJNAR MUNKSGAARD, 35. None Segade 
1370 Copenhagen К

FEDERAL REPUBLIC OF GERMANY
KUNST UND WISSEN ERICH BIEBER 
Postfach 10 28 44 
7000 Stuttgart 10

FINLAND
AKATEEMINEN KIRJAKAUPPA, P О Box 128 
00101 Helsinki 10

FRANCE
DAWSON-FRANCE S A .  В P 40. 91121 Palaiseau 
OFFICE INTERNATIONAL DE DOCUMENTATION ET 
LIBRAIRIE, 48 rue Gay-Lussac 
75240 Paris. Cedex 05

GREAT BRITAIN
BLACKWELL S PERIODICALS DIVISION 
Hythe Bridge Street, Oxford OX1 2ET 
BUMPUS, HALDANE AND MAXWELL LTD 
Cowper Works. Olney, Bucks M K46 4BN  
COLLET'S HOLDINGS LTD,, Demngton Estate. 
Wellingborough. Northants NN 8 2Q T 
WM DAWSON AND SONS LTD , Cannon House 
F olkstone. Kent CT 19 5EE

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL 
BOOKSELLERS, 2 Hippokratous Street, Athens-143

HOLLAND
FAXON EUROPE. P O Box 167 
1000 A D  Amsterdam 
MARTINUS NIJHOFF В V 
Lange Voorhout 9-11, Den Haag 
SWETS SUBSCRIPTION SERVICE 
P О Box 830, 2160 Sz Lisse

INDIA
ALLIED PUBLISHING PVT. LTD 
750 Mount Road, Madras 600002 
CENTRAL NEWS AGENCY PVT. LTD,
Connaught Circus, New Delhi 110001 
INTERNATIONAL BOOK HOUSE PVT LTD 
Madame Cama Road, Bombay 400039

ITALY
D, E. A , Via Lima 28, 00198 Roma 
INTERSCIENTIA. Via Mazzé 28, 10149 Torino 
LIBRERIA COM Ml SSI ON ARI A SANSONI 
Via Lamarmora 45. 50121 Firenze

JAPAN
KINOKUNIYA COMPANY LTD 
Journal Department, P.0 Box 55 
Chitose, Tokyo 156
MARUZEN COMPANY LTD , Book Department 
P О Box 5050 Tokyo International. Tokyo 100-31 
NAUKA LTD , Import Department 
2-30-19 Minami Ikebukuro, Toshima-ku, Tokyo 171

KOREA
CHULPANMUL, Phenjan 

NORWAY
S.A, Narvesens Litteraturjeneste 
Box 61 25, Etterstad 
1000 Oslo

POLAND
WEGIERSKI INSTYTUT KULTURY
Marszalkowska 80, 00-517 Warszawa
CKP I W, ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P , Bucuresti
ILEXIM, Calea Grivitei 64 66, Bucuresti 

SOVIET UNION
SOYUZPECHAT IMPORT, Moscow  
and the post offices in each town 
MEZHDUNARODNAYA KNIGA, M oscow G 200

SPAIN
DIAZ DE SANTOS Lagasca 95, Madrid 6 

SWEDEN
ESSELTE TIDSKRIFTSCENTRALEN
Box 62, 101 20 Stockholm

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4011 Basel 

USA
EBSCO SUBSCRIPTION SERVICES 
P О Box 1943, Birmingham. Alabama 35201 
F. W FAXON COMPANY, INC.
1 5 Southwest Park. Westwood Mass 02090  
MAJOR SCIENTIFIC SUBSCRIPTIONS 
1851 Diplomat. P O Box 819074,
Pallas. Tx. 75381-9074
REDMORE PUBLICATIONS. Inc
22 Cortlandt Street, New York, N Y. 1007

YUGOSLAVIA
JUGOSLOVENSKA KNJIGA. Terazije 27. Beograd 
FORUM. Vojvode MiSióa 1 21000 Novi Sad

Index: 26.016



Acta
Microbiologica
Hungarica
V O L U M E  37, N U M B E R  4, 1990

EDITOR-IN-CHIEF 

I. NÁSZ

EDITORIAL BOARD

I. BÉLÁDI, I. DÖMÖK, E. FARKAS, L. FERENCZY, I. FÖLDES, 
I. KÉTYI, Z. KLEMENT, T. SZENT-IVÁNYI, L. VÁCZI



ACTA MICROBIOLOGICA HUNGARICA

Л QUARTERLY OF THE HUNGARIAN  
ACADEMY OF SCIENCES

A c ta  M icrobiologica pub lishes rev iew s and orig ina l pap ers  on m icrobiological su b jec ts  in  E nglish.

A cta  M icrobiologica is p u b lish ed  in  y ea rly  volum es o f  four issues by

A K A D É M I A I  K I A D Ó

P u b lish in g  H o u se  of th e  H u n g a rian  A cadem y of Sciences 
H -I1 1 7  B udapest. P rie lle  K . u . 19 —35.

M a n u sc rip ts  and ed ito ria l correspondence  should he addressed  to

A cta  M icrobiologica
In s t i tu te  o f M icrobiology, Sem m elw eis U n iversity  M edical School 

H -1445 B u d ap est, P .O . B ox 370

Subscrip tion  in form ation
O rd e rs  should be addressed  to

K U L T U R A  Fore ign  T rad in g  Com pany 
H -1389 B u dapest P .O . Box 149

o r  to  its  rep resen ta tives a b ro ad

A c ta  M icrobiologica H ungarica  is  a b s tra c te d /in d e x e d  in A b s trac ts  o f  W o rld  M edicine, B iologi­
c a l A b s tra c ts , C hem ical A b s tra c ts . C h em ie-In fo rm atio n , C urren t C o n te n ts -L ife  Sciences, 
E x c e r p ta  M edica d a ta b a se  (E M B A S E ), In d ex  M edicos

“ T h is  periodical is included  in th e  d o cu m en t d e liv e ry  nrogram  T H E  G E N U IN E  A R T IC L E  
o f  th e  In s t i tu te  of Scientific  In fo rm a tio n , P h ilad e lp h ia . T h e  articles p u b lish ed  in  th e  periodical 
a re  av a ilab le  th ro u g h  T h e  G enuine A rticle  a t  th e  In s t i tu te  for Sc ien tific  In fo rm a tio n , 3501 
M a rk e t  S tree t, P h ilad e lp h ia  P A  19104.”

(Q A ka d é m ia i K ia d ó , B udapest



C O N T E N T S

In  M em óriám  Is tv á n  H o rv á th  ...................................................................................................................... 329

Im m u n o  to x ic ity  T es tin g  of M ycotoxins T -2  a n d  P a tu lin  on B alb /c  mice
Paucod , J .-C ., K rivobok , S., V idal, D ............................................................................................. 331

New О A ntigens o f M organella morganii a n d  th e  R e la tio n sh ip s B etw een H aem olysin  P ro ­
duction . О A n tig en s and  M organocin T ypes of S tra in s
Vörös, S., Sen ior , B . W .........................................................................................................................  341

A ssocia tion  B etw een  Chem ilum inescence S tim u la tin g  an d  IL -2  In d u c in g  A c tiv itie s  of 
Staphylococcus aureus S tra in s in H u m a n  an d  Mouse M ononuclear Cells 
M engesha , Y . A M egyeri, IC , R osztóczy , 1 .................................................................................  351

P o te n tia l  Shigella f le x n e r i  2a and Shigella sonnei I L ive V accinal S tra ins . C h a rac te riza tio n  
of Im m u n o g en ic ity  in  Anim al M odels
Denchev, L., Su m erska , T., M a rin o va , S., Vassilev, Tsch., P anova , /., L inde , K. 359

P la sm id  A nalysis o f Clinical Iso la tes o f Bacteroides fra g ilis  G roup S tra in s
iVagy, L ., H á n y i, JÍ., Földes, J ........................................................................................................... 367

S ize-D ependent R e g en e ra tio n  of Gibberella P ro to p la s ts
Vágvölgyi, Cs., B rückner , В ., F ra n kó , Л .......................................................................................  375

B acterio logical P ro fic ien cy  T esting  in H u n g a ria n  C linical M icrobiology L ab o ra to rie s
L á n y i , В ., C zirók , ............................................................................................................................... 379

1





IM MEMÓRIÁM ISTVÁN HORVÁTH

T he u n ex p ec ted  death  of P ro fesso r  I s tv á n  H o rv á th ,  D irec to r  o f  the  
Second In s t i tu te  for Chemistry a n d  B iochem is try  of the  Sem m elweis U n i­
v e rs i ty  Medical School, B u d ap es t  on  th e  22nd F e b ru a ry  1990 is a griveous 
loss for the  H u n g a r ia n  Society for  M icrobiology.

H e was h o rn  in  1920 and a f te r  s tu d y in g  chem istry ,  physics a n d  m in e ra l ­
ogy a t  the  P á z m á n y  P é te r  U n ive rs i ty ,  B u d a p e s t  ob tained his d o c to r ’s degree 
in  1944. F rom  1943 to  1947 he also s tu d ied  th e  theore tica l disciplines o f  the  
Medical Facu lty .  H e  began his sc ien tif ic  career  in  th e  In s t i tu te  o f  P h a r m a c ­
ology of the  sam e U niversity  w o rk in g  u n d e r  th e  leadership  of P ro fesso r  Béla 
Isseku tz .  F ro m  1948 to  1950 he w as  h e a d  of th e  Biological D e p a r tm e n t  of 
the  Chinoin P h a rm aceu t ica l  C o m p an y ,  th e n  from  1950 to  1972 he w as  h ead  
of th e  Microbiological D e p a r tm e n t  o f  the P h a rm aceu t ica l  R esearch  In s t i tu te ,  
B u d ap es t .  In  th e  m ean tim e  from  1967 to  1972 he becam e also d e p u ty  d irec to r  
and supervised th e  work of th e  F e rm e n ta t io n  D e p a r tm e n t .  He b ecam e  P ro­
fessor and  D irec to r  of the  Second I n s t i t u t e  for Chem istry  and  B io ch em is try

1* Acta Microbiologie a Hungáriái 37, 1990 
Akadémiai K iadó , Budapest
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o f  th e  Semmelweis U n iv e rs i ty  Medical School, B u d ap es t  in 1973 a n d  was 
w o rk in g  in this c a p a c i ty  u n t i l  his unexpec ted  d e a th .  He defended his “ ca n d i­
d a t e ”  thesis in  1965 a n d  his doctor thesis in  1971.

His scientific  a c t iv i ty  covers two m a in  fields. As a researcher in th e  
p h a rm a c e u t ica l  in d u s t r y  he  had a leading role in  e labora tion  of p rac t ica l ly  all 
th e  an tib io tics  p ro d u c e d  in  H ungary , in a d d i t io n  he m ade im p o r ta n t  c o n tr i ­
b u t io n s  in s te ro id - t ran s fo rm in g  and enzym e-iso la t ion  researches, too. In  his 
th e o re t ic a l  research  w o rk  he investiga ted  th e  reg u la t io n  of p ro te in  syn thes is  
in  m icroorganism s a n d  th e  mode of action  o f  d iffe ren t  antib io tics. F ro m  1973 
reg u la t io n  of m e tab o l ic  processes of e u k a ry o t ic  cells stood in the  cen tre  of  his 
researches.  He was a rea l ly  successful resea rcher  p ro v en  b y  abou t 100 scientific  
a r t ic le s  published m o s t ly  in  in te rn a t io n a l  jo u rn a ls  and  by  m ore th a n  40 
p a te n t s ,  most of w h ich  were  realized in th e  p h a rm a c e u t ica l  indus try .

As a Professor, I s t v á n  H o rv á th  p roved  to  be an  excellent teacher .  D uring  
his whole  life he w as deep ly  involved in th e  scientific  public life. He was m em ber  
of  t h e  governing b o d y  of th e  In te rn a t io n a l  U nion  of Pure  and A pplied C hem ­
is t ry  a n d  of the  A pplied  C hem istry  Division F e rm e n ta t io n  Section. He was 
lead in g  m em ber  of th e  H u n g a r ia n  Society for B iochem is try  and the  H u n g a r ia n  
S o c ie ty  for Microbiology, being also th e  s e c re ta ry  of th e  la t te r  for a tu rn .  
H  e w as on the E d i to r ia l  B oard  of Jo u rn a l  o f  A ntib io tics  and the  E u ro p e a n  
J o u r n a l  of Applied  M icrobiology and  for a pe r io d  of  th e  A cta  Microbiologica 
H u n g a r ic a .

I s tv á n  H o r v á th  w as a w arm -hear ted  colleague and  I am  h a p p y  t h a t  
I  cou ld  count m yse lf  am o n g  his best friends. I  t h i n k  t h a t  th e  H u n g a r ia n  m icro ­
biologists  will a lw ays r e m e m b e r  him with h o n o u r  and  devotion. I s tv á n  H o rv á th  
is su rv iv ed  by  his wife, tw o  sons and  a d a u g h te r .

I s t v á n  F ö ld e s

Acta Microbiologica Hungarica 37, 1090
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IMMUNOTOXICITY TESTING OF MYCOTOXINS T-2 
AND PATULIN ON BALB/C MICE

J.-C . P a u c o d , S. K r iv o b o k  and D. V idal

M icrobiology U n it, A rm y  M edical Corps Research Centre, La Tronche, and B otany, 
C riptogam y, Cellular Biology and Genetic Laboratory, F actury o f  Pharm acy, M eyla n ,

F rance

(R eceived F e b ru a ry  2, 1990)

T h e  effects of p a tu lin  and T-2 to x in  w ere in v es tig a te d  on  im m unolog ical resp o n ses of 
B alb /c  m ice. In  v itro  p a tu lin  had  a s tim u la to ry  e ffec t on sp lénocy tes a t lower c o n c e n tra tio n  
(1 пм to  К) им) and  s tro n g ly  inh ib ited  ly m p h o c y te  p ro life ra tio n  a t  h igher c o n c e n tra tio n s  
(11)50 from  0.02 to  0.24 /Ш d epend ing  on m ito g en s). In  th e  sam e ex p erim en ts  T-2 to x in  was 
100-fold m ore po ten t ( ID 50 fro m  0.7 to  2 им ). In  v ivo  s tu d ies  on  im m u n ity  were p e rfo rm e d  in 
m ice rece iv ing  Bordetella pertussis  an tigens a n d  k eyho le  lim p e t haem ocyan in . P a tu lin  sign if­
ic a n tly  red u ced  delayed ty p e  h y p e rsen s itiv ity  to  B . pertussis  an tigen  and  d id  n o t  red u ce  
a n ti-K L H  an tib o d y  p ro d u c tio n . T-2 toxin  h a d  no  effec t on  delayed  ty p e  h y p e rse n s itiv ity  an d  
red u ced  a n ti-K L H  an tib o d y  p roduction . S p len o cy tes  w ere h a rv ested  in m ice w ith  o r  w ith o u t 
a n tig e n  s tim u la tio n  to  assess m itogenic resp o n ses. P a tu lin  generally  increased  sp len o cy te  
p ro life ra tio n , therefore T-2 to x in  effect d ep en d ed  on th e  im m unolog ical s ta tu s  of m ice a n d  on 
th e  dose in jec ted . A t th e  low er doses (0.8 in g /k g ), T-2 to x in  en h anced  responses to  m ito g en , 
b u t  a t  th e  g rea te r dose (1 .6  rng/kg) T-2 to x in  en h an ced  responses to m itogen  o f a n tig e n  
s tim u la te d  m ice and decreased  reponses of u n s t im u la te d  mice.

M ycotoxins are secondary  funga l  m e tabo li te s  associated w ith  illness in 
m an  and  animals inges ting  mouldy foodstu ff .  T-2 tox in , a tr icho thecene  myco- 
to x in  p roduced  b y  d ifferen t species o f  F u sa r iu m , Myrothecium , and  Stachy-  
botrys [1] is a p o te n t  inh ib ito r  of p ro te in  and D N A  synthesis. T h is  to x in  
c o n ta m in a te s  cereals ha rves ted  and s to re d  u n d e r  d a m p  and  cold cond it ions  [2]. 
I t  is responsible  for num erous  an im al in to x ica t ions  [3]. In  n a tu ra l  cases as 
well as in ex per im en ta l  animals, in to x ic a t io n  w ith  T-2 tox in  causes a loss of 
bo d y  weight, emesis, in f lam m ation ,  d ia r rh o ea ,  haem orrhage, haem ato log ica l  
changes and  des truc tion  of hone m arro w  [2, 3 ] .T h e  im m une  system  is p a r t i c ­
u la r ly  sensitive to  tr icho thecene  m y co to x in s  [4-8] and the ir  effects m a y  be 
exp la ined  b y  the  ab i l i ty  of these to x in s  to  inh ib it  p ro te in  syn thesis  as d e m ­
o n s t ra te d  in vivo [9] a n d  in vitro  [10-12].

J .-C . P a u c o d , D . V i d a l *

U n ité  de  M icrobiologie, C en tre  île R ech e rch es  «lu Service «le S a n té  «les A rm ées 
24 A v en u e  «les M utpiis du  G résiv u u d u n , 38702 Lu T ro n ch e, F ra n c e

S. K r ib o v o k

L a b o ra to ire  «le B o tan iq u e , C ry p to g am ie , Biologie Cellulaire e t  G é n é tiq u e , F a c u lté  de P h a rm a c ie  
B P  138, 38243 M eylun, F ran ce

* C o rrespom ling  a u th o r
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P a tu l in  is a funga l  tox in  produced b y  severa l  species of Pénicillium  and  
A sperg il lu s  [13], a n d  is a com m on c o n ta m in a n t  of fru it,  especially apples , 
b e r r ie s  an d  p ro d u c ts  m ade  of these raw m a te r ia ls  [14, 15]. P a tu l in  is tox ic  for 
a n im a ls  [16] and has  b ro a d  spectrum  a n t ib io t ic  properties  [17]. I t  has also 
b e e n  show n to  possess carcinogenic [18], m u ta g e n ic  [19] and  te ra to g en ic  
p ro p e r t ie s  [20].

T h e  purpose  of th is  s tu d y  was to  c o m p are  th e  effects on im m u n i ty  o f  
T-2 to x in ,  know n to  be p o te n t  im m u n o to x ic ,  a n d  of pa tu l in  which has  j u s t  
b e g u n  to  be e x a m in e d  for im m u n o to x ic i ty  [21]. W e stud ied  th e  effects o f  
th e se  m yco tox ins  on th e  in v itro  m ito g en - in d u ced  blastogenesis of sp lenocytes ,  
a n d  chose an e x p e r im e n ta l  design to assess th e  in vivo effects o f  m y co tox ins  
on  im m u n i ty  [22].

Materials and m ethods

M yco toxins. T-2 to x in  an d  p a tu lin  (Sigm a C hem ical Co., S t. Louis, Mo.) were d isso lved  
in  e th a n o l  a t  10 m g of to x in /m l a n d  sto red  a t  4 °C u n t il  n eed ed . T his stock  so lu tion  w as d ilu te d  
in  p h o sp h a te  b u ffered  sa line  (P B S ) before use.

M itogens. L ip o p o ly sacch arid e  (L PS) from  Salm onella  typ h i-m u r iu m  (D ifco L ab o ra to rie s , 
D e tro i t ,  M I), pokew eed m ito g en  (PW M , Sigma C hem ical Co., S t. Louis, Mo.), p u rif ied  p h y to - 
h a e m a g g lu tin in  (P H A , S igm a C hem ical Co., S t. L ou is , M o.), and  co n canavalin  A ty p e  IV  
(C o n  A , S igm a C hem ical Co., St. Louis, Mo.) w ere d ilu te d  in  P B S  and sto red  a t  —70 °C u n til 
n e ed e d . T h ey  were d ilu te d  in  R P M I 1640 m ed iu m  (E u ro b io , Paris, F ran ce) su p p lem en ted  
w ith  1 0 %  h e a t- in a c tiv a te d  an d  filte red  fe ta l ca lf se ru m  (b a tc h  No. 368913, E u ro b io , P a ris , 
F ra n c e ) , 2 m M  g lu tam in e  (E u ro b io , Paris, F ran ce), 50 u n i ts  penicillin  G/m l a n d  50 //g s tre p to - 
m y c in /m l (B o ehringer G m bh , M annheim , FR G ), a t  th e ir  o p tim a l co n cen tra tio n  of 10 //g /m l 
fo r  P H A  and  Con A , 5 //g /m l fo r PW M , and  30 //g /m l fo r L P S .

I n  vitro assay. Sp leens fro m  8-week-old fem ale  B a lb /c  m ice (IF F A -C R E D O , L ’A rbresle , 
F ra n c e )  w ere a se p tica lly  excised . Cell suspensions from  fiv e  an im als were pooled, a d ju s te d  a t  
5 X  105 cells/100 /Л an d  p laced  in  96 wells tissue c u ltu re  p la te s  (C ostar, C am bridge, M a.); 50 //1 
o f m ito g e n  (or 50 //1 R P M I m ed iu m  for con tro ls w ith o u t  m itogen) and  50 //1 o f th e  d ilu te d  
m y c o to x in  (or 50 //1 R P M I m ed iu m  for con tro ls w ith o u t  to x in ) were added.

I n  vivo treatm ent. S ix-w eek-old  fem ale B a lb /c  m ice w eighing 20 g were p u rch ased  from  
IF F A -C R E D O  (L ’A rb resle , F ran ce). The L D 50 in  m ice o f  a single in tra p e rito n ea l dose o f T-2 
to x in  a n d  p a tu lin  w ere re sp ec tiv e ly  3.2 and  8 m g /k g . D oses used  were 1/2 an d  1/4 L D 50. In  
v iv o  e ffec ts  o f m y co to x in s w ere assessed using  a m u ltip le  a ssay  m odified from  E x o n  e t al. [22].

Mice w ere g iven  in tra p e rito n e a l in jec tio n  o f a single dose of m y co to x in  on d a y  0, 7 
a n d  14 (o r PB S  fo r co n tro l m ice).

I n  o rd er to  in d u ce  e ith e r  a h u m o ral im m une re sp o n se  or a de layed-type  h y p e rsen s ib ility  
re a c tio n , th e  m ice w ere g iven  on days 1 and 8 a single su b cu tan eo u s  dose (50 //g /10 g b o d y  
w e ig h t)  o f keyhole  l im p e t h aem o cy an in  (K L H , C a lb iochem , La Jo lla , Ca), an d  on d a y  1 a 
s in g le  su b cu tan eo u s  dose o f B . pertussis  an tig en  (2.4 m g /k g ) p lus on day  8, an  in tra fo o tp a d  
dose  o f  48 //g/20 //1 B . pertu ssis  a n tig en  (h a tch  N o. 226, k in d  g ift of In s t i tu t  M érieux, L yon , 
F ra n c e ) . T he m ice w ere sacrificed  on day  15 b y  cerv ica l d isloca tion .

D elayed-type hyper sensib ility  assay. D e lay e d -ty p e  h y p ersen sib ility  (D T H ) reac tio n s  
w ere m easu red  by  fo o tp a d  sw elling in mice, u sing  a m a n u a l m icrom eter (O d ites t. K ro ep lin , 
F R G ). B riefly , on d ay  7, 20 //1 h e a t  aggregated(70  °C, 30 m in ) B . pertussis an tig en  (2.4 m g/m l) 
w as in je c te d  in th e  r ig h t h in d  fo o tp ad  of contro l a n d  to x in  lo ts. On day 8, th e  m ean  th ick n ess 
o f  fo o tp a d  of con tro l an im a ls  w as com pared to  t h a t  o f to x in - tre a te d  anim als.

E n zym e-linked  im m unosorbent assay o f a n ti-K L H .  Mice w ere given su b cu tan eo u s in jec ­
tio n s  o f  0.1 m g K L H /2 0  g bod y  w eigh t, on days 1 a n d  8. B lood sam ples w ere co llected  from  
th e  re tro o rb ita l  sinus on  d a y  15. T he an ti-K L H  a n tib o d y  t i te r  o f th e  serum  was e v a lu a te d  b y  
E L IS A . B riefly , 96-well m ic ro tite r  p lates (C ostar, C am b rid g e , M a.) were coated  w ith  a so lu tion  
o f 1.0 m g K L H /m l fo r 2 h  a t  37 °C and  stored  a t  4 °C o v e rn ig h t. P la tes  were rin sed  5 tim es 
w ith  P B S -T w een  20 so lu tio n  a n d  b locked w ith  250 //1 o f  PB S -cream ed  m ilk (G loria , P a ris ,
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F ran ce): 10%  solu tion/w ell fo r 1 h a t  37 °C, th e n  rin sed  5 tim es  w ith  PBS-Tw een 20. S e ru m  
sam ples w ere d ilu te d  (from  1 : 100 or 1 : 200 to  1 : 102 400) in PB S-cream ed m ilk  so lu tio n  
an d  ad d ed  a t  100 //1 am o u n ts  to  th e  p la tes. T he se ru m -co n ta in in g  p lates were in c u b a te d  a t  
37 °C 2 h  a n d  rin sed  5 tim es in PB S-Tw een 20. G oat a n ti-m o u se  IgG  con jugated  to  p e ro x i­
dase (G A M /IgG /H  ] L )(P O . N ordic Im m uno log ica l L ab o ra to rie s , T ilbu rg , N e th erlan d s , d ilu te d  
1 : 800) w as ad d ed  to  each  well (100 //1), in cu b a ted  for 2 h  a t  37 °C, and th en  r in sed  5 tim es 
w ith  PB S -T w een  20. T he su b s tra te  fo r pe ro x id ase , A B T S (2 ,2 ’-az in o -d i-/3 -e thy lbenzth iazo line  
su lp h o n a te  [23], B oehringer, M annheim , F R G ), w as a d d ed  to  each  well (1 0 0 //1). T h e  co lou r 
reac tio n  was allow ed to  develop for 30 m in  in  th e  d a rk  a t  room  tem p era tu re  and  q u a n t i ta te d  
on a p h o to m e te r (T ite rte k  M ultiskan  MCC, F low , Me L ea n , Y a.) a t  405 nm . The re su lts  are 
expressed  as m ean  log2 (1/titre ) .

E x  vivo assays. Spleens were asep tica lly  excised on d ay  15 and  were im m e d ia te ly  im ­
m ersed  in to  H a n k s  m edium . Spleens from  3 an im als w ere squeezed  and the sp len o cy tes  w ere 
pooled fo r each  ex p erim en t, th en  filte red  th ro u g h  a s ta in less-s tee l sieve. A fter f irs t c e n tr ifu g a ­
tio n  (250 g, 10 m in , a t  4 °C), cells were w ashed w ith  8 .3 %  N H 4C1 solution du ring  5 m in  an d  
su spended  in  H a n k s  m edium . E ry th ro c y te s  an d  dead  cells w ere rem oved from  sp len ic  cell 
p re p a ra tio n s  by  cen trifu g a tio n . A fter sep a ra tio n , cells w ere w ashed twice in  R P M I 1640 
m edium  an d  resu sp en d ed  to a final co n cen tra tio n  of 5.0 X 106 liv ing  cells/ml. Cell v ia b il i ty  was 
assessed u sing  th e  try p a n  b lue  exclusion  tech n iq u e  [24]. A liq u o ts  o f  100 //1 c o n ta in in g  5 X l 0 5 
spleen  cells were p laced in  96 well tissue cu ltu re  p la te s  (C o sta r, C am bridge, Ma. a n d  100 /il 
of m itogen  (o r 100 //1 R PM I m edium  for each  assay  w ith o u t m itogen) were added .

C u ltu res were in cu b a ted  a t  37 °C for 48 h in a 5 %  C 0 2 a tm osphere. T h en  37 K B q  of 
[3H ] th y m id in e  (C EA , G if-sur-Y v e tte , F ra n c e ; specific a c t iv ity  1.66 T B q/m m ol) w as a d d e d  to  
each  well. In c u b a tio n  was con tinued  for 18 a d d itio n a l h o u rs  u n d e r  th e  sam e c o n d itio n s . T he 
cells were co llected  w ith  a m u ltip le  a u to m a te d  sam ple  h a rv e s te r  (Flow , Me L ea n , V a) on 
g lass-fiber filte rs  discs (W h atm a n , M aidstone, U K ). A fte r  dessication , the  discs w ere  p laced  
in 3 ml o f to lu en e  sc in tilla to r (P a c k a rd , D ow ners G rove, i ll .)  a n d  [3H | ac tiv ity  was d e te rm in e d  
v ia liqu id  sc in tilla tio n  coun ting  (M odel 2000 T ri-C arb , P a c k a rd  In s tru m e n t Co., D o w n ers  
G rove, 111. T he re su lts  are expressed  as d p m  of tr ip lic a te  sam ples.

Statistica l analysis. M eans com parison  te s ts  for sm all sam ples were perfo rm ed  to  an a ly ze  
th e  re su lts  o f in v itro  and in v ivo experim en ts .

Results

I n  v i t r o  m i to g e n  a s s a y .  P a tu l in  a t  low co n c e n tra t io n  ( >  0.01 /ш ) ,  h a d  a 
s t im u la to ry  effect, par t icu la r ly  w ith  Con A (Table  1). At higher co n c e n tra t io n ,  
p a tu l in  s t ro n g ly  in h ib ited  ly m p h o cy te  p ro life ra t ion , in  a dose d e p e n d e n t  m a n ­
ner  ( I D 50 from  0.02 to  0.24 //м depend ing  on m itogen  used). In  same co n d i t io n s  
the  I D 50 of T-2 to x in  ranged  from  0 . 7 x l 0 ~ 3 to  2 х Ю ~ 3 //m (Table I I ) .  T-2 
tox in  h ad  a slight s t im u la to ry  effect to  Con A a t  a b o u t  0.75 X 10-3 /Ш.

In  v i v o  h y p e r s e n s i t i v i t y  a n d  a n t i b o d y  r e s p o n s e s .  A ntibody  response  and 
de lay ed - ty p e  h y p e rsens i t iv i ty  response  are show n in Table I I I .  T-2 to x in  and 
p a tu l in  reduce  similarly a n t i -K L H  a n t ib o d y  p ro d u c t io n ,  b u t  these re su l ts  are 
s ign if ican t  only  w ith  1/4 of L D 50 of T-2 to x in  (p <  0.02). D T H  as t e s t e d  by  
fo o tp ad  th ickness  m easu rem en t on day  8 (24 h  a f te r  st im ula t ion  by B .  p e r t u s s i s ) ,  

showed t h a t  p a tu l in  s ign if ican tly  reduced D T H  response  (p <  0.05 for 1/4 L D 50 
an d  p << 0.001 for 1/2 L D 50). In  co n tra s t ,  T -2 - tox in  d id  no t show a s ig n if ican t  
change.

E x  v i v o  m i to g e n  a s s a y .  The effect tox in  in je c t io n  on mitogen re sp o n se  of 
sp lenocytes  depended  on the  t r e a tm e n t  of d if fe ren t  lots.
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Table I

M itogenic  response o f  m urine (B a lb /c ) splenic cells treated in  vitro with various concentrations
o f p a tu lin

M ito g en s N one C on A РИА PW M LP3

C ontro l 1470.41“ 
+  120.38

38061.00
±6373.78

23962.60
±2185.80

18470.20
±610.22

6970.61
±777.45

P a tu lin  
0 . 0 1  //M

1945.30
±90.42

43916.30
±20275.00

39209.60
±27400.00

16246.20
±1249.19

4191.57
±514.83

132%'' 115% 164% 8 8 % 60% *

0.05 f i M

1069.60
±99.34

57482.50
±5582.50

15390.80
±1617.19

11419.20
±282.93

2527.27
±479.67

73%* 49% * 64%** 62%*** 36%*

0 . 1  /ш
858.05

±162.66
33788.70

±5746.79
19925.60
±938.71

10229.20
±68.14

2620.45
±771.87

58%** 89% 83% С СО / ***
DD / 0 38%**

0.5 //m
400.23

±31.69
727.82

±173.98
403.12

± 30 .40
459.85

±40.21
429.75

±31.91
27%*** o o  ***  ̂/ 0

9 0 /  * * ~ /О
3O * *  * f . О / ***° / 0

1 . 0  р м

469.11
±38.60

473.74
±61.66

364.64
± 3 .7 9

489.94
±8.43

461.29
±35.39

2 2 0  *** 1 0 ***
1 / о

TO/**1 /о 9 0 / *** ° / 0 6 %***

a V a lu es are  m eans of dpm  ±  SD 
b V a ria tio n  in percen t o f con tro l value
S ig n ifican tly  d ifferen t from  con tro l group a t: * P  <  0.05; ** P  <  0.01; *** P  <  0.001

In  anim als w ith o u t  an tigen  s t im u la t io n  ( K L H  and B. pertussis)  (Table 
IV), T-2  to x in  a t  1/2 L D 30 decreased s lightly  m i to g en  responses (s ignificantly). 
O n th e  o th e r  h an d ,  p a tu l in ,  a t  1/4 L D 30, also showed no sign if ican t effect, 
h u t  a t  1/2 L D 50, p a tu l in  ind u ced  an im p o r ta n t  increase (0.001 </ p  < /  0.05) in 
[3H ] T d R  u p ta k e  specially  in  В cells.

I n  animals w i th  K L H -B .  pertussis  s t im u la t io n  (Table V), p a tu l in  and  
T-2 to x in ,  behave  as a d ju v a n ts ,  increasing th e  [3H  ]TdR uptake  for all m itogens.

Discussion

P a tu l in  was show n to  he cytotoxic  for r a t  a lveolar m acrophages in  v itro , 
a f fe c t in g  m ostly  p ro te in  syn thes is  a t 2 /Ш a f te r  1 h  [25]. Our resu lts  show th a t  
sp le n o c y te s  are sensitive in  v i tro  to  pa tu l in .  W i th o u t  mitogen, 0.01 рм  p a tu l in  
in c rea sed  signif ican tly  [3H ] th y m id in e  in c o rp o ra t io n  then  decreased it  in a 
dose d ep e n d e n t  m a n n e r  ( I D 30 0.2 рм).  Con А -s t im ula ted  ly m p h o cy te s  were
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Table II

M itogenic response o f m urine ( Balb/c)  splenic cells treated in  vitro with various concentrations
o f  T 2-toxin

M itogens None Con A РИ А PW VI LP3

Control 1470.41“ 
+  120.38

38061.00
±63 7 3 .7 8

23962.60
± 2 1 8 5 .8 0

18470.20
±610.22

6970.61
± 7 7 7 .4 5

T 2-toxin  
0.25 riM

1684.85
± 11 6 .0 0

41811.20
±16411 .15

21139.00
± 1 6 9 2 .0 0

17758.90
±676.37

5804.94
± 5 9 9 .8 5

115% b 110% 88% 96% 8 3 %

0.50 им
1583.85

± 14 8 .8 6
54754.30

± 4 2 73 .70
24332.80

± 3 5 5 9 .8 4
18360.60

±1146.34
5896.67
± 7 6 .7 9

108% 144%* 98% 99% 85%

0.75 им
1471.27
± 6 6 .61

47823.40
± 8 7 5 0 .3 2

16848.20
± 8 7 6 .8 5

14685.80
±903.66

3410.21
± 3 5 6 .8 2

100% 126% 70% ** 80%** 49% **

1.0 пм
1108.09 

± 177 .98
61166.40

±17927 .97
19597.40

± 2 3 3 6 .4 5
11760.10 

+  2225.50
2923.45

± 6 3 4 .5 0

75% 161% 82% 64%* 42% **

2.5 им
315.44

± 3 7 .4 9
605.12

± 176 .81
1789.61

± 4 9 1 .1 4
490.81

±52 .24
410.65

± 8 0 .5 6
o i  О / * * *

/О
90 **^ /о 8% *** 3%*** 6% ***

‘ V alues are m eans of dpm  +  SI) 
b V aria tio n  in percen t of contro l value 
S ign ifican tly  d ifferent from contro l group a t: * P  <  0.05; ** P <  0.01; *** P  <  0.001

Table III

The in vivo effects o f  T-2 toxin and p a tu lin  on the antibody 
production and delayed type hypersensitivity

Treatm ent
Antibody production 
(Mean log2 |1 / t i t r e J 

SI))'*

Delayed hypersensitivity 
(mean mm swelling

1 SD)b

Control 7.00 +  0.87 2.06 +  0.13
T2-Toxin
P a tu lin

(1/4 L D 50) 
(1/4 14),,,)

5.33 + 0.87* 
5 .7 8 + 1 .6 4

2.18+0.08 
1.86 +  0 .10*

Control 6.33 + 0.44 2.25+0.10
T2-Toxin
P a tu lin

(1/2 L D 50) 
(1/2 L D 50)

5 .27+1.01
5 .8 3 + 1 .3 4

2.16 + 0.08 
2.04+0.06***

1 By an  in d irect E L IS A  to K L H  (titre  2 X abso rb an ce  405 nm of background) 
b By in d irec t m easurem ent o f rig h t foo tpad  swelling be tw een  day 7 and d ay  8 
S ign ifican tly  d ifferent from  contro l group a t: * P  <  0.05; ** P  <  0.01; *** P  <  0.001
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Table IV

M itogenic response o f m urine  ( B alb/c) splenic cells o f  m ycotoxins treated (1/4 and 1/2 L D 30) 
and control batches without K L 1  / - B p  treatment

M itogens None Con A PHA PflLVI LPS

C ontrol 479.00” 
+  89.10

76148.50
± 46709 .30

22631.00
± 1 9 0 7 .8 0

58858.00
±10367.60

34294.00
± 1 1 8 3 9 .8 0

T 2 -T o x in a
5397.50

±1043 .00
139696.50

± 20 4 8 5 .6 0
24045.00

± 2 6 7 1 .4 0
60216.00
±534 .70

20956.50
± 1 3 1 5 .9 0

1/4 L D 50 1121% d* 184% 106% 102% 61%

P a tu lin ’’
3426.00

± 772 .20
58375.00

±1 1 2 0 7 .6 0
34854.50

± 3 9 1 3 .8 0
53269.50
±262 .30

12050.50
± 2 9 3 3 .8 0

1/4 L D ;0 715%* 77% 46% 90% o r o  Оo /0

C ontro l 2345.78
±586 .75

52162.30
± 1 8 8 8 8 .3 2

56035.00
± 4 8 3 0 .3 5

26348.50
±1383.24

11658.70
± 9 9 9 .2 7

T 2 -T o x in a
594.28

±202 .67
47821.95

± 1 4 8 8 8 .3 4
28572.70

± 3 1 5 4 .3 6
8041.89

±5023.79
5314.19

± 3 0 1 4 .2 2
1/2 L D 50 о с о /  * **  

, О Q 2° ^  /0
C 1 О/ * * *

/о 30%*** 4 6 %  *

P a tu lin 1’
7644.71

±2019.19
86054.72

± 1 5 2 3 5 .7 3
53091.33

±7017 .47
46751.18

±2421.58
53069.55

± 9 1 5 0 .8 7
1/2 L D 50 326%** 165%* 95% 177%*** 455% ***

ilT 2 T o x in : 1/4 L D 50 = 0.8 m g /k g ; 1/2 L D 50 1.6 m g /k g  
b P a tu lin :  1/4 L D 50 =  2 m g /k g ; 1/2 LD 50 =  4 m g/kg 
c V alues are m eans of d p m  +  SD 
d V a r ia tio n  in percent of co n tro l value
S ig n ifican tly  different from  co n tro l a t: * P  <  0.05; ** P  <  0.01; *** P <  0.001

s t im u la te d  at lower co n c e n tra t io n s  of p a tu l in  ( 1 0 -4 /<м) then  strongly in h ib i ted  
a t  h ig h e r  concen tra t ions .  W i th  P H A , a s im ila r  effect was observed b u t  was 
n o t  s ignificant for s t im u la t io n  a t  the lower c o n c e n tra t io n .  Splénocyte  p ro lif­
e r a t io n  was inh ib ited  in a dose dependent m a n n e r  e ither  in the p resence  of 
P W M  a n d  LPS, ( I D 50 a t  0.12 and 0.02 f iM,  respectively) . The d a ta  suggest 
t h a t  v e ry  low c o n c e n tra t io n s  of pa tu lin  e n h a n c e d  Con A indiced s t im u la t io n  
of  T - ly m p h o cy te s  (2 2 7 %  a t  10 4 цм). In  th e  o p p o s i te ,  a t the same c o n c e n t r a ­
t io n s  o f  pa tu lin ,  P W M  a n d  L P S  stim ula ted  B - ly m p h o c y te s  and P H A  s t im u la t ­
ed T - ly m p h o cy te s  were n o t  a ltered . At h igher con cen tra t io n s ,  T and B - ly m p h o ­
cy te s  prolifera tion  w ere  s t ro n g ly  depressed, L P S  s t im u la ted  B - ly m p h o cy tes  
be in g  tb e  more sensitive  (10-fold). So, at 0.05 /им, p a tu l in  s t im ula ted  m itogen  
re sp o n se  to  Con A w h e re a s  it  depressed re sp o n se  to  other mitogens. These 
re su l ts  were in a g re e m e n t  to  those obta ined  b y  E sco u la  e t al. [20] or in v i tro  
effect o f  pa tu l in  on m ito g en ic  response of r a b b i t  lym phocy tes .  D N A  syn thes is  
[25] w as blocked at th e  s a m e  order of m a g n i tu d e  (0.5 рм) as protein  syn thes is
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Tabic V

M itogenic response o f  murine (Balb/cJ splenic cells o f  mycotoxins treated (1/4 and 1/2 LD-t0)
and control batches with K L H -B p  treatment

Mitogens None Con Л РИА. P & VI LP3

Control 3622.70° 99255.30 13434.00 41900.70 42380.00
K L H -B p +  2080.20 +  32760.70 ±4469 .30 ±9453 .00 ± 7 5 4 6 .9 0

3836.70 132954.30 25836.00 78206.30 47491.30
T 2 -T o x in l +  1518.60 +  19326.50 +  6515.30 +  24895.40 +  15731.90
1/4 L D 50 
K L H -B p 106% d 134% 192% 187% 112%

5853.00 107564.00 19885.70 67912.71 63051.30
P a tu lin 1’ +  3000.90 +  23339.00 +  1402.00 +  5092.60 +  15899.40
1/4 L D 50 
K L H -B p 162% 108% 148% 162%* 149%

Control 4579.43 89770.71 38589.90 36545.55 29190.07
K L H -B p ±10 4 3 .9 7 ± 13140 .26 ± 7 3 48 .90 +  6170.82 ± 5 7 2 3 .8 7

4122.13 168102.80 105335.90 57731.72 36847.63
T 2 -T o x in l +  2463.70 +  31137.07 +  23600.54 +  32056.99 +  9379.75
1/2 I .D 50 
K L H -B p 90% 187% ** 273% *** 158% 126%

8046.31 143533.80 53078.53 51446.72 59188.95
P a tu lin " +  1592.34 +  28317.68 +  9038.44 +  5021.71 +  3694.02
1/2 l .D 50 
K L H -B p 176%** 160% ** 138%* 141%** 203% ***

1 T2 T oxin: 1/4 LI150 0.8 m g/kg; 1/2 L l)50 1.6 ing/kg
" P a tu lin :  1/4 L D 60 =  2 m g/kg; 1/2 ] ,D 50 4 m g/kg
"V alues are m ean s of dpm  +  SD 
a V aria tion  in  p e rcen t of control v a lu e
Significantly  d iffe ren t from contro l g roup  a t:  * P  <  0.05; ** P  <  0.01; *** P  <  0.001

observed  on m acrophages (1 рм).  T-2 tox in  effects on m itogenic  responses 
have  been inves t iga ted  using h u m a n  ly m p h o cy te s  [26-28] and m u r in e  ly m p h o ­
cytes  [4, 17, 29]. Our results  show  t h a t  T-2 to x in  at 2.5 пм blocks [3H ]T d R  
u p ta k e  (0.7 < ' I D 50 </ 2 пм) e i th e r  in  th e  absence or in the  presence of  m itogen  
(Con A, P H A ,  PWM, LPS) acco rd ing  to  o th e r  investiga tors  [4, 17, 28, 29]. 
How ever, a t  lower concen tra t ions  of  T-2 to x in  (0.25 to  1 пм) we h a v e  observed  
a more im p o r ta n t  s tim ula tion  of  Con А -s t im u la ted  lym phocy tes .  P a tu l in  is a 
less p o te n t  im m unotox ic  ag e n t  th a n  T-2 to x in  since I D S0 is 100 fold higher.

In  vivo, results  showed t h a t  p a tu l in  reduced  significantly  D T H  response, 
and  a l tered  s ligh tly  the a n t i - K L H  a n t ib o d y  t i t re .  T-2 tox in  h a d  no effect on 
D T H  and  decreased slightly th e  a n t i -K L H  a n t ib o d y  p roduction . M asu k o  e t  al. 
[30] observed an  en hancem en t of D T H  response and  an t i -S R B C  a n t ib o d y  
t i t re  a t  h igher  doses of T-2 to x in  (3 mg/kg) w ith  tox in  in jections a t  d ay s  0, 2 
or 3 after  SR B C  stim ula tion . O to k a w a  et al. [31] proved  the recovery  o f  norm al
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D T H  response and  a n t ib o d y  production a g a in s t  SR B C  in unresponsive  mice 
t r e a t e d  by  T-2 to x in  tw o  d ay s  after SRBC in jec t io n .

Splenocytes of  m y c o to x in  trea ted  a n im a ls  were ha rves ted  on d a y  15 to  
assess mitogen responses .  Effects  of p a tu l in  and  T-2 tox in  were s tud ied  either  
w i th  control or s t im u la te d  animals w ith  K L H  an d  B. pertussis  an tigens. 
P a tu l in  generally inc reased  splenocyte p ro life ra t ion .  It induced a mitogenic 
re sponse  as com pared  w i th  contro l w ithou t  m ito g en ,  par t icu la r ly  in th e  animals 
w h ich  were no t s t im u la te d  w ith  K L H  and  B. pertussis  antigens. Splenocytes 
o f  p a tu l in  trea ted  a n im a ls  (4 mg/kg) showed a h igher  proliferation  response 
w h e n  s t im u la ted  w i th  m ito g en s ,  except w ith  P H A .  T h y m o -in d ep en d cn t  spleno­
c y te s  (i.e. LPS s t im u la te d  cells) were th e  m o re  sensitive. The effect of T-2 
to x in  depends on th e  im m unological s ta tu s  of  t h e  t rea ted  mice an d  on the 
in jec ted  dose. At th e  g re a te r  dose (1.6 mg/kg) a s ign if ican t  decrease in [3H ]T d R  
inco rpo ra t ion  was o b se rv ed  in non-s t im ula ted  mice, whereas T-2 tox in  enhanced  
responses  to  mitogen in K L H /B .  pertussis  s t im u la te d  mice.

Previous s tud ies  h a v e  dem onstra ted  th e  in h ib i to ry  properties of pa tu l in  
a n d  T-2 tox in  to w a rd s  inco rpo ra t ion  of labe led  precursors  in to  D N A , RNA 
a n d  p ro te in  syn thesis  in  v i t ro  [25, 32]. T-2 to x in  is a more po ten t  inh ib ito r  
t h a n  pa tu lin .  There  is n o t  rea l correspondence b e tw een  in v itro  and in vivo 
s tu d ie s ,  since in ou r  e x p e r im e n ts  both  m y co to x in s  enhanced  the splenocytes 
p ro life ra t ion  of an t ig en  s t im u la te d  mice, b u t  d id  n o t  a l te r  significantly  delayed 
ty p e  h y persens i t iv i ty  a n d  a n t i -K L H  an t ib o d y  p ro d u c t io n .  Im m u n o m o d u la to ry  
effects  of pa tu l in  a n d  T-2 to x in  depend on im m un o lo g ica l  s ta tu s  of mice.

Acklowldegements. W e th a n k  F . C o n d e m i n e  fo r  ex ce llen t technical assistance . This 
w o rk  w as supported  in  p a r t  b y  th e  D irection  des R ech e rch es , E tu d e s  e t  T ech n iq u es, Paris, 
F ra n c e .
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NEW О ANTIGENS OF MORGANELLA MORGAN 11 
AND THE RELATIONSHIPS BETWEEN HAEMOLYSIN 

PRODUCTION. О ANTIGENS AND MORGANOCIN 
TYPES OF STRAINS

S . V ö r ö s  and  B. W . S e n i o r

In s titu te  o f  M icrobiology, U niversity  M edical School, P écs, H ungary , and D epartm ent 
o f  M edical M icrobiology , Dundee M edical School, N inetvells H o sp ita l, Dundee, Scotland, U K

(R eceived F e b ru a ry  21, 1990)

A collection  of 142 stra in s  o f M organella m organii, p rin c ip a lly  from  u n re la ted  p a t ie n ts ’ 
faeces w as exam in ed  to d e te rm in e  th e  re la tio n sh ip , if  a n y , be tw een  haem olysin p ro d u c tio n , 
О a n tig en  and  m o rganocin  p ro d u c tio n /sen sitiv ity  ty p e . O n ly  55 (38 .7% ) were a g g lu tin ab le  
w ith  th e  ex is tin g  44 О a n tise ra . H ow ever, w hen  О a n tise ra  w ere raised  to some of th e  non- 
ty p ab le  s tra in s  11 new  О an tig en s  were found  and  126 (8 8 .7 % ) of the  stra ins w ere ty p a b le .  
T he n u m b er o f О an tig en ic  groups in  M . m organii is now  55. I t  w as confirm ed th a t  th e  О a n t i ­
genic ch ara c te ris tic s  o f s tra in s  were in d ep en d en t from  m o rg an o c in  p roducer types. A n ep id e m io ­
logical re tro sp ec tiv e  su rv ey  show ed th a t  fin er s tra in  re co g n itio n  in M . morganii can be  a ch iev e d  
by using  b o th  m eth o d s th a n  e ith e r m eth o d  alone. A p p ro x im a te ly  30%  of stra ins w ere h a e m o ­
ly tic . T he ab ility  to  p ro d u ce  haem olysin  was m ore com m on  in  s tra in s  of certa in  О se ro g ro u p s  
an d  m organocin  p ro d u cer ty p es th a n  in o thers.

Morganella morganii  s tra ins  are occasionally  iso la ted  from clinical spec i­
mens (blood, s p u tu m ,  pus, w ound e x u d a te  f l ]  a n d  infections of th e  u r i n a t y  
t r a c t  [2, 3]). T h ey  are less f requen tly  th e  cause  of u r inary  t ra c t  in fec t ions  
th a n  Proteus mirabilis  [4] because of th e ir  s low er g row th  ra te  in u r in e  and  
th e ir  inab i l i ty  to  rap id ly  m ake  it  alkaline [5]. Som e stra ins  of M . morganii  m a y  
he a cause of d ia r rhoea  in m an  [6—10]. M . m organii  stra ins have also b een  
associa ted  w i th  nosocomial o u tb reaks  of in fec t ion  [11] w ith  serious m o rb id i ty  
and  m o r ta l i ty  [12].

I t  has  been show n t h a t  ce rta in  h aem o ly t ic  s tra in s  of M . morganii  are 
h igh ly  v iru le n t  for mice causing haem o ly t ic /h aem o rrh ag ic  lung o edem a  a n d  
dea th ,  usua lly  w ith in  4 h of in tranasa l  in fec tion  [13]. I t  has been p ro v e d  t h a t  
th e  haem olys in  of M. morganii is calcium d e p e n d e n t  114] and closely re la te d  
a t  the  m olecular  lev el to  th e  know n viru lence fa c to r  of Escherichia coli a lp h a -  
haem olysin  [15].
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F ine  s tra in  recogn it ion  in M . morganii  is bes t  achieved e i th e r  b y  sero typ- 
in g  or  bacteriocin  ty p in g .  The an tigen ic  sc h e m a  of Rauss et al. [16, 17] at 
p r e s e n t  recognizes 77 sero types co m pris ing  44 О antigens, 4 К  a n d  38 H 
a n t ig e n s ,  a lthough  th e  existence of  m ore  se ro types  has been p re d ic te d .  M .  
m organ ii  s tra ins  iso la ted  in Scotland h a v e  been  differentia ted  in to  50 mor- 
g a n o c in  producer ty p e s  [18] and recen t ly  a fu r th e r  15 new m org an o c in  p ro ­
d u c e r  ty p es  have been  found  am ong  n o n -B r i t i s h  isolates of M . m organii  [19].

T h e  purpose  of  th is  s tu d y  was to  d e te rm in e  w hether or n o t  haem olys in  
p ro d u c t io n  in M . morganii  is associated  w i th  a particu lar  О a n t ig e n  or m o r­
g a n o c in  ty p e  and  w h e th e r  or no t О se ro ty p in g  is independen t from  m organocin  
t y p i n g  as has been suggested  in our p rev ious  s tu d y  involving fewer s t ra in s  [19].

Materials and m ethods

B acterial strains. T hese  w ere 142 of th e  160 M . m organii s tra ins iso la ted  in  S co tland  
a n d  u se d  fo r th e  d e te rm in a tio n  o f m organocin  p /s  ty p e  [18]. The stra ins were from  128 p a tie n ts , 
m o s t fro m  th e ir  faeces a n d  w ere m ain ta in ed  in  p u re  cu ltu re  on b o th  N u tr ie n t  A g ar (N a, 
O x o id  СМ3) and  D o rset’s egg slopes in  screw -cap p ed  b o ttle s .

Biochem ical tests. T h e  id e n tity  of th e  s tra in s  w as ex am ined  by  co n v en tio n al b iochem ical 
te s ts  as described  by C ow an [20J.

Serological tests. T h e  О an tig en s of th e  s tra in s  w ere  de term ined  by  ou r s ta n d a rd  m ethods 
[16, 17, 21, 22] by  s lid e -ag g lu tin a tio n  te s ts  in  p o o led  О an tise ra  on colonies fro m  N A  p lates 
in c u b a te d  o v ern ig h t a t  37 °C, a n d  sub seq u en tly  b y  slide  an d  tu b e-ag g lu tin a tio n  te s ts  in  the  
re sp e c tiv e  m o n ovalen t О a n tise ra . S tra in s th a t  a g g lu t in a te d  in  saline alone w ere d escribed  as 
“ ro u g h ” . S tra in s  w hich  d id  n o t ag g lu tin a te  in  a n y  o f th e  О an tisera  pools w ere sa id  to  be 
“ n o n - ty p a b le ” . Some o f th ese  s tra in s  were se lec ted  a t  random  and О a n tig e n  su spensions 
p re p a re d  an d  О an tise ra  ra ised  to  th em  as p re v io u s ly  d escribed  [16, 17, 19, 21, 22].

H aem olysin  production . T h is  was ex am in ed  fo r  b o th  on solid and in  liq u id  m ed ia  and 
a g a in s t  d iffe re n t red  b lood  cell ty p es . S tra in s  w ere  p la te d  o u t on NA p la te s  su p p le m e n ted  
w ith  d e f ib r in a te d  sheep re d  b lood  cells 5 %  v /v . T h e  p la te s  were incu b a ted  o v e rn ig h t a t  37 °C 
a n d  e x am in ed  for zones o f haem olysis su rro u n d in g  w ell-iso lated  colonies. T h e  p la te s  were 
re e x a m in e d  24 h la te r  a f te r  in cu b a tio n  a t  room  te m p e ra tu re .  The stra ins w ere a lso exam in ed  
fo r h a em o ly sin  p ro d u c tio n  in  n u tr ie n t  b ro th  (N B , O x o id  CM67) to horse red  b lo o d  cells as 
p re v io u s ly  described [14].

B acteriocin typ ing . M organocin  p ro d u c tio n  (p )  p e r  m organocin s e n s it iv ity  (s), p /s 
ty p in g ,  w as perform ed as p rev io u s ly  described [18].

Results

Biochemical tests confirm ed th a t  all s t r a in s  were M . morganii. All p ro ­
d u c e d  urease, phen y la lan in e  deam inase  a n d  indole, and fe rm en ted  glucose, 
g a lac to se  an d  m annose  h u t  no t  lactose, sucrose ,  adonitol or inositol. All were 
n e g a t iv e  in  H 2S, c i t r a te  a n d  \o g e s - P r o s k a u e r  te s ts  hu t  positive in  t h e  m e th y l  
red  t e s t .  All d eca rh o x y la ted  ornith ine h u t  n o t  lysine.

Serological analysis.  l "d n g  t.be ex is ting  44 О antisera, only 55 (38 .7% ) of 
th e  142 M . morganii s t ra in s  were a g g lu t in a b le  a n d  these were o f  20 different
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О an tigen ic  groups (Table I th e  n o n -s ta r re d  serogroups). F ou r  s t ra in s  (2 .9% ) 
were rough  a n d  83 (54.4%) were n o n - ty p ab le .  F ro m  these s t ra in s  11 were 
selected a t  ra n d o m  an d  О an t ise ra  ra ised  to  th em . C ross-agg lu tina tion  tes ts  
were perform ed on slides w ith  О an t ise ra  d i lu ted  1 :20  and in  d i lu t io n s  in 
tu b es .  No significant cross-reactions were d e tec ted  am ong  the  new О an tigens.

Table I

The serogroups, haemolytic reactions, morganocin types and morganocin indicators o f  the M .
m organii stra ins examined

S ero­ N o. o f N o. o f haem olytic  s tra in s N o . o f  n o n-haem oly tic M o rg an o c in
g ro u p stra in s anil ty p e  (p) o f m o rganocins s tra in s  an d  ty p e  (p) o f in d ic a to r

produced m organocins produced s tr a in  N o.

0 1

0 2

9 4 i><>, i»i 5 p 1, p44 Mg22, Mg39, 
M g ll5

1 0 1 pO Mgl21
0 7 1 0 1 p37
0 1 3 1 0 1 p27
0 1 5 1 0 1 p34
0 1 7 1 0 ! p30
021 1 0 1 pO
0 2 2 1 0 1 pO
0 2 3 1 0 1 pO
021 1 0 1 рзз
0 2 5 12 5 p2, p7, p8, plO , p40 7 p8, p25, p42, p43, 

p49
Mg8

0 2 6 2 1 p21 1 l>39
0 2 7 2 0 2 pO, p40
0 2 9 4 2 p23, p48 2 pO, p20 Mg27, Mg84
0 3 0 1 1 p38 0
031 1 1 p21 0 M gl43
0 3 2 2 0 2 p40, p41 Mg53
037 4 4 p4, plO, p40 0
0 4 0 6 3 p i ,  p i 1, p26 3 p i ,  p46 Mg64
0 4 4 3 0 3 pO
045* 3 0 3 pO, p2, p30 Mg49
046* 16 1 p i 9 15 pO, p i Mg77
047* 23 10 pO, p i ,  p5, p29, p36 13 pO, p i ,  p3, p6. p9, 

p i 4, p21
M g ll ,  Mg23

048* 16 6 p i ,  p23, p38, p40 10 pO, p i , p i 7, p i 8, Mg3, Mg27,
p22 Mg 100. Mg 126

049* 3 1 p32 2 P25 M gl
050* 1 1 p40 0
051* 2 0 2 p24, p40
052* 2 1 p40 1 pO
053* 2 0 2 p28, p43 Mg26
054* 2 0 2 p31, p33
055* 1 0 1 p l2

R ough

Non-

4 0 4 pO, p i ,  p40

T y li­ 12 2 p i ,  p l3 10 pO, p i ,  p25, p35, p3fr
able

T o ta l 142 43 99
(30.2% ) (69.8% )

* New О serogroup
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T h e  h i th e r to  u n ty p e d  s t ra in s  were then  te s te d  in  slide- and tu b e -ag g lu t in a t io n  
t e s t s  w i th  the  11 new  О a n t is e ra  and 71 (85 .5% ) o f  th e m  were now agg lu tinab le  
in  th e se  new 0  an t ise ra  (Table  I the  s ta rred  О an tigens) .  The new О antigenic  
t y p e  s t ra in s  are Mgl 10 (04 5 ) ,  Mg77 (0 4 6 ) ,  M gl23  (047), Mg3 (048 ) ,  Mgl 
(0 4 9 ) ,  Mg51 (050), M gl02  (051), Mgl51 (0 5 2 ) ,  Mg26 (053), M g l l2  (054), 
M g l3 9  (055).  We be lieved  the  rem ain ing  12 n o n - ty p ab le  s tra ins  belong to  
one or  more new О serogroups  yet to  he d e f ined  (m anuscr ip t in p repa ra t ion ) .

T h u s ,  126 (88 .7% ) o f th e  142 s tra ins  were  now  typab le  in to  31 d ifferent 
О a n t ig e n ic  groups, 12 (8 .4% ) stra ins re m a in e d  non -typab le .  I t  was no ted  
t h a t  71 (50%) of th e  S co tt ish  strains be longed  to  th e  newly defined  О sero­
g ro u p s  a n d  90 (71 .4% ) of these  belonged to  on ly  e igh t  serogroups. These were, 
in  o rd e r  of frequency , 0 4 7  (23 strains), 0 4 6  (16 strains), 0 4 8  (16 stra ins) , 
0 2 5  (12 strains), O l  (9 s tra ins) ,  0 4 0  (6 s tra in s ) ,  0 2 9  and 037  (4 s tra in s  each). 
T h e  re m a in in g  36 ty p e d  s t ra in s  were d is t r ib u te d  am ong  the  o th e r  23 d ifferent
0  g ro u p s  (Table I).

H aem olysin  production.  Of the  142 V/. morganii  s tra ins  ex am in ed  43 
(3 0 .2 % )  were haem o ly t ic  on solid and liquid  m edia .

Haemolytic  activity  and  0  antigenic group.  O f  th e  126 serogrouped s tra ins 
th e re  w ere  41 (32 .5% ) t h a t  were haem oly tic  a n d  85 non-haem oly tic  which 
were d is t r ib u te d  am o n g  27 different 0  an tigen ic  groups (Table I). Because of 
th e  sm all  n um ber  of s t ra in s  in some 0  groups i t  was not possible to  s ta te  w ith  
c e r t a in ty  for such s t ra in s  if  there  was a c o rre la t io n  betw een  О an tigen  an d  the  
a b i l i ty  to  produce haem olys in .  However, i t  w as n o ted  th a t  32 (78% ) of the  
41 t y p e d  haem oly tic  s t r a in s  belonged to  on ly  s ix  of  the  31 О groups, nam ely
0 1  (4 s tra ins) ,  0 2 5  (5 s t ra in s ) ,  0 3 7  (4 stra ins) , 0 4 0  (3 strains), 0 4 7  (10 s tra ins), 
an d  0 4 8  (6 strains), a n d  th e  rem ain ing  nine h a e m o ly t ic  stra ins were d is tr ibu ted  
a m o n g  eight o ther О serogroups (Table I). On th e  o the r  hand , s tra ins  of some 
О serog roups  were ra re ly  fo u n d  to  be h aem o ly t ic .  T hus  none of th e  th ree  045  
s t r a in s  a n d  only one o f  th e  16 0 4 6  s tra ins  w as  haem oly tic .  I t  appea red  th e re ­
fore t h a t  haem oly tic  a c t iv i ty  was more f r e q u e n t ly  associated w ith  cer ta in  0  
a n t ig e n s  th a n  others  (Table  I).

Morganocin type  and  0  antigenic group.  T h e  possible association of  mor- 
gan o c in  type  with О a n t ig e n  was assessed. O f th e  original 50 d ifferen t m o r­
g a n o c in  ty p e -p ro d u ce rs  [18], 46 strains were av a ilab le  for 0  an tigen  analysis. 
O f  th e se ,  44 were se rog rouped  into 22 О g ro u p s  and  two s tra ins  were non- 
ty p a b le .  The d is t r ib u t io n  of  morganocin ty p e -p ro d u c e rs  in the  0  serogroups is 
p re s e n te d  in Table  I. I t  was no ted  th a t  m a n y  different m organocin  type-  
p ro d u c e rs  could be o f  th e  sam e О serogroup. F o r  exam ple ,  in th e  0 2 5  serogroup 
w ere  s t ra in s  p roduc ing  nine  different m organocin  types .  In th e  0 4 7  serogroup 
w ere  s t ra in s  p roduc ing  10 different m organocins  and  the  0 4 8  serogroup  h ad  
s t r a in s  produc ing  e igh t  d ifferen t morganocins. I t  w as also observed t h a t  s tra ins  
p ro d u c in g  com m on m organocins  could be of  m a n y  different 0  serogroups.
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F o r  exam ple , m organocin  type 40 p ro d u ce rs  were of eight d ifferen t О sero- 
groups, and m organocin  ty p e  1 p roducers  w ere  o f  five different 0  serogroups . 
T hus  the  abili ty  t o  produce  a p a r t ic u la r  m organocin  ty p e  ap p ea red  to  be 
in d ependen t from th e  О antigen of th e  s t ra in  and  vice versa.

O f the  23 m organocin  ind ica to r  s t ra in s  [18] 20 were available for  О a n t i ­
gen d e te rm in a t io n  a n d  these  were o f  13 d iffe ren t  О groups. The d is t r ib u t io n  of 
the  m organocin  in d ic a to r  strains am o n g  th e  О serogroups is also p re s e n te d  in 
Table  I. I t  was n o te d  th a t  serogroup 0 4 8  co n ta ined  four ind ica to r  s t ra in s ,  
th e  serogroup 0 1  h a d  th ree  ind ica to r  s t ra in s  a n d  each of the  se rogroup  0 2 9  
and  0 4 7  con ta ined  tw o  indicator s tra in s .  T h e  rem ain ing  nine in d ica to r  s t ra in s  
were equally  d is t r ib u te d  among nine  o th e r  О serogroups (Table I).

Haemolytic activity  and morganocin ty p e . A n  analysis of the  h a e m o ly t ic  
ac t iv i ty  of s tra ins  o f  th e  common m org an o c in  p - ty p es  is presented in  T ab le  II .  
O f th e  142 s tra ins  exam ined ,  92 (64 .8% ) be longed  to  five morganocin  p - ty p e s :  
p - ty p e  О (25 s tra ins) ,  p - type  1 (46 s tra ins) ,  p - ty p e  40 (11 strains), p - ty p e  35 
(6 stra ins)  and  p - ty p e  38 (4 strains). The re m a in in g  50 stra ins be longed  to  39 
o th e r  m organocin  p - ty p es .

T he  25 m organocin  p-type O, t h a t  is, s t ra in s  unable  to  p ro d u ce  mor- 
ganocins active a g a in s t  an y  of th e  s ta n d a rd  ind ica to r  s trains, w ere  of  13 
different О groups, four  strains were n o n - ty p a b le  and one was ro u g h ,  ye t  
only th ree  (12% ) s t ra in s  were h aem oly tic .  T hese  were of 0  groups c o m m o n ly  
found  to  be haem oly tic .  Most of th e  n o n - l iaem oly tic  s tra ins of th is  m org an o c in  
p - ty p e  were of 0  g roups  no t com m only  fo u n d  to  be haemolytic. T h e re  were 
six m organocin  p - ty p e  35 strains w hich  were  o f  tw o  different 0  se rogroups ,

Table II

The serogroups and haemolytic activities o f  m organii stra ins o f  common morganocin p  type

M organocin 
ty p e  

(N o . o f 
stra in s)

N o. o f 
haem o­

ly tic  
s tra in s

S e ro g ro u p  (and No.) o f  
haem o ly tic  stra ins

N o . o f  n o n ­
h a  em o- 

ly tie  
s tra in s

S erogroup (and  N o.) o f 
non-haem oly tic  s tra in s

pO (25) 3 Ol (1), 0 4 7  (2) 22 0 2 , (1), 021 (1), 022 (1), 0 2 3  (1), 
0 2 7  (1), 029  (1), 044  (3), 0 4 5  (1), 
0 4 6  (3), 047 (2), 048  (1), 0 5 2  (1). 
N on-typab le  4, rough 1

p i (46) 12 0 1  (3), 0 4 0 (1 ) , 047 (5), 
0 4 8  (2). N on-typable l

34 0 1  (4), 040  (2), 046 (12), 0 4 7  (6), 
0 4 8  (6). N on-typable 3, rough  1

p40 (11) 6 0 2 5  (1), 0 3 7  (2), 048 (1), 
0 5 0  (1), 0 5 2  (1)

5 0 2 7 (1 ) ,  0 3 2 (1 ) , 051 (1). R ou g h  2

P35 (6) 0 о 0 2 5  (3). 049  (2). N on-typab le  1

P3 8 (4) 3 0 3 0  (1), 0 4 8  (2) 1 N on-typab le  1
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one s t r a in  being n o n - ty p ab le ,  y e t  no one w as  haem oly tic  a l though  5 0 %  of 
th e  n o n -h aem o ly t ic  s tra in s  were of se rogroup  0 2 5 ,  a serogroup co m m o n ly  
f o u n d  to  con ta in  haem oly tic  s tra ins. On th e  o th e r  hand , 26%  (12 s t ra in s )  of 
th e  46 m organocin  p - ty p e  1 s tra ins  of five d if fe ren t  0  groups were haem o ly t ic .  
O f  t h e  11 m organocin  p - ty p e  40 s tra ins  of  e ig h t  different 0  g roups, 5 4 %  
(6 s t r a in s )  were haem oly tic ,  and 75%  (3 s t ra in s )  of four m organocin  p - ty p e  
38 s t r a in s  of tw o differen t О serogroups were haem oly tic  (Table 11). T h u s  it 
a p p e a r e d  t h a t  haem olys in  p roduc tion  was m ore  com m only assoc ia ted  w ith  
c e r ta in  m organocin  p - types  (p -type  1, 38 a n d  40) th a n  others, like m organoc in  
p - ty p e  23. This association could no t be exp la in ed  on the  basis of th e  О an t ig en  
of t h e  s t ra in .

A pp lica tion  o f  morganocin p/s typ ing  and  0  serotyping to an epidemiological 
survey .  B o th  m organocin  p/s ty p in g  and  О se ro ty p in g  were done on a n u m b e r  
of  s t r a in s  iso lated  from  several pa t ien ts  s u b m i t t in g  more th a n  one specim en  
o v e r  l im i te d  period (Table I I I ) .

Case 1. The th ree  isolates from th ree  spec im ens  tak en  on th e  sam e d a y  
w ere  o f  th e  sam e m organocin  p/s ty p e  (1M) a n d  also the  same serogroup  (01 ) .  
T h is  in d ica te s  the  rep roduc ib il i ty  of b o th  t y p in g  m ethods.

Case 2. This p ro b ab ly  illustra tes  a s im ila r  po in t  to  th a t  m ade in Case 1 
for s t r a in s  iso lated  over 2 days.

Case 3. F o u r  s tra in s  were isolated over  4 d ay s  and all were of  th e  sam e 
p/s t y p e  (ON) and 3 of th e m  were of the  sam e  serogroup (044) h u t  1 w as o f  a 
d i f fe re n t  serogroup (045). This  fact m ay  in d ic a te  the  carriage by  th e  p a t ie n t  
o f  a n o th e r  s t ra in  w ith  d ifferen t 0  an tigen . I t  w ould  have been u n d e te c te d  if 
s e ro ty p in g  had no t been perform ed. I t  also d e m o n s tra te s  the in d ependence  of 
th e  tw o  ty p in g  system .

Case 4. Three isolates o f  the  same p/s t y p e  (2511) were o b ta in ed  from  a 
b a b y  (Case 4a) over a period  of ab o u t  tw o  weeks. Two of the  iso lates were 
also o f  th e  same serogroup (025) hu t  th e  one isolated  last belonged to  a d if­
f e re n t  se rogroup  (049). The b a b y ’s m o th e r  (Case 4b) carried b o th  s tra in s .  
T h is  case m ay  rep resen t  a p roven  cross-infection  with twTo d is t inc t  clones. 
O ne m o n th  la te r  th e  b a b y ’s fa th e r  (Case 4c) w as found  to  carry  th e  sam e s tra in  
(p/s ty p e  2 5 R, serogroup 0 2 5 )  as t h a t  o rig ina lly  carried by  the  b a b y .

Case 5. This possib ly  ind ica tes  t h a t  a p a r t ic u la r  s tra in (m organocin  p/s 
ty p e  О A serogroup 0 4 6 )  can  persist in th e  g u t  for nine days.

Case 6. This ind ica tes  a p o in t  similar to  t h a t  in Case 3.
Case 7. This possib ly  dem o n s tra te s  th e  carr iage  of a pa r t icu la r  s t r a in  for 

one m o n th .
Case 8. This rep resen ts  tw o b ro th e rs  w h o  carried  at different t im es  tw o 

s t r a in s  w hich  were seem ingly  re la ted  b u t  d is t in c t  b y  p/s ty p in g  b u t  c learly  
q u i te  d ifferen t on the  basis О antigens. I t  i l lu s t ra te s  the  benefit  of us ing  b o th  
t y p in g  m e th o d s  toge ther.
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Table III

Epidemiological survey of the types o f  M . morganii strains isolated from patients 
subm itting several specimens

Case
N o. Sex Age

D ate  o f 
sam pling

S tra in  N o . o f 
iso la te

M organocin 
p /s  ty p e  o f 

isolate

Serogroup of 
iso la te

l M l y ear 10 Sep Mg 20 IM O l
10 Sep Mg 21 1M O l
10 Sep Mg 22 1M O l

2 F 29 years 2 N ov Mg 72 40Q rough
3 Nov Mg 73 40Q rough

3 M 3 m onths 12 Sep Mg 24 ON 0 4 4
14 Sep Mg 25 ON 045
15 Sep Mg 28 ON 044
15 Sep Mg 29 ON 044

4a M 6 m onths 22 O ct Mg 57 25 R 025
22 O ct Mg 60 25 К 025
8 Nov Mg 76 25R 049

4b F 26 years 22 O ct Mg 59 25 К 049
2 Nov Mg 69 0 0 N on-typable
2 N ov Mg 70 OO N on-typable

4c M — 22 Nov Mg 93 25 U 025

5 M 75 years 10 N ov Mg 78 0A 046
19 N ov Mg 90 0A 046

6 F 26 N ov Mg 98 IM 048
26 Nov Mg 99 1M 0 4 6

7 F 8 m onths 5 May Mg 5 1A 046
5 J u n Mg 14 1A 046

8 M — 18 Ju n Mg 12 1115 040
M. — 30 A pr Mg 13 10H 025

9 M 55 years 29 Sep Mg 41 18R 048
6 O ct Mg 45 17R 048

Case 9. T h is  dem onstra te s  t h a t  isolates w h ich  appeared  to  he th e  sam e  b y  
О an tigen  analysis  were d istinguishable  b y  p/s ty p in g .  Again it  shows th e  b e n e f i t  
o f  using b o th  ty p in g  m ethods for  fine s t ra in  recognition  in epidem iological 
studies.

Discussion

In  this s tu d y ,  th e  re la tionsh ips  of th ree  ch arac ter is t ics  which are  im p o r ­
t a n t  in fine s t ra in  recognition and  possib ly  v iru lence  in M . morganii , n a m e ly ,  
О an tigen , m organoc in  type  and  haem oly tic  a c t iv i ty  have been ex am in ed .  The 
find ing  t h a t  on ly  38 .7%  of isolates were ag g lu t in a te d  w ith  some of th e  ex is t in g  
44 О an tise ra  in d ic a te d  th a t  m a n y  of these Sco tt ish  s tra ins of M . m organii  
were d ifferent f rom  those  isolated m ain ly  in H u n g a ry  an d  to  which th e  ty p in g
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se ra  h a d  been raised. T h is  was confirm ed w h e n  it  was found  th a t  5 0 %  of the  
s t r a in s  belonged to  11 new ly  defined 0  se rog roups  thus  ex tend ing  th e  n u m b e r  
o f  se rogroups  in M . m organii  to  55. О a n t i s e r a  are presen tly  be ing  ra ised  to  
t h e  rem ain ing  12 n o n - ty p a b le  stra ins  a n d  i t  is an tic ipa ted  t h a t  ad d it iona l  
n e w  О antigens will he found. The s t r a in s  are also being e x am in ed  to 
d e te rm in e  w hether  or n o t  th e y  carry  new К  a n d  H  antigens.

O u r  previous s tu d y  [19] suggested t h a t  m organocin  p/s ty p e  c h a ra c te r ­
is t ics  were in d e p e n d e n t  f ro m  those of t h e  О an tigen  and th a t  f in e r  s tra in  
r e c o g n i t io n  in M . morganii  could he a ch iev ed  b y  the  co m b in a t io n  of  bo th  
m e th o d s  th a n  e i ther  m e th o d  alone. The re su l ts  of this s tudy  con f irm  these 
p re v io u s  da ta .  A given О serogroup o f ten  co n ta ined  several d if fe ren t  m o r­
g a n o c in  p - type  s tra in s  a n d  several in d ica to r  s tra in s .  F u r th e rm o re ,  am o n g  the  
s t r a in s  p roducing  a given m organocin t y p e  were represen ta t ives  of  several 
d i f fe re n t  О serogroups. T h e  clearest ev idence  for the  independence of  the  tw o 
t y p i n g  schemes was found  in tin; ep idem iological s tu d y  where it  w as shown 
t h a t  som e stra ins of a g iven morganocin  p/s ty p e  could he of m ore th a n  one 
О se rog roup  and th a t  som e stra ins of a g iven  О serogroup coidd be of  more 
t h a n  one m organocin  p/s ty p e .

T h e  ra t io  of th e  s t ra in s  (principally of faeca l origin) found to  be haem oly tic  
o n  b o t h  solid m edia  to  sheep  e ry th rocy tes  a n d  in  b ro th  to  horse e ry th ro cy te s  
w a s  3 0 .2 % . This ra t io  is similar to  t h a t  o f  3 3 %  found by  R auss  [10]. The 
p r o p o r t io n  of haem oly tic  s tra ins  in M . m organii  isolates from  non-faecal 
s a m p le s  (pu ru len t  e x u d a te s ,  blood, CSF, e tc .)  m a y  be h igher as is th e  case in 
E .  coli. Because of th e  small n um ber  of iso la tes  in  some 0  groups, it  w as not 
poss ib le  to  s ta te  w i th  c e r ta in ty  for these  s t ra in s  if there  was a corre la tion  
b e tw e e n  О antigen  and  haem olysin  p ro d u c t io n .  I t  was found, how ever,  t h a t  
7 8 %  o f  th e  haem oly tic  s t ra in s  de te rm ined  be longed  to  only six of th e  31 0  
s e ro g ro u p s  (037 , 0 4 0 ,  0 1 ,  0 4 7 ,  025  a n d  0 4 8 )  and  th a t  s tra ins  of  certa in  
s e ro g ro u p s  (044 , 0 4 5  and 0 4 6 )  were ra re ly  haem oly tic .

T h e  re la tionsh ip , if  a n y ,  betw een  m o rg a n o c in  p/s ty p e  a n d  haem olys in  
p r o d u c t io n  was d ifficult to  assess. C o n c e n tra t in g  on the  more co m m o n  m o r­
g a n o c in  types  w ith  re spec t  to  the  d is t r ib u t io n  o f  these ty p es  am ong  th e  d if­
f e r e n t  О serogroups, som e of which are m ore  likely to  con ta in  haem o ly t ic  
s t r a in s  th a n  others, it  ap p ea red  th a t  isolates o f  m organocin  p - types  О and  35 
w ere  less likely to  be haem o ly t ic  th an  those  o f  m organocin  p - types  1, 38 a n d  40.

W e  have discovered 11 new 0  an t ig en s  am ong  Scottish isolates o f  M .  
m o rg a n i i , confirm ed th e  independence  of th e  m organocin  typ in g  and  se ro ty p in g  
sch em es  an d  shown some re la tionsh ips  b e tw e e n  haem olysin p ro d u c t io n  and 
th e  presence  of certa in  О an tigens  and poss ib ly  re la tionships be tw een  h a e m o ­
ly s in  p ro d u c t io n  and th e  p ro d u c t io n  of c e r ta in  ty p e s  of m organocin. O u r  ta sk  
in  t h e  fu tu re  will be to  exam ine  more iso la tes  o f  M . morganii, p re fe rab ly  of 
n o n - fa e c a l  origin and  f ro m  o th e r  par ts  o f  th e  w orld  before it  can  be s ta ted
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w ith  c e r ta in ty  th a t  an  association  exists be tw een  haem olys in  p roduc tion  as a 
viru lence m arker  and  th e  О antigenic  and m org an o c in  ty p e  characteris tics  of
M . morganii.
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ASSOCIATION BETWEEN CHEMILUMINESCENCE 
STIMULATING AND IL-2 INDUCING ACTIVITIES 

OF STAPHYLOCOCCUS AU R E U S  STRAINS 
IN HUMAN AND MOUSE MONONUCLEAR CELLS

Y o s e f  A sseea  M e n g e s h a , K lára  Me g y e r i  and I. R osztóczy

Institu te  o f  M icrobiology , Albert Szent-Györgyi U niversity  M edical School, Szeged 

(R ece iv ed  M arch 12, 1990)

T he p las tic  ad h eren t frac tio n  o f h u m an  m ononuclear cells (M NC) resp o n d ed  w ith  m ax i­
m al chem ilum inescence (CL) u p o n  s tim u la tio n  w ith  ]>1000 b a c te ria  pe r cell o f h e a t  killed 
p re p a ra tio n s  o f Staphylococcus aureus s tra in s . D ifferen t s tra in s  h ad  d iffe ren t CL s tim u la tin g  
ac tiv itie s  and  th e ir  sequences w ere s im ila r on  MNC from  d iffe ren t blood donors. IL -2  inducing  
and  CL s tim u la tin g  ac tiv ities  seem  to  be paralle l fea tu res  o f S . aureus s tra in s , since th e ir  
sequence se t u p s  estab lished  on  th e  basis o f  these  two p ro p e rtie s  w ere a lm o st id en tica l. The 
sam e phen o m en o n  could also be o b se rv ed  in  a m ouse sy s tem , in  w hich a c tiv a te d  p e rito n ea l 
cells (PC ) were th e  m ost active  CL e x h ib itin g  p opu lation . T he IL -2  in ducing  a c tiv ity  o f  s ta p h y ­
lococci in  m ouse spleen cells an d  th e ir  CL s tim u la tin g  a c tiv ity  in a c tiv a te d  PC follow ed a 
sim ila r p a tte rn  too . T he sequences o f CL ind u cin g  ac tiv ities o f d iffe ren t stap h y lo co cca l s tra in s  
w ere in  good ag reem en t in h u m an  a n d  m ouse cells. R ep resen ta tiv e  s tra in s  w ith  h igh , m o d era te  
a n d  low CL in d u cin g  activ ities  fo llow ed th e  sam e sequence of v iru lence  for mice.

In a recen t  s tu d y  we observed  th a t  the  IL-2 induc ing  ac tiv it ies  of 
s taphy lococc i can  be ch a rac te r is t ic  for different s tra ins  [1]. In the  course of 
e luc ida tion  of  respond ing  cells we found  th a t  th is  a c t iv i ty  was confined  to  
th e  n o n a d h e re n t  E -rose tte  pos i t ive  hum an  MNC popu la t io n .  Since in v ad in g  
bac te r ia  in vivo comprise th e  t a rg e t  of several cell types p a r t ic ip a t in g  in the  
nonspecific  an d  specific host defences we decided to  analyse the  r e a c t iv i ty  of 
a n o th e r  cell popu la t ion , th e  p las t ic  ad heren t  frac t ion  of  per iphe ra l  blood MNC. 
W e de te rm in ed  the ir  lum ino l m e d ia te d  CL response to  th e  staphylococci, 
which is considered to  be a good in d ica to r  of the level o f  s t im u la t io n  of  these 
cells [2]. W ith  the  species specif ic ity  of the  p h enom enon  in m ind , we ex ten d ed  
ou r  studies to  mouse PC and  inves t iga ted  the ir  CL response in b o th  the ir  
residual and  ac t iv a ted  forms.

Yo s e f  Asse fa  M e n g e s h a , K lára  Me g y e r i , Istv á n  R o sztó czy*
I n s t i tu te  o f M icrobio logy, A lbert S zen t-G y ö rg y i U n iv e rs ity  M edicul School 
D ó m  tó r  10, H -6720 Szeged, H u n g ary

* C orrespond ing  a u th o r
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Materials and m ethods

The staphylococcal s tra in s , th e ir  num bering , th e  p re p a ra tio n  of h e a t killed  suspensions 
o f  b a c te r ia ,  the IL-2 in d u c tio n  a n d  th e  assay w ere th e  sam e as described  p rev iously  [1].

H u m a n  mononuclear cells (M NC) were iso la ted  on  F ico ll-U rom iro  from  th e  peripheral 
b lo o d  o f ind iv idual h e a lth y  b lo o d  donors [3]. S e p a ra tio n  of th e  p las tic  a d h e re n t cell popu lation  
w as pe rfo rm ed  on fe ta l c a lf  s e ru m  tre a te d  p las tic  P e tr i  d ishes [4]. T h is p las tic  a d h e re n t cell 
p o p u la t io n  contained 8 0 -9 0 %  m o n o cy te s , as d e te rm in ed  on th e  basis o f th e ir  m orphology in 
M a y -G rü n w ald -G iem sa  s ta in e d  sm ears  and  nonspecific  este rase  p o s itiv ity  [5].

Resident mouse PC  w ere co llected  from  an im als  k illed  by  cerv ica l d isloca tion , by  rinsing 
th e  p e rito n ea l cav ity  w ith  10 m l o f  R P M I m edium . A c tiv a te d  PC w ere o b ta in e d  in  th e  same 
w a y  fro m  mice th a t  h a d  b e en  in je c te d  in tra p e rito n ea lly  w ith  10 m l o f b ra in  h e a r t  infusion 
b r o th  (B H IB ) (Difco) 24 h  b e fo re  th e  collection of cells.

M ouse strains (B a lb /c , C B A  an d  C FL P) w ere p u rch ased  from  T he B iological R esearch 
C e n te r  o f th e  H u ngarian  N a tio n a l A cadem y of Sciences (Szeged) and  from  th e  LA TI L ab o ra to ry  
A n im a l B reeding F arm  (G ödö llő , H u n g a ry ), respec tive ly .

Induction  and m easurem ent o f  CL. The lu m ino l m ed ia ted  CL was d e te rm in ed  [6]. H eat 
k i l le d  or live staphy lococci w ere  ad d ed  in  I : 10 vo lum e to  th e  suspensions o f re spond ing  cells 
a t  a  r a t io  of 100 bac teria /ce ll. F o llow ing  in cu b a tio n  a t  37 °C fo r 5 m in  in  5 %  C 0 2 in  air a tm os­
p h e re ,  20 volum es of 1.1 / /M lu m in o l so lu tion  w ere ad d ed  to  th e  b ac teriu m -M N C  m ix tures. 
C L  w as m easured  in a P a c k a rd  T ric a rb  m odel 4530 sc in tilla tio n  sp e c tro m ete r for 12 s a t one- 
m in u te  in te rv a ls  in th e  in -co in c id en ce  sum m ation  m ode of o p e ra tio n  [6]. T he cpm  values were 
p lo t te d  on  co-ordinate p a p e r  a n d  the  h ighest a c tiv ity  d e tec ted  w as used  to  ch aracterise  the 
in d iv id u a l  stra ins. T he in d iv id u a l  v a ria tio n  in  th e  CL response  of th e  cells from  various blood 
d o n o rs  w as elim inated  b y  th e  in tro d u c tio n  of th e  re la tiv e  CL s tim u la tin g  a c tiv ity . T his was 
c a lc u la te d  by  com paring  th e  CL responses of cells t r e a te d  w ith  P B S  or staphylococcus. The 
CL in d u c in g  re la tive  a c t iv ity  th e re fo re  ind ica tes how  m a n y  tim es h igher th e  p eak  cpm  value 
in  th e  cell cu ltu re  induced  b y  th e  p a r tic u la r  stap h y lo co cca l s tra in  w as in  com parison  w ith  th a t  
o b se rv e d  in the  PB S t r e a te d  co n tro l.

The mouse virulence  o f th e  staphylococci w as d e te rm in ed  by  calcu la tio n  of th e  L D 50 
v a lu e s  in  c .f.u ./m l w ith  th e  R e e d —M uench m eth o d  [7]. T he serial d ilu tio n s o f b ac te ria  grown in 
B l I I B  w ere each in o cu la ted  in tra v e n o u s ly  in to  g roups of 10 m ice a n d  ca lcu la tio n s were pe r­
fo rm e d  on the basis o f th e  c u m u la te d  le th a lity  7 d ay s a f te r  in fection .

T he correlation  b e tw ee n  sequences of CL an d  IL -2  inducing  ac tiv itie s  w as ev a lu a ted  
s ta t is t ic a l ly  w ith  d e te rm in a tio n  o f  th e  S pearm an  ra n k  co rre la tio n  coefficien t w hen tw o ranks 
o f  o rd e r  were com pared. T h e  K e n d a ll  coefficient o f concordance  w as app lied  w hen  m ore th a n  
tw o  ra n k s  of order were a n a ly se d .

Results

To investigate th e  dose-response re la t ionsh ip  o f  th e  CL response we 
p r e p a r e d  different b a c te r iu m  : MNC ratios. T he  resu lts  in d ica ted  t h a t  50-100 
b a c te r i a  per cell in d u ced  a considerable  CL ac t iv i ty ,  b u t  th e  m ax im al response 
w as  achieved a t  a r a t io  o f  1000 : 1 (Fig. 1). Analysis  o f  the  respond ing  cell 
p o p u la t io n  ind ica ted  t h a t  th e  plastic a d h e re n t  cells, rep resen ting  15 -2 0 %  of 
t h e  MNC fraction, e x h ib i te d  th e  same level o f  CL as did a p ro p o r t iona lly  higher 
n u m b e r  of u nsepara ted  M N C (Table 1).

In  the course of  th e  p re sen t  s tudy , we found  an  u p  to  th ree-fold  indi­
v id u a l  varia tion in th e  in te n s i ty  of CL of th e  MNC of various blood donors. 
T h e re fo re ,  it  was a q u e s t io n  o f  in terest  for us w h e th e r  th e  sequence of inducer 
a c t iv i t y  of various s tap h y lo co cca l  s tra ins  w as reproducib le  in th e  cells of 
d o n o rs  w ith  different ac t iv i t ie s  of CL response. In  o rder to  answ er th is  question,
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0 0.1 1.0 10 100 1000 3000
Bacterium MNC ratio

Fig. 1. D ose-response re la tio n sh ip  of th e  chem ilum inescence s tim u la tin g  a c t iv ity  of
h eat-k illed  S. aureus

Table I

Chemiluminescence o f different fractions o f  hum an M N C  stim ulated  
with heat-killed S. aureus

C hem ilum inescence

MCN fra c tio n s Cell/ml ('"g 10 rp m )

S. au reu s co n tro l

U n sep arated 5 x 1 0 “ 5 .6 1.4
P lastic  a d h eren t 8 x 1 0 s 5 .5 1.6
N onadheren t 4.1 X 10° 2.7 1.3

we com pared  the  sequences of the  inducer  ac tiv it ies  of th e  in v e s t ig a te d  s t a p h y ­
lococci on th e  MNC of th re e  ind iv idua l  donors.

Tab le  I I  lists th e  s t ra in s  according to  th e  order of m a g n i tu d e  o f  the 
elicited CL response. Id en t ica l  positions for d ifferent blood do n o rs  are  con­
nec ted  by  horizon ta l  bars .  W e found  an  especially  good ag reem en t  for  s tra ins  
t h a t  exceeded or th a t  r em a in ed  below th e  average  ae t iv i ty .  As concerns  the  
overall corre la tion , the  K enda ll  coefficient of concordance  in d ic a te d  a sienif- 
ic a n t  ag reem ent am ong  th e  th ree  sequences.

We also co m p ared  the  sequence of th e  CL s t im u la t in g  a c t iv i ty  of the 
d ifferent s tra in s  w ith  th e i r  recen tly  pub lished  sequence of  IL -2  inducing  
a c t iv i ty  [1]. As can  be seen in Table  111, five s tra in s  (SA-1, 4, 10, 7 and 9) 
occupied th e  sam e position  in b o th  ac t iv i ty  sequences, while a n o th e r  five 
differed only in one position , h u t  for one s t ra in  each there  was a d ifference of 
tw o or o f  th ree  positions be tw een  th e  CL and  IL-2 induc ing  ac t iv i t ie s .  The 
S p earm an  ra n k  corre la t ion  coefficient ind ica ted  a significant co rre la t io n  be­
tw een  these  tw o sequences.
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Table II

Sequence o f chemiluminescence 
stimulating activity 

o f  S. aureus stra ins*

Blood donor

I II III
sequence of SA strains

2 l i
1 2 - 2
3 3 - -  3

10 4 4
5 10 10
4 5 6
6 7 5
7 6 8

11 8 9
9 9 7
8 12 11

12 11 12

K endall coefficient o f conco rd an ce  =  0.8493 (p =  0.0032)
* D eterm inations on th e  M N C s of three ind iv idual b lood donors

F o r  optimal d e te rm in a t io n  of the CL in d u c in g  ac t iv i ty  of s taphylococci 
in  m o u se  cells we c o m p a re d  th e  responsiveness o f  residual and ac t iv a ted  PC 
a n d  t h a t  of spleen cells. T h e  activa ted  PC w as  found  to  exh ib it  the  most 
in te n s iv e  CL response. H o w e v e r ,  we observed th e  sam e sequence of th e  re p re ­
s e n ta t i v e  inducers in  t h e  a c t iv a te d  PC and  in  th e  m arg inally  responsive

Table III

Sequence o f  chemiluminescence stim u la ting  
and IL -2  inducing activities o f  S . aureus strains

C h em ilu m in e seence IL -2

s e q u e n c e  o f  
S A  s tr a in s

rela tive
ac tiv ity

se q u en ce  o f 
SA  s tra in s *

l 126 l
2 110.5 3
3 87.6 2
4 60 4

1 0 56.7 1 0
5 40.5 8
6 30 5
7 25.7 7
8 23.7 6
9 21 9

1 1 17.2 12
1 2 1 2 .6 1 1

* F rom  reference 1
Spearm an rank co rre la tio n  coefficient =  0.93706 (p <  0.0001)
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Table IV

Chemiluminescence inducing activity o f  staphylococci in mouse 
spleen cells, in residual and activated mouse peritoneal cells

S iiö in

C hem ilum inescence (rpm)*

spleen cells
peritoneal cells 

residual activated

SA-l 69 340 20336
SA-2 77 371 25180
SA-9 51 138 7760
SE-1 ■18 70 270

25 30 143

*  Average of three independent experiments

residual PC. T he  sp leen  cells did no t  reac t  w ith  a reproducible CL response  
u n d e r  the  p resen t  ex p e r im en ta l  conditions (Table  IV).

We co m p ared  th e  IL-2 and  CL induc ing  ac tiv it ies  of 4 s taphy lococca l  
s tra in s  on the  cells o f  3 d ifferent mouse s tra ins .  T h e  re la tive  inducer ac t iv i t ie s  
are listed in T ab le  V. T he  sequences of th e  s t ra in s  were identical in t h e  tw o  
te s ts  and th ey  b e h a v e d  sim ilarly  in th e  cells o f  th e  3 different s tra ins o f  mice, 
too . We n ex t  co m p ared  th e  CL inducing  ac t iv i t ies  o f  staphylococcal s t r a in s  in 
m ouse cells w ith  th o se  in  h u m a n  cells. A good ag reem en t  was found , s ince  4 
o u t  of 12 occupied an  iden tica l  position for h u m a n  and  mouse cells, w hile  for 
a fu r th e r  6 the  d ifference was only one place. Tw o s tra in s  differed in tw o  p laces 
a t  most. The S p e a rm a n  r a n k  correla tion  coefficient was significant in  th is  case 
too  (Table VI). C om parison  of the  t im e  fram e  a n d  the  m agnitude  o f  t h e  CL 
response of MNC a n d  ac t iv a te d  m ouse PC in d ic a te d  very  similar p a t t e r n s .  
T he  m agn itude  of  th e  CL response of  mouse cells was som ew hat su p e r io r  to  
t h a t  of h u m a n  cells. H ow ever,  th e  sequence of  ac t iv i ty  of the  in v e s t ig a te d  
s tra in s  was th e  sam e in  b o th  system s (Fig. 2). T h e  observed corre la t ion  b e ­
tw een  th e  IL-2 a n d  CL induc ing  activ it ies  in h u m a n  and  mouse cells led  u s  to

Table V

Chemiluminescence and IL -2  inducing relative activities o f  
staphylococci in  cells o f  C F L P , C B A , and Balb/c mice

S tra in
IL -2* Chem ilum inescence* *

B alb /c CBA C F L P Balb/c CBA C F L P

SA-I 9.9 10.5 13.2 132 120 143
SA-2 1 0 .1 1 1 .8 15.9 126.8 134 175
SA-9 3.1 3.3 3.4 42 27.3 49
SA-l 1 .6 1 .8 1.7 3.4 2.1 4.6

*  in spleen cells
* in activated PC
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Table VI

Sequence o f  chemiluminescence inducing  
activities o f  staphylococcal s tra in s in  human 

and mouse cells

H u m a n MNC M ouse PC

sequence  o f 
SA  s tra in s

CL (cpm ) se q u en c e  o f  
SÄ  s tr a in s

CL (cpm)

i 21450 2 27388
2 18777 1 24225
3 14891 3 18445
4 10200 4 14310

10 9644 5 12558
5 6879 10 9940
6 5115 8 7822
7 4374 7 7687
8 4024 6 6510
9 3573 9 6482

11 2930 12 4565
12 2146 11 4291

S p ea rm an  ran k  corre lation  coefficient =  0.78322 (p =  0.0026)

h y p o th e s is e  t h a t  th e  in te n s i ty  of host r e a c t io n s  represented  here b y  IL-2 and 
CL responses  m ight corre la te  to  the  v iru lence  of bacteria. In o rder  to  answ er 
th i s  q u es t io n ,  we decided  to  com pare th e  v iru len ce  for mice of re p re se n ta t iv e  
s t r a in s  o f  s taphylococci w i th  high, m o d e ra te  or low CL s t im u la t in g  ac t iv i ty .  
B efo re  th e  d e te rm in a t io n  of  the  L D 50 v a lu es  o f  th e  selected s tra ins ,  we te s ted  
t h e  CL  in d u c in g  a c t iv i ty  of  the ir  viable  fo rm s .  T h e  comparison of th e  ac tiv it ies  
o f  h e a t  killed and live p rep a ra t io n s  d id  n o t  rev ea l  any  difference b e tw een  them  
(T ab le  V II ) .  Besides th e  viru lence tes t ,  t h e  IL -2  inducing and C L -s tirnu la ting  
a c t iv i t ie s  o f  th e  selected stra ins  were also de te rm ined  s im u ltaneously .  We 
d e te c te d  th e  lowest L D 50 values for SA-2 a n d  SA-1, which were th e  m ost 
a c t iv e  inducers  of IL-2  p ro d u c t io n  and  CL response. They  were followed by 
SA-9. F o r  SE-1, we could no t de te rm ine  th e  L D 50 dose, since in ocu la t ion  of 
u n d i lu te d  B H IB  cu ltu res  of  th is  b ac te r iu m  did  not kill the  an im a ls  (Table
V I I I ) .

Discussion

T h e  Staphylococcus aureus  species possesses m ultip lex  factors o f  viru lence 
[8—10]. One can assum e th a t  stra ins exp ress ing  a q u an t i ta t iv e ly  or q u a l i ta t iv e ly  
m o re  eff ic ient set of these  factors m igh t  r e p re s e n t  a s tronger s t im u lu s  for host 
defences.  F o r  the  s taphy lococci in v e s t ig a te d  in  th e  present s tu d y ,  th e  IL-2 
in d u c in g  a c t iv i ty  in  T  lym phocy tes  and  t h e  s t im u la t ion  of CL in m onocy tes  
seem ed  to  be quas i-characte r is tic  and  p a ra l le l  a t t r ib u te s  of th e  ind iv idua l
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Fig. 2. K in e tic s o f th e  chem ilum inescence response in h u m an  an d  m ouse cells s t im u la te d
w ith  h ea t-k illed  staphylococci

Table VII

Chemiluminescence inducing activity in activated mouse 
peritoneal cells o f  heat-killed and live staphylococci

C hem ilum inescence (cpm )* 

h ea t-k illed  live
S tra in s

SA-] 
SA-2 
SA-9 
SE-1

21400
24590

7193
257

20907
26662
6873

305

* A verage of th ree  independen t de term inations

Table VIII

Virulence fo r  mice and chemiluminescence and IL-2  
inducing activities o f  staphylococci

IL -2 1" Chem ilum inescence**

cpm relative
activity cpm relative

aetivity

SA-I 4.18 7856 (10.6) 27450 (160)
SA-2 4.02 8811 (11.9) 27710 (170)
SA-9 5.74 2612 (3.5) 8112 (SO)
SE-1 >7.78 1256 (1.7) 310 (1.9)

* In spleen cells 
** In  ac tiv a ted  PC
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s t ra in s .  P re l im ina ry  e x p e r im en ts  w ith  re p re se n ta t iv e  s tra ins  w ith  different 
in d u c e r  activities in d ic a te d  th a t  these p ro p e r t ie s  corre la ted  w ith  th e  virulence 
o f  t h e  bacteria . T he  obse rved  correla tion  p e rm its  th e  a ssum ption  t h a t  the  
sam e  or closely re la te d  fac to rs  are responsible  for  these  activities. O ur  previous 
re su l ts  [1] seem to  a rg u e  against the  p a r t ic ip a t io n  of some a lready  know n 
fa c to rs  o f  p a th o g en ic i ty  in  th e  1L-2 induc ing  ac t iv i ty  of s taphylococci;  th e re ­
fore , th e  role of a so fa r  un iden tif ied  c o n s t i tu e n t  can n o t  he excluded. The 
iso la t io n  and  chem ical analysis  of the  IL -2  a n d  CL inducing  principle  would 
g re a t ly  p rom ote  t h e  e lu c ida tion  of th is  en igm a . I n  th e  c o n t in u a t io n  of the 
p re s e n t  work, our c u r r e n t  experim ents  are t a rg e te d  on th is  topic.

Acknowledgement. T h e  a u th o rs  th a n k  D r . K r i s z t i n a  B o d a  for s ta tis tic a l analysis of 
th e  re su lts .
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POTENTIAL SHIGELLA FLEXNERI 2A 
AND SHIGELLA SONNEI I LIVE VACCINAL STRAINS. 

CHARACTERIZATION OF IMMUNOGENICITY 
IN ANIMAL MODELS

Y. D e n c h e v , T a t ia n a  S u m e r s k a , S n e j i n a  Ma r i n o v a , T c h . V a s s i l e v , 
I sk r a  P a n o v a  and K . L i n d e

In stitu te  o f  In fectious and P arasitic  Diseases, S o fia , B u lgaria , and Institu te  o f  M edical 
M icrobiology and E pidem iology, K a rl M a rx  U n iversity , Leipzig , F R G

(R eceived  M arch 30, 1990)

R a ts  an d  ra b b its  were im m u n ized  in tra in te s tin a lly  w ith  d ifferen t doses o f  v iru le n t  and 
n o n v iru le n t live  Shigella f le x n e r i  2a an d  Shigella sonnei I  s tra in s . T he n o n v iru le n t s tra in s  had 
one or tw o a tte n u a tin g  m ark ers . T he period  of ex cre tio n  w ith  th e  faeces o f th e  b a c te r ia  and 
of th e ir  p o lysaccharide  an tig en s, th e  p ro life ra tio n  of a n tig e n -b in d in g  and an tib o d y -p ro d u c in g  
cells in  th e  spleens and  g u t-asso c ia ted  ly m p h o id  tissues a n d  th e  levels o f a n tib o d ie s  in  sera 
an d  faeces w ere s tu d ied . A tte n u a te d  s tra in s  S . f le x n e r i  2a 77 an d  S. sonnei I 3359 in d u ced  the  
m o st p o te n t an d  long las tin g  local im m u n e  response.

A prom ising  app ro ach  for im m u n o p ro p h y lax is  o f  bacte r ia l  d y se n te ry  is 
th e  use of  live a t t e n u a te d  Shigella  s tra ins  for oral vacc ination . A n u m b e r  of 
s t ra in s  h av e  been con s tru c ted  b y  us and th e  s tab i l i ty  of  a t te n u a t io n  as well as 
th e  ab il i ty  to  invade  gu t  ep ithelia l  cells have  been  s tud ied  [1]. T he  n e x t  step 
in th e  ev a lua tion  of these  s tra in s  is th e  cha rac te r iza t io n  of th e i r  im m uno- 
gen ic ity  in  an im al models. I t  is k n o w n  th a t  th e  only  anim als in w hich  shigellae 
cause  a disease analogous to  t h a t  in h u m an s  are some p r im a tes .  As such 
an im als  are no t  availab le  to  us a n o th e r  an im al m odel for s tu d y in g  th e  devel­
o p m e n t  of  th e  local im m u n e  response in  sh o r t- te rm  and  long-lasting  ex p e r i­
m e n ts  following a single or m ultip le  im m u n iza t io n  is needed 12—4]. As p ro ­
tec t ive  im m u n i ty  to  shigellae is m ain ly  due to  th e  presence of sec re to ry  a n t i ­
bodies in  t h e  gut, th e  an im al model should p e rm it  th e  s tu d y  of th e  pro life ra t ion  
of im m u n o c o m p e te n t  cells in th e  gu t-associa ted  ly m p h o id  tissues in response 
to  im m u n iza t io n  as well as th e  k inetics of th e  system ic  and the  local a n t ib o d y  
responses [5]. S tudies on th e  anim al models used p e rm it  th e  co m p a ra t iv e  
e v a lu a t io n  of  the  d ifferen t a t t e n u a te d  s tra ins  availab le  and  to  select those

V. D e n c h e v , T a tian a  S u m e r s k a , Sn e j in a  Ma r in o v a *, T c h . V a s s ii.e v , I sk r a  P anova  
I n s t i tu te  o f In fec tio u s  am i P a ras itic  D iseases 
V la d im ir Z aim ov  26, 1504 S o fia , R u lgaria

K . L in d e

I n s t i tu te  o f M edical M icrobiology and  E p id en iio lo g v , K arl M arx U n iv e rs ity  
L e ipzig , F R G

* C o rresp o n d in g  a u th o r
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w i th  th e  best p a ra m e te rs  fo r  th e  po ten tia l  use as live oral vaccines. Results  
f ro m  experim ents  on th e  r a t  and  rah h i t  m odels charac ter iz ing  some of the  
Sh igella  stra ins s tud ied  in o u r  labo ra to ry  are p re se n te d  in th is  com m unica tion .

Materials and methods

Bacterial strains. Shigella  f le x n e r i  2a: (i) s tra in  9108 —  wild ty p e , h igh ly  v iru len t, 
iso la te d  fro m  a p a tie n t in  B u lg a r ia ;  (ii) stra in  75 P u r  —  w ith  one a tte n u a te d  m ark e r and 
re s id u a l  v iru lence (purine  a u x o tro p h ic ) ;  (iii) stra ins 77, 78 a n d  83 P u r - / R i f '— w ith  tw o a tte n ­
u a t in g  m ark e rs  — purine  a u x o tro p h ic  and a v iru len ce-red u cin g  m u ta tio n  w ith  a m etabo lic  
d r i f t .

Shigella sonnei I :  (i) s t r a in  1180 — wild ty p e , h ig h ly  v iru le n t iso la ted  in  B ulgaria ; 
(ii) s t r a in  2923 P u r -  5/6 w ith  one  a tte n u a tin g  m ark e r —  p u rin e  au x o tro p h y  a n d  w ith  residual 
v iru le n c e ; (iii) stra ins 3357, 3359 a n d  3361 P u r “/ R if r —  w ith  tw o a t te n u a tin g  m ark e rs  — 
p u r in e  au x o tro p h ic  and w ith  a v iru len ce  reducing m u ta tio n . All s tra in s  (w ild an d  a tte n u a te d )  
c a r r ie d  th e  high-m olecular v iru le n c e  p lasm ids [1].

T h e  m ethods for c o n s tru c tio n , selection and  p r im a ry  ch a ra c te riz a tio n  h av e  been 
d e sc rib e d  before [1, 6]. T hose  s tra in s  to  be used  for e n te r ia l im m u n iza tio n  w ere grow n on 
n u t r ie n t  agar overn igh t an d  su sp en d e d  in saline. T he n u m b e r  o f b ac teria  w as d e te rm in ed  by 
u s in g  th e  Y th  In te rn a tio n a l o p tic a l s tan d ard  of th e  W o rld  H e a lth  O rgan iza tio n  fo r en teric  
b a c te r ia .  In  all cases th e  n u m b e r  o f live b acteria  — co lony  form ing  u n its  (c .f.u .) was d e te r­
m in e d  b y  p la ting  on ag ar seria l d ilu tio n s (1 : 102, 1 : 10:* a n d  1 : 104) o f th e  suspensions.

E xperim enta l an im als. G u in ea  pigs w eighing 180—200 g w ere used for th e  ev a lu a tio n  of 
th e  v iru le n ce  of the  s tra in s  b y  th e  k e ra to co n ju n c tiv itis  te s t  [7].

In b re d  W istar an d  L o n g  E v a n s  ra ts  w eighing 180-200 g were used  in  sh o rt-te rm  
(7 -1 5  d a y s) experim en ts fo r s tu d y in g  th e  response o f th e  im m u n o co m p e ten t cells in th e  spleen 
a n d  th e  gu t-associa ted  sy s tem  to  th e  im m u n iza tio n , as well as th e  a n tib o d y  response  in  the  
se ru m  a n d  th e  gut.

B elg ian  g iant and  C h in ch illa  ra b b its  w eighing 3 -3 .5  kg  w ere im m unized  an d  stu d ied  in 
s h o r t - te rm  and in lo n g -lasting  (6—18 m o n th s) ex p erim en ts . T he p ro life ra tion  of an tigen-specific  
a n d  an tib o d y -p ro d u c in g  cells in  th e  spleen, m esen tery  ly m p h  nodes, P ey ers’ p a tc h es  and  the 
a p p e n d ix  were followed fo r tw o  w eeks a fte r  im m u n iza tio n . In  chronic  ex p erim en ts  th e  k inetics 
o f se ru m  an tibodies and  of c o p ro a n tib o d y  excretion  w ere s tu d ied .

I n  every  ex p erim en ta l g ro u p  15-20 ra ts  an d  20—30 ra b b its  were used . T he im m uno- 
g e n ic ity  o f th e  stra ins w as te s te d  on  ra ts  f irs t and if  th e  re su lts  p roved  p ro m isin g , ad d itio n al 
s tu d ie s  on  ra b b its  were ca rried  o u t. T he ex p erim en t w ith  each  s tra in  was re p ea te d  a t  least 
th re e  tim es .

In d iv id u a l sera a n d  faeca l e x tra c ts  from  ev ery  r a t  a n d  ra b b it  were in d iv id u a lly  te s ted  
b y  th e  p assiv e  h aem ag g lu tin a tio n  m eth o d  before th e  im m u n iza tio n  for an tib o d ies  to  S . fle x n er i  
2a, S . sonnei I and to  sheep  e ry th ro c y te s . A nim als w ith  an tib o d y  titre s  o f 1 : 20 or h igher 
w e re  n o t  used.

E ntera l im m uniza tion  o f  ra ts and rabbits. T w e n ty  h o u rs  before th e  im m u n iza tio n  the  
a n im a ls  w ere left w ith  free access to  w a ter only. U n d e r  H ex o b arb ita l (A rtzn e im itte lw erk , 
D re sd e n , G D R ) an aesth es ia  a  sm a ll lap a ra to m y  w as p e rfo rm ed  and  th e  b a c te r ia l suspension 
w as in je c te d  in to  th e  p ro x im a l je ju n u m . A fter th e  o p e ra tio n  th e  an im als h ad  free access to  
fo o d  a n d  recovered  qu ick ly  [8]. T h e  excretion  of th e  v acc in a l stra in s  w ith  th e  faeces was 
in v e s t ig a te d  daily by  p la tin g  fa ec a l sam ples from  each  im m u n ized  an im al on M acC onkey and 
on  a se lec tiv e  shigella agar.

T h e  pro liferation  a n d  d iffe re n tia tio n  of im m u n o c o m p e ten t cells in th e  ly m p h o id  organs 
w as in v e s tig a te d  by  s tu d y in g  th e  k in etics of th e  an tig e n -b in d in g  and an tib o d y  producing  
cells d u rin g  th e  im m une re sp o n se . In  each  ex p erim en t 3 r a ts  o r ra b b its  w ere k illed  daily  and 
th e  n u m b e r  of an tig en -b in d in g  (ro se tte -fo rm in g ) ly m p h o c y te s  w as d e te rm in ed  b y  th e  m eth o d  
o f  M cC onnel [9 | and th a t  o f th e  an tib o d y -p ro d u cin g  cells by  th e  m eth o d  of D resser and 
G re av e s  [10]. In  b o th  cases sh eep  e ry th ro cy te s  coated  w ith  lip o p o lysaccharide  an tig en s p re ­
p a re d  b y  th e  m ethod of Y a m a d a  as described in [11, 12] f ro m  v iru le n t or a tte n u a te d  S . fle x n eri  
2a a n d  S . sonnei I s tra in s  w ere u se d . P a ra lle l con tro l e x p e rim e n ts  w ith  u n c o a ted  e ry th ro cy te s  
w ere  a lw ay s  perform ed.

P reparation o f the fa eca l extracts. One gram  faeces w as hom ogenized w ith  9 ml o f cold 
p h o sp h a te -b u ffe red  saline p H  7.2 co n ta in in g  100 U /m l o f th e  p ro te in ase  in h ib ito r  K o n trica l
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(A rtzn e im itte lw e rk , D resden). T he suspension  w as c leared  by  cen trifugation  (3000 g  fo r 30 min 
a t  4 °C) an d  h ea ted  for 30 m in  a t  56 °C. T h is t r e a tm e n t  dim inished th e  no n -sp ec ific  ag g lu tin a ­
tio n  of th e  sheep red  blood cells.

Passive haem agglulination  was used  to  m easu re  th e  level of an tib o d ies in  se ra , in  the 
c o n te n t o f th e  g u t and in th e  faeces. T he p re p a ra tio n  o f e ry th ro cy tes  w as d e sc rib e d  above. 
D u rin g  th e  course o f th e  sh o rt- te rm  ex p erim e n ts  th e  an tib o d ies in th e  se ru m  a n d  d ifferen t 
seg m en ts  o f th e  in te stin e  w ere d e te rm in ed  in  each  k illed  anim al. In  th e  lo n g -la s tin g  experi­
m en ts  b lood  was collected and  te s te d  once w eekly  a n d  th e  faeces daily d u rin g  th e  e n tire  period 
o f o b se rv a tio n  [13, 14].

Passive haem agglutination inh ib ition  method  se rv ed  to s tu d y  the  period  o f  ex c re tio n  of 
th e  lip o p o lysaccharide  som atic  an tig en s o f th e  v acc in a l stra ins. The te s t  w as p e rfo rm ed  as 
desc rib ed  and  th e  a m o u n t o f d e te c te d  free a n tig en  w as expressed  as t itre  [15 ).

Results anil discussion

T he  first problem to  be solved in th e  continuous efforts to  cha rac te r ize  
th e  im m u n o g en ic i ty  of one-, tw o- a n d  th re e -m a rk e r  a t te n u a te d  s t r a in s  [11, 12, 
16—18 I was to  find the o p tim a l im m u n iz in g  doses for ra ts  and  r a b b i t s .  These 
doses should  induce a p o te n t  and long-las t ing  secretory im m u n e  response  in 
th e  g u t  and  a t  th e  same t im e  cause tox ic  or  o th e r  side effects.

D a ta  on the  surv ival o f  r a b b i ts  t r e a te d  enterally  w ith  d i f fe re n t  doses 
v i ru le n t  S . fle x n e r i  2a and S. sonnei I s t ra in s  are presented in  T a b le  I. The
S . fle x n e r i  2a 9108 s tra in  caused th e  d e a th  o f  some of the  anim als  t r e a t e d  with 
doses h igher  th a n  5 X  1010 c.f.u. and  th e  S. sonnei I  1180 stra in  — a l r e a d y  in the 
lowest dose s tud ied  — 2.5 X  Ю10 c.f.u. T h e  pathological e x a m in a t io n  o f  the  
dead  an im als  found  haem orrhag ic  en te r i t is ,  exuda tive  pericard it is  an d  toxic 
degen e ra t io n  of tin' liver, described earlier b y  us as an ex p e r im en ta l  m odel of 
shigella in tox ica t ion  [19]. In  th e  su rv iv ing  an im als  a marked p ro l i fe ra t io n  and 
d iffe ren tia t ion  of im m u n o c o m p e te n t  cells w as observed as well as a system ic

Table I

Toxic effect o f  some virulent and attenuated S . f le x n e r i 2a and S. sonnei I  stra ins applied  into 
the je ju n u m  o f  rabbits (50  an im als per strain)

N u m b e r  
o f  b a c te ria l 

cells

V iru le n t s tra in s A tten u a ted s tra in s*

0/
le th a lity

%  o f su rv iv o rs  
ex c re tin g  m ucus 1c tb a lity

%  o f  a n im a ls  
e x c re t in g  m u cu s

S. f lex n e ri S. 
2a 9108

sonnei
1180

S. f lex n e ri 
2.» 9108

S. sonnei 
1180

S. flex n eri S. so.inei S
2.1 77 3359

i. f le x n e r i
2* 77

S. sonnei
3339

2.5 X  1010 0 15 0 15 0 0 0 0
5 X  10'° 10 30 10 30 0 0 0 0

7.5 X  l « lu 27 55 15 30 0 0 0 0
lO x  101" 50 70 30 20 0 0 0 . 0
15 X  10'° 83 90 10 10 0 0 0 0

H eat-k illed
bacteria

15 X  1010 0 0 0 0 0 0 0 0

* All a tte n u a te d  stra ins tes ted  did n o t cause k e ra to co n ju n c tiv itis  in guinea pigs
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a n d  local secretory a n t i b o d y  response. The h ig h e r  th e  dose of the  e n te ra l ly  
a p p l ie d  stra in the  m ore  p o te n t  and long-lasting  th e  im m une response was. 
A nalo g o u s  experim ents  w ere  also performed w i th  t h e  a t te n u a te d  stra ins . I n  no 
case  local or system ic re a c t io n s  were observed . I n  th e  rabb its  im m u n ized  
e n te r a l ly  w ith  doses of  5 X  1 0 10 and  7.5 X 1010 c .f .u . o f  th e  a t te n u a te d  s t ra in s  a 
loca l  a n d  serum im m u n e  re sp o n se  was observed. T h e se  doses were used in  s u b ­
s e q u e n t  experim ents for  t h e  comparative c h a ra c te r iz a t io n  of the  im m u n o -  
g e n ic i ty  of the a t t e n u a te d  s t ra in s .

R a ts  were im m u n iz e d  b y  applying 0.5 X  Ю 9, 10“, 2.5 X 109, 5 x l 0 9 and 
1 0 x 1 0 “ c.f.u. into th e  p r o x im a l  je junum . T he  doses  2.5 X 10“ and 5 x 1 0 “ were 
l a t e r  used for im m u n iz a t io n  d u r ing  the p r im a ry  sc reen ing  of the S .f le x n e r i  2a 
a n d  S . sonnei I s tra ins .

T he  background  n u m b e r s  of an tig en -b in d in g  and an tibody-p roduc ing  
cells a n d  of the a n t ib o d y  leve ls  in the sera a n d  faeces of non-im m unized  ra ts  
a n d  ra b b i ts  to the  s o m a t ic  antigens of S. f le x n e r i  2a  and S. sonnei I were 
d e te rm in e d  (Table I I ) .  A n tib o d ie s  in the faeces w ere  n o t  observed, b u t  5 0 %  
of t h e  rabb its  and 1 0 %  o f  t h e  ra ts  had d e te c ta b le  levels of antibodies in  the  
se ra  in  ti tres  1 : 10 or h ig h e r  to  one of these  a n t ig e n s  measured b y  passive  
haem ag g lu t in a t io n .  T h e  p resence  of these a n t ib o d ie s  could be flue to  the  
re sp o n se  of the an im als  t o  cross-reactive b a c te r ia l  antigens.

Table II

P rolifera tion  o f immunocompetent cells in the spleens o f  rabbits and  rats immunized enterally w ith
live Shigella strains

S tra in
N o .

R a b b its  im m u n iz e d  
e .f .u . S. f le x n e r i

w ith  7.5 X l0 10
2a stra ins

R a ts  im m unized  w ith  5 x  10® 
c .f .u . S . flex n eri 2a s tra in s

a n tig en -b in d in g
ce lls1

antibody-producing
cells2

a n tig e n -b in d in g
ce lls

a n tib o d y -p ro d u c in g
cells

9108
75
77
78 
83

21 +  10 
238 +  61 
300 +  104 
119 +  26 
76 +  19 

112 +  30

0.1 +  0.07
10 +  4
11 +  4
10 +  2
2 + 1  
3 +  2

89 +  45 
425 +  54 
126 +  37 
328 +  80 
143 +  83 
149 +  100

0.07 +  0.03 
14 +  12 

8 +  2 
27 +  9 
11 +  10 
16 +  3

R a b b its  im m u n iz e d w ith  7.5 X 1010 R a ts  im m unized  w ith  5x10®
c .f .u . S . so n n e i I stra ins c .f .u . S . sonnei I s tra in s

18 +  9 0.1 +  0.07 95 +  80 0.1 +  0.05
1180 1 5 6 + 3 4 9 +  3 7 8 9 + 1 3 8 10 +  9
2923 142 +  28 8 +  3 1310 +  280 17 +  13
3357 124 +  18 6 + 1 1 0 9 4 + 9 5 5 17 +  7
3359 138 +  34 8 +  3 784 +  350 21 +  11
3361 5 8 + 1 9 3 +  3 3 4 6 + 1 7 0 4 +  2

'  X 103 p e r  108 lym phoid cells, p e a k  value on day 3-5  (a r itm e tic  m ean +  SD)
2 X 103 p e r 108 lym phoid cells sec re tin g  IgM antibody , p e ak  v a lu e  on day 3-5 (a ritm etic  m ean

±  SD )
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Some o f the properties of the virulent and attenuated strains w hich  are 
relevant to  their ability to induce an im m une response in the in testines arc 
presented in  Table 111. Both viru lent and the attenuated strains S . fle x n e r i  
2a 77 and S . sonnei 1 3359 rem ain stable in their S-form, are being excreted  
with the faeces for longer periods and their som atic antigens persist in  the gut 
4-5  days post im m unization. These tw o-m arker attenuated strains retain  the  
large plasm ids responsible for coll-invasiveness the 120 Md plasmid in  S . sonnei 
and the 140 Md one in S. fle x n e r i  2a [1]. E nteroinvasiveness of shigellae is an 
im portant factor for the induction of a local im m une response in th e  gut 
[20- 22 ].

The data on the proliferation and differentiation of antigen-binding and 
antibody-producing cells in the spleens o f rats and rabbits induced b y  the  
enteral application of virulent and attenuated Shigella  strains confirm  that 
the double-m arker attenuated strains S. fle x n e r i  2a 77 and S. sonnei I 3359 
possess good im m unogenicity — second only  to the virulent and one-m arker 
attenuated  strains (Table II).

It should he noted that no local antibodies were detected during the 
short-term  experim ents in the gut of rats im m unized enterally w ith  the 
S. fle x n e r i  2a strains, while all S . sonnei I strains tested  induced th e  secretion  
of local antibodies. Experim ents on rabbits confirm ed the finding th a t the 
enteral adm inistration of Shigella  strains induced the developm ent o f a local 
secretory im m une response in the gut detected  on the 3 -7 th  postim m unization  
day. The inform ation obtained in tests o f short duration was confirm ed in

Table III

Biological characterization o f  the studied strains

P eriod  o f excretion  w ith  faeces , d a y s

in ra b b its in ra ts in ra b b i ts in ra ti

S. fle xn eri 2a

9108 W ild  type 100 51 +  13 5-6 4-6 6-7 4-6
75 P u r - 2 96 5 8 + 1 4 4-6 2 5 5-7 3-5
77 P u r / R i f ' 96 49 +  25 3-5 3-5 2-5 3-5
78 P u r / R i f ' 75 38 +  6 3-4 3-5 2-3 2-4
83 P u r  /R iP 75 4 8 + 1 6 3-4 3-5 2 3 3-4

S. sonnei 1

1180 W ild  type 96 5 6 + 1 0 6-7 4-6 6-7 5 7
2923 P u r  5/6 90 37 +  25 3-5 3 4 3 -5 3 -4
3357 P u r - / R i f r 48 75 3 6 + 1 5 3-4 3-4 3-5 3 -4
3359 P u r  /R if r 57 96 3 8 + 1 3 3-5 3-4 3-5 3-4
3301 P u r / R i f r 60 75 3 3 + 1 5 2-4 2-4 3-5 2-3

* L ive b a c te r ia  (m ean values +  SI)) in  th e  suspension from  agar cu ltu res p resen ted  as %  of the 
n u m b er o f bac teria  in th e  sam e suspension de te rm in ed  by using an  optical s ta n d a rd
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long-term  experim ents on rabbits. Data presented  in  Tables IV and V point 
ou t th a t the double-m arker attenuated strains S .  f l e x n e r i  2a 77 and S .  s o n n e i  

I 3359 cause a rise in serum  antibody levels c losest to that in response to  the  
v iru len t strains. Several conclusions could be m ade regarding the local im m une 
response in the gut: (i) coproantibody excretion starts 5 days after the primary 
and 4 days after the secondary im m unization; (ii) the duration of the response 
to  th e  attenuated strains S .  f l e x n e r i  2a 77 and S .  s o n n e i  I 3359 was close to  
th a t caused by the corresponding virulent strains and (iii) the same is true 
concerning the levels o f excreted  antibodies. A finding of considerable im port­
ance w as the observation o f a secondary-type im m une response — regarding 
b oth  serum  and loca lly  secreted  antibodies in the gut. Each subsequent boost­
ing dose from all the strains tested caused a doubling of the antibody titres 
(T ables IV and V).

The experim ental m odels developed by us perm it the study o f different 
param eters of the im m une response to enterally  applied live S h ig e l la  strains: 
the proliferation and differentiation  of antigen-specific cells in the gut-associat­
ed lym phoid  tissues and th e  spleen and the k in etics o f serum and local secretory  
a n tib o d y  production. The m odels could be used for the study o f the im m uno-

ТаЫе IV

Im m u n e  response o f  rabbits to three doses o f  S. flexn eri 2a stra ins applied enterally 90 110 days apart*

S tra in
A n tib o d ies  ini se ru m * * A n tib o d ie s in  faecal e x tra c ts **

N o . U n d ay
-------------------------------------- — respond ing a p p e a r ure d e tec ted m ean  t i t re

15 ‘>0 anim als, % o n  d a y u n til day -  SD on  d a y  7

R esponse to the prim ing dose

9108 2634+2260 2 3 4 + 1 6 0 75 5 62 144+ 117
75 980 +  360 110 +  40 60 5 32 80 +  40
77 976 +  620 180 +  80 60 5 41 7 6 + 4 4
78 180 +  80 30 +  20 50 5 20 100 +  24
83 538 +  320 8 0 + 4 0 10 5 8 260 +  92

R esponse to the boosting dose

9108 1760+1280 2 8 0 + 3 0 100 4 76 178 +  144
75 1670+1220 240 +  80 90 4 46 172 +  126
77 4180+3120 3 2 0 + 1 6 0 100 4 75 185 +  140
78 1100 +  660 180 +  80 67 4 28 67 +  30
83 1472+1052 2 0 0 + 8 0 100 4 29 195 +  140

i t lîsponse to  the second b o o sting  dose
9108 11360+10060 620 +  160 100 4 71 428 +  360

75 6640 +  4260 320 +  80 100 4 46 2 2 4 + 8 2
77 8180 +  7620 3 6 0 + 1 6 0 100 4 101 365 +  302
78 3200 +  2840 200 +  80 100 4 29 160+ 1 0 0
83 4600 +  3440 2 4 0 + 1 2 0 100 4 28 180+ 1 0 2

' A t le a s t 30 ra b b its /s tra in w ere stu d ied
** R ec ip ro ca l m ean values +  SD
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Table V

Im m u n e  response o f  rabbits to three doses o f S . sonnei 1 stra ins applied enterally 90 110 days apart*

St rain  
N o.

A ntibod ies in serum ** A ntibod ies in faecal e x trac ts* *

On day 
15

- resp o n d in g  a p p e ar arc  d etected  
90 an im a ls , %  o n  day  u n til day

mean litre 
SÖ on day 7

R esponse to  th e  p rim in g  dose

1 180 13290+12000 370+ 2 5 2 20 6 51 1 5 0 + 1 1 0
3357 356 +  256 48 +  20 10 6 7 20
3359 2660+ 2550 80 +  40 10 5 6 60 +  20
336J 130+ 50 0 10 6 7 40

R esponse to  the firs t boosting  dose

! 180 16640+15120 510 +  440 100 4 54 3 1 4 + 2 6 0
3357 550 + 4 0 0 120+ 40 100 5 35 7 2 + 4 0
3359 4840+ 4090 60 +  40 67 4 47 132 +  100
3361 366 + 3 0 0 3 0 + 1 0 100 5 20 6 8 + 4 0

R esponse to  the second ]boosting dose

1180 9040 +  8600 360 +  200 100 4 107 6 2 8 + 1 0 3
3357 2496 +  2020 80 +  40 100 4 71 740 +  600
3359 1080+800 64 +  22 100 5 45 860 +  700
3361 280+ 200 2 0 + 1 0 75 4 22 3 6 + 1 6

‘ A t least 30 rab b its /s tra in  were stud ied
** R eciprocal m ean values +  SD

gen icity  o f  other clin ically  relevant bacteria causing enteral in fections as well 
as o f  v accines to  be used for their prevention.

From all strains tested  tw o have been chosen as candidate-vaccinal 
strains — S .  f l e x n e r i  2a 77 and S. s o n n e i  I 3359. Their im m unogenicity and the 
stable lack of virulence give ground to plan their application in hum ans.
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PLASMID ANALYSIS OF CLINICAL ISOLATES 
OF BACTEROIDES ER AGILIS  GROUP STRAINS

E l iz a b e t h  N a g y , É v a  D á n y i  and J. F öldes

Department o f  C linical M icrobiology,
Albert Szent-Gyorgyi U n iversity  M edical School, Szeged

(R eceived  A pril 9, 1990)

C ryptic  p lasm id s w ere iso lated  from  26 of 52 Bacteroides fra g ilis  group s tra in s  d e riv ed  
from  severe  in fections. F o u r  stra in s  h a rb o u re d  tw o  p lasm id s, one th ree  plasm ids a n d  o n e  five  
p lasm ids w ith  d iffe ren t m olecu lar w eights. T h e  sam e m o lecu la r w eight plasm id (3.7 M d) was 
iso la ted  from  17 of th e  26 p lasm id -co n ta in in g  B . fra g ilis  g roup  stra ins . No c o rre la tio n  was 
fo u n d  be tw een  p lasm id -h a rb o u rin g  and re s is tan ce  ag a in s t te n  an tib io tics and d iffe re n t h eav y  
m e ta l ions. No curing  o f th e  stra in s  from  th e  p lasm id s w as achieved w ith e th id iu m  b ro m id e  
a n d  acrid ine  orange.

B a c te r o i d e s  f r a g i l i s  group strains are the m ost frequently isolated anaer­
obic bacteria of clinical im portance. T hey are very often involved in purulent 
in fections of man, alone or together w ith  other anaerobic or facu lta tive  bac­
teria. The specific pathogenicity factors and resistance patterns o f  these  
species are of great interest. The p ath ogen ic ity  factors of other c lin ica lly  im ­
portant bacteria are often encoded on plasm ids, hut functions connected  w ith  
pathogenicity  have not been detected  for B a c t e r o i d e s  plasmids. Like m ost 
other bacteria B a c te r o i d e s  strains possess plasm ids which have been associated  
w ith  drug resistance. P lasm id-m ediated, transferable antibiotic resistance for 
tetracyclin , erythrom ycin, lincom ycin and clindam ycin  has been described for 
different B a c te r o i d e s  species by num erous authors [1-3]. R ecently, surveys  
[4 -7 ] have been performed on the plasm id content of different species of 
B a c t e r o i d e s  isolated from clinical m aterials or from the intestine, w ith  the aim  
of identify ing the plasm id-coded p ath ogen ic ity  factors of these species. In  
these investigations, m ostly small, cryptic plasm ids with different m olecular  
w eights have been found in about 40%  of all strains.

The purpose o f the present stu d y  was to  characterize a series o f B .  f r a g i l i s  

group isolates derived from severe in fections, to  determ ine the plasm id content 
of each isolate, and to  attem pt to fin d  a correlation between the p lasm ids and 
the specific genetic features.

E l i z a b e t h  N a g y , E v a  D á n y i , J ó z s e f  F ö l d e s

D e p a r tm e n t o f  C linical M icrob io logy , A lb ert S zcn t-G yörgy i U n iv e rs ity  M edica l School 
H -6701 S zeged, P .O .B . 482, H u n g a ry
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Materials and m ethods

B acterial strains. A lto g e th e r  52 clinical iso la tes  o f  th e  B . frag ilis  g roup w ere invo lved  
in  th is  s tu d y . All o f th e  s tra in s  were derived fro m  sev ere  p u ru le n t infections t h a t  occu rred  
a f te r  a b d o m in a l or p e lv ic  su rg ery . Two stra in s  w ere iso la te d  from  blood c u ltu res . T he b io ­
ch em ica l id en tif ic a tio n  o f th e  s tra in s  was carried  o u t b y  a m icro  m ethod [8] a n d  b y  gas liq u id  
c h ro m a to g ra p h y .C o n tro l s tra in s  w ith  d ifferen t m o lecu la r w e ig h t plasm ids were u sed : B . fra g ilis  
Y479 a n d  V503, w hich c o n ta in  a 27 Md and a 3.7 M d p lasm id , respectively . Escherichia  coli 
w ith  th e  p lasm id  P B R  322 a n d  E . coli Y517 c o n ta in in g  e ig h t different m o lecu la r w eigh t 
p lasm id s  (1.4, 1.8, 2.0, 3 .4, 3.7, 4.8 and 35.8 Md) w ere also  used . All clinical iso la te s  a n d  th e  
a n ae ro b ic  reference s tra in s  w ere cu ltu red  on b ra in -h e a r t  in fusion  (B H I) agar su p p le m e n ted  
w ith  v i ta m in  K j (10 (ig /m l), h aem in  (5 //g/m l) an d  5 %  cow  blood, in an an aero b ic  ch am b er 
(N a tio n a l, USA) a t  37 °C in  an  a tm osphere  o f 5%  C 0 2, 1 0 %  H 2 and 85%  N 2. E . coli re ference 
s tra in s  w ere cu ltu red  on B H I  agar. All s tra in s  w ere m a in ta in e d  in chopped m e a t b o u illo n  a t  
room  te m p e ra tu re .

D eterm ination  o f  resistance against antibiotics and  heavy metal ions. T he m in im u m  in ­
h ib ito ry  c o n cen tra tio n s  (M IC ) o f 10 an tib io tics w ere d e te rm in e d  by  th e  s ta n d a rd iz e d  ag ar 
d ilu tio n  m eth o d  [9] u s in g  a S teers rep lica to r. A n tib io tic s  included  penicillin G, am pic illin , 
c e fo x itin , m ezlocillin, p ip e rac illin , ch loram phenico l, c lin d am y c in , e ry th ro m y cin , te tra c y c lin  
an d  m etro n id azo le . T he d ilu tio n  o f penicillin G ra n g ed  fro m  0.125 to  128 U /m l a n d  t h a t  o f th e  
o th e r  an tib io tic s  from  0.125 to  128 //g/m l. As c o n tro l s tra in s  for the  MIC d e te rm in a tio n s  
B . fra g ilis  ATCC 25285 a n d  B . thetaiotaomicron  ATCC 29471 were used.

T h e  h eavy  m eta l io n  resis tan ce  of the  clinical iso la te s  was de term ined  b y  m ea n s  of th e  
ag ar d ilu tio n  m ethod . H e a v y  m eta l salt so lu tions, su c h  as sod ium  arsenate, so d iu m  a rsen ite , 
c ad m iu m  n itra te , lead  n i tr a te ,  m ercuric n itra te  an d  z inc  n i tra te , were used  in  a f in a l con­
c e n tra t io n  of 0.1 M to 0.0001 M in th e  su p p lem en ted  B H I  agar p lates. A S teers  re p lica to r 
w as u sed  to  inocu la te  th e  p la te s . The inoculum  w as p re p a re d  by  dilu ting  an  o v e rn ig h t B H I 
b ro th  c u ltu re  to  achieve a f in a l concen tra tion  of 104 b a c te r ia  per spot. The M IC o f th e  m eta l 
ions w ere  de te rm in ed  as th e  low est concen tra tion  p re v e n tin g  grow th.

D eterm ination  o f  beta-lactamase activity. B e ta - la c ta m a se  ac tiv ity  was rev ea led  by  th e  
N itro c e f in  stick  te s t  (D ifco), as a  screening m eth o d  im m e d ia te ly  a fte r iso lation  o f th e  stra in s . 
T h e  s u b s tra te  profiles o f th e  b e ta -lac tam ases w ere d e te rm in e d  sem iq u an tita tiv e ly  b y  m icro­
c o lo rim e try  [10] a fte r  u ltra so n ic  tre a tm e n t of th e  cells. A s su b s tra te s , penicillin  G, am picillin , 
c e p h a lo th in , cefoperazone a n d  cefox itin  were app lied .

P la sm id  isolation. P la sm id  DNA from  th e  c lin ica l iso la tes  of the  B . fra g ilis  g ro u p  an d  
fro m  th e  s tra in s  h a rb o u rin g  reference p lasm ids w as p re p a re d  according to  th e  m eth o d  of 
M eyers e t  al. [11]. T he s tra in s  w ere grown o v e rn ig h t in  30 m l of B H I b ro th . A fte r  c en tr ifu g a ­
tio n  th e  p e lle t was re su sp e n d ed  in  2 ml of 25%  sucrose  in  0.05 M Tris (pH  8.0), an d  lysozym e 
(0.2 m l o f  a 10 m g/m l so lu tio n  in  0.25 M T ris, p H  8.0) w as in cu b a ted  on ice fo r 20 m in , an d  
0.8 m l o f  0.25 M E D T A  so lu tio n  w as added . In c u b a tio n  w as con tin u ed  for an a d d itio n a l 10 m in  
a f te r  w h ich  0.2 ml o f 20%  SD S so lu tion  was ad d ed . L ysis w as allowed to  co n tin u e  fo r 1 h a t 
-f-4 °C. N aC l (3 m )  w as a d d e d  to  a final c o n ce n tra tio n  of 1 M. A fter an ad d itio n a l 4 h  sto rage  
a t  -}-4 °C, th e  ly sa tes w ere cen trifu g ed  a t  23 600 g fo r 30 m in  a t  + 4  °C to rem ove ch ro m o so m a l 
D N A  a n d  cell debris. A fte r  p h en o l e x trac tio n , 3 м so d iu m  a ce ta te  was added  to  a  f in a l con­
c e n tra t io n  of 0.3 M. T h e  p lasm id  DNA was p re c ip ita te d  b y  add ing  two volum es o f cold 95%  
e th a n o l a n d  by holding a t  —20 °C overn igh t. T he p re c ip ita te d  DNA was p e lle ted  b y  c en tri­
fu g a tio n  a t  12 000 g fo r 20 m in  an d  resuspended  in  0.2 m l T E S  buffer. F o r se lec ted  p lasm id - 
h a rb o u rin g  Bacteroides s tra in s , th e  p lasm id iso la tion  m e th o d  of B im bóim  an d  D o ly  [12] was 
also u sed . P lasm id  D N A  fro m  each  species was a n a ly se d  b y  horizontal agarose gel e lec tro ­
p horesis. T he e lectro p h o resis b u ffer consisted of 89 h i m  T ris , 89 т м  boric acid  a n d  2.5 h i m  
E D T A ; 1%  agarose gel w as used . The e lectrophoresis w as carried  ou t a t  24 in  A and  60 Y.

P la sm id  curing. P la sm id  e lim ination  w as a t te m p te d  by  cu ltu ring  se lec ted  p lasm id - 
h a rb o u rin g  Bacteroides s t ra in s  in  B H I b ro th  c o n ta in in g  a sub inh ih ito ry  c o n c e n tra tio n  of 
acrid in e  orange  (20 //g /m l) or e th id iu m  b rom ide (10 //g /m l). S tra ins cu ltu red  in  th e  p resence 
of th e  cu rin g  ag en ts  fo r 48 h  w ere su b cu ltu red  on su p p le m e n te d  B H I agar p la tes. F if ty  colonies 
w ere te s te d  for loss o f a n y  a n tib io tic  or heavy  m e ta l  io n  resistance, and te n  colon ies were 
te s te d  b y  p lasm id  iso la tio n .
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Results

F orty -f ive  of th e  52 clinical isolates from severe infection processes proved  
to  be B. fra g ilis . T hree  s tra ins were iden tif ied  as B . distasonis , tw o  as B . the- 
taiotaom icron  and  tw o  as B. vulgalus. N o n e  of th e  s tra ins  produced  a n y  haem o- 
lysin  on B H I  ag a r  p la tes  con ta in ing  cow blood or sheep blood, b u t  B . fra g ilis  
s t ra in  49 ex h ib i ted  a very  ex tens ive  beta -haem olys is  on a B H I  a g a r  p late  
con ta in in g  horse blood. After a 48 h incu b a t io n ,  th e  haem oly tic  zone was 
a b o u t  13 m m  in  d iam e te r  a round  a single colony. All s tra ins  were te s te d  to  
d e te c t  b e ta - la c tam a se  p ro d u c t io n  im m e d ia te ly  a f te r  the ir  iso lation . T h ir ty -  
tw o  of th e  52 s t ra in s  exh ib ited  b e ta - la c tam a se  p roduc tion  in  th e  N itrocef in  
s t ick  tes t .  All o f  th e m  were cha rac te r ized  as B . fra g ilis . All b e ta - lac tam ase -  
p roduc ing  s tra in s  d isplayed v e ry  s im ilar  su b s tra te  profiles, h y d ro ly s in g  ce- 
p h a lo th in  to  a s im ilar  ex ten ts .  N one or only a very  weak hyd ro lys is  was 
observed  in  the  cases of penicillin a n d  ampicillin. Only 10 of th e  b e ta - lac ta -  
m ase-positive  s t ra in s  hydro lysed  cefoperazone, h u t  none of th e m  were  active  
ag a in s t  cefoxitin .

The MIC va lues  of the  10 an tib io t ic s  aga ins t  th e  52 B. fra g ilis  g roup 
s t ra in s  can  he seen in Table  I. The b e ta - la c ta m  antib io tics  ex h ib i ted  va r iab le  
a c t iv i ty .  P iperacill in  and  cefoxitin  were the most active, w ith  9 4 %  a n d  84%  
suscep tib i l i ty  a t  th e  b reakpo in t .  As ex p ec ted  for this group of m icroorganism s, 
th e re  was a h igh ra te  (89%) o f res is tance  to  penicillin. E ry th ro m y c in  and  
te t ra c y c l in  d isp layed  variable  ac t iv i ty ,  w i th  a high percen tage  o f  r e s is ta n t  
s t ra in s  (61%  and  6 5 % , respectively). A m ong  th e  isolates s tud ied , 1 5 %  were 
re s is ta n t  to  c l indam ycin  a t  4 pg/ml. M etronidazole  and ch lo ram phen ico l  were 
cons is ten tly  ac t ive  aga ins t  all s tra ins .  No m ark ed  differences in  res is tance

Table I

Susceptibility o f  the 52 B . fra g ilis  group strains against ten antibiotics

A n tib io tic s М1СЛ0 
(.«g/m 1)

MIC range 
6<g/ml)

Percentage of susceptible 
strains

b reak p o in t (//g/ml) %

Penicillin i6 0 .25-> 128 2 1 1
A m picillin i6 0 .25->128 8 80
C efoxitin 1! 0.5 128 16 84
Mezlocillin 1 2 >128 64 82
Piperacillin 1 1 — >  128 64 94
C hloram phenicol 4 0.25 8 8 100
C lindam ycin 1 <0.125 32 4 84
E ry th ro m y cin 2 0.25-64 4 61
T etracyclin 1 0.25-128 4 65
M etronidazole 0.5 0.125-2 8 100
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Table II

Susceptib ility  o f  52 В. frag ilis  group stra ins to various heavy 
metal salts

H e a v y  m e ta l  sa lts
C um ula tive p e rcen tag e o f  s tra in s suscep tib le  a t

0.0001 M 0.001 M 0.01 M 0.1 M

Sodium  a rsen a te 0 35 87 1 0 0
Sodium  a rsen ite 0 18 82 1 0 0
C adm ium  n itra te 0 82 1 0 0 1 0 0
Lead n itra te 0 0 1 0 1 0 0
M ercuric n itra te 0 1 0 0 1 0 0 1 0 0
Zinc n i tra te 0 0 42 1 0 0

a g a in s t  th e  given a n t ib io t ic s  were observed  b e tw een  the  B. frag ilis  and th e  
o th e r  te s te d  species o f  th e  B . fra g ilis  group.

R esu lts  of th e  suscep t ib i l i ty  te s t in g  of  th e  52 B. frag ilis  group s tra in s  
a g a in s t  heavy  m e ta l  ions can  he seen in  T ab le  I I .  O f  th e  stra ins  87%  and  Щ °/0 
p ro v e d  to  be susceptib le  ag a in s t  0.01 м sod ium  a r sen a te  and sodium arsen ite , 
respec tive ly .  H ow ever ,  all of the  s tra ins  were in h ib i ted  by  th e  sam e c o n ­
c e n t r a t io n  of c a d m iu m  n i t r a te  and m ercuric  n i t r a te .  Against th e  sam e c o n ­
c e n t r a t io n  of lead  n i t r a t e  a n d  zinc n i t r a te  9 0 %  a n d  5 8 %  of th e  s tra ins  p ro v ed  
to  be res is tan t .

P lasm id  ana lysis  b y  th e  m e thod  of M eyers e t al. [11] revealed  a 5 0 %  
ca rr iag e  ra te  of one or m ore  plasm ids am o n g  th e  te s ted  52 B . fra g ilis  g roup  
s t r a in s  (Table I I I ) .  T h e  sizes of th e  p lasm ids  were  ca lcu la ted  by  com par ing  
th e m  w ith  know n m olecu la r  w eight p lasm ids iso la ted  from reference s tra in s  of 
E . coli an d  B . fra g ilis  s tra in s .  F o u r  of th e  Bacteroides s tra ins  were found  to  
h a r b o u r  tw o p lasm ids  w i th  different m olecu la r  w eights, and  one s t ra in  was 
fo u n d  to  h ave  th re e  p lasm ids ,  whereas B . fra g ilis  s t ra in  56 was found  to  c a r ry  
f ive  d ifferen t m olecular  w eight plasmids. T w e n ty - tw o  of the  p la sm id -co n ta in ­
in g  s t ra in s  belonged to  B . fra g ilis , tw o were cha rac te r ized  as B . vulgatus, a n d  
one each  as B . d istasonis  a n d  B . thetaiotaom icron. The same molecular w eigh t  
p la sm id  (3.7 Md) w as iso la ted  alone (13 s tra in )  or to g e th e r  w ith  o the r  small or 
la rge  plasm ids (4 s tra in s)  f rom  17 of th e  26 p lasm id -bea r ing  s tra ins. O nly  in  
th r e e  B . fra g ilis  iso la tes  (s tra ins  23, 56 a n d  62) w as  i t  possible to  d e tec t  large 
m o lecu la r  w eight p la sm id s  (35, 27 and  30 Md, respectively). F igure 1 shows 
th e  e lec trophoretic  b a n d s  of  the  p lasm ids o b ta in e d  from  th e  cleared lysa tes  of 
th e  B . fra g ilis  s t ra in s .  P lasm id  isolation was also perform ed b y  the  m e th o d  
o f  B im b ó im  and  D o ly  [12] for selected s t ra in s  (s tra ins  8, 18, 21, 23, 49, 55, 
56, 62, 71 and  89), to  see w h e th e r  p lasm ids w i th  th e  same molecular w eights  
can  be de tec ted  b y  th is  m ethod  as well. E lec tro p h o re t ic  analysis o f  th e
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Table III

Plasmid-containing B . fra g ilis  group strains

No. of Molecular weight ofSpecies No. plasmids plasmids (Md)

B .  f r a g i l i s 8 2 2.8, 4.9
9 1 3.9

18 1 3.7
21 1 3.7
23 1 3.5
25 1 4.0
28 1 3.7
29 1 3.7
31 1 3.7
32 1 3.7
34 1 3.7
39 1 3.7

В .  d i  s t  a  s o n  i s 40 1 4.0
В .  f r a g i l i s 41 ! 3.9

43 1 3.7
49 1 3.7
55 1 3.7
56 5 2.8, 3.4, 3.7, 4.9, 27
58 3 3.0, 3.7, 4.2
62 1 3.7, 30

B .  thetaiotaomicron 64 2 3.7
В .  f r a g i l i s 65 1 3.4

66 1 4.8
71 2 3.7, 3.9

В .  vulgatus 84 1 3.7
89 2 2.6, 4.8

A B C D E F G

• 35.8

*  -  Ы  w  w Chr

4.8

< r\ 3.7Т д , «Р '  - 3.4

' •**■ 2.6

2.0

F ig. 1. A garose gel e lectrophoresis o f e th a n o l-p re c ip ita te d  c leared  ly sa tes DN A  fro m  B . fra g ilis  
g ro u p  stra in s . C hannels A: s tra in  25; B : s tra in  9; C: s tra in  41; D: s tra in  71; E : s tra in  28;

F : s tra in  58; G: s tra in  32
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p la s m id s  isolated b y  th e  tw o  different m e th o d s  d e m o n s t ra te d  th e  sam e 
p a t t e r n s .

Plasm id curing w as  ca rr ied  out for se lected  p lasm id-hear ing  Bacteroides 
s t r a in s  (strains 8, 18, 29, 58 and 71). The app l ied  25 pg/ml acridine orange 
a n d  10 /(g/ml e th id iu m  b ro m id e  t r e a tm e n t  d id  n o t  resu lt  in  any  loss of  a n t i ­
b io t ic  or heavy m e ta l  io n  resistance. P la sm id  isolation  from  th e  colonies 
g ro w n  after t r e a tm e n t  w i th  acridine orange or e th id iu m  brom ide  have  show n 
th e  s am e  plasmid p a t t e r n  as for the u n t re a te d  s tra in s .  No loss of p lasm ids was 
o b se rv e d  after s to rage  o f  t h e  stra ins for 6 m o n th s  in  chopped  m e a t  bouillon, 
w i th  regular  m o n th ly  su b cu l tu r in g .

Discussion

T he isolation o f  c r y p t i c  plasmids f ro m  Bacteroides s tra ins  of  d ifferent 
o r ig in s  has been r e p o r te d  re c e n t ly  [4, 5, 7]. U sing  lysozym e t re a tm e n t ,  W allace 
e t  al. [7] found small p la sm id s  in 8 of 32 B . fra g ilis  g roup s tra ins ,  w ith  m olec­
u l a r  w eights of 2.0, 3.0 a n d  5.0 Md. P re su m in g  th e  lysozym e resis tance  of 
t h e  B . frag ilis  cells, B eu l  e t  al. [4] used th e  h o t  a lkaline  SDS t re a tm e n t ,  w hich  
p r o d u c e d  plasmids in  9 o f  th e  24 tested  B . fra g ilis  s tra ins , m ostly  w ith  low 
m o lecu la r  weights. W e  e n c o u n te red  no diff icu lties  in  th e  use of  lysozym e 
t r e a t m e n t  in co m b in a t io n  w i th  SDS for th e  iso la t io n  of p lasm ids of B . fra g ilis  
g ro u p  strains. T w e n ty -s ix  o f  the  52 s tra in s  (50% ) p roved  to  be p lasm id- 
h a rb o u r in g .  Most of t h e  p la sm id s  exhib ited  low  m olecular  weights. H ow ever,  
we cou ld  detect p la sm id s  o f  high molecular w e ig h t  only in th ree  s tra ins ,  in 
acc o rd a n ce  with th e  o b se rv a t io n s  [4, 6, 7j t h a t  large p lasm ids  are seldom  
d e te c ta b le  in B . fra g ilis  g ro u p  strains. E v e n  i f  we accept th e  o bse rva tion  of 
L in d  e t  al. [13] t h a t  t h e r e  c a n  be a va r ia t ion  o f  + 1  Md am ong  p lasm ids  w ith  
sizes be tw een  2 Md a n d  20 Md, by  using k n o w n  m olecu la r  w eight p lasm ids  to  
d e te rm in e  the size of  a n  u n k n o w n  plasmid, we h a v e  found  a g rea t  v a r ia b i l i ty  
o f  t h e  plasmids am o n g  B . fra g ilis  group s t ra in s ,  w ith  a m olecular  weight 
r a n g in g  from 2.6 Md to  35 Md. In  this s tu d y ,  th e  m ost s tr ik ing  o bse rva tion  
w as  th e  very  freq u en t  a p p e a ra n c e  of the  p la sm id  w ith  a molecular w eigh t of 
3.7 M d in  B . fra g ilis , b u t  also in B . vulgatus a n d  B . thetaiotaomicron  s tra ins  
i s o la te d  from d ifferent k in d s  of  specimens a n d  a t  d ifferent t im es. These p la s ­
m id s  a re  very  similar in size to  the  3.6 Md p la sm id s  isolated by  Beul et al. [4], 
w h ic h  accounted for a b o u t  5 0 %  of all of th e  p lasm ids  th e y  ch a rac ter ized .

W e could no t  f in d  a co rre la tion  be tw een  th e  p lasm ids h a rb o u red  b y  th e
B . fra g ilis  group s t ra in s  a n d  the  resistance p a t t e r n  of  th e  s tra in s  aga ins t  
an t ib io t ic s .  In co n tra s t  w i th  th e  observation  of  W allace  e t  al. [7], we did no t 
d e t e c t  a n y  association b e tw e e n  the resistance to  cadm ium , m ercu ry  or zinc 
ions  a n d  the specific p la sm id s  in the  Bacteroides s tra in s  e ither. No evidence
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Avas fo u n d  th a t  there  Is a n y  corre la tion  be tw een  th e  ex trem e  be ta -haem olys is  
of horse  blood observed for s t ra in  49 and th e  3.7 Md p lasm id  h a rb o u re d  b y  it.

The t ransfe r  of large p lasm ids  of B. fragilis  s tra ins  h a rb o u r in g  lincos- 
am ide-m acro lide  resis tance  was repo r ted  by  W elch et al. [14] a n d  T a lly  e t  al. 
[3, 15], b u t  no cell to  cell t ra n s fe r  of th e  small p lasm ids was ach ieved  by 
W allace  et al. [7] using resis tance  aga ins t  cadm ium , m ercuric  or zinc ions as 
selective m arkers. In our case no selective m arkers  were fo u n d  su itab le  to 
c a r ry  ou t  p lasm id t ran s fe r  experim ents .

To sum m arize  th e  resu lts  of th is  work and  of the  p rev ious inves t iga t ions ,  
it  ap p ea rs  well es tab lished  th a t  a r a th e r  high n u m b e r  of d ifferen t, com patib le  
sm all  p lasm ids exist in B . fra g ilis  group stra ins . The carriage r a te  m ig h t  be 
h ig h er  (in the  p resen t  s tu d y  up  to  50% ) th a n  was p resum ed  earlier. One 
ques t io n  th a t  arises is th e  biological functions t h a t  these  p lasm ids  encode, 
especia lly  if  we consider th a t  Bacteroides s tra ins  iso lated  from  the  in tes t ine  
also of ten  carry  p lasm ids w ith  th e  sam e m olecular  weights. The seem ing  im pos­
sib i l i ty  of curing th e  s tra ins  from  th e  p lasm ids shown in th is  s tu d y  and  in 
th o se  o f  Beul e t al. [4] an d  W allace et  al. [7] m ay  ind ica te  t h a t  th e se  p lasm ids 
are o f  biological im p o r tan ce  for Bacteroides s tra ins  of different origins. I t  is 
possible t h a t  the  a p p a re n t  s im ila r i ty  in size of th e  p lasm ids iso la ted  from 
u n re la te d  s tra ins  of Bacteroides is acc iden tal an d  th a t  each p lasm id  m a y  encode 
a to ta l ly  different func tion . This m ay  be su p p o r ted  b y  th e  fa c t  t h a t  the  
occurrence  of more th a n  one p lasm id  in one s tra in  is observed  r a th e r  fre­
q u e n t ly .  E luc ida tion  of th e  biological role of small p lasm ids in B . fragilis  
g roup  s tra in s  will ce r ta in ly  help tow ard s  an  u n d e rs ta n d in g  of th e  biology and 
p re su m a b ly  the  p a th o g en ic i ty  of  th is  clinically im p o r ta n t  m icroorganism .
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(R ece iv ed  A pril 19, 1990)

R e g e n e r a t i o n  r a t i o s  o f  p r o t o p l a s t s  f o r m e d  f r o m  t h e  p l a n t  p a t h o g e n i c  Gibberella fu jik u r o i  
w i t h  a  m i x t u r e  o f  l y t i c  e n z y m e s  w e r e  s t u d i e d .  T h e  h e t e r o g e n e o u s  p o p u l a t i o n  o f  p r o t o p l a s t s  
w a s  s e p a r a t e d  i n t o  g r o u p s  d i f f e r i n g  i n  r e g e n e r a t i o n  r a t i o .  T h e  f r e q u e n c y  o f  r e g e n e r a t i o n  w a s  
h i g h e r  fo r  l a r g e  p r o t o p l a s t s  c o n t a i n i n g  a n  i n c r e a s e d  n u m b e r  o f  n u c le i .

The regenera t ion  ratios of d if fe ren t  funga l species display a g re a t  d iv e rs i ty  
[1]. H owever, even  the  reversion ra t io s  of  m u ta n t s  from the  sam e s t r a in  can 
differ  [2]. These ra tios  always re la te  to  th e  reversion  of m orphologically  h e te ro g ­
eneous p ro top las t  popu la tion . W i th in  th is  popu la t io n ,  there  are d ifferences in 
th e  m etabolic  abilities of the  in d iv id u a l  p ro to p la s ts  [3]. Isaac  e t  al. [4, 5] 
described  a connection  between th e  reg en e ra t io n  ability  and the  site  o f  h y p h a l  
origin of A spergillus n idulans  p ro to p la s ts ;  th o se  formed from a d is ta l  h y p h a l  
reg ion  regenera te  be t te r .  Shaw cross  e t  al. [6] found th a t  m ed ium -sized  A .  
n idu lans  p ro to p la s ts  selected b y  f i l t ra t io n  regenera te  b e t te r  th a n  sm a lle r  or 
la rge r  ones.

Nycodenz, 5-(iV-2,3-dihydroxypropylacetamido)-2,4,6-triiodo-7V,IV’-bis- 
(2 ,3 -d ihydroxypropy l)  iso p h th a lam id e ,  is a nonionic  density  g rad ien t  m ed ium  
t h a t  is very  versa ti le  in biological sep a ra t io n s  [7]. Because of i ts  a b i l i ty  to  
fo rm  isoosmotic grad ien ts ,  it  has  been  successfully  used for s e p a ra t io n s  of 
osm otica lly  susceptib le  particles su c h  as organelles [8] or yeas t p ro to p la s t s  [9].

The aim of th is  s tu d y  was to  clarify  th e  re la tionsh ip  be tw een  p ro to p la s t  
size, th e  n u m b e r  of  nuclei and th e  reg en e ra t io n  capabili ty  ( f req u en cy )  of 
Gibberella fu j ik u r o i  p ro top lasts .

Csaba  V ágvöi.g y i, A n d r á s  F r an kó

D e p a r tm e n t o f M icrobiology, A ttila  Jó z se f  U n iv ers ity
H -6 0 7 1 , Szeged, P .O .B . 428, H u n g a ry

B e t t in a  B r ü c k n e r

D e p a r tm e n t  o f G eneral M icrobio logy, F ried rich  Schiller U n iv e rs ity  
N e u g a sse  24, J e n a , D -O -6900, F R G
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Materials and m ethods

S tra in  and culture conditions. A colour m u ta n t  o f  G. fu jik u r o i  (F u sa riu m  m on ilifo rm e)  
m 567 w as m ain ta in ed  o n  Y E G  (0 .5 %  y east e x tra c t,  1 %  g lucose, 2%  agar) su p p lem en ted  w ith  
1%  m a lt  e x trac t.

Protoplast fo rm a tio n . P ro to p la s ts  were fo rm ed fro m  colonies grown on cellophane sh ee ts 
on  th e  surface  of su p p le m e n te d  Y E G  [10]. A fter g ro w th  a t  30 °C overn igh t, th e  inyce lia  were 
tra n s fe r re d  in to  ly tic  so lu tio n  (0.7 м K C l, 1 .5%  P ro to p la s t-fo rm in g  enzym e (B o ehringer), 
2 %  ly tic  enzym e p ro d u c ed  b y  Trichoderma h a rzianum ). T h e  ly tic  enzym e of T . harzianum  
w as p ro d u ced  in MM b ro th  (0 .1 %  K H 2P 0 4, 0 .5%  ( N H 4)2S O „  0.05%  M g S 0 4 • 7 H 20 ,  1%  
g lucose) supp lem en ted  w ith  0 .2 %  ch itin  and 2%  cell w all o f G. fu jik u ro i  (fresh w e ig h t) as 
c a rb o n  source. The colonies w ere  in cu b a ted  in  th e  ly tic  so lu tio n  for 2 li a t 25 °C w ith  gen tle  
sh a k in g . T he p ro to p la s ts  w ere  se p a ra ted  from  th e  u n d ig e s te d  m ycelia  by  G-2 f iltra tio n .

Separation o f  pro top last popula tion . The p ro to p la s ts  w ere collected by  c en trifu g a tio n  
(2500 g  fo r 5 m in) an d  su sp e n d e d  in  0.7 м KCl c o n ta in in g  5 %  Ficoll ( 5 x l 0 8 p ro to p la s ts /m l); 
100 /Л w as layered  on to  a co n tin u o u s  N ycodenz (N y co m ed  P h a rm a ) d en sity  g rad ien t. T o form  
th is ,  4 m l aliquots of 5 %  a n d  10%  N ycodenz d isso lved  in  0.7 M  KC1 con ta in ing  5 %  Ficoll 
w ere  lay e red  in  sterile  p la s tic  tu b e s  and allowed to  d iffuse  in th e  v e rtica l position  [11] for 
24 h  a t  22 °C. The g ra d ie n ts  w ere  spun  a t 1500 g  fo r 5 m in  using  a sw ing-out ro to r . A fte r 
c e n tr ifu g a tio n , 7 frac tio n s (1.15 m l each) were ta k e n  fro m  th e  to p  to the  b o tto m  an d  su b je c ted  
to  fu r th e r  analyses.

A nalyses o f protoplast g roups. To d e tect th e  d en s ity -d e p en d e n t d is tr ib u tio n  p ro file  of 
th e  p ro to p la s ts , th e ir  n u m b e rs  w ere de term ined  in  e ac h  frac tio n  w ith  a h ae in o cy to m ete r, 
a n d  expressed  as p e rcen tag es  o f  th e  to ta l num ber o f p ro to p la s ts .

T o determ ine th e  p ro to p la s t  size, series of sam ples f ro m  each  frac tio n  were p h o to g rap h e d  
m ic ro sco p ica lly  and th e  d ia m e te rs  were m easured  in  th e  developed film s by  m ean s of an 
ep iscope .

T h e  num bers o f n u c le i p e r  cell were d e te rm in ed  b y  fluorescence m icroscopy. T h e  p ro to ­
p la s ts  w ere fixed  w ith  in c re a s in g  concen tra tions o f g lu ta ra ld e h y d e  (1.25, 2.5 an  d 5 % ) an d  
s ta in e d  ov ern ig h t w ith  0.2 m g /m l D A P I (4 \6 ’-d iam id in o -2 -p h en y lin d o le) a t  4 °C [12].

F o r regeneration  p ro to p la s ts  were em bedded  in  s ta b iliz e d  MM m edium  (MM, 0.6 M KC1, 
1 %  a g a r)  an d  poured  as a n  o v e r la y  on to  stab ilized  Y E G  (Y E G , 0.6 м KCl).

Results and discussion

T h e  d is tr ibu tion  o f  G. fu jik u ro i  p ro to p la s ts  a f te r  a ra te  zonal c e n t r i fu g a ­
t io n  on  Nycodenz g ra d ie n t  is shown in Fig. 1A. T h is  shows th a t  the  se p a ra t io n  
successfully  yielded g ro u p s  differing in p r o to p la s t  d iam eter . These f rac t ions  
are  n o t  to ta l ly  hom ogeneous , b u t  the  average d ia m e te r s  exhibit  clear differences. 
T h e  low er average d ia m e te r  and the  h igher  p ro to p la s t  n u m b er  in th e  las t  
f r a c t io n  are basically  d u e  to  the  clum ping of som e of the  p ro top las ts ,  which 
c a n n o t  be e l im inated  com ple te ly .

P ro top las ts  in  th e  u n se p a ra te d  p o p u la t io n  were  found to  con ta in  zero to  
s ix  nucle i per cell, w i th  an  average  of 1.18. T h e  p resence  of num erous  anuc lea te  
p ro to p la s t s  in the  u p p e r  p a r t  of the  g ra d ie n t  exp la in s  the  poor reg en e ra t io n  
f ro m  these  fractions (F ig . 111). The ex p la n a t io n  is less ev ident for d ifferences 
in  reve rs ion  m easured  in  th e  lower p a r t  o f  th e  tu b e .  In  pro top las ts  fo u n d  in  
f ra c t io n s  4-7 , on av e rag e  a t  least 1.62 nuclei a re  p resen t .  Since the  differences 
in  regenera t ion  ra te s  a re  m u c h  higher th a n  c a n  he explained m erely  b y  th e  
p resence  of more or less anuc lea te  p ro top las ts  in  these  fractions, th e  in fluence
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Fig. 1. R e so lu tio n  of G. fu jiku ro i  p ro to p la s ts  p o p u la tio n  in to  groups on a N yco d en z  d e n s ity  
g rad ien t. F ra c tio n s  were analysed  for (A) p ro to p la s t  d is tr ib u tio n  (open co lum ns), av erage  
d iam e te r o f  p ro to p la s ts  (shaded  co lum ns); (B ) reg en era tio n  ra tio  (open colum ns), a n d  av erage  
n u m b er o f  nucle i in p ro to p la s ts  (sh ad ed  co lum ns). T he sep a ra tio n  was p e rfo rm ed  as described

in M aterials an d  m ethods

of some o th e r  factor(s) must be suspected . The sim ilar t rends  in nuc lea r  n u m b e r  
an d  in  cell size (diam eter) as in  reg en era t io n  suggest th e  dependence  o f  th e  
reg en e ra t io n  on these  factors. The role of  th e  larger cell size from  th is  re spec t  
could be  th e  possessing of h igher m etabo lic  ac t iv i ty  and  ab ili ty  to  h a rb o u r  
more nuclei.

Mycelia o f  f i lam entous fungi a lw ays yield a heterogeneous p o p u la t io n  of 
p ro to p la s ts ,  w ith o u t  an y  ve ry  s t r ic t  connec tion  be tw een  size a n d  nuc lea r
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n u m b e r .  U nder  d e f ined  conditions, the  d iv e rs i ty  of  the  resulting  p ro to p la s t  
p o p u la t io n  could be ch a rac te r is t ic  of a s t ra in .  T h e  basis of th is  d ivers i ty  being 
th e  ind iv id u a l  su scep t ib i l i ty  of the cell wall to  th e  digesting enzym e. This 
d is t in c t  he te ro g en e i ty  is a possible reason for  th e  d ifferen t regenera tion  ra tios  
o f  m u ta n t s  of th e  sam e  origin. Our results  sugges t  t h a t  w ith  an  ap p ro p r ia te  
s e p a ra t io n  tech n iq u e  i t  is possible to  select g ro u p s  of p ro top las ts  w ith  b e t te r  
or w orse reversion ra te s  t h a n  the average ( th e  reversion  ra te  of th e  overall 
p o p u la t io n ) .  Such a se p a ra t io n  m ay  be o f  im p o r ta n c e  in experim en ts  (e.g. 
e lectrofusion) where  p ro to p la s ts  w ith  a d e q u a te ly  defined morphological 
fea tu re s  are requ ired .  I n  G. fu j ik u r o i , the  p o s i t iv e  effect of larger cell size and  
h ig h er  nuc lear  n u m b e r  on th e  regeneration  has  b een  d em ons tra ted .

A cknow ledgem ents. T he a u th o rs  wish to  th a n k  P ro fesso r L a j o s  F e r e n c z y  for critica l 
re ad in g  o f th e  m a n u sc r ip t. T he excellen t techn ica l a ss is ta n ce  of Miss E v a  Á g o s t o n  an d  Miss 
G i z e l l a  A l t o k d a i  is g ra te fu lly  acknow ledged.
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BACTERIOLOGICAL PROFICIENCY TESTING IN 
HUNGARIAN CLINICAL MICROBIOLOGY 

LABORATORIES

B . L á n y i  an d  E v a  C z i r ó k

N ational In stitu te  o f  H ygiene , Budapest 

(R ece ived  Ju n e  25, 1990)

In  course o f a p roficiency  te s tin g  p ro g ram m e  carried  o u t in  1989, a to ta l  o f 47 clinical 
m icrob io logy  lab o ra to rie s  o f public  h e a lth  s ta tio n s  and of hosp itals received freeze-dried  
cu ltu res  fo r iso la tion , id en tif ic a tio n  an d  a n tim ic ro b ia l su scep tib ility  tes tin g . T he spec im ens 
co n ta in ed  b a c te ria  th a t  occur in ev ery d ay  w ork , in c lu d in g  those  th a t  requ ire  im p ro v ed  m eth o d s  
of c u ltiv a tio n  an d  id en tif ic a tio n . N ine p u b lic  h e a lth  lab o ra to ries  and  one h o sp ita l la b o ra to ry  
ach ieved  exce llen t re su lts . Good re su lts  w ere a tta in e d  by  11 public  h e a lth  a n d  6 h o sp ita l 
lab o ra to rie s . F o u r p ub lic  h ea lth  an d  10 h o sp ita l lab o ra to rie s  were on th e  m ed ium  level and  
4 h o sp ita l lab o ra to rie s  d id  n o t reach  even  th is  degree. T he m ain  fa ilures were due to  a n  in su f­
f ic ien t an aero b ic  c u ltiv a tio n , u n re liab le  id e n tif ic a tio n  and  neg ligation  of con tro ls fo r d rug  
su sce p tib ility  tes ts .

On th e  basis o f  a G o v e rn m en t  R egu la t ion , H u n g a r ian  m edical m ic ro ­
biology labo ra to r ie s  are superv ised  b y  a C om m ittee ,  which includes re p re se n ­
ta t iv e s  f rom  public  hea lth  and ho sp i ta l  labora tories .  The D e p a r tm e n t  o f  
R ac te rio logy  in the N ationa l  In s t i tu te  o f  H ygiene  acts  as an ope ra t in g  cen tre  
o f  th e  na t io n a l  medical bacterio logy  con tro l  p rogram m e.

This p ro g ram m e includes issuing h an d b o o k s  and specific guidelines for 
im p ro v ed  diagnostic  m ethods  and  in-house  qua l i ty  control p rocedures ,  e d u c a ­
tion  of  personnel, d a y - to -d ay  advising, a n d  com puterized  analysis o f  la b o ra to ry  
d a ta .  A fu r th e r  tool to  control d iagnostic  activ it ies  is the  inspection  of  la b o r ­
atories  b y  exper ts  who, in add i t io n  to  checking  th e  qu a l i ty  of rou tine  p e r fo rm ­
ance a n d  th e  records on the  w ork  cards, eva lu a te  th e  tes t ing  of cu l tu re  and  
id en tif ica t ion  m edia  done w ith  s tock  cu ltu res  received from our D e p a r tm e n t .

P rof ic iency  tes t ing , i.e. sending  a t  in te rva ls  to  the  labora to r ies  a g iven  
set o f  sam ples for processing, has  long been  carried  ou t in H u n g a ry .  I n  1964 
we d e m o n s t ra te d  a h igh v a r iab i l i ty  of  b ac te r ia l  agg lu tina t ion  t i t re s  r e p o r te d  b y  
differen t labo ra to r ie s  exam in ing  th e  sam e serum  specimens b y  th e  use of  th e  
sam e bac te r ia l  suspensions [1]. F u r th e r  experim en ts  w ith  b ac te r ia l  cu l tu re s  
have  show n th a t  these  k inds of  te s t  can  be used no t  only to  check re g u la to ry

B é l a  L á n y i, É va Czir ók  
N a tio n a l I n s t i tu te  o f H ygiene 
H -1966 B u d a p e s t, P .O .B . 64 , H u n g a ry
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r e q u ire m e n ts ,  b u t  also to  keep th e  e s tab lished  m e th o d s  uniform  and  to  serve 
as a va lu ab le  tool fo r  ed u ca tion  [2].

T he  purpose  o f  th e  p resen t  paper  is to  give details of th e  clinical b a c ­
te r io lo g y  profic iency te s t in g  p rog ram m e carried  o u t  in 1989. In p rep a r in g  th e  
t e s t  m a te r ia ls  it  Avas re g a rd e d  of im p o r ta n c e  th a t  th e  specimens should  con ta in  
b a c te r i a  t h a t  occur in  e v e ry d a y  w ork  inc lu d in g  those  t h a t  require  im p ro v ed  
m e th o d s  of c u l t iv a t io n  and  iden tif ica tion . W e sough t answers to  the following 
q u es t io n s :  (i) w h a t  is th e  w ork ing  level in  th e  labora to r ies ;  (ii) how th ey  keep 
re c o m m e n d a t io n s  of  our s ta n d a rd  m e th o d s  b o th  in view of diagnostic  and  
fo rm a l  in s tru c t io n s ;  (iii) how  are th e y  p re p a re d  for the  isolation of fastid ious 
s t r a in s  ?

Materials and m ethods

P artic ipa ting  laboratories. A to ta l of 47 c lin ical b acterio lo g y  lab o ra to ries were req u ested  
to  p a r tic ip a te  in  th is  p ro g ram m e. Out of th em  24, in c lu d in g  th e  clinical bacterio logy  u n it  of 
o u r  D e p a r tm e n t, be longed  to  th e  Public  H e a lth  L a b o ra to ry  N e tw ork , w hereas 23 were hosp ita l 
la b o ra to r ie s  qualified  to  pe rfo rm  all k inds of b ac terio lo g y  ex am in atio n  excep t th a t  o f faecal 
sp ec im en s.

The test p repara tions  co n ta in ed  reference s tra in s  m a in ta in ed  in the  H u n g a rian  N a tio n a l 
C ollec tion  of M edical B a c te r ia  (H N C M B ) and also s tra in s  chosen from  the  ro u tin e  m a te ria l of 
o u r  c lin ica l b acterio lo g y  u n it.  T h e  cu ltu res were coded  and  suspended  by  one of us (B .L .) so 
t h a t  no one else knew th e ir  id e n tity . A fte r c en tr ifu g a tio n , th e  b ac te ria  were resu sp en d ed  in 
c y s te in e - in o s i to l- ra b b it  se ru m  m ix tu re  [3] and  freeze-d ried . The range  of b ac teria l co u n ts  
v a r ie d  w ith  the  purpose  of the  te s t  from  10(i to  103 co lony  form ing  u n its  in I ml volum e.

A lp h ab e tic  codes fo r each  series o f sam ples w ere w ritte n  on th e  am poules w ith  a glass 
m a rk e r  pen . A fte r freeze-d ry in g , se lf-adheren t lab e ls b ea rin g  d ifferen t code n u m bers were 
a t ta c h e d  on ran d o m ly  se lec ted  am poules and th e  a lp h a b e tic  code was rem oved . T he am pou les 
w ere  se n t to  th e  lab o ra to rie s  by  post. Sham  re q u e s t fo rm s w ere enclosed, s ta tin g  th e  ty p e  a n d  
source  o f th e  sam ple , c lin ical d iagnosis and  a n tib io tic  th e ra p y  in progress.

Processing o f  the specim ens  in th e  lab o ra to rie s  w as done as p rescribed  in our s ta n d a rd  
m e th o d s  [4]. E ach  la b o ra to ry  w as expected  to  c u ltu re  th e  specim ens p ro m p tly  a fte r  receiv ing  
th e m . A fte r  re h y d ra tio n  in  1 m l b ro th , th e  spec im ens h a d  to  be h and led  so as if  th ey  w ere 
re a l c lin ica l m ate ria ls , e x ce p t t h a t  th ey  co n ta in ed  no h u m a n  cells (i.e. b lood or ep ith e lia l cells.)

E va lua tion  o f  reports. T he lab o ra to ries h a d  to  re p o r t  as accu ra te ly  and  as qu ick ly  as 
poss ib le  th e  presence o f a c lin ically  s ign ifican t b a c te r iu m  w ith  a guide to  an tib io tic  th e ra p y . 
P re su m p tiv e  reco g n itio n  of b a c te r ia  (e.g. in  CSF or in  case o f anaerob ic  organism s) could be 
r e p o rte d  n o t only in  w ritin g  b u t  also by  phone or te le x .

C onsidering th a t  so lu tio n  of certa in  te s ts  w as m ore  d ifficu lt th a n  of o th ers , each  sam ple  
w as sco red  in d iv id u a lly , e.g . iso la tio n  and  id e n tif ic a tio n  of an  anaerob ic  b a c te riu m  w as q u a n ti­
ta te d  as 40 u n its , w hereas th o se  of an  Enterobacteriaceae s tra in  as 20 un its . A m ax im u m  score 
w as re ac h ed  w hen th e  la b o ra to ry  rep o rted  th e  p resence  of all s ign ifican t b ac teria  included  in 
th e  sam p le , id en tified  th e m  e x ac tly  and read  th e ir  a n tib io tic  su scep tib ility  p a tte rn  co rrec tly . 
I m p o r ta n t  p re su m p tiv e  re su lts  given in tim e w ere also considered . T he scores were red u ced  
w h en  th e  lab o ra to ry  cou ld  n o t id en tify  correc tly  th e  b a c te r ia , m ade a fo rm al m is tak e  in re p o r t ­
in g  th e  re su lt or gave su sc e p tib il ity  p a tte rn s  e rro n eo u sly . As scores a tta in a b le  v a ried  from  te s t  
to  te s t ,  th e  o p tim al p e rfo rm an ce  was expressed  as 100%  fo r each  specim en.
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Results

A ltoge ther  32 d iffe ren t  samples were p rep a red  and  each o f th e m  was 
freeze-dried in 10 am poules . F ive or six ran d o m ly  selected am pou les  were sent 
to  the  labora to ries ,  the  rem ain ing  ones were used for checking th e  v iab i l i ty  of 
bac te r ia  before and  a f te r  conduc ting  the  profic iency testings. T h e  experim ents  
were carried  ou t in May, 1989 (samples A t-R ,) ,  and  in S ep tem ber ,  1989 (sam ­
ples A 2- R 2).

1. Isolation and identifica tion  o f  bacteria

Sam ple  A t

Pus, re tro p e r i to n ea l  abscess; Escherichia coli, Streptococcus fa ec iu m  л аг. 
daraus, Bacteroides fra g ilis .

E . coli an d  Streptococcus were found b y  all b u t  one lab o ra to r ie s .  Two 
labo ra to r ie s  rep o r ted  Streptococcus group D and  be ta -h aem o ly t ic  Streptococcus. 
Tw o labora to r ies  could n o t  cu l t iv a te  th e  B . fra g ilis  and  one r e p o r te d  it  er­
roneously  as P ropionibacterium  (which is G ram -positive) .

Sam ple B x

D rainage , p e r i ton it is  pos t  ap p en d ec to m y ; Escherichia coli H 2S-positive, 
Fusobacteria m n ucleatum .

Five  ou t of six labo ra to r ie s  identif ied  E . coli correctly , b u t  none  of them  
m en tio n ed  its hydrogen  su lph ide  pos itiv ity .  T hey  m ay  have failed to  examine 
th is  reac t io n  in a s ta n d a rd  H 2S agar  or m ay  have  no t  regarded  th is  fea tu re  as 
w orthw h ile  report ing . F . nucleatum  was no t  iso lated  by  tw o labo ra to r ie s ,  and 
a th i rd  noticed th a t  fusiform  rods were seen a t  d irect m icroscopy  b u t  cu lt iva­
t io n  was unsuccessful.

Sam ple  Cx

A sp ira ted  m ater ia l ,  ba r tho lin i t is ;  Streptococcus agalactiae, Peptostrepto- 
coccus prevotii.

Streptococcus tvas iso la ted  b y  all six labora to r ies  th a t  received sam ple  Cr  
F ive  of  th e m  iden tif ied  it  correc tly  as S. agalactiae, tvhereas one lab o ra to ry  
rep o r ted  S. pyogenes. F o u r  labora to r ies  were unab le  to  cu ltu re  th e  P. prei'otii.

Sam ple I) t

P u s ,  periana l abscess; Streptococcus pyogenes, Salm onella em eriti d is, Bac­
teroides thetaiotaomicron.

S . pyogenes was iso lated  by  all b u t  one lab o ra to ry .  All th e  labora tories  
found  th e  S . enteritidis  too , b u t  one hospita l l a b o ra to ry  failed to  send it for 
c o n f irm a tio n  and  se ro typ ing  to  th e  regional public  hea lth  l a b o ra to ry .  The
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a n a e ro b ic  bacterium  was n o t  show n by  tw o labo ra to r ie s ,  a n d  a n o th e r  two 
la b o ra to r ie s  incorrectly id e n t i f ie d  the  species ( B . fra g ilis  or B . vu lga tus).

Sam ple E Y

P u s ,  re tropharyngeal  abscess ;  Neisseria lactam ica , Peptostreptococcus pre-
vo tii.

Norn; of the five la b o ra to r ie s  obtained a co rrec t  resu lt .  The N eisseria  was 
r e p o r t e d  only by one l a b o r a to r y  b u t  this failed to  n am e th e  species. One 
l a b o r a to r y  identified th is  a g e n t  as Actinobacillus actinom ycetem com itans ob­
v io u s ly  disregarding lac tose ,  ox idase  and n i t ra te  p o s i t iv i ty ,  w hich  is absen t  in 
A . actinom ycetem com itans. T h e  rem ain ing  labo ra to r ie s  m isidentif ied  N eisseria  
as a lpha-haem oly tic  Streptococcus , S .faeca lis  and  H aem ophilus influenzae. The 
P . p re v o tii  was shown on ly  b y  one labora to ry ;  th is  m a y  be due to  th e  fact 
t h a t  on  the  anaerobically  in c u b a te d  blood aga r  p la te  it  p roduced  colonies 
s im i la r  in  morphology to  N . lactamica. The oxidase te s t  could be of help in 
d is t in g u ish in g  colonies of t h e  tw o  organisms.

Sam ple

D rainage, su p p u ra t io n  a f te r  cholecystec tom y; Peptostreptococcus prevo tii, 
B acteroides fragilis.

R esu lts  of th ree  la b o ra to r ie s  were correct accord ing  to  the  old n o m en ­
c la tu re ,  as they  reported  Peptococcus sp. P ropionibacterium  acnes which is a 
rod  or  Streptococcus m orbillorum  which forms cha ins ,  were less sa tis fac to ry  
r e su l ts .  B . fragilis  was c o r re c t ly  identified b y  all b u t  one labora to r ies .  One 
l a b o r a t o r y  found, in a d d i t io n  S . enteritidis w hich  was n o t  inco rp o ra ted  in the 
te s t .  R eexam ining  tes t  a m p o u le  F L we could n o t  show the  Salm onella; ye t,  i t  
co u ld  n o t  be excluded t h a t  S . enteritidis got in som e of th e  am poules  F t by  
t e c h n ic a l  mistake.

Sam ple

A spira ted  pus, s u b m a n d ib u la r  abscess; Streptococcus m itis, Fusobacterium  
nuclea tum .

Iden tif ica t ion  of S. m itis  as S . sanguis or S . in term edius  (two laboratories)  
w as n o t  considered an e r ro r .  T hree  labora tories  r e p o r te d  a lpha-haem oly tic  
Streptococcus w ithout n a m in g  th e  species. S. agalactiae (one lab o ra to ry )  was a 
less sa t is fac to ry  result. Fusobacterium  was not r e p o r te d  by  th ree  labora tories ,  
one o f  th e m  identified it  in c o r re c t ly  as Propionibacterium  granulosum , which is 
G ram -p o s i t iv e .  One l a b o r a to r y  iso la ted  Salmonella enteritid is  from  Sam ple G t. 
As c o n f i rm e d  by a la te r  t e s t in g  o f  ampoules G x in ou r  lab o ra to ry ,  S. enteritidis 
w as,  in d eed  present in  v e ry  sm all  numbers, p ro b a b ly  because of  a technical 
e r ro r  d u r in g  prepara t ion  o f  t h e  bac te r ia l  suspension.
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A spira ted  m ateria l ,  p leurit is ,  p u lm o n a ry  abscess; Streptococcus m itis, 
Cardiobacterium hom inis, Peptostreptococcus prevotii.

There was a su rp r is ing  resu lt  — S. pneum oniae  ins tead  of S . m itis . L a te r  
on th is  l a b o ra to ry  changed  th is  rep o r t  to  an  equa lly  un sa t is fac to ry  one (beta- 
haem oly tic  Streptococcus o f  g roup L). Not less t h a n  th ree  labora to r ies  failed to 
cu lt iva te  C. hom inis. In  one la b o ra to ry  th e y  m isidentif ied  i t  as Capnocytophaga  
sp. H . in fluenzae  was considered  as an  en tire ly  w rong  resu lt .  Two labora tories  
did no t rep o r t  P. prevotii.

Sam ple I \

Discharge from  b u rn  w ound ; Staphylococcus aureus, Aerom onas hydro- 
p h ila , Pseudom onas stutzeri.

As an e rror  cha rac te r is t ic  of conservative  bacterio logists ,  tw o  labora tories  
were satisfied w ith  S. aureus  a n d  failed to  ind ica te  th e  presence o f  th e  fa c u l ta ­
t ive ly  pa thogen ic  G ram -nega tives .  F o u r  labora to r ies  rep o r ted  A . hydrophila  b u t  
were unable  to  f ind  P. stu tzeri. Only one l a b o ra to ry  iso la ted  all th e  th re e  agents.

Sam ple K l

Urine, cysti t is ;  Citrobacter am alonaticus 105/ml, Proteus vulgaris  105/ml.
P rep a ra t io n  K t co n ta in ed  tw o b ac te r ia  w i th  uncom m on  biochemical 

properties . C. am alonaticus  was c i t ra te -nega tive  an d  indol-positive, g row th  in 
K C N  was the only fea tu re  d iffe ren tia t ing  it from E . coli. This could  have been 
th e  reason  w h y  three  labo ra to r ie s  identif ied  i t  as E . coli. One la b o ra to ry  was 
correct in giving the  resu l t :  Enterobacteriaceae — iden tif ica tion  in  progress. 
L a te r  it r e p o r te d  a co rrec t re su lt .  The second pa thogen ic  agen t  was an  u rease ­
negative  P . vulgaris. Tw o labora to r ies  failed to  recognize t h a t  th is  organism  
belonged to  Proteus.

Sam ple L t

E a r  discharge, o ti t is  e x te rn a ;  Corynebacteriurn diphtheriae  toxigenic, 
Flavobacterium m ultivorum .

In  p re p a ra t io n  L x a tox igenic  C. diphtheriae  o f  the  gravis v a r ie ty  was 
included, w ith  the aim to  refresh  the  m em ory  of ou r  bacterio logists  t h a t  this 
organism  m ay  still occur in  clinical specimens. R ecen tly  in H u n g a ry  i t  has 
been isolated from  some foreigners. The o th e r  o rgan ism  was Flavobacterium  
m ultivorum . I t  was a serious m is take  th a t  th ree  labora to r ies  failed to  iden tify
C. diphtheriae. One la b o ra to ry  recognized th is  species b u t  did no t  perfo rm  the 
tox ic i ty  tes t .  I t  was also unaccep tab le  t h a t  some labora tories  did n o t  repo rt  
the  presence of F\ m u ltivorum , or identif ied  i t  erroneously .

Sample IIt
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P u s ,  ob ta ined  by m a s to id o to m y ;  H aem ophilus in fluenzae, Staphylococcus 
h o m in is .

O ne  ou t  of the  six la b o ra to r ie s  failed to  iso la te  H . in fluenzae, p ro b ab ly  
b ecau se  o f  the  u n sa t is fa c to ry  q u a l i ty  of its  chocola te  agar. S . hom in is  was 
m is id en t i f ied  in one la b o ra to ry  as Micrococcus in a n o th e r  one as S. epiderm idis. 
T h e  r e p o r t  of two lab o ra to r ie s  referred  to  the  d o u b tfu l  p a th o g en ic i ty  of the  
Staphylococcus, whereas one la b o ra to ry  regarded  i t  as a co n ta m in a n t .  The a n t i ­
b io t ic  susceptib il i ty  of th is  Staphylococcus was re p o r te d  only b y  one lab o ra to ry  
— w h ic h  indicates th a t  th is  la b o ra to ry  considered it  as pa thogen ic  or p o ten tia l ly  
p a th o g e n ic .

S a m p le  jVt

U rine , chronic c y s to p y e l i t is ;  Escherichia vulneris  104/ml, Klebsiella  sp. 
104/m l.

I t  was a pleasure for  us t h a t  E . vulneris, th is  recen tly  d iscovered and 
in f r e q u e n t ly  isolated o rg an ism , was correctly  iden tif ied  b y  th ree  labora tories .  
T h e  E . coli result rep o r ted  b y  th ree  labora tories  was considered only  a slight 
m is ta k e .  The Klebsiella f i t  h a rd ly  in to  an y  of th e  Klebsiella  species, it  was 
th e  m o s t  closely re la ted  to  K . rhinoscleromatis. T he  significance o f  bac te r iu r ia  
( n u m b e r  of  colony fo rm ing  un its)  was no t  r e p o r te d  by  th ree  labora to r ies .

S a m ple  0 i

Cerebrospinal fluid, a c u te  m eningitis ;  B acillus  sp.
I n  sample we in c o rp o ra te d  boiled E . coli, im ita t in g  an  antib io tic-  

t r e a t e d  meningitis, w hen  d i re c t  m icroscopy ind ica tes  an infection b y  G ra m ­
n e g a t iv e  rods, bu t  cu l tu r in g  is negative . D uring  p re p a ra t io n  the  specim en was 
c o n ta m in a te d  due to  a te c h n ic a l  m istake  b y  low' n u m b e rs  of an aerobic  spore­
fo rm in g  bacillus. Checking o f  th e  p re p a ra t io n  revea led  th is  c o n ta m in a t io n ,  b u t  
we co ns ide red  the specim en  su i tab le  for inv es t ig a t io n  as cerebrosp inal f luid 
can  a lso  be co n tam in a ted  acc iden ta l ly  in prac t ice .  T hus  those  laboratories  
w ere  r i g h t  t h a t  gave a n e g a t iv e  resu lt  e i ther  as “ No pathogen ic  b a c te r iu m ” 
or n o t ic e d  the c o n ta m in a t io n .  I t  was in te res t ing  th a t  four labora to r ies  a p ­
p a r e n t l y  did not realize t h a t  a te s t  p repa ra t ion  m ig h t  con ta in  a c o n ta m in a n t  
as a s ingle  organism, an d  t r ie d  to  iden tify  i t  — w ith  h ighly  u n sa t is fac to ry  
r e su l ts  (Pasteurella  in tw o lab o ra to r ie s ,  Aerom onas hydrophila  and  Pseudom onas 
m a lto p h ilia  in the re m a in in g  tw o  laboratories).  T h is  v a r ie ty  of f ind ings  m ay  
be e x p la in e d  by  the fac t  t h a t  the  Bacillus s t r a in  was G ram -lab ile , w eakly  
ox idase-posit ive ,  w eakly  f e rm e n ta t iv e  and  fo rm ed  spores only a f te r  days of 
in c u b a t io n .

Sample Mt
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Cerebrospinal f lu id , acu te  m eningitis ;  N eisseria  lactamica.
N . lactamica  was correc tly  rep o r ted  by  tw o  labora to r ies ,  whereas a n o th e r  

tw o laboratories  iden tif ied  it  as N . m eningitid is. T he  la t t e r  results  ind ica te  t h a t  
th e  ca rb o h y d ra te  decom position  sp ec tru m  was inco rrec t ly  de te rm ined . T he  
rem ain ing  tw o labo ra to r ie s  inisidentified N . lactam ica  as Listeria  monocytogenes 
and  a lpha-haem oly tic  Streptococcus.

Sam ple R ,

B lood, p o s to p e ra t iv e  sepsis; Cardiobacterium hom inis.
Two ou t  of six labora to r ies  iden tif ied  C. hom in is, a lthough  one of  th e m  

n a m e d  th e  a g en t  K ingella  indologenes. This n o m e n c la tu re  has been accep ted , 
since a t  p resen t  th e re  is no p ro p e r ty  which w ould  d istinguish  clearly b e tw een  
tin ise bacteria .  Pasteurella  and  H aem ophilus  r ep re sen ted  a less correct,  and  
Propionibacterium  an  unaccep tab le  diagnosis.

Sam ple A

Tissue from  t ra u m a t ic a l ly  acquired  w ound ,  fem ora l  myonecrosis; Aero- 
monas hydrophila , Pseudom onas putrefaciens, C lostrid ium  perfringens.

Aerom onas was de te rm in ed  in one la b o ra to ry .  A n o th e r  lab o ra to ry  m a d e  
a m ajo r  m is take  iden tify ing  i t  as Enterobacter agglomérons. E v e ry  la b o ra to ry  
identified  P . putrefaciens  correctly  b u t  one of th e m  rep o r ted  it  as A lterom onas. 
T he  la t te r  differs f rom  the form er only in sucrose and  maltose pos i t iv i ty .  
Serious m is takes  were t h a t  one lab o ra to ry  failed to  show C. perfringens  a n d  
a n o th e r  iden tif ied  i t  as Fusobacterium  sp. Tw o labora to r ies  received e x t r a  
scores for ca rry ing  o u t  th e  an im al p a th o g en ic i ty  te s t  correctly .

Sam ple B.,

D rainage a f te r  surgery , subacu te  per i to n i t is ;  Serratia  marcescens, F u so ­
bacterium nucleatum .

S. marcescens was iso lated  in every  la b o ra to ry ,  a lthough  one of th e m  
rep o r ted  it  as Enterobacter. F o u r  of th e  six labo ra to r ie s  isolated F. nucleatum , 
one of th e m  iden tif ied  i t  as F . necrophorum. T he  rem ain ing  tw o labo ra to r ie s  
failed to  d e tec t  th is  o rganism .

Sam ple  C 2

A sp ira ted  pus ,  tho rac ic  em p y em a;  K lebsiella  oxytoca, Fusobacterium  
nucleat um.

Three ou t  of six  labo ra to r ie s  iden tif ied  these  b a c te r ia  correctly . K . oxytoca  
was repo r ted  as K . pneum oniae  by  one, and  as Klebsiella  by  an o the r  la b o ra to ry .

Sample P i
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O ne la b o ra to ry  failed to  iso late  th e  Fusobacterium  and one re fe rred  to  i t  as 
a n a e ro b ic  G ram -negative  rods.

Sam ple  D 2

Anaerobic  blood cu l tu re  af te r  ca rd iac  surgery , febrile cond it ion ;  E ntero­
bacter agglomérons, P ropionibacterium  acnes.

F o u r  labora tories  iden tif ied  E . agglomérons correctly , one rep o r ted  it  
a c c o rd in g  to  the  old n o m en c la tu re  as E riv in ia  herbicola and a n o th e r  one as 
E scherich ia  vulneris, p ro b a b ly  because of  tlie yellow p igm ent p ro d u c t io n .  The 
a n a e ro b ic  P. acnes was fo u n d  and  co rrec t ly  iden tif ied  by  all six labora to r ies .

S a m ple  E L

A sp ira ted  m ateria l ,  b a r th o l in i t is ;  Fusobacterium  nucleatum , Peptostrepto- 
coccus prevotii.

F . nucleatum  was correc t ly  iden t i f ied  by  five labora to ries ,  while the 
r e m a in in g  one rep o r ted  i t  as Fusobacterium . The P. prevotii was rep o r ted  
c o r r e c t ly  b y  four labo ra to r ie s ;  one l a b o ra to ry  rep o r ted  Peptococcus a n d  a n o th e r  
m is id en t i f ied  it as Veillonella.

S a m ple  F  2

Pus obta ined  a f te r  su rgery , c ru ra l  osteom yelit is ;  Bacteroides thetaiota- 
om icron .

T h re e  laboratories iden tif ied  th e  a g en t  correctly . Because of  using the  
r e la t iv e ly  insensitive K o v ács  m e th o d  for th e  de tec t ion  of indole p ro duc tion ,  
tw o  lab o ra to r ie s  rep o r ted  B . fra g ilis  and  B. vulgatus. The s ix th  la b o ra to ry  
id e n t i f ie d  the  organism as B . ovatus, w h ich , s im ilarly  to  B . thetaiotaom icron  is 
in d o le -pos it ive ,  b u t  differs from  i t  in th e  sp li t t ing  of m ann ito l  and  sáliéin.

Sam ple  G2

In t ra v e n o u s  cannu la ,  py rex ia  a f te r  sp lenec tom y; Corynebacterium  JK> 
Staphylococcus epiderm idis.

T h e  following erroneous  resu lts  were g iven: ou t of the  f ive labo ra to r ie s  
re c e iv in g  th is  sample, tw o could not f in d  Corynebacterium  J K  and  a n o th e r  
id e n t i f ie d  it as Cardiobacterium. In  id en t i fy in g  S. epiderm idis  one la b o ra to ry  
m a d e  a slight m istake d e te rm in in g  i t  as S . haem olyticus.

Sam p le  11.,

Surgically  rem oved  ly m p h  node, m esen te r ia l  ly m p h ad en i t is ;  Klebsiella  
pneu m o n ia e .

F o u r  laboratories re p o r te d  K . pneu m o n ia e , one used an  old n o m en c la tu re  
( K .  aerogenes) and one on ly  the  generic nam e .
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Blood cu ltu re  af te r  ca rd iac  surgery , febrile  condition; N ocardia  asteroides.
P re p a ra t io n  I 2 con ta in ed  N . asteroides, a pathogenic ag en t  in f req u en t ly  

occurring in H u n g a ry .  I t  has been inv o lv ed  in nosocomial py o g en ic  septic 
infections. T here  was a m inor  m istake  in  one lab o ra to ry  which id e n t i f ie d  it  as 
Corynebacterium  J K .  H ow ever,  C. pseudodiphtheriticum  and A etinobacillus  were 
m a jo r  d iscrepancies . The agen t  was recognized as Nocardia  b y  th r e e  la b o ra ­
tories.

Sam ple K 2

Vaginal discharge, vag in itis ;  Gardnerella vaginalis, Staphylococcus epider- 
m id is , Streptococcus faecium .

O nly one ou t of th e  six labo ra to r ie s  d e tec ted  G. vaginalis. T h e  failure  of 
th e  o the r  labora to r ies  m igh t  have  been d ue  to  a rapid decrease of  v iab le  cells 
in th e  sam ple: af te r  f in ish ing  the  p ro f ic iency  testing , the  o rgan ism  could  not 
be recovered  from  am poules  s to red  in  ou r  labo ra to ry . S. ep id erm id is  and 
S. faeca lis  supposed  to  be co n ta m in a n ts ,  were  show n in all lab o ra to r ie s .

Sam ple  L ,

Pus  o b ta in ed  by  ty m p an o cen te s is ,  o t i t is  m edia ; Streptococcus p n eu m o n ia e , 
Klebsiella pneum oniae, Corynebacterium pseudodiphtheriticum , Staphylococcus 
epiderm idis.

Two o u t  o f  six labo ra to r ie s  rep o r ted  Streptococcus instead o f  S . p n eu m o ­
niae. The presence of  K . pneum oniae  was n o t  repo r ted  by one la b o ra to ry ,  and 
two labora to r ies  iden tif ied  it  as Citrobacter sp. and  Enterobacter agglomérons. 
C. pseudodiphtheriticum  and S . epiderm idis  were regarded  as possible c o n ta m in ­
a t in g  agen ts ;  th e  form er was incorrec tly  iden tif ied  in one l a b o r a to r y  as C. 
pyogenes.

Sam ple M 2

C erebrospinal fluid, acu te  m ening it is ;  Flavobacterium m eningosepticum .
F. m eningosepticum  was co rrec tly  id en tif ied  b y  five lab o ra to r ie s .  The 

rem a in in g  one la b o ra to ry  re p o r te d  th a t  th e  a g en t  could be F lavobacterium  l i b  
or Pseudom onas paucim obilis. This  s light m is tak e  m ay be ex p la in e d  b y  an 
erroneous d e te rm in a t io n  of  acid p ro d u c t io n  from  m annito l (F . m eningosepticum  
is positive, Flavobacterium  l i b  acco rd ing  to  the  new n o m e n c la tu re ,  
F. indologenes — is usua lly  negative) .  The te s t  s t ra in  produced indole ,  w hereas  
P . paucim obilis  is indole-negative .

Sam ple N 2

Blood cu ltu re ,  su b acu te  en docard it is ;  Aerococcus viridans, Staphylococcus  
epiderm idis.

Sample /.,
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A . viridans  was recogn ized  by  all five la b o ra to r ie s  t h a t  received sam ple  
N... P ro b a b ly  due to  a m is p r in t  one labora to ry  r e p o r te d  “ Aerobacter v ir id a n s” . 
One l a b o ra to ry  in te rp re te d  th i s  organism as a c o n ta m in a n t ,  since it f re q u e n t ly  
occurs  in  hospita l  e n v i ro n m e n t  and foods. On th e  o th e r  hand , according to  
l i t e r a ry  d a ta ,  1% of s y s te m a t ic  streptococcal in fec t io n s  is caused by  th is  agen t .  
S. ep iderm id is  was p re se n t  in  small num bers , a c tu a l ly  only tw o labo ra to r ie s  
d e te c te d  it. Accordingly, th e  clinician should h av e  b een  advised to  re p e a t  the  
e x a m in a t io n  by collecting fu r th e r  blood specim ens.

Sam ple 0 2

U rine , cystitis; Staphylococcus saprophyticus  105/ml, Candida albicans 
103/m l.

R ecognition  of  C andida  was difficult as i ts  co lony  m orphology on blood 
a g a r  w as ve ry  similar to  t h a t  o f  S. saprophyticus. P ro b a b ly  this was th e  reason  
w h y  fo u r  ou t of six la b o ra to r ie s  could no t show  i t .  I t  was also a m is take  t h a t  
four labora to r ies  failed to  r e p o r t  the  nu m b er  of  S . saprophyticus.

Sam ple  P 2

Cerebrospinal f lu id ,  a c u te  meningitis; M oraxella  atlantae.
P re p a ra t io n  P 2 c o n ta in e d  a rare pa thogen ic  o rgan ism  M . atlantae. T here  

were m a jo r  errors, fo r  ex am p le ,  N . m eningitid is  w as  a serious m istake  b o th  
f ro m  clinical and ep idem iological point of view. A n o th e r  labora to ry  iden tif ied  
M oraxella  as an aerobic  spore-form ing  b ac te r iu m . I n  one labora tory  S . aureus  
w as iso la ted ;  this w as a b s e n t  after  re-checking t h e  am poule . M . atlantae was 
co rrec t ly  identified on ly  in  one labora tory .

Sam ple R.,

B ronchial d ischarge , p neum on ia  assoc ia ted  w i th  tu m o u r;  Streptococcus 
p n eu m o n ia e , Branham ella  catarrhalis , Streptococcus salivarius.

As an  error n o t  u n f re q u e n t ly  occurring, t h e  bile solubility te s t  was 
m is in te rp re te d  and th u s  t h r e e  laboratories m is id en t i f ied  S. pneum oniae. It was 
a serious m istake t h a t  fo u r  o u t  of the  six la b o ra to r ie s  d id  no t report  B . catarr­
halis  — p robab ly  because  in  lack of the know ledge  o f up-to -da te  l i te ra tu re ,  
th e y  to o k  it  for a N eisseria  com m on in the  u p p e r  re sp ira to ry  organs.

2. A ntim icrobia l suscep tib ility  testing

I n  th e  course of  an t im ic ro b ia l  suscep tib i l i ty  te s t in g  m any  u n accep tab le  
re su l ts  were m et w ith .  T h e re  were several fo rm a l  m istakes.  Some labo ra to r ie s  
fa iled  to  m ake su scep t ib i l i ty  tes t ing  of p r e s u m a b ly  pathogen ic  agents, o the rs  
r e p o r te d  only the suscep t ib le  results an d  n o t  th e  res is tan t  or m o d e ra te ly  
re s i s t a n t  ones, th u s  leav in g  th e  clinician in  d o u b t  as to  which an tib io tics  h a d
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been ac tu a l ly  tes ted . One la b o ra to ry  did no t enclose a l is t o f  ab b rev ia t io n s  
used on i ts  co m p u te r  resu lts .  B eyond, there  were professional m is takes ,  too. 
In  m a n y  labora tories  an tib io t ics  more recen tly  in tro d u ced  in H u n g a r y  were 
n o t  te s te d  (for exam ple am ik ac in  or th i rd  genera tion  cephalosporins) . These 
labora to r ies  accoun ted  for th e  reason  th a t  the ir  clinicians h a d  n o t  been  using 
these  new  an tim icrobia ls  y e t .  F u r th e rm o re ,  there  were labo ra to r ie s  w here  even 
th e  classical antib io tics  were n o t  tes ted , for exam ple ,  n i t ro fu ra n to in  and 
nalid ix ic  acid sens itiv ity  was n o t  de te rm ined  for u r in a ry  s t ra in s .  O thers 
o m it ted  ch loram phenico l sen s i t iv i ty  tes t ing  for S. enteritid is. In  a few la b o ra ­
tories penicillin sens itiv ity  w as n o t  de te rm ined  for n o n -haem oly tic  strep tococci.  
I t  was also erroneous w hen  co-trim oxazole  susceptible G ram -n eg a t iv e  bac te r ia  
were re p o r te d  as resis tan t .

3. P resum ptive in form ation

In  several labora to r ies  we encoun tered  a delay  of clinically useful p re ­
su m p tiv e  in fo rm ations.  O th e r  labora to r ies  supplied excellent ra p id  results. 
E .g . t h a t  in  s ta ined  sm ears  th e re  were Gram -positive  cocci and  G ram -nega tive  
rods w hich  failed to  grow aerobically . This p re p a ra t io n  con ta ined ,  indeed ,  only 
Peptococcus and  Bacteroides and  on the  basis of th e  rap id  d iagnosis  c l inda­
m ycin t r e a tm e n t  could be s ta r te d .  A nother  good exam ple  is a p re l im inary  
rep o r t ,  given im m ed ia te ly  a f te r  receiving a CSF p re p a ra t io n ,  t h a t  th e  smears 
co n ta in ed  neisseria-like b ac te r ia  and , accordingly, penicillin th e ra p y ,  which 
has a lread y  been s ta r te d ,  can  be continued . L abora to r ies  t h a t  co rrec t ly  d ia ­
gnosed C. diphtheriae  in  th e i r  te s ts ,  sen t p re l im ina ry  in fo rm ations .

Table I

R a n kin g  o f  laboratories on the basis o f 
proficiency tests

P er cen t*
P u b lic
h ea lth

lab o ra to ries

H o sp ita l
lab o ra to ries

91 100 7 l
81 90 2
71 80 3 3
61 70 8 3
51 60 3 5
11 50 1 5
31 40 3

0 30 - 1

N o t
é v a lu a hie - 2

T o ta l 24 23

* Sum m arized  resu lts in pe rcen tag e ; o p tim u m  perform ance, 100%
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4. R anking o f laboratories

T ab le  I shows th e  r a n k in g  of laboratories  on th e  basis of th e  p resen ted  
p ro f ic ien cy  tests. Nine p u b l ic  h ea lth  labora tories  an d  one hospita l  labora to ry  
a c h ie v e d  excellent re su l ts  ( /> 8 1 % ) .  Good resu lts  (61—80% ) were a t ta in e d  by 
11 p u b l ic  health  and  6 h o s p i ta l  laboratories. F o u r  pub lic  h e a l th  and  10 hospita l  
la b o ra to r ie s  Mere on th e  m e d iu m  level (41—60% ), a n d  4 hosp ita l  laboratories  
d id  n o t  reach even th is  deg ree  (<Ç40%).

Discussion

I n  view of th e  w ide  v a r ia t io n  in cu ltu re  m edia  ing red ien ts ,  reagents  and 
in  t h e  competence a n d  experience  of la b o ra to ry  personnel,  in-house qua li ty  
c o n t ro l  and  nation-w ide p ro f ic iency  tes t ing  p ro g ra m m e s  are rega rded  of great 
im p o r ta n c e .  Methods u sed  for  th is  purpose h av e  b een  sum m arized  by  B a r t le t t  
[5] a n d  by  Keitges [6].

A n effective m e a n s  o f  assessing p e rfo rm ance  of personnel m ay he a 
p e r io d ica l  use of in te rn a l  b l in d  control [7]. This  m e th o d  has no t  so far been 
u se d  in  H ungarian  la b o ra to r ie s .  However, in-house  q u a l i ty  con tro l  is regularly  
p e r fo rm e d  by the use o f  re fe rence  cultures p ro v id ed  by  ou r  D e p a r tm e n t .

L ab o ra to ry  in sp ec t io n s  in  H u ngary  h av e  p ro v e d  t h a t  u p - to -d a te  p e r ­
fo rm a n c e  of clinical b a c te r io lo g y  has im proved  in  recen t  years . Results  of the 
p ro f ic ien cy  test  in 1989 w ere  no t  surprising as th e  b es t  ed u ca ted  laboratories  
r e a c h e d  the  best resu lts .  As i t  can he seen from  T ab le  I , public  h ea lth  la b o ra ­
to r ie s  h ad  a b e tte r  c o m p e te n c e  in  performing th e  te s ts  as com pared  to  hosp ita l  
lab o ra to r ie s .  Beside the ir  qua lif ied  personnel, e q u ip m e n ts  and facilities a p p ro ­
p r i a t e  for up-to-date  d iagnos tic s ,  th is  can he a t t r ib u te d  to  th e  close connection 
t h a t  has developed for 30 y e a r s  among these la b o ra to r ie s  a n d  w ith  the  D e p a r t ­
m e n t  of Bacteriology o f  t h e  N ational I n s t i tu te  o f  H ygiene . Some hosp ita l  
la b o ra to r ie s  also ach iev ed  v e ry  good results .  T hese  labo ra to r ie s  have  h ad  a 
spec ia l  in terest  in b a c te r io lo g y  and  m a in ta in ed  a long-las ting  connection  w ith  
t h e  clinical bacterio logy  u n i t s  of the  local pub lic  h e a l th  labora tories .

One of the  m ain  fa i lu re s  in th is  series of p ro f ic iency  te s ts  can be a t t r ib u te d  
to  th e  fact th a t  m an y  la b o ra to r ie s  have no t  re ach ed  a suffic ien t s ta n d a rd  of 
a n a e ro b ic  cultivation . In  la c k  of a p roper in o cu la t io n  of p r im ary  anaerobic 
c u l tu r e  plates and /o r  a d e q u a te  anaerobic in c u b a t io n ,  these  labora tories  could 
n o t  recover the  s t r ic t  an ae ro b es  am ong facu l ta t iv e ly  anaerobic  bacteria . 
C apnoph il ic  bac te r ia  w ere  som etim es n o t  d e te c te d  because  of a failure to  
c u l t iv a te  the samples in  a n  atm osphere  w i th  increased  C 0 2 con ten t .  I t  Mill 
a lso  he necessary to  gain  m o re  experience in b iochem ica l  reac tions  for fa s t id ­
ious  a n d  n o n -fe rm en ta t iv e  b ac te r ia .  As acid p ro d u c t io n  from  carb o h y d ra tes  
b y  these  bacteria c a n n o t  he  re liably and  ra p id ly  e x am in ed  b y  the  classical
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p ep to n e -w a te r an d  b y  th e  O F  m ethods, some y ea rs  ago we in tro d u ced  th e  BSS 
(“ bu ffe red  single s u b s tra te ” ) te s t  ca rried  ou t in  p las tic  M icro tite r p la te s . M ost 
o f ou r lab o ra to rie s  in tro d u c e d  th is  te s t , b u t it  p roduces accu ra te  re su lts  only 
in  experienced  h a n d s . Iso la tio n  tech n iq u e  should  also he im p ro v ed : p a r t  of 
th e  lab o ra to ries  could  n o t iso late  b ac te ria  in c o rp o ra te d  in  sm all n u m b ers  in 
th e  p rep a ra tio n . F u r th e rm o re , it is also adv isab le  th a t  lab o ra to rie s  ad v an ce  
b o th  of th e ir  p ro fessional and  th e ir  m ethodical know ledge concern ing  new ly 
recognized or less k n o w n  b ac te ria .

F ailu res in in te r la b o ra to ry  re p ro d u c ib ility  o f an tim ic ro b ia l su scep tib ility  
re su lts  w ere p a r tly  due  to  th e  use of in a d eq u a te  cu ltu re  m edia (e.g. those 
c o n ta in in g  su lp h o n am id e  and tr im e th o p rim  a n tag o n is ts )  an d  p a r t ly  to  an 
e rroneous in te rp re ta tio n  o f in h ib itio n  zones. T he la t te r  m ay  be associa ted  w ith  
a fa ilu re  to  com pare th e  zone borders of the  ex am in ed  cu ltu re  w ith  th e  zone 
bo rders of th e  s ta n d a rd  q u a lity  co n tro l s tra in s. T he con tro l s tra in s , d is tr ib u te d  
b y  our D e p a rtm en t to  all m edical m icrobiology la b o ra to rie s , h av e  been chosen 
on th e  basis MIC b re a k p o in ts  re la ted  to  th e  levels o f d ru g  in  blood or in  urine 
ex p ec ted  w ith  th e  u su a l dose schedules. A n o th e r reason  for th e  d isc rep an t 
re su lts  m ay  be th a t  th e  inocu lum  was con sid erab ly  heav ie r or lig h te r  th a n  
th a t  used for the  co n tro l s tra in . As to  th e  selection  o f an tim ic ro b ia l ag en ts  to  
be te s te d , we are of th e  op in ion  th a t  th e  la b o ra to ry  shou ld  s ta r t  to  exam ine 
su scep tib ility  to  new er d rugs w ith o u t w aiting  for en co u rag em en t from  th e  
clinician.

F in a lly , it  shou ld  be p o in ted  ou t th a t  p erso n n e l of th e  lab o ra to rie s  
req u ested  to  tak e  p a r t  in  th e  p ro fic iency  te s tin g  p rog ram m e, read ily  and  
en th u sia s tic a lly  c o n tr ib u te d  in  ca rry in g  ou t th e  ex am in a tio n s . T he best in ­
d ica tio n  th a t  th e  p ro g ram m e w as successful, w as th a t  m ost g ra d u a te s  and  
m an y  techno log ists o f  th e  L a b o ra to ry  N etw ork  a tte n d e d  a m eeting  held  on 
th is  top ic  in N ovem ber, 1989, an d  discussed the  re su lts . W e, too , believe th a t  
th is  p ro fic iency  ex a m in a tio n  has p roved  how im p o r ta n t it is to  develop  clin ical 
bac te rio lo g y  on a un ified  an d  co llab o ra tiv e  basis.
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