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METAL-ION ASSISTED DETERGENT ACTION ON 
BACTERIAL GROWTH:

DETERGENT SPECIFICITY AND MECHANISM OF
INHIRITION

P. S. R a g h a v a n , K . S u b h a m a n i, T. S. S u r y a in a r a y a n a n  and V a n g a l u r

S. S r in iv a s a n

Departm ent o f  Chemistry, and D epartm ent o f  B otany, R a m a krish n a  M ission  V ivekananda College,
M adras, Ind ia

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

D eterg en ts  in general in h ib it bac teria l g row th . T h e  an ion ic  d e te rg en t, sodium  lau ry l 
su lp h a te  (N a l.S ), seem s to  h av e  a m ore specific in h ib ito ry  e ffec t on g row th  of th e  G ram -p o sitiv e  
B acillus subtilis  th a n  on g ro w th  of th e  G ram -negative  Escherichia coli. The specificity  o f a n ­
ionic d e te rg en t to w ard s B. subtilis  has been traced  to  th e  d ifference  in th e  n a tu re  o f th e  cell 
wall. T he in h ib ito ry  action  o f th e  d e te rg en t is m ark ed ly  increased  by th e  presence of m e ta l 
ions like Cd + + or Mg + + , d u e  p ro b ab ly  to  th e  increase  in  th e  m icellar phase, fa c ilita tin g  th e  
so lub ilisa tion  of bac teria l species in th e  inner core of m icelles. W hile m etal ions like Cu + + do 
n o t in fluence th e  a c tiv ity  o f N a l.S , N a + , Ca + + or M n ++ ions seem  to  act ag a in st th e  d e te r ­
g en t action  on bac teria l grow th ,  p ro b a b ly  by a lte rin g  th e  s tru c tu re  o f micelles.

The h istory  o f  surface a c tiv e  agen ts as b a cter io c id es and th e  d eta iled  
a sp ec ts  o f  their ch em istry , germ icidal p rop erties and ap p lica tion s h ave b een  
rev iew ed  b y  G lassm an [1 ], L aw ren ce [2] and D a v is  [3, 4 ]. The m ode o f  a c tio n  
o f d etergen ts  on m icroorgan ism s is not p rec ise ly  u n d erstood . V arious m odes  
o f  an tim icrob ia l action  h ave b een  proposed , in c lu d in g  en zym e in h ib itio n , p ro­
te in  d én a tu ra tio n , d isru p tion  o f  th e cell m em b ran e and cau sin g lea k a g e  o f  
v ita l c o n stitu e n ts . I t  is, h ow ever , lik ely  th a t a co m b in a tio n  o f  action s is th e  
cau se o f  in h ib itio n  or o f  d eath  o f  th e cells . C ertain  organic an tib acter ia l and  
an tifu n ga l agen ts exert th e ir  effec t through th e  fo rm ation  o f to x ic  ch ela te s  o f  
m eta l ions [5 ]. A lso , m eta l ions h a v e  been  sh ow n  to  in flu en ce  the an tim icrob ia l 
prop erties o f  te tra c y c lin e  d ue to  th e  form ation  o f  in so lu b le  com p lex  [6].

In  th is  paper we sh a ll d iscu ss som e d a ta  on th e  in flu en ce  o f  an ionic and  
ca tio n ic  su rfactan ts on th e  grow th  o f a G ra m -p o sitiv e  (Bacillus subtilis)  and  
a G ra in -n egative  (Escherichia coli)  b acterium  in  th e  presence o f  severa l m eta l 
ion s.

Acta Microbiologica H  Ungar ica 33 (1 ), pp . 3— 8 (1986J
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4 RAGHAVAN et al.

M aterials and m ethod

T h e  m icroorganism s em ployed  in th e  p re se n t s tu d y , viz. Bacillus subtilis  a n d  Escheri­
chia  coli, w ere ob tained  from  th e  In d ian  In s t i tu te  o f Science, B angalore. T he b a c te r ia  were 
g ro w n  in  n u tr ie n t b ro th  (p H  7.0), or C zapek’s D o x  ag ar m edium . The d e te rg en ts  em ployed, 
v iz. c e ty ltr im e th y l am m onium  b rom ide  (С ТА В ), c e ty ld im eth y l ben zy lam m o n iu m  chloride 
(C D B A C ) and  sodium  la u ry lsu lp h a te  (N aL S) w ere  o f p u re  v a rie ty  (B D H /A ld rich ) an d  were 
fu r th e r  p u rified  by th e  p ro ced u re  o f D u y n stee  an d  G runw ald  [7].

T h e  m icroorganism s w ere grow n in n u tr ie n t  m edium  of n eu tra l p H  and  in cu b a ted  a t 
37 °C  fo r 16 h. The re su lta n t g ro w th  was in o cu la ted  on C zapek’s agar m edium  (p H  7.0) in 
P e tr i  d ishes. T he an tib a c te ria l a c tiv ity  of d e te rg en ts  an d  th e  influence of m eta ls  on th is  a c tiv ity  
w ere  te s te d  by  the  filte r p a p e r  d isk  tech n iq u e . T he d isks 20 m m  in d iam ete r w ere soaked in 
d e te rg e n t  so lu tion  of req u ired  c o n cen tra tio n  an d  p laced  on th e  agar m edium  seeded  w ith  th e  
t e s t  b a c te r iu m . The dishes w ere  in cu b a ted  a t  37 °C fo r 24 h  and th e  in h ib itio n  zone in each 
d ish  w a s  recorded . In  th e  s tu d y  o f th e  in fluence o f v a rio u s m eta l ions on th e  g ro w th  o f b ac teria  
in  th e  p resen ce  of d e te rg en t, 0.010 m l a so lu tion  o f p a r tic u la r  co n cen tra tio n  w as p laced  over 
th e  d isk s  along w ith  0.010 m l o f  N aL S  and  in h ib itio n  w as recorded  as in th e  p rev io u s  case. In  
th e  case  o f each m etal ion, b o th  in  th e  p resence a n d  absence of d e te rg en ts, th e  m in im u m  con­
c e n tra t io n  needed for in h ib itio n  h as  been d e te rm in ed . R esu lts  are show n in  T ab le  I I I  in  colum ns 
C a n d  D . In  all th e  cases, a  co n tro l p la te  co n ta in ed  all th e  ingred ien ts ex cep t th e  one whose 
in f lu e n ce  w as to  be ev a lu a ted . T h e  re su lts  re p o rte d  are  m eans of a t least th re e  rep licas  and 
e ach  e x p e rim e n t was re p ea te d  th re e  tim es.

R esu lts and d iscu ssion

Choice o f  detergent

S u rfactan ts gen era lly  a ffect th e g row th  o f  b acteria , but a c t iv i ty  o f  th e  
su r fa c ta n t  varies w ith  th e  m icroorgan ism . T herefore a p relim inary  s tu d y  was 
m a d e  o f  th e  effect o f  С Т А В , C DBAC and N aL S  on th e grow th  o f  B. subtilis 
and E . coli. Table I sh ow s th e  resu lts o f  th is  p relim inary stu d y . It is ev id e n t

Table I

In flu en ce  o f  detergents on bacterial growth

D e te rg e n t*
In h ib i tio n  zone , m m

B. s u b ti lis  E . coli

C ontrol 0.0 0.0

СТАВ 23 0.0
CDBAC 0.0 0.0
N aL S  26 22

* C oncen tra tion  em ployed =  5 .0 x 1 0  3 м

t h a t  th e  anionic m ice lle -form in g  N aL S  w as m ore effec tiv e  aga in st th e  grow th  
o f  B . subtil is .T h is sp ec ific  in flu en ce  on B. subtilis  and E. coli [8] has b een  ra tio n ­
a lised  q u a lita tiv e ly .

T h e  G ram -negative ce ll w all is ch em ic a lly  m ore com p lex  th a n  th e  G ram ­
p o s it iv e  cell wall [9] in  th e  sen se  th a t  th e  form er con ta in s m ore am in o  acid s and
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lip op o lysacch arid es. H en ce , even  i f  in  G ram -n egative b acter ia  th e  p ep tid o g ly -  
can  is rem oved  b y  d eterg en ts , o th er  layers o f  th e  en v e lo p e  m ay still ad here to  
th e  sp herop lasts and m ay  p rev en t th e  fragile cy to p la sm ic  m em brane from  
b u rstin g . As th e  co m b in a tio n  o f  N aL S  and th e G ram -p ositive  B. subtilis  y ie ld ed  
a b ette r  resu lt, th is  p articu lar set has been  ch osen  for furth er stu d ies .

Inhibition o f  growth o f  B. subtilis by N aL S

N aL S  in h ib ited  th e  grow th  o f  B. subtilis in  co n cen tra tio n s ran g in g  from
0.0010  to  0.10 M. T h e m ax im u m  in h ib ition  occurred  at б .О х Ю -3  м w hich  
h ap p en s to  be th e  cr itica l m icellar con cen tra tion  o f  N aL S  [10, 11] (T ab le  II )  
T h e an ion ic d etergen t p rob ably  d isorgan ises th e cell m em brane and d en atu res  
th e  p rotein s essen tia l for m etab o lism  and grow th . As th e  in h ib itio n  is in creasin g  
w ith  th e  increase o f  d etergen t con cen tra tion  b elow  cr itica l m icellar co n ce n tr a ­
tio n , the m onom ers seem  to be e ffe c tiv e  g row th -in h ib itors for B. subtilis.  The  
m onom ers easily  p en etra te  th rou gh  th e  cell m em brane resu ltin g  in  d isru p tion  
o f th e  cells. T his su g g estio n  gains furth er su pp ort from  th e  ob served  order of  
in h ib ition  zone w ith  th e  used  su rfa cta n ts , v iz . N a L S , С Т А В , C D B A C , w here the  
N aL S  w hich  has a lip o p h ilic  ch ain  sm aller than  th a t  o f  th e  o th ers, w as ab le to 
p en etra te  through  th e  cell and in h ib it  th e  grow th  o f  B. subtilis.

Table II

In fluence o f  N a L S  on growth o f  B . subtilis

X 1 0 " 3 m  N aL S  
p e r d is k

In h ib itio n  
zone , m m

0 . 0 0 .0

1 .0 22
2.0 24
1 . 0 27
6.0 30
8.0 28

10.0 28
20 28
50 28

1 0 0 28

Ef f ect ° f  metal ions on the growth o f  B. subtilis in the presence and absence of 
N a L S

T able I I I  su m m arizes th e in flu e n c e  o f  su lp h a tes o f  th e  m eta ls  lik e  ca l­
c iu m , copper, m agn esiu m , m an gan ese , n ick el, sod iu m  and zinc on th e  grow th  
of B. subtilis both  in th e  presen ce and absence o f  N aL S . It is e v id e n t  from
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Table III

Combined effect o f  metal ions and N a L S  on B . subtilis

M etal io n

In h ib itio n  zone 
m m*

d iam ete r, M in im u m  c o n c en tra tio n  o f  m e ta l 
io n  re q u ired  fo r in h ib itio n  

X 10“ *

A В C D

Control no m e ta l ion 0 .0 30 — —

N a + 2 0 30 4.0 6 . 0

Ca+ + 2 0 2 0 3.0 8 . 0

Mn + + 2 0 2 0 4.0 7.0
Zn + + 28 26 0.70 3.0
Ni + + 2 0 34 0.90 1 .0

Mg + + 2 0 36 3.0 8 .0

Cu + + 40 40 0.50 0.90
Cd + + 24 48 0.70 2 .0

A  -  1.0 X IO"2 M  m eta l ion in the  absence of NaLS
В -  1.0 X 10~2 M m e ta l ion in the  presence of 6.0 X 10-3 м N aL S 
C — in th e  p resence  of 6.0 X 10-3 м N aL S 
D — in th e  absence  o f detergent 
* Disk d iam ete r, 20 m m

th e s e  resu lts th a t Zn an d  Cu in h ib ited  th e organ ism  in  th e  ab sen ce o f  d etergen t  
w h ile  o ther m etals b y  th e m se lv e s  did not a ffe c t  its  grow th . M eta l lik e  N a , Ca 
an d  M n block  th e in h ib it io n  due to  N aL S w h ereas Mg and Cd rein forced  its  
in h ib ito r y  ab ility  o f  N a L S . T h e in h ib itory  c a p a c ity  o f  Cu w as u n affected  b y  
N a L S .

T h e increased a c t iv i ty  o f  N aL S in th e  p resen ce o f  Cd + + and M g + + m ay  
b e  ascrib ed  to  th e su r fa c ta n t  —  m etal co m p lex  b in d in g  w ith  ce llu lar  proteins  
an d  d en atu rin g  th e m . A lte r n a tiv e ly , th ese  sa lts  m a y  in crease th e  m icellar  
su r fa c e  area b y  a lter in g  t h e  aggregation  o f  su rfa cta n ts  [1 2 ], fa c ilita tin g  th e  
so lu b iliz a tio n  o f  b a cter ia l sp ec ies  in  th e  in n er core o f  m ice lles, w here surface  
t e n s io n  is low . This in  tu r n  slo w s down th e g row th  rate o f  th e  organ ism . In th e  
p re se n c e  o f  Ca + + or M n + + or N a  + ion , N aL S  lo s t  all its  a c t iv ity , p rob ab ly  due 
to  th e  change in th e  m ice lla r  structure so th a t  it can n ot in teract w ith  the  
m em b r a n e  [13]. T here se e m s to  he a fa ir ly  lin ear re la tion sh ip  b etw een  th e  
ra d ii o f  th e  m etal ions an d  th e ir  in h ib itory  c a p a c ity  in th e p resen ce o f  N aL S . 
w h ere v er  the m etal ion  re in forces th e  in h ib ito ry  action  o f  N a L S . S im ilar obser­
v a t io n s  h ave been m ad e b y  G u p ta  et al. during th e  s tu d y  o f  m eta l ion  action  on 
th e  an tim icrob ia l a c t iv i ty  o f  tetracyclin e h yd roch lorid e [6].

Acknowledgement. W e a re  in d eb te d  to  C SIR , N ew  D elhi, In d ia , fo r th e  aw ard  of fellow ­
sh ip .
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COMPARISON OF LISTERIA SEROTYPES AND PHAGE 
TYPES ISOLATED FROM SHEEP, OTHER ANIMALS AND

HUMANS

B . R a l o v ic h , A . A u d u r i e r , I .  H a jt ó s , E m il ia  B e r k e s s y  and 
M Á R IA  P lT R O N - S z E M E R É D I

In stitu te  o f  Public H ealth and E pidem io logy , U niversity M edical School, Pécs. H u ngary, U niver­
sity  o f  F rançois-Rabelais, M edical F a cu lty , Microbiological Laboratory , Tours , France , In stitu te  
o f  Veterinary H ealth , M iskolc , H ungary , P ublic Health Station M isko lc , H u n g a ry , and  Veterinary  

Serobacteriological Control Institu te , B udapest, H ungary

(R ece iv ed  M arch 8, 1984)

A to ta l o f 814 d ifferen t faecal, n asa l, vag inal and m ilk sam ples o f 50 h e a lth y  co tted  
sheep was in v es tig a ted  for Listeria  d u rin g  an  epidem ic-free sum m er season. F o r ty  ewes and 
5 tegs excre ted  Listeria  s tra in s ; 18 .1%  o f all sam ples w ere positive . A to ta l  o f  151 Listeria  
monocytogenes s tra in s  belonging to  se ro ty p es  1/2, 4, 5, 6 and unknow n w ere id en tified  a n d  phage 
ty p ed . On th e  basis o f th e  se ro ty p e  a n d  p h ag e  ty p e  of th e  ex cre ted  s tra in s  th e  a n im a ls  could 
be d iv ided  in to  7 g roups. C harac ters o f  s tra in s  iso lated  from  th e  c o tte d  sheep w ere com pared  
w ith  those  c u ltiv a ted  from  68 dead  an im a ls  received from  44 d is tin c t se ttle m e n ts . A lso p ro p e r­
tie s  o f 10 Listeria  s tra in s  o rig in a tin g  fro m  8 ill p a tie n ts  in fec ted  in th e  sam e reg ion  fro m  w here 
th e  carcasses o f th e  an im als w ere se n t to  th e  la b o ra to ry  were s tu d ied . Tw o h u m a n  Listeria  
s tra in s  were id en tica l in sero type  a n d  p h ag e  ty p e  w ith  some an im al stra in s .

S ero typ in g , p hage t y p in g , b io ty p in g  and d etec tio n  o f  b acter iocin  p rod u c­
t io n  p rovid e an aid in  fo llow in g  th e  sp readin g o f  p a th o g en ic  ag en ts . T h e u sefu l­
ness o f  phage ty p in g  o f  Listeria  stra in s in  ep id em io log ica l w ork has o n ly  been  
stu d ied  b y  a few  authors [1 -8 ] . T h e p urpose o f  th e presen t w ork w as to  ev a lu a te  
th e  resu lts o f  p hage ty p in g  and to  co llec t further d ata  on th e  occu rren ce o f  
lis ter iae . D ifferen t sam ples ta k e n  from  50 h ea lth y  co tted  sh eep  w ere cu ltured  
for Listeria  and properties o f  th e  stra in s iso lated  from  th e  sam p les as w ell as 
dead an im als and ill p a tien ts w ere stu d ied .
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M aterials and m ethod s

A  to ta l  of 814 sam p le s o f  50 ind iv idually  labe lled  h e a lth y  co tte d  sheep w ere in v es ti­
g a te d .  T h e  sam ples w ere ta k e n  b e tw e e n  22nd Ju n e  an d  3 1 st J u ly  in  an  in te rv a l o f 2 to  6 days. 
N a sa l  a n d  vaginal specim ens w ere  ta k e n  w ith sterile  sw abs. F aeces w ere co llected  w ith  sterile  
r u b b e r  finger stall from  th e  r e c tu m  o f  each anim al in to  a  ste rile  dish. M ilk w as d irec tly  m ilked 
in to  s te rile  glass tub e . S w ab s, a  b ean-size  piece of faeces o r 1 m l o f m ilk  w ere ino cu la ted  in to  
m o d if ie d  H o lm an’s e n r ic h m e n t m ed iu m  and  th e  cu ltu res  w ere  in cu b a ted  a t  4 °C fo r 3 m o n th s 
a t  th e  lea s t. The f irs t su b c u ltu re  w a s  m ade afte r 2 w eeks in c u b a tio n  o n to  TN SA  m edium  and  
r e p e a te d  on  every 2nd or 3 rd  w eek . S tra in s  were iso la ted , ch ecked , se ro ty p ed  and  p hage  ty p e d  
a c c o rd in g  to  th e  usual m e th o d s  [2 , 3, 6]. Listeria  s tra in s  w ere  iso la ted  from  an im al carcasses 
a n d  p a tie n ts  in  accordance w ith  th e  m ethods p rescribed  fo r th e  v e te r in a ry  and  public  h e a lth  
se rv ice s .

M edia  and reagents w ere  p re p a re d  using A. G. chem ica ls (R ean a l, B u d a p es t, H u n g a ry ) 
a n d  O xo id  products (B a sin g sto k e , E ngland).

Results

D istrib u tion  o f  8 1 4  sa m p les  collected  from  50 an im als (40 ew es and 10 
t e g s )  an d  p ositive  r e su lts  are sh ow n  in T able I . A ll ew es ex cre ted  Listeria  and  
1 4 0  (20% ) out o f th e ir  6 9 3  sam p les were p o s it iv e . O n ly  8 sam p les (6 .6% ) o f  
5 a n im a ls  out o f 121 sa m p le s  tak en  from  10 te g s  co n ta in ed  Listeria.

Table I

D istribution and p o sitive  results o f 814 samples fro m  50 healthy cotted sheep

Sam ple
S am p les P o s itiv e sam p les P ro p o rt io n  o f  one k ind

N o. % N o. % p o s itiv e  m a te ria ls  (148)

N asal swabs 161 19.7 31 19.2 20.9
Vaginal swabs 175 21.4 4 2.2 2.7
Faeces 408 50.1 112 27.4 75.6
Milk 70 8.5 1 1.4 0.6

T o ta l 814 100.0 148 18.1 —

Table II

Serotype distribution o f  151 Listeria strains isolated fro m  50 healthy cotted sheep

Sero type o f  s tra in s
T o ta lSource o f s tra in s

1/2 4 5 6 n o t
d e te rm in e d

N asal swabs 26 _ l 2 2 31
V aginal swabs 1 — — 2 1 4
Faeces 86 l 8 11 9 115
Milk 1 — — — — 1

T ota l 114 l 9 15 12 151

P ercen t of all stra ins 75.4 0.6 5.9 9.9 7.9 100.
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Table III

Occurrence o f  Listeria strains o f  different serotype and phage type in  50 healthy cotted sheep

S ero ty p e  1/2 S ero ty p es  1/2, 5, 6a , 6b

R e p e a te d  iso la tions R e p e a te d  iso la tions O th e r se ro ty p e  an d  phage  
ty p e  e n titie sSingle iso la tion

Id en tica l D ifferent 
phage  ty p e  p hage  ty p es

Single iso lation Id en tica l phage  ty p e D iffe ren t p h a g e  ty p es

5/5 * 20/7 28/8

100000000 1** NT 20 020000000
400000000 1 100000000
NT 3 400000000

571000000
NT
unknow n

1 1/2

3/1

NT 1 1/2

41/9

NT
5 5 000003736 1 5 000003736
3 6b NT 1 6a NT
1

17
6b 000002504

NT
l

16/3 38/12

28 1/2 400000000 1 1/2 020000000 1
5 NT 10 040000000 1
5 5 000003736 1 100000000 2

1 000003737 1 400000000 2

2 6a 000000040 1 NT 13
NT 2 unknow n 3

4 NT 1
5 NT 1
6a NT 1
6b NT 1
U nknow n 000001000

040000000 1
N T 6
unknow n 4

* N um ber o f s tra in s /n u m b er o f sheep; ** phage ty p e  and num ber o f s tra in s ; N T  =  non ty p ab le  w ith  our phages
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T ab le  II  d em o n stra tes  serotype d istr ib u tio n  o f  listeriae . T w o Listeria  
s tr a in s  o f  d ifferent se r o ty p e  w ere isolated  from  ea ch  o f  3 faeca l sam p les in  th e  
sa m e tim e .

T h e resu lts sh ow  th a t  a lim en tary  and resp ira to ry  tracts o f  sheep  w ere th e  
m o st im p ortan t sou rces o f  listeriae .

T h e occurrence o f  Listeria  strains o f  d iffer en t sero ty p e  and phage ty p e  in  
th e  50  sheep  is su m m arized  in T able I II .

F iv e  Listeria  s tra in s  o f  serotype 1/2 w ere iso la te d  from  5 sheep  —  on ly  
o n e  from  each. T w e n ty  n o n -ty p a b le  L. monocytogenes sero typ e 1/2 stra in s were 
c u lt iv a te d  from  7 an im als  rep ea ted ly  (at le a st  tw o  tim es), o ccasion a lly  from  
d ifferen t sam ples (faeces, n a sa l d ischarge, see  sh eep  N o. 18 in  T able IV ). From  
fu r th er  8 anim als 28 Listeria  strains o f  se ro ty p e  1/2 were iso la ted . I t  teas ch ar­
a c te r is t ic  o f these a n im a ls  th a t  at least tw o  stra in s o f  d ifferent p h age  ty p e  
co u ld  b e cu ltiva ted  from  ea ch . D ata  o f sh eep  N o . 3 characterize th is  group o f  
a n im a ls  in T able IV . O ne sh eep  excreted  3 lis te r ia e  o f  d istin ct serotyp e —  each  
stra in  w as isolated  o n ly  o n ce . In  9 anim als Listeria  stra in s o f  d ifferent sero typ e

Table IV

Representative types o f  Listeria excretion observed in  cases o f  cotted sheep

D e s ig n a tio n  
o f  a n im a l

Listeria
cu ltu red

D ate  o f sam p lin g  a n d  r e s u l ts  o f  ex am in a tio n s

Ju n e J u ly

22 24 26 30 3 7

1/2*
nose NT** —

18 vagina — —
1/2 1/2 1/2

faeces NT NT NT — —

nose
3 vagina — —

1/2 1/2 1/2
faeces — 400000000 100000000 * 020000000

nose —
2 vagina • — *

6a 1/2 1/2 5 5
faeces N T N T NT 000003736 000003736 —

1/2 1/2
nose NT N T

1/2 6a
22 vagina N T * — NT

6a 1/2 1/2
l'aeces 000000040 — N T — — NT

* Serotype 
** Phage type 
— Listeria  was no t p re sen t 

■ N o t tested
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COMPARISON OF LISTERIA SERO- AND PHAGE TYPES 13

occurred and certa in  sero typ es w ere rep ea ted ly  observed . T he p h a g e  ty p e  o f  
th e  la tte r  w as th e  sam e. From  th e  9 sheep  41 Listeria  strains w ere c o llec te d . 
T h is group is represented  b y  an im al N o. 2 in  T ab le IV . S im ilarly , 16 Listeria  
stra in s o f  d ist in c t  serotyp e w ere cu ltu red  from  furth er 3 sheep; p h age ty p e s  o f  
th e re p e a ted ly  iso la ted  stra in s w ere n o t th e  sam e. An exam p le for th is  group  
can be seen  in T able IV (sheep  N o. 22). T w elve  sh eep  o f  th e  la st ca te g o ry  y ie ld e d  
38 listeriae  ou t o f  w hich 12 cou ld  n o t be sero ty p ed . P hage ty p e  o f  4 s tra in s  out 
o f th e  12 as w ell as th a t o f  3 ou t o f  th e  sero typ ed  26 was n ot d eterm in ed .

T he m em bers o f th e flo ck  cou ld  be c la ssified  in to  tw o groups: 20  an im als  
ex cre ted  o n ly  serotyp e 1/2 on one or m ore occasion s (53 stra in s). F o r ty  stra in s  
w ere n o n -ty p a b le  w ith  p h ages, 12 stra in s b elon ged  to  5 d ifferent p h a g e  ty p e s  
and one stra in  w as not te s ted .

F rom  th e  sam ples o f  25 fu rth er sheep  at lea st tw o lis ter iae  o f  d is t in c t  
sero ty p e  cou ld  be iso lated  (98 stra in s). O ut o f  them  61 belon ged  to  se ro ty p e  
1/2 and 52 w ere n ot p h age-typ ab le , 7 stra in s b elon ged  to  4 d ifferent p h a g e  ty p e s  
and 2 w ere n ot tested . T he sero ty p e  o f  12 stra in s out o f  th e rem ain in g  37  ones  
w as u n k n ow n  and the p hage ty p e  o f  4 u n serotyp ed  strains w as n o t in v e s t i­
ga ted . T h e o ther 25 listeriae b e lo n g ed  to  4 sero ty p es (4, 5, 6a and 6b ); 14 w ere  
n o t p h a g e -ty p a b le , 10 b elon ged  to  4 d ifferen t phage ty p e s  and on e w a s not

In  su m m ary , 45 out o f  th e  50 sheep  excreted  Listeria , 40 o u t o f  th em  
ex cre ted  on one or more occasion s sero typ e  1/2 and n ot p h a g e -ty p a b le  stra in s, 
i.e . th is  ty p e  o f  listeriae w as d o m in a n t in th e  stock .

In  th e  secon d  part o f  th is  s tu d y  we com p ared  characters o f  lis te r ia e  o f  
d ifferen t orig in . T he m icroorgan ism s w ere iso la ted  from  ill p a tie n ts  an d  dead  
an im als in  B orsod -A b aú j-Z em p lén  c o u n ty . T en  L. monocytogenes s tra in s  w ere

Table V

H um an listeriosis cases

P a tie n ts S tra in s
N o te

d es ig n a tio n  age residence se ro ty p e p h ag e  ty p e

29 33 years Sajóhídvég 4b 002 010 000 m other, p re m a tu re  b ir th
30* p rem atu re  baby Sajóhídvég 4Ь 002 010 000 prem atu re  baby of No. 29.

4b 002 000 000 congenital listeriosis
31 p rem a tu re  baby Gesztely 4b 004 000 004 m eningitis, sepsis

4b 000 010 000
32* p rem a tu re  baby Bocs 1/2 NT congenital listeriosis
37 46 years Szikszó 4b NT m eningitis
44 58 years Onga 1/2 100 000 000 m eningitis
45 73 years K isgyor 1/2 NT m eningitis
48 ] day Szen tistván 4b 002 100 000 sepsis

* P a tie n t died.
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14 RALOVICH

c u lt iv a te d  from 8 h u m a n  cases (Table V ). P a t ie n ts  N o. 29 and N o. 30 b e lo n g ­
in g  to  a fam ily  ou tb rea k  y ie ld e d  3 strains on e o f  w hich  show ed a s lig h t d iffer­
en ce  in  phage p a ttern  fro m  th e  others. T h e tw o  stra in s iso lated  from  p a tie n t  
N o . 31 showed a re m a rk a b le  difference.

T h e m ap sh ow s th e  sou rces o f the ca rca sses , th e  residence o f  th e  p a tien ts  
and f in a lly  serotyp e and  p h a g e  typ e  o f lis te r ia e  iso la te d  from  an im als (F ig . 1).

Phage type of animal strains

+ 020000000 □ 400000000
A 340000000 в 410000000
1 100000000 T 700000000
О 002520000 О 010000000
Ф 140000000 ❖ 040000000
П N. T = 740000000
■ 002100000 II 540000000

man case

F ig . 1. O ccurrence of L is te r ia  s tra in s  in B o rso d-A baú j-Z em plén  county . N am es of localities 
w h e re  sero type  4 occurred are  u n d e rlin ed

Listeria  strains occurred  in  47  h ab itations o f  th e  reg ion  o f  w hich 41 se tt le m e n ts  
b elo n g ed  to B orsod -A b aú j-Z em p lén  co u n ty . H u m a n  cases were d iagn osed  in  
7 lo c a lit ie s . In 4 s e tt le m e n ts  both  hum an and  a n im a l illnesses were ob served , 
in  fu r th er  3 (O nga, G e sz te ly  and S a jóh íd vég ) o n ly  hum an cases occurred. 
In  34  p laces on ly d e a th s  o f  anim als were re g ister ed . T w en ty -e ig h t out o f  68 
ca rca sses  originated  fro m  28  single stocks w h ich  w ere k ep t at 25 se tt le m e n ts . 
D a ta  for anim al lis te r io s is  are shown in T ab le  V I .

S erotyp es and p h a g e  ty p e s  o f Listeria  s tra in s  iso la ted  in course o f  th is  
s tu d y  are sum m arized  in  T a b le  V II. Only 97 o u t o f  151 listeriae iso la ted  from  
h e a lth y  sheep are lis te d  in th e  Table b ecau se e v e r y  strain  o f a g iven  sero typ e
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Table VI

Properties o f  the strains isolated fro m  28 single anim al listeriosis cases

L o ca lity  o f  s to ck S p e c if ica tio n  o f  carcasses
se ro ty p e

S tra in s

p h a g e  ty p e

Sajóváinos lam b brain 1/2 020 000 000
H arsán y bovine foe tus stom ach con ten t 1/2 N T
E ger IV sheep brain 1/2 NT
Szirm a besenyő sheep brain 1/2 NT
A baúj szántó lam b brain 1/2 NT
Bogács lam b brain 1/2 NT
Fulokércs sheep brain 1/2 N T
M átraderecske sheep brain 1/2 N T
P erk u p a sheep brain 1 /2 N T
M ezőkövesd bovine  fo e tu s stom ach conten t 1/2 N T
Bocs sheep bra in 1/2 ICO 000 cco
Z em plénagárd sheep brain 1 /2 N T
Szikszó b o v ine  fo e tus stom ach co n ten t 1 /2 N T
K ovácsvágás lam b bra in 4 002 520 000
T arra l lam b bra in 4 002 520 000
K esznycten sheep bra in 1/2 340 000 000
P u tn o k lam b brain 1/2 040 000 000
N ag y b arca lam b brain 1/2 N T
G agyvendcgi lam b brain 1/2 N T
Saj ószöged sheep brain 1/2 410 000 CCO
Izsófalva sheep brain 1/2 400 000 000
K á tk a sheep brain 1/2 700 000 000
K akaca sheep brain 1/2 040 000 000
Csorba telep sheep brain 1/2 N T
G öröm böly sheep brain 1/2 N T
T iszabábo lna bovine fo e tu s liver 1/2 700 000 000
T iszabábolna lam b brain 1/2 140 000 000
Szikszó ca ttle b rain 4 002 100 000

am i p hage ty p e  w as cou n ted  o n ly  on ce in each  an im al. D ifferen ces in  p hage  
ty p e s  m ay  be exp la in ed  b y  th e  fa c t  th a t  th e  carcasses orig inated  from  44  s e t t le ­
m en ts. Listeria  strains o f  se ro ty p e  1/2 b elon g in g  to  4 p hage ty p e s  (400  0 0 0  000, 
100 000  000 , 040 000 000 and 020  000 000) were foun d  am ong th e  c o t te d  an i­
m als and in  th e  carcasses, b u t th e ir  ratio  (29.6%  resp ec tiv e ly  13 .2% ) d iffered  
from  each  other. As to  h u m an  lis ter ia e , in  co n tra st to  earlier o b ser v a tio n s  
[5 , 6 ] , in tw o  cases (N os 44 an d  48) th e  p hage ty p e  o f  th e stra in s (100  0 0 0  000 , 
002 100 000) w as id en tica l w ith  th a t  o f  th e  an im al ones.

D iscussion

In  our earlier p u b lic a tio n s  a tte n tio n  w as focu ssed  on th e  u se fu ln e ss  o f  
p h age ty p in g  o f  Listeria  stra in s and  our p relim inary resu lts w ere a lso  rep orted  
[1, 3, 5 ]. I t  w as described  th a t  p h a g e -ty p a b ility  o f  th e  H u n gar ian  and th e  
F ren ch  stra in s d iffered in  cer ta in  e x te n t . B esid es, it  w as also o b ser v ed  th a t  
Listeria  stra in s o f  id en tica l se ro ty p e  and phage ty p e  were n ot iso la te d  from  ill
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Table VII

Serotype a n d  phage type o f Listeria strains o f  different origin

S tra in s  isolated from  h e a lth y  c o t te d  sheep S tra in s  iso la te d  from  carcasses o f  sheep

se ro ty p e
(se ro v a r)  Ph age 1УРе No.

se ro ty p e
(se ro v a r) p h a g e  ty p e

N o.

epidem ic single

1/2 571 000 000 1
400 000 000 7
100 000 000 8
040 000 000 2
020 000 000 2
NT 40
unknow n 3

4 NT 1
5 000 003 737 6

000 003 736 1
NT 1

6a 000 000 040 1
NT 7

6b 000 002 504 1
NT 4
unknown 1

U nknow n 000 001 000 1
NT 6
unknown 4

S tra in s  iso lated  from N o .

carcasses ol ca ttle
e p id e m ic single

700 000 000 l
1/2 340 000 000 

NT
2

4
4 002 100 000 1

1/2 740 000 000 1
700 000 000 1
540 ...... 000 1
410 000 000 2
400 000 000 2
340 000 000 1 6
140 000 000 2
100 000 000 2
040 000 000 2
020 000 000 3
010 000 000
NT 8 21

4 002 520 000 4
NT 1

S tra in s  iso la te d  from p a tie n ts

se ro ty p e
(se ro v a r) p h a g e  ty p e No.

1/2 100 000 000 1
N T 2

4b 004 000 004 1
002 100 000 1
002 010 000 2
002 000 000 1
000 010 000 1

NT 1

p a t ie n ts  and an im als, h o w e v e r , h ea lth y  p ersons ex c re te d  such stra in s rarely. 
I n  co n tra st to th is , d iffe r e n t  anim als (sh eep , cow ) excreted  m ore freq u en tly  
L is ter ia  strains o f  th e  sa m e  serotype and p h age  ty p e . I t  w as also recogn ized  
th a t  am ong serotypes an d  p h a g e  typ es o f  lis te r ia e  regu lar re la tion sh ip s ex isted . 
O n th e  hasis o f these re g u la r it ie s  it  was v er if ied  th a t  sero ty p in g  o f  a sm all part 
o f  L. monocytogenes s tra in s  iso la te d  in C anada w as n o t  ex a c t [3, 9, 10]. L ast b ut  
n o t le a s t  a p o ssib ility  w a s  su ggested  to  co n tro l th e  m eth od  o f  p hage ty p in g .

In  th e present s t u d y  i t  was observed  th a t  in te s t in a l and u pp er resp ira­
to r y  tra c ts  o f sheep w ere th e  m ain sites o f  h arb ou r in g  and excretion  o f  lis te ­
r iae . In  v iew  of our f in d in g s  on serotypin g and p h a g e  ty p in g  as to o ls  o f  ep id e­
m io lo g ic a l tracing w e do n o t  agree w ith  one o f  th e  co n ce p t o f  H a lifax  W orkshop. 
n a m e ly  “ serotypin g is o f  l im ite d  u sefu lness” [1 1 ]. H o w ev er , w e agree w ith  th e  
o th e r  stan d p oin t o f  th e  W ork sh op : “ m ultip le ty p in g  sy stem s are recom m en ded  
fo r  ep id em iologica l s tu d ie s ”  [11].
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O n th e  b asis o f  th e  resu lts ob ta in ed  in s tu d y in g  a co tted  stock  o f  sh eep , 
it m ay  b e con clu d ed  th a t  th e  an im als harboured  Listeria  strains o f  d ifferen t  
sero ty p e  as w ell as p h age ty p e  and ev en  sam e an im al fa iled  to  excrete  th e  sam e  
stra in  on  rep eated  ex a m in a tio n s . T h is f in d in g  in d ica tes  th a t  d ifferent lis te r ia e  
circu la ted  in th e  sto ck . E p id em io log ica l trac in g  o f  Listeria  strains is v e r y  d if f i­
cu lt  u n d er such  circu m stan ces ev en  w hen  th e  stra in s h a v e  tw o  m arkers. B e s id es , 
th e  q u estio n  arises, is it  w orth -w h ile  to  im m u n ize a f lo ck  w ith  a liv in g  v a cc in e  
w h en  th e  m em bers o f  it  are in fected  to  a great e x te n t?

P rop ortion  o f  n o t p h a g e -ty p a h le  listeriae  w as low er and th e n u m b er o f  
p hage ty p e s  w as h igher in  case o f  carcasses th a n  in  case  o f  co tted  h ea lth y  sh eep . 
T h is ob serv a tio n  m ay  b e a ttr ib u ted  to  th e  fa c t  th a t  carcasses orig in ated  from  
44 p la ces. I t  is in te re stin g  th a t  sero typ e  5 did n o t cau se d eath  o f  an im als .

A s sero typ e and p hage ty p e  o f  a L . monocytogenes stra in  do n ot a lw ays g iv e  
in fo rm a tio n  ab out th e  p a th o g en ic  p rop erty  o f  th is  m icrobe, a t present th ere  are 
no b e tte r  m eans to  d eterm in e v iru len ce m arkers o f  th ese  strains th a n  th o se  
p u b lish ed  earlier [6, 12].

In  general, high p roportion  o f  n ot p h a g e -ty p a b le  Listeria  stra in s urges  
furth er im p ro v em en t o f  th e  m eth od  o f  phage ty p in g . A lso  there are som e op en  
q u e stio n s  w hich  should  he d iscu ssed  for th e  fo rm ation  o f  a realistic s ta n d p o in t  
for th e  correct ev a lu a tio n  o f  resu lts o f  phage ty p in g  (13).
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ALTERATION OF PHAGE- AN1) BIOTYPES OF 
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M icrobiology, U diversity  M edical School, Pécs. H ungary

(R ecieved  M arch 21, 1984)

E th y l-m e th y l-su lp h o n a te  m u ta n ts  of Listeria monocytogenes m igh t he d iffe ren t from  
th e  p a ren t s tra in  in  p hage  ty p e  an d  in  sp littin g  of lac to se , m altose , m elezitose, sucrose  an d  
trehalose. D ifferences w ere o bserved  in rep ea ted  co n tro l s tu d ie s  in phage type  an d  c a rb o h y ­
d ra te -d eco m p o sitio n  of 550 Listeria  s tra in s  iso lated  from  a v a r ie ty  o f sources (p a tien ts , h e a lth y  
and dead anim als). I t  has been concluded  th a t  c e rta in  c a rb o h y d ra te  tes ts  are u n su ita b le  fo r 
d istingu ish ing  b io ty p es  o f Listeria . An im provem en t o f  th e  e v a lu a tio n  of phage ty p in g  re su lts  
is recom m ended.

W e h ave rep orted  on th e  properties o f  550  Listeria  strains [1 -3 ] . R e p ea ted  
te s t  h ave revea led  th a t  th e  p hage ty p e  and carb oh yd rate-d ecom p osin g  a b ility  
o f certain  stra in s v a r ied . T h e present paper g iv e s  an  accou n t o f th ese  s tu d ie s .

M aterials and m ethod s

B iochem ical c h a ra c te rs , se ro ty p e , phage ty p e , n u tr i t io n a l  req u irem en ts an d  v iru len ce  
m arkers of Listeria  s tra in s  iso lated  from  hum ans an d  a n im a ls  in  H u n g ary  and C a n ad a  a n d  
m u ta n ts  p ro d u ced  by  EM S (e th y l-m eth y l-su lp h o n a te ) w ere s tu d ied . T he m ethods w ere d e ­
scribed in earlie r p u b lica tio n s  [4 -7 ]. EM S tre a tm e n t w as c a rried  ou t according to  C la rk ’s 
m ethod  [8 | and  th e  m u ta n ts  w ere iso la ted  from  blood agar.

R esults

Listeria monocytogenes sero typ e  l/2 a  stra in  N o . 18 w hich  has lo n g  b een  
used in our exp er im en ts and its  m u tan ts p rod u ced  b y  EM S were e x a m in e d . 
D ata  for th e  stra in s are su m m arized  in T ab le  I . A lth o u g h  th e three stra in s  
b elonged  to  th e  sam e se ro ty p e , in  phage ty p e  an d  h a em o ly tic  a b ility  t h e y  d if­
fered . O ne o f  th e  m u ta n ts  requ ired  m ore am ino acid s for th e  grow th on  m in im al
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Table I

Properties o f  L . monocytogenes stra in  N o. 18 and its mutants

P ro p e r t ie s S tra in s

N o. 
S ero type  

P hage ty p e

18
l /2 a

400 000 000

025/3
l /2 a
N T

025/4 /4
l /2 a

240 000 000

A m in o  acid requ ire­
m e n t
DL-iso-leucine essentia l essential essential
I.-leucine essentia l essen tia l essential
DL-valine essen tia l essen tia l essential
L-cysteine-HCl essential essen tia l essential
L -glu tam ine non-essen tia l non-essen tia l essential
DL-m ethionine non-essen tia l non-essen tia l essential
L-arginine-HCl non-essentia l non-essen tia l essential

H aem olysis w eak b e ta s tro n g  b e ta very  w eak  b e ta

A n to n ’s tes t positive po sitiv e negative

A cid  production 1 * 2  3 1 2 3 1 2 3
lac tose +  -  I —  —  —
m altose +  • + +  • + I
m elezitose +  • + —  * +

sucrose +  +  + —  +  + I
trehalose +  • + —  • + I

* Experiment No 
• =  Not tested  

I =  Irregular.
NT =  Untypable

agar; th is  strain  b ecam e a v iru len t. T he ca rb o h y d ra te-d eco m p o sin g  a b ility  o f  
th e  s tr a in s  w as exam in ed  on  th ree d ifferen t occasion s and th e  resu lts  w ere n ot  
a lw a y s  th e  sam e.

T o  o b ta in  m ore d a ta  on  th e  s ta b ility  o f  phage ty p e  and ca r b o h y d ra te ­
s p l it t in g ,  56 L. monocytogenes sero typ e 4b  stra in s iso la ted  d uring  a C anadian  
e p id e m ic  w ere exam in ed  [9 ]. S ix  stra in s w ere iso la ted  from  3 p a tie n ts , i.e . tw o  
s tr a in s  from  each p erson . F u rth er 16 stra in s  w ere iso la ted  from  fa m ily  o u t­
b rea k s (from  m others and th eir  n ew b orn s), w hile th e rem ain in g  34 strains  
o r ig in a te d  from  seem in g ly  sin gle cases.

T h ese  Listeria stra in s on  th e  basis o f  th e ir  phage pattern  cou ld  he d iv id ed  
in to  tw o  groups, b u t accord in g  to  A ud urier, th is  d ifferen tiation  h as n o  p ra cti­
ca l im p o r ta n ce , i.e . all 56 Listeria  stra in s ca n  b e regarded as th e  sam e in  respect 
o f  th e ir  ep id em iologica l role. T he ca rb oh yd rate-d ecom p osin g  a b ility  o f  th e  
s tr a in s  xvas rep eated ly  stu d ie d , each  test b e in g  perform ed th ree t im e s . W h ile  th e  
p r o p o r tio n  o f  strains sp lit t in g  su crose, m e le z ito se  and g lycerol w as n ea r ly  th e  
sa m e  in  b o th  phage p a ttern  stra in s, th a t  o f  listeriae  d ecom p osin g  m elez ito se
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Table II

Phage type and carbohydrate-splitting ability o f  L . monocytogenes strains o f  the same serotype isolated in course o f a Canadian epidemic

P hage ty p e : 000 020 000 (16 s tra in s ) Phage ty p e : 000 420 000 (40 s tra in s)

M el + , Gly 4 Sue  —, M el -j-, Gly 4 Sue  + , M el 4 , Gly 4 Sue  — , M el 4 , Gly 4
497* 619 509 617 784 504 678 907
498 739 515 679 923 522 680 959
513 544 682 1031 591 828 1032
618 559 694 82—83 628 884 1087
713 592 711 629 885 82— 129

630 924 82— 130

M el . Gly 4 Sue  - f ,  M el 4  9 Gly Sue  + 9 M el - , Gly + Sue  4*9 M el 4 , Gly
514 510 500 511 590
517 518 501 560
558

Lac 4 , M el 4 , Gly Sue  , Mel , Gly Sue  4~9 M el — , Gly Sue  —, M el + , Gly
861 503 512 700
886

M an  —. M el — , Gly 4 Sue  — , Lac 4 , M el + , Gly ±
639 681

M an  m annito l. Sue --  sucrose, M el m elezitose, Gly =  glycerol. Lac lactose 
* Designation of stra ins
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Table III

Phage type and carbohydrate-decomposing ability o f  L . monocytogenes strains isolated fro m  the same patient or from  fa m ily  outbreaks

P hage ty p e :  000 020 000 P h ag e  ty p e :  000 420 000

Sue  4-, M el —, Gly +  Sue  + ,  M el 4 ,

5 0 3 -----  ---------------------------- 518
□  510

Gly

Sue ■ ‘ , M el + ,  Gly -)-

• 513
О 618

Suc — , Lac ± , M el + ,  

681 —

Suc ; , Mel 4-, 

4- 923

0 + 1

1031 
O  617 
T  711

Gly +  Sue  — , M el + ,

-  680
! 884

-  1032

- X  504 
4- 924

Gly

885

Suc — , M el 4-, Gly + Suc M e l— , Gly + Suc M el — , Gly

T  739 1--------X 500 512
X 501

Suc M el —, Gly 4- □ 511

X 517

Id en tica l signs ahead of designation of stra in s  m ark  isolates from  th e  sam e fam ily o u tb reak . N um bers linked w ith  lines m ark  stra in s  iso­
lated  from  th e  sam e p a tien t
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and g lycero l b u t n ot sucrose w as s ig n if ic a n tly  h igher in  p hage ty p e  000  4 2 0  000  
th a n  in 000 020 000. In  phage ty p e  000 020 000 th e  p roportion  o f  b acter ia  
c lea v in g  sucrose and g lycerol b u t n o t m elez ito se , and also o f  stra in s d e c o m p o s­
in g  sucrose but n ot g lycero l w as h igher th a n  in p hage ty p e  000 420  0 0 0 . In  
gen eral, sp littin g  o f  sucrose w as m ore freq u en t in phage ty p e  000  020  000  
(T able I I ) . C onsidering th e  sou rce o f  th e  stra in s it w as ob served  th a t  pairs o f  
stra in s (503—518, 6 8 0 -6 8 1 , 1031—1032) iso la ted  from  th e sam e persons b e lo n g ed  
to  th e  sam e p hage ty p e  b ut d iffered  in th e  a b ility  to  d ecom p ose cer ta in  carb o­
h yd ra tes  (T able I I I ) . In  one case  w h en  three stra in s (500, 504, 517) w ere iso ­
lated  from  th e sam e new born , th e  p hage ty p e  o f  one o f  th em  was 000  0 2 0  000 , 
w hile th a t o f  th e  other tw o  000  420  000. In  four cases (5 1 0 -5 1 1 , 5 1 2 -5 1 3 ,  
6 1 7 -6 1 8 , 7 1 1 -7 3 9 ) out o f  th e  7 fa m ily  ou tb reak s th e p hage ty p e  o f  on e o f  th e  
tw o  stra in s iso la ted  from  m oth ers and th eir  new borns p roved  to  be 000  020  000, 
w h ile  p hage ty p e  000 420  000 ch aracterized  th e  other four stra in s. In  th ree  
o u t o f  th e  four cases th e  ca r b o h y d ra te -sp litt in g  a b ility  o f  th e  stra in s w as also  
d ifferen t. In  furth er tw o  fa m ily  ou tb reak s (8 8 4 -8 8 5 , 9 2 3 -9 2 4 ) th e  p h a g e  ty p e  
o f th e  stra in s w as th e  sam e and tw o  stra in s c leaved  th e  ca rb oh yd rates in  th e  
sam e w a y , too . In  a fa m ily  ou tb rea k  y ie ld in g  3 strains from  th e  n ew b o rn  and  
one from  th e  m oth er , th e  p h age  ty p e  and ca rb o h y d ra te-d eco m p o sin g  a b ility  
o f  th e  la tte r  w ere id en tica l w ith  th o se  o f  one o f  th e  new born  stra in s. H o w e v e r , 
o n ly  its  p hage ty p e  was id en tica l w ith  th a t o f  th e  2nd n ew born  stra in  an d  th ere  
w ere no id en tica l p rop erties in  th e  case  o f  th e 3rd strain . T hese d a ta  su p p o rt th e  
v iew  th a t  p hage ty p e  and ca r b o h y d ra te -sp littin g  ab ility  o f  Listeria  s tra in s  m ay  
ex h ib it  som e a lteration s.

Table IV

Phage type o f  L . monocytogenes strains o f  the same serotype isolated from  the same patient, a n im a l
or fa m ily  outbreak

s o u rc e s e r o ty p e p h a g e  ty p e

prem atu re  baby blood 4b 004 000 004)
CSF 4b 0 0 0  0 1 0  0 0 0 |

spleen 4a 002 520 0001
57 years old m ale b rain 4a 002 500 0001

CSF 4a 002 520 OOOJ

brain  1 4 0 0 2  1 0 0  0 0 0 )cow bra in  2 4 0 0 1  0 0 0  0 0 0 )

m other vag ina 41» 0 0 2  0 1 0  0 0 0 )

prem atu re  baby liver 41. 0 0 2  0 0 0  0 0 0 }

CSF 4b 0 0 2  0 1 0  O O O J

* Non-significant alteration  
** Significant alteration
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T ab le IV  su m m a rizes th e  H ungarian d a ta  ob ta in ed  for stra in s iso la ted  
fro m  th e  sam e p erson , a n im a l or fam ily  o u tb re a k . I t  can  be con clu d ed  th a t  
m ore sig n ifica n t or le ss  im p o r ta n t  d ifferences ca n  be observed  in th e  p hage ty p e  
o f  stra in s iso la ted  fro m  th e  sam e source.

R esu lts o f  r e p e a te d  te s t s  perform ed w ith  th e  sam e Listeria  stra in s also  
c o n firm  th e fact th a t  so m e  a lterations m ay o ccu r  (T ab le V ). In  th e  case o f  strains  
1 an d  2 on ly  n o n -s ig n ifica n t differences w ere o b serv ed . In  four ex a m in a tio n s o f  
s tr a in  3 four phage ty p e s  w ere determ ined  w h ich  d iffered  m ore or less s ig n if i­
c a n t ly  from  each o th er . A t  p resen t it is n ot c lear w h eth er  th e  a lteration s can  be 
a ttr ib u ted  to th e u n r e lia b ility  o f the m ethod  or to  th e  u n stab le  ch aracter o f  th e  
stra in s .

Table V

Phage types o f  the sam e L . monocytogenes stra in  on repeated control examinations

D e s ig n a tio n  o f  
s tr a in

No. of
ex am in a tio n

S ero type p h a g e  ty p e

l l 4 006 000 0001

2 4 002 000 000 j

2 1 1/2 010 000 0001

2 1/2 NT ]

1 1/2 330 000 0001
r *2 1/2 771 000 oooj

3 3 1/2 331 000 000)

4 1/2 731 000 000]

* N on-significant a lte ra tio n  
** S ignificant a ltera tion

In  Table V I w e t r y  to  illustrate th e p ra c tic a l im p ortan ce o f  a lteration  in  
p h a g e  ty p e . T hese d a ta  w ere published p re v io u s ly  [3 ]. I f  p hage ty p e s  in  T able  
V I m ean t real d ifferen ces, in  the first farm  th e  d ea th  o f  th e  four sheep  w ould

Tabic VI

Phage type o f  L . monocytogenes strains isolated fro m  dead anim als during two epidemics

L o c a li ty  of th e  s to c k  
(v illag e )

Designation 
o f anim al

S e ro ty p e

S tra in

P h a g e  ty p e

A b a ú ja lp á r 33 1/2 N T  1 *
46 1/2 0 1 0  0 0 0  ooo j

40 1/2 340 000 000) *
50 1/2 400 000 OOOJ

M ezo tá rk án y 66 1/2 N T j *
67 1/2 0 1 0  0 0 0  oooj

* N on-significant a lte ra tion
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h ave b een  cau sed  by four L . monocytogenes o f  d ifferen t origin. H ow ever, a cc o rd ­
ing to  A ud urier, th e d ifferen ces (1NT-010 000 000  or 340 000 000— 400 000  000)  
are n o n -s ig n ifica n t. T h is m eans th a t  n ot four ep id em io lo g ica lly  d istin c t o rg a n ­
ism s, b u t at m ost o n ly  tw o  d ifferent lis ter ia e  c ircu la ted  in th e A b a ú ja lp á r  
stock . On th e  b asis o f  th is  con sid eration  o n ly  on e ep id em iologica l u n it w as 
resp onsib le for th e  M ezőtárk án y outbreak .

D iscussion

O sebold  e t  al. [10] ob served  th a t L . monocytogenes in d iffusion  ch a m b ers  
im p lan ted  in to  p eriton ea l c a v ity  o f  m ice su rv iv ed  as long as 22 m on th s. H o w ­
ever, at th e  end  o f  th e  exp er im en t in stead  o f  th e  orig inally  h o m o g en eo u s  
Listeria  p o p u la tio n  d ifferen t m u tan ts  cou ld  be su b cu ltu red  from  th e ch a m b ers. 
T hus av iru len t and R m u ta n ts  as w ell as m u ta n ts  d iffering from  th e  p a ren t  
strain  in  resp ect o f  th e  ca rb o h y d ra te-sp littin g  a b ility  were id en tified . W h ile  
th e  parent stra in  c leaved  treh a lose , rh am nose, sa lic in , g lycerol, s lig h tly  d e c o m ­
posed  la c to se , and irregularly  su crose, one o f  th e  m u ta n ts  sp lit on ly  tre h a lo se , 
rh am nose and sa lic in , an oth er one on ly  treh a lose  and gave u ncertain  resu lts  
w ith  th e o th er  carb oh yd rates. There were iso la te s  w h ich  failed  to  c lea v e  a n y  o f  
th e  ab ove carb oh yd rates  b ut caused  on ly  a s lig h t  a c id ity . A m u tan t w ea k ly  
d ecom p osed  o n ly  rh am nose.

S eeliger [11] and Jon es [12] were also o f  th e  op in ion  th a t th e  e v a lu a tio n  
o f sucrose- and la c to se -sp litt in g  a b ility  o f  Listeria  stra in s is d ifficu lt b eca u se  
the sam e stra in  m ay g ive  d ifferent resu lts in rep ea ted  exp erim en ts.

Our f in d in g s  are sim ilar for sucrose, la c to se , m elezitose , g lycero l an d  
m an n ito l. T h ese  ob serva tion s su pp ort th e  view' th a t  ca rb o h y d ra te-d eco m p o si­
tion  ca n n o t be regarded  as a d ist in c tiv e  m arker.

T he f ir s t  d a ta  on artific ia l m u ta n ts  w ere p u b lish ed  b y  H u nter e t  al. [13 ]  
in 1950. A  w id e v e r ie ty  o f  m u tan ts  o f  cu ltu ra l m orp h ology , v iru len ce, a n t i ­
genic stru ctu re , carb oh yd rate-d ecom p osition , h a em o ly sis  and other b io c h e m i­
cal a c tiv itie s  cou ld  be produced  b y  exp osu re to  rad iop hosp h oru s. In  ce r ta in  
prop erties, in c lu d in g  p hage ty p e , our m u ta n ts  a lso  d iffered  from  th e  p aren t  
stra in  [7].

It m a y  be assu m ed  th a t  a change in ca rb oh yd rate-d ecom p osin g  a b ility  
o f  a Listeria  is o n ly  one sign  o f  th e  a lterations w h ich  occurred in th e b a cter iu m  
and a s im u lta n eo u s ch an ge in th e p hage ty p e  m igh t also be presen t. T h is  
assu m p tion  is su p p orted  b y  ob servation s on  rep ea ted  control o f  th e  sa m e  
stra in  and o f  stra in s iso la ted  from  th e sam e p erson  or in con n ection  w ith  th e  
sam e fa m ily  ou tb reak .

In view' o f  th e  ab ove fin d in gs, it is a d v isa b le  to  consider a ch ange in th e  
present p hage ty p in g  system  so th a t n o n -s ig n ifica n t a lterations in  th e  ly t y c
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p a tte r n  should  n ot be re flec te d  b y  th e co d es . O n th e other hand , it  w ou ld  he 
a lso  n ecessa ry  to  m ake clear w hich  o f  th e  a ltera tio n s are n o n -s ig n ifica n t and  
w h a t is th e  reason for th e se  d ifferences. E x p er ie n c e  collected  up t ill  n ow  needs  
on im p ro v em en t o f  th e  m eth o d  o f  phage ty p in g  or at least th e use o f  an e x p la n ­
a to r y  d iction ary  to  p rev e n t fa lse co n c lu sio n s . U n til th ese  u n so lv e d  p rob ­
le m s are n ot cleared u p , p hage ty p in g  r e su lts  sh ou ld  he used w ith  grea t ca u ­
t io n  in th e  ep id em io log ica l w ork. T he r e su lts  a lso  in dicate th a t th e  m ethod  
su g g e s te d  b y  us [14] for b io ty p in g  o f  Listeria  can  hard ly be u sed  b eca u se  of 
th e  u n certa in  and irregular sp littin g  o f  ce r ta in  carboh yd rates.
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EFFECT OF PHLORIDZIN ON LIPID BIOSYNTHESIS BY 
CLADOSPORIUM TENUISSIMUM  COOKE

M. G i i a r e i b

Biology D epartm ent. Faculty o f  E ducation, A in  Sham s U niversity , Boxy, Cairo, E gypt

(R eceived  A pril 18, 1984)

A local s tra in s  of Cladosporium  tenuissirnum  w as fo u n d  u n su itab le  as a p ro d u c e r o f 
lipid. A d d itio n  of ph lo ridz in  to  th e  fe rm e n ta tio n  m edia  in d u ced  th is  organism  to  a cc u m u la te  
a m odera te  level o f lip id , especially  ste ro ls increased  h ig h ly  in  th e  presence of p h lo ridz in . T he 
p rom oting  effec t o f ph loridzin  m ay  be due to  d irec tin g  th e  su g ar b reakdow n to w a rd s  lipid 
b iosynthesis a n d /o r tran sfo rm in g  th e  free fa tty  acids and  o x a lace tic  acid to  acetyl-C o A.

M uch w ork has been  carried out to  s tu d y  th e  production  o f  lip id s  b y  
fun gi. T he m ost prom isin g  organ ism s are th e sp ec ies  o f  Aspergillus  [1 -4 ] ;  
Pénicillium  [ 5 -8 ]  and Fusarium  [9 -1 1 ] .

T he p u rp ose o f  th is  s tu d y  w as to  d eterm in e th e  role o f  phloridzin  in lip id  
b io sy n th esis  u sing  a strain  o f  Cladosporium tenuissirnum.

M aterials and m ethods

The organism  employed  was iso lated  from  E g y p tia n  soil and  identified  by th e  C om m o n ­
w ealth  M ycological In s t i tu te  as Cladosporium  tenuissirnum  Cooke. T he organism  was m a in ta in e d  
on C zapek-D ox  solid m edium , spore suspensions were o b ta in e d  from  7 days old c u ltu res . T he 
fe rm en ta tio n  m edium  used w as th a t  described by P ruess e t al. [12] and had th e  follow ing 
com position  (g/100 m l): glucose, 4; N H 4N 0 3, 1; K H .P O ,,  0.68: M gS 04 • 7 H 20 ,  0.05; 
Z n S 0 4 • 7 H L,0 , 0.005 and FeCl3 • 6 H..O, 0.016. T he m edia  w ere d is tr ib u te d  in 250 m l E rlen - 
ineyer flasks a n d  sterilized  a t  1.5 a tm  for 15 m in. T he flask s w ere left to  cool, th e  p H  w as in i­
tia lly  a d ju s ted  to  pH  6 and th e  d iffe ren t co n cen tra tio n s o f ph lo ridz in  were added to  th e  s te r ­
ilized m edia u n d e r  aseptic  conditions. T h e  cu ltu re  flasks w ere in cu b a ted  a t 25 °C fo r 7 d ay s 
a fte r  w hich th e  d iffe ren t e stim a tio n s w ere carried  out.

The lip id s  were extracted by  th e  tech n iq u e  ad o p ted  by  N ichols [13]. T he c ru d e  lip ids 
were dissolved in a m ix tu re  o f chloroform  and m ethano l ( 2 : 1 ,  v /v ) and  purified as d escribed  
by  Folch  e t al. [14]. L ipids w ere frac tio n a ted  on th in  la y e r  p la te s  covered w ith silica gel G 
using th e  so lv en t system  p e tro leu m  e th e r  : d ie th y le th e r : ace tic  acid (90 : 10 : 1, v /v )  an d  
de tected  by  p hosphom olybd ic  acid  (5 %  in e th an o l) follow ed by  perchloric  acid an d  h e a tin g  
a t 110°C  for 5 m in. T he percen tag e  of d ifferen t frac tio n s w ere e s tim a te d  using E E L  S can n er 
as described by  Selim  and M ousa [15]. T he sugar c o n ce n tra tio n s  in th e  m etabolic  so lu tio n s 
were e s tim a ted  using  th e  an th ro n e  m eth o d  ad o p ted  by M agnetsk i e t al. [16]. O rganic  acids 
accu m u la ted  in th e  cu ltu re  m edia  were e v a lu a ted  by  th e  zo n e-strip  technique  d escribed  by  
Shim i e t al. [17], th e  acid sp o ts were d e tec ted  w ith  th e  re ag e n t decided by P a sk o v a  and  
M unk [18]. T h e  acid  values were d e te rm in ed  as described by H ild itch  [19].

M o h a m m e d  G i i a r e i b
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N . В . T he tech n iq u e  of rep lacem en t w as c a rried  o u t  as follows: th e  fu n g u s w as allowed 
to  d e v e lo p  i ts  m a ts  on  th e  fe rm e n ta tio n  m ed ium  fo r 5 d a y s  a t  25 °C. T he m e tab o lic  so lu tions 
w ere  p o u re d  o ff an d  rep laced  by  e q u a l volum es o f a  sa lt  so lu tio n  w hich h ad  th e  sam e com posi­
t io n  a s  th e  fe rm e n ta tio n  m ed ium  ex cep t th a t  glucose w as lacking. The sa lt so lu tio n  w as found  
to  b e  su ita b le  n o t only for w ash ing  th e  m ats  from  th e ir  undersu rfaces, b u t  also in keep ing  th e  
fu n g a l cells in  an  ac tiv e  fresh  s ta te . W e ttin g  th e  m ycelia l m a ts  from  th e  u p p e r side w as avoided 
b y  u s in g  ste rile  p ip e tte s  fo r in tro d u c in g  th e  sa lt so lu tio n s  below th e  felts. T he cu ltu res  were 
re in c u b a te d  fo r 4 h , an d  th e  sa lt so lu tio n  w as p o u red  o ff an d  replaced by  e q u iv a len t volum es 
o f th e  f in a l rep lacem en t solu tion .

R esu lts and d iscu ssion

T h e  resu lts recorded (T ab le I) sh ow ed  th a t  th e  ad dition  o f  p h lor id zin  to  
th e  fer m e n ta tio n  m edium  o f  C. tenuissimum  s t im u la tes  its  m eta b o lic  a c t iv it ie s .  
T h e m a x im u m  lip id  y ie ld  w as 18.4%  in th e  presence o f  1 0 _2% p hlorid zin

Table I

B ehaviour o f  C -tenuissim um  in the presence o f  d ifferent concentrations o f  phloridzin

P h lo rid z in  
g /100 ml F e lt w eight

S u g ar Lipid
consum ed

g 0//0 ac id  v a lu e

0.0 1.543 3.0 0.051 3.3 10.6
10“ 5 2.218 3.4 0.243 10.9 8.4
10-0 2.007 3.5 0.250 12.4 8.1
io ~ 3 1.701 3.7 0.246 14.5 7.6
10“ 2 1.513 3.8 0.278 18.1 7.4
1 0 - ' 1.225 3.1 0.168 13.7 6.8

R esu lts  are given in g/100 m l of m edia. In itia l glucose concentra tion : 4 g/100 m l

l ipid (% )
L ipid  (g) 
F e lt (g)

X 100

T h is  c o n te n t  represent m ore th an  5.5 tim es  th e  y ie ld  accu m u lated  in  th e  co n ­
tr o l e x p er im en t. O f p articu lar s ig n ifica n ce  is th a t  th e  sugar co n su m p tio n  fo l­
low's th e  trend  o f  lipid b io sy n th esis  w h ere it increased  w ith  th e  in crease of  
p h lo r id z in  le v e l ach iev in g  its  m ax im al u til iz a t io n  at 10 _2% , a fter  w h ich  th e  
su g a r  u p ta k e  w as d ecreased . T h ese fin d in g s  g iv e  th e  im pression  th a t  p h lorid zin  
d ire c ted  th e  g lu cose b reak d ow n  tow ard s lip id  accu m u lation . T h e p revious  
f in d in g s  d iffers from  th a t o f  D ain odaran  and Ilan gach ari [20] w ho foun d  th a t  
p h lo r id z in  has no effec t on  sugar u tiliza tio n  b y  Aspergillus niger.

T o throw  th e  ligh t on th e  p ossib le e ffec t o f  phloridzin  on lip id  b io sy n th e ­
sis , th e  perform ed  m ats o f  C. tenuissimum  w ere grow n on th e  fin a l rep lacem en t  
so lu t io n  (ferm en ta tion  m ed ium  fo rtified  w ith  1 0 _2% o f p h lorid zin ) and th e  
d iffe r e n t e s tim a tio n s o f  lip id s, sugar u p ta k e , felt form ation , a ccu m u la tio n  o f  
o rg a n ic  acid  in  ad d ition  to  th e  d ifferen t lip id  classes were carried  o u t at in ter-
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Table II

Behaviour o f  the preformed mats o f  C. tenu issim um  in presence o f 10 2%  phloridzin  

(a )  Results at the tim e o f  replacement

F e lt w eighet
S ugar L ip id O rganic acids

consum ed
g % ac id  v a lu e  gluconic ta r ta r ic o x a la c e tic succin ic

0.938 2.8 0.027 2.9 9.8 0.018 0.04 0.1

Res ults are given in g/100 ml o f media
(b) Results subsequent to replacement

In c u b a tio n
p e rio d
(d ay s)

F e lt
w eigh t

T o ta l L ip id O rganic acids

consum ed g %  ac id  v a lu e gluconic ta r ta r ic o x a la c e tic succin ic

2 1.945 5.3 0.214 11.8 12.0 0.018 0.042 0.120
4 2.447 6.6 0.342 14.0 11.3 0.016 0.050 0.104
6 2.081 6.7 0.357 17.2 10.8 0.02 0.046 0.095
8 1.882 6.8 0.429 22.8 10.4 0.01 0.042 0.074

10 1.348 6.8 0.187 13.9 9.1 0.036 0.086 0.04

In itia l glucose concentra tion : 8 g/200 m l o f m edia (4 g/100 ml at th e  tim e of in o cu la tio n  
4 g/100 ml o f th e  final replacem ent solution)

vais o f  rep lacem en t. The to p  p art o f  T ab le  II  represen ts th e s ta te  o f  th e  felt  
and its  a c t iv ity  at th e tim e o f  rep la cem en t (5 d a y s), w hile the b o tto m  part 
co n ta in  all th e  data  d eterm ined  on  th e  ch an ges w h ich  took  place d u r in g  a d e f i­
n ite  period  o f  in cu bation  co u n ted  from  th e  tim e o f  rep lacem ent. H e n c e , th e  
fo llow in g  exp ression  has been  em p lo y ed  in th e  b o tto m  part: to ta l su g a r  co n ­
su m ed  su gar consum ed at th e  tim e  o f  rep la cem en t +  sugar co n su m ed  after  
a g iven  in cu b ation  period. T h e ca lcu la ted  figures for lip id  form ation  an d  su gar  
u p tak e sh ow ed  a general te n d e n c y  for in crease w ith  th e  ageing o f  cu ltu r es  t ill 
th e  8 th  d a y  o f  rep lacem ent. T h ese fin d in g s  accords com p lete ly  w ith  th a t  re­
corded in T ab le  I and th is is a co n firm a tio n  to  th e  previous ex p la n a tio n  that 
p h lor id zin  d irected  the sugar b reak d ow n  tow ard s lip id  accu m u lation .

C oncerning th e  va lu es recorded  for th e free ac id ity  (acid v a lu e ) , i t  is 
o b v io u s th a t  th e  presence o f  p h lor id zin  in  th e  ferm en ta tion  m edia o f  C. tenuis­
simum  a ffec t u n favou rab ly  th e  am o u n t o f  free fa t ty  acids and th is ca n  b e  a t tr i­
b u ted  to  th e  su pp ressive effec t o f  p h lor id zin  on  lip ase  a c t iv ity  an d /or th e  free 
fa tty  acids can  be ox id ized  at p o sitio n  ß  to  form  acety l-C oA  w h ich , in  tu rn , 
m ay be tran sform ed  to th e  precursor o f  stero l, acetoacety l-C oA  [2 1 ]. A s a 
resu lt o f  th e  ab ove exp lan ation  th e  p ercen tage o f  free sterols m ust be in crea sed  
in  th e  p rod u ced  lip id s. The d a ta  (T ab le I I I )  con firm ed  th is v iew  w h ere th e  free 
stero ls w ere in creased  grad u a lly  w ith  th e  ageing  o f  cu ltures reach in g  it s  m a x i­
m al a ccu m u la tio n  at the 8th  d a y  o f  rep lacem en t (th e  op tim al in cu b a tio n  p eriod
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Table III

Quantitative estimation o f  d ifferen t fractions o f lipid produced by C. tenuissim um in the presence o f
10~2O/o phloridzin

p erio d
■mbsetpient
rep la c em e n t

(d ay s)

P h ospho­
lip ids F re e  s te ro ls

F ree fa t ty G ly ce rid es M ethyl
este rs

S te ry l
e ste rs S qualeneacids Di- T ri-

0 19.1 16.4 10.3 traces 35.9 3.0 10.9 4.4
2 22.5 19.7 13.1 1.3 35.9 1.0 3.6 2.9
4 21.3 23.1 12.3 1.8 36.4 1.0 2.1 2.0
6 19.0 24.2 12.0 2.5 36.0 1.3 3.0 2.0
8 19.0 26.4 11.5 2.2 35.7 1.2 2.1 1.9

10 19.2 25.1 10.3 2.2 35.7 2.7 3.0 1.8

for lip id  a ccu m u la tio n ). T h ese  results d iffer fro m  th a t  recorded b y  S h im i [5] 
w h o  found th a t io d o a c e ta te  inhibits CoA d u r in g  th e  b io syn th esis o f  fat by  
Pénicillium spinulosum.

W ith regard to  th e  effec t o f p hloridzin  on  th e  accum u lation  o f  organic  
acid s in  the m eta b o lic  so lu tio n s , th e resu lts o b ta in e d  show ed th a t tr ica rb o x y lic  
acid  cy c le  as w ell as p e n to se  cycle were o p er a tin g  in th e  m etab o lism  o f th is  
organ ism . The d e te c tio n  o f  oxa lacetic , su cc in ic  and gluconic acids in  the reac­
t io n  m ixtu res p ro v id es ev id e n c e  for the o p era tio n  o f  th e  tw o  cyc les . T h e p res­
en ce  o f  phloridzin  in  th e  f in a l replacem ent so lu t io n s  affects the p a ttern s and  
th e  co n ten t o f th e  o rg a n ic  acids. The am oun t o f  o x a la c e tic  acid d ecreased  after  
rep lacem en t w ith  th e  a g e in g  o f th e  cu ltu res t i l l  th e  8th  d ay o f  rep lacem en t  
and th is  can be in te rp re te d  on th e basis o f  th e  fa c t  th a t oxa lacetic  acid  can  he 
h ack  con verted  to  p h o sp h o en o lp y ru v ic  acid  b y  th e  action  o f p h osp h oen ol-  
p y r u v a te  ca rb o x y k in a se  an d  g ive rise to  a ce ty l-C o A  leading to  th e  in crease o f  
ster o l con ten t. T artar ic  an d  gluconic acids reach  th e ir  m axim al accu m u la tion  
a t th e  6 th  d ay o f  re p la c e m e n t and th ey  m a y  n o t  b e interfered  w ith  lip id  b io ­
sy n th e s is .

T he data a c c u m u la te d  throughout th is  w ork  show ed  that p h lor id zin  m ay  
in flu e n c e  the lip id  m e ta b o lism . The ad d ition  o f  p h lor id zin  to  th e ferm en ta tio n  
m ed ia  o f  C. tenuissimum  d irected  the sugar b reak d ow n  tow ards lip id  b io sy n ­
th e s is  and/or c a ta ly z ed  th e  transform ation  o f  th e  free fa tty  acid and o x a la c etic  
acid  to  acetyl-C oA  an d  f in a lly  to  sterols.
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INTERACTION OF IMMUNOSUPPRESSIVE AGENTS AND 
HUMAN ADENOVIRUS INFECTION IN MICE

D a m  V i e t  C u o n g , G i z e l l c  K u l c s á r , R i t a  V á m o s , P. D á n  and I. N á s z

In stitu te  o f  M icrobiology, Sem m elw eis U niversity  M edical School, B udapest 

(R eceived M ay 16, 1984)

I t  was exam ined w hether sen sitiv ity  o f m ice to hu m an  adenov irus in fections is affected  
by  im m unosuppressive  agen ts. Mice tre a te d  w ith  th e  lym p h o tro p ic  cy to s ta tic  d ian h y d ro d u lc i- 
to l (D A D ) or an tily m p h o cy tic  serum  (A L S) d id  no t becom e susceptib le  to  h u m an  ad en o v iru s 
ty p e  12 infection , as th e  v iru s did no t re p lic a te  n o t even in its  co m ponen t fo rm s — in  th e  
an im als . On the  o th e r  h an d , th e  effect o f b o th  DAD an d  ALS on th e  ly m p h o id  o rg an s o f mice 
w as in tensified  by h u m an  adenov irus in fec tio n . In tissue cu ltu res th e  rep ro d u c tio n  o f ad en o ­
v iru s w as facilitated  by  DAD.

V irus in fection s are know n to  p o ssess  im m u n om od u la tory  effec ts: on th e  
on e h and , th ey  m ay  stim u la te  im m u n e  responses, and on th e  o th er h and , 
b ecau se o f  d isturb in g  th e  fu n ction s o f  le u k o cy tes  th e y  m ay  in d u ce a d ecreased  
im m u n e response to  hetero logous a n tig en s [1 -8 ] . Im m u n osu p p ression  was 
f ir s t  ob served  in th e  tran sitory  ce ssa tio n  o f  tu b er cu lin -p o sitiv ity  in  m easles  
v iru s in fection . L ater, th e  im m u n osu p p ress ive  effect o f  severa l o th er  v iruses  
w as also d etected  [9 14]. A lthou gh  a d en o v iru ses are w id esp read  in th e  p o p u la ­
tio n  and have great a ffin ity  to th e ly m p h o id  sy stem , their in tera c tio n s and th e  
p ath om ech an ism  o f  in fection  are st ill  to  he clarified . I t  is h ard ly  k n ow n  w het her 
la ten t v iruses cou ld  be activ a ted  an d  w h ich  are th e  factors p rom otin g  th is  [15].

As no exp er im en ta l anim al is k n ow n  to  be sen sitiv e  to  h u m an  a d en o ­
v iru ses, w e h ave stu d ied  in m ice, an  an im al ty p ic a lly  in sen sitiv e  to  in fe c tio n , 
w h eth er  ad en oviru s w as able to  re p lica te  in th e  form  o f its  co m p o n en ts  or v irus  
p artic les in an im als trea ted  w ith  im m u n o su p p ress iv e  agen ts lik e  d ian h yd ro-  
d u lc ito l (D A D ) or a n tily m p h o cy tic  serum  (A L S). It w as a lso te s te d  w h eth er  
th e  effec t o f  th e ap plied  agents on th e  lym p h o id  organs w as in flu e n c ed  b y  th e  
v iru s in fection  and w h at effect D A D  had  on th e  rep lication  o f  ad en ov iru s in 
t issu e  cu lture.

L ym phoid  organ weight. R ela tive  w e ig h t of th e  spleen and  th y m u s was d e te rm in e d  as 
follow s:

lym pho id  organ w eight (m g)
R ela tive  lym phoid  organ w eigh t

body  w eight (g)

S tu d e n t’s tw o-sam ple  I te s t was u sed  fo r s ta tis tica l ev a lu a tio n ; th e  accep ted  level of 
significance was p  0.05.
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M aterials an d  m ethods

Experim ental an im als. 300 C F L P , 6-8-w eek-old y o u n g  a d u lt  m ice of b o th  sexespurchased  
fro m  th e  Zootechnological I n s t i tu te  for L ab o ra to ry  A nim als (L A T I, Gödöllő, H u n g ary ) were 
u se d  in  th e  experim ents. T h e  in te ra c tio n  of ad en o v iru s in fec tion  and  DA D  was rested  in 100 
m ic e ; th a t  of adenovirus an d  A L S  in an o th er 100 m ice; 30 m ice w ere in fected  w ith  adenovirus; 
2 5 -2 5  anim als were used  in D A D  and ALS t re a tm e n t, an d  20 m ice served as u n in fec ted  and 

u n t r e a te d  controls.
Dianhydrodulcitol ( D A D ) .  DA D  is a ly m p h o tro p ic  cy to s ta tic  agen t of the  a lk y la tin g  

g ro u p  [16, 17]. The su b s tan ce  (C hino in  Chemical an d  P h a rm aceu tica l W orks L td ., B u d ap es t) 
w as dissolved in d istilled  w a te r  an d  used w ith in  30 m in . Mice were tre a te d  in trap erito n ca lly  
w ith  D A D  in a dose of 10—12 m g /k g  body weight. F o r ex p erim en ts  w ith  H E p-2 tissue c u ltu re , 
D A D  w as applied in a dose o f 50 fig /m l.

V irus strain. H u m a n  a d en o v iru s  type  12 w as p ro p ag a ted  and  t i t r a te d  in H E p-2  tissue 
c u ltu re .  Mice were in fec ted  in trap erito n ea lly  w ith  1500-3000 C ytopathogen ic  U n its (C PU ) 
o f  th e  virus.

Antilym phocytic  serum  ( A L S ) .  ALS was p ro d u ced  in ra b b its  against lym p h o cy tes of 
m ice  as described earlier [1 8 -2 0 ]. L eucoagglu tinating  t it re  o f th e  serum  was 1:256. Mice were 
t r e a te d  in trap erito n ea lly  w ith  0.5 ml of the  1:1 d ilu tio n  of th e  serum .

Tissue culture. F o r H E p -2  tissu e  cu ltu re  Eagle so lu tio n  co n ta in in g  10%  calf serum  served 
as c u ltu re  m edium , and P a rk e r-1 9 9  solution con ta in ing  3 %  ra b b it  serum  as m ain tenance  fluid. 
T o b o th  the  cu ltu re  m ed iu m  a n d  the  m ain tenance  flu id . 50 IU /m l penicillin and 51 [Лg/m l 
s tre p to m y c in  were added .

Imm unofluorescence. C yto log ical p rep ara tio n s of th e  ly m pho id  organs were exam ined  
acco rd in g  to the  m ethod  o f C oons and  K aplan  [21]. B a b b it  serum  ag ain st ty p e  12 adenov irus 
fo r  d ire c t exam ination  w as c o n ju g a ted  w ith fluorescein  iso th io c y a n a te ; for in d irect ex am in a ­
tio n s , con jugated  a n ti- ra b b it  Ig G  p roduced  in goat w as app lied . Im m unofluorescence ex am in a­
tio n s  w ere perform ed w ith  a Z eiss-F luoval m icroscope a t  X 600 m agn ifica tion .

Complement f ix a tio n .  V iru s  antigens were exam in ed  in th e  su p e rn a ta n t of lym phoid  
o rg a n s  by  com plem ent f ix a tio n  m icro techn ique  [22].

Study  o f virus particles. F o r  electron m icroscopic s tu d ies , p a r ts  o f th e  lym pho id  organs 
w ere  p refixed , su b seq u en tly  f ix ed  in osm ium  te tro x id e  and  em bedded  in D u rcu p an  ACM. 
A J E O L  JE M  100 В ty p e  e le c tro n  microscope was used.

Exam ination  o f  the lym p h o id  organs. Absolute lym phocyte count was de term ined  from  blood 
ta k e n  from  th e  caudal vein  u n d e r  stan d ard ized  conditions. A fte r d e te rm in a tio n  of th e  leukocyte  
c o u n t  in  B uerker’s ch am b er, sm e ars  were sta ined w ith  G iem sa and  in knowledge of th e  W BC, 
th e  ab so lu te  lym phocyte  c o u n t w as determ ined.

R esu lts

The fo llow ing tr e a tm e n t  w ith  im m u n osu p p ressive  agen ts and virus were 
carr ied  out: D A D  tr e a tm e n t  +  virus in fection  after 3 d ays (D A D 3V 1 group); 
v ir u s  in fection  -f- D A D  tre a tm en t after 1 d ay  (V 4D A D 3 group); ALS tr e a t­
m e n t  -f- virus in fection  a fte r  4 hour (A L S 4 hV group); A LS trea tm en t -f- virus 
in fe c t io n  after 1 d ay  (A L S jV  group). M ice trea ted  on ly  w ith  D A D  (D A D 3 
g ro u p ), A LS (ALS grou p ), norm al rabbit serum  (N R S  group), m ice in fected  
w ith  adenovirus in tw o  v a r ia tio n s  (V4, V 4 group) and u n in fected  and untreated  
a n im a ls  (C group) w ere u sed  as controls.

In  the a b b rev ia tion s, th e  first num ber m ean s th e  tim e u ntil th e second  
tr e a tm e n t, while th e  seco n d  num ber m arks th e  tim e  from  th e  second trea tm en t  
t i l l  sacrifice . W ith  th e  co n tro ls , where on ly  one trea tm en t w as applied  (virus
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in fe c tio n , D A D  or A L S  trea tm en t), th e  n u m b er m arks th e  tim e from  tr e a t ­
m en t to  sacrifice. In  som e o f  the cases (50 an im als), th e an im als were k ille d  
on e, tw o  or three w eek s after virus in fe c tio n  or D A D  trea tm en t. The ch a n g e  o f  
ly m p h o c y te  count w as ob served  for tw o  w eeks in  m ice o f  groups A L S 4hV  an d  
A L S jY . O ptim al le n g th  o f  t im e and th e  a m ou n t o f  agen ts to be a p p lied  in  
tre a tm en t were d eterm in ed  in p relim in ary  exp er im en ts . The applied  d o se  o f  
D A D  cau sed  no d ea th .

Effect o f  D A D  treatment and virus infection on lymphoid organs. R e su lts  
are sh ow n  in F ig . 1. As com pared to  th e  u n trea ted  control group, r e la t iv e  
th y m u s w eigh t w as m ore th an  50% , r e la t iv e  sp leen  w eigh t m ore th an  o n e-th ird , 
and peripheral ly m p h o cy te  count a b o u t 75%  low er in D A D -trea ted  a n im a ls  
(G roup D A D.,). In  m ice in fected  w ith  ad en o v iru s, th e peripheral ly m p h o c y te  
co u n t decreased a fter  4 h and b eca m e s ig n ifica n t after 1 d ay  (G roup V ,) . 
L y m p h o c y te  cou n t w as higher on th e  4 th  d ay  after in fection  (G roup V 4). 
A lth o u g h  relative th y m u s w eight w as low er on th e  1st and 4 th  d a y s , th is  
ch an ge w as not s ig n ifica n t. S im ilarly , th e  h igher re la tiv e  spleen w eigh t on  th e  
1st and 4 th  days w as n ot sign ifican t, e ith er (G roups V 4 and V 4). In  grou p s  
trea ted  w ith  D A D  and in fected  w ith  ad en ov iru s (D A D .,V , and V jD A D .,) re la ­
t iv e  th y m u s w eigh t w as sig n ifica n tly  low er th an  in the untreated  con tro ls an d  
th e  con tro ls -f- trea ted  w ith  virus, and  s lig h tly  low er than  in th e D A D -tr e a te d  
con tro ls. The average re la tive  sp leen  w eig h t in  groups D A D .jV j and V ,D A D 3 
w as low er than  in th e  C and V 4, V 4 grou p s, h ut s lig h tly  h igher than  in th e  D A D -  
trea ted  group. A b sc lu te  ly m p h o cy te  co u n t was sig n ifica n tly  low er th an  in th e  
C and  V groups and s lig h tly  lower th a n  in th e  D A D  group. T hus, a d en o v iru s  
in creased  th e effect o f  D A D  causing th y m u s  a trop h y  and lym p h op en ia .

In  groups w here th e  effect o f D A D  p retrea tm en t and virus in fec tio n  w as  
ob served  through severa l w eeks, th e  average re la tive  th ym u s w eigh t f ir st  
d ecreased , then in creased  and reached its  norm al va lu e after 2 w eeks. A v era g e  
re la tiv e  spleen w eig h t after an in itia l d ecrease increased  s ign ifican tly , reach ed  
its  m ax im u m  in 10 d ays and was again  n orm al a fter  2 w eeks. A bsolute ly m p h o ­
c y te  co u n t, after a 3 4 d ay  gradual d ecrease, started  to  increase s lo w ly  and  
retu rn ed  to  norm al after ab ou t three w eek s (F ig . 2).
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F ig . 2. L ym phoid  o rg an s o f  mice p re tre a te d  w ith  D A D  and  in fected  w ith  adenov irus.
• ----------- •  u n tre a te d  co n tro ls ; • ------------  •  m ice p re tre a te d  w ith  DAD and in fec ted  w ith

ad en o v iru s

Effects o f  A L S  treatment and adenovirus infection on the peripheral lympho­
cyte count. A s a re su lt  o f  A L S trea tm en t, a m ore th an  50%  decrease in  ab so lu te  
ly m p h o c y te  cou n t w as ob served  after 4 h. T h erea fter  a slow  increase fo llow ed  
b u t th e  cou n t did n o t  rea ch  its norm al v a lu e  e v e n  after 7 d ays. A lso , it  s lig h tly  
d ecreased  under th e  e ffec t  o f  control n orm al rab b it serum  given  in an am ou n t  
an d  d ilu tion  sim ilar  as A L S . In the A L S  ,hV  and A LS[V  groups th e  ab so lu te  
ly m p h o cy te  cou n t d ecreased  sign ifican tly  w h en  virus in fection  had b een  applied  
4 h or one d ay  a fter  A L S  treatm en t. T h u s , as com pared  to  the A L S  con tro l 
grou p s, virus in fe c tio n  increased  th e  stro n g  effect o f  ALS on ly m p h o cy tes . 
A d en ov iru s in fec tio n  cau sed  a decrease in  ly m p h o c y te  count for 2 -3  d a y s , th en  
it  increased  and reach ed  the value o f  th e  A L S  group after 7 d ays, h u t even  
a fter  15 days it fa iled  to  a tta in  the norm al v a lu e  (F ig . 3).

Replication o f  A d i 2 in lymphoid cells. F rom  th e Iyphoid  organs o f  m ice  
in fe c ted  w ith  v iru s (V x, V 4; D A D 3Vj; A L S jV ) w e tried  to  d etec t th e  p resence  
o f  v irus an tigens or v iru s particles. Im m u n oflu orescen ce  show ed  ad en ov iru s  
a n tig en s on ly  sp o ra d ica lly  in the cells. N e ith e r  could  we reveal the p resen ce o f  
v iru s an tigens w ith  com p lem en t f ix a tio n  from  th e  su pern atan t o f  ly m p h o id  
organ  h om ogen isa tes. N o  virus particles co u ld  be d etected  b y  e lectron  m icro­
sc o p y , either.

Replication o f  A d l 2  in H E P-2  cells treated with D A D .  A p p ly in g  D A D  in  
d ifferen t d ilu tion s, it  w as estab lished  th a t th e  H E p -2  m onolayer cell cu ltu re  
to lera ted  at m ost 5 p g /m l w ithou t d am age . T h is dose o f  D A D  w as ap plied  
to g e th e r  w ith  50 C P U  o f  adenovirus in th e  fo llo w in g  com b in ation s. D A D  and  
th e  v irus were in c u b a te d  in test tub e for 1 h, th en  th e y  were put o n to  th e  
t is su e  cu lture; or th e  t is su e  culture was tr e a te d  w ith  D A D , then  after 1 h th e  
v iru s  w as added; or th e  tissu e  culture w as in fe c ted  w ith  v irus th en  D A D  w as  
ad d ed  after 1 h. In  ea ch  exp erim en t, D A D  w as ap plied  b y  itse lf  and a lso  a d en o­
v iru s  in fection  b y  it s e l f  as controls, as w ell as u n trea ted  and u n in fected  tissu e  
cu ltu res. The a m o u n t o f  resu lting virus a n tig e n s  w as determ ined  b y  com p le-
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Fig. 3. P erip h era l ly m p h o cy te  co u n t in  m ice p re tre a te d  w ith  ALS and  in fected  w ith  ad en o v iru s

m en t f ix a tio n , w hile  in fe c tiv e  v iru ses w ere d eterm in ed  b y  titr a tio n  in  tissu e  
cu ltu re. D urin g  th e  exp er im en ts , th e  form ation  o f  b oth  virus a n tig en s an d  in ­
fe c tiv e  v irus p articles w as in creased  w ith  1 2 lo g  va lu es b y  th e  p resen ce o f
D A D  in an y  com b in ation .

D iscu ssion

V iruses can be a c tiv a ted  b y  im m u n osu p p ressive  agents in  la te n t  v irus  
carrying  su b jects [2 3 -2 5 ];  th is  so m etim es lead s to  severe con seq u en ces. A c­
cording to  m any exp er im en ts , th e th y m u s and T -lym p h ocytes p la y  a s ig n i­
f ica n t role in  aden oviru s in fectio n s [2 6 -3 1 ] . In  our earlier ex p er im en ts , w hen  
st im u la tin g  w ith  p h y to h a em a g g lu tin in  th e  ly m p h o id  system  o f  m ice non- 
su scep tib le  to  hum an ad en oviru s in fec tio n s , th e  v iruses or their a n tig e n s  were 
able to  rep lica te  in  th e  ce lls , m a in ly  in T -ly m p h o cy tes , w hich  fact refers to  th e  
in teraction  o f  cells and ad en ov iru ses. In th e p resen t exp erim en ts w e ap p lied  
D A D  and A L S as im m u n osu p p ressive  ag en ts , becau se b oth  h ave a d a m a g in g  
effec t on th e  T -system . I t  w as assu m ed  th a t  th e se  agen ts, due to  th e ir  im m u n e  
resp on se d ecreasing effect, m ay  in crease th e  su scep tib ility  to  a d en o v iru ses , or 
m ake th e v irus to  rep lica te in  o th erw ise  n on -su scep tib le  an im als. T h is su p p o si­
tion  w as n o t ver ified  b y  our resu lts , sin ce all th e  treatm en ts h a v e  fa iled  to  
p rom ote th e  rep lication  o f  a d en ov iru s. V irus rep lication  was n o t a ffe c ted  by  
D A D  trea tm en t in  v iv o , b u t it  w as in creased  b y  the sam e agen t in  v itr o , in  
tissu e cu ltu re. It m ay th erefore be assu m ed  th a t due to th e T - ly m p h o c y te  
d estroy in g  effect o f  D A D , a rep rod u ction  o f  ad en oviru ses in T -cells o f  e x p er i­
m en ta l an im als is n ot p ossib le . T h e m echan ism  m ay  be the sam e in th e  case  o f  
A L S . It w as, how ever, rem ark able th a t  ad en ov iru s in fection  cou ld  in crease  
th e  effec t o f  D A D  and A L S on th e  ly m p h o id  organs.

Acta Microbiologica Hu igarica 33, 1986



38 DAM VIET CUONG <-t al.

Our exp erim en ts h a v e  provided  data  on th e  im m u n om ech an ism  o f  a d en o­
v ir u s  in fection . On th e  b a sis  o f  our earlier an d  p resen t resu lts, it  is clear th a t  
a d en o v iru s in fection s h a v e  a prim ary effec t on  th e  T -system s, and, d ep en din g  
on th e  circum stances, th e s e  cells can be m o b ilized  or d estroyed  b y  th e  v irus. 
On th e  other h and , i f  th e  ly m p h o cy tes  are s t im u la te d  prior to  virus in fectio n , 
v ir u se s  w ill able to  re p lica te  in  them  [32].

R E F E R E N C E S

1. Sem enov, R .  F .: A c ta  V iro l 25. 122 (1981).
2. N ász , I ., K ulcsár, G .: V iru ses and th e  lym pho id  sy s tem . In : A ctual problem s of m edical

virology. M edicina, B u d a p e s t 1978. pp. 71—82. ( I n  H ungarian ).
3. W heelock, E . P ., T o y , S. T .: A dv Im m unol 16, 123 (1973).
4. T eru k o , T ., K enji, M ., K a tsu m o to , U ., K osaku, F .: M icrobiol Im m unol 22, 557 (1978).
5. Sch ranz, V., K u lcsár, G ., D á n , P ., H o rv á th , J . ,  N ász , I . ,  B arinsk ij, I. F ., U g rjum ov , E . P .:

A c ta  Microbiol A cad  Sei H u n g  26, 1 (1979).
6. W oodruff, J . F ., W o o d ru ff , .]. J .:  P rogr Med V irol 19, 120 (1975).
7. D en m an , A. M., P e lto n , B . K ., A ppleford, D ., K in sley , M .: T ran sp lan t R ev  31, 80 (1976).
8. H irsch , M. S., B lack , P . H ., P ro f i t t ,  M. R .: Fed  P ro c  31, 1852 (1971).
9. Jo sep h , B. S., L a m p e rt,  P . W ., O ldstone, M. B. A .: J  V iro l 16, 1638 (1975).

10. G anguly , R ., C usum ano , C. L ., W aldm an, R . H .: In fe c t Im m u n  13, 464 (1976).
11. M assanari, R. M.: In fe c t  Im m u n  24, 50 (1979).
12. Ja c o b s , R. P ., Cole, G. A .: J  Im m unol 117, 1004 (1976).
13. L oh , L ., H udson, J .  B .: In fe c t  Im m un  27, 54 (1980).
14. C h a tu rv erd i, U. C., A s h a m a tu r , C.: Im m unology  37, 1 (1979).
15. O n g rád i, J ., K u lcsár, G ., D á n , P ., H o rv á th , J . ,  N ász , I . ;  In te rv iro lo g y  14, 310 (1980).
16. Szeri, I ., A nderlik , P ., B á n o s , Zs.: A nn Im m uno l H u n g  18, 41 (1975).
17. P e trá n y i, Gy.: C o m p ara tiv e  s tu d y  of th e  im m u n o su p p ress iv e  effect of cy to s ta tic s  in im m u ­

nological m odels. T h es is , B u d ap est 1968. ( In  H u n g a rian ).
18. G ray , J .  G., M onaco, A. P .,  W ood, M. L., R ussel, P . S .: J  Im m u n o l 96, 217 (1966).
19. M onaco, A. P ., W ood, M. L ., G ray , J .  G., R ussel, P . S.: J  Im m unol 96, 229 (1966).
20. A n derlik , P .: The co n seq u en ces o f effects on th e  ly m p h o id  system  in m ouse ex p erim en ts.

Thesis, B u d ap est 1975. ( In  H ungarian).
21. Coons, A. B „ K ap lan , K . H .:  E xp  Med 91, 1 (1950).
22. N ász , I .,  T ó th , M.: Z e n tra lb la t  B akteriol 178, 141 (1960).
23. M űnk , K ., R u n n eb au m , H .:  D tsch  Med W ochenschr 44, 2252 (1970).
24. W ard , J . M„ Y oung , D . M .: JA M A  169, 952 (1976).
25. B ly th , W. A., H a rb o u r , D . A ., H ill, T. J .:  In fec t Im m u n  29, 902 (1980).
26. B élád i, L : In te rfe ro n  in d u c in g  and  im m u nosuppressive  effec t of adenoviruses (in  v ivo  and

in v itro  studies). T h esis , Szeged 1979. (In  H u n g a rian ) .
27. A n d im an , W. A ., M iller, G .: J  In fec t Dis 145, 83 (1982).
28. W igger, H. J . ,  B lanc , W . A .: N E ngl J  Med 274, 870 (1966).
29. K u lc sá r, G., V u tsk its , Z s., N ász, I., D án, P ., L éb , J . :  Z en tra lb l B ak terio l I. Orig 215,

506 (1970).
30. K u lcsá r, G., Sallai, K ., D á n , P ., Nász, I., H o rv á th , J . :  F o g o rv  Szle 70, 345 (1977).
31. W in te rs , A. L ., B row n , H . K .:  Proc Soc E x p  Biol M ed 164, 280 (1980).
32. D am  V iet Cuong, K u lc sá r, G., D án, P ., H o rv á th , J . ,  N ász , I .: A cta M icrobiol A cad Sei

H ung  31, 49 (1984).

Acta Microbiologica Hungarica 33 , 1986



Acta Microbiologica Hungarica 33 (1 ) , pp. 39 42 (1986)

STUDIES ON ENTEROTOXIN OF 
SHIGELLA DYSENTERIAE TYPE 1 

II. SYSTEMIC EFFECTS IN RABBITS OF 
SHIGELLA DYSENTERIAE 1 ENTEROTOXIN

P . J . A s N A N I an d  SA R A B A J E E T  K a UR  

D epartm ent o f  M icrobiology, Panjab U niversity, Chandigarh, Ind ia

(R eceived  M ay 18, 1984)

T h e  e n te ro to x in  of Shigella dysenteriae  ty p e  1 is an  acid  an d  hea t-lab ile  p ro te in . I t  
induces a  g u t d ila to ry  response  a n d  increases th e  levels o f b lood  glucose, serum  a lk a lin e  p h o s­
p h a ta se  an d  serum  acid  p h o sp h a ta se  in ra b b its .

E arlier w e reported  on  th e  effec t o f  aeration  on  th e  p rod u ction  o f  
S. dysenteriae 1 e n ter o to x in  and th e  su ita b ility  o f  an im als for its  b io log ica l 
assa y  [1].

M aterials and m ethods

Organism. S . dysenteriae  ty p e  1, o b ta in ed  from  th e  D e p a r tm e n t o f M icrobiology, P o s t­
g ra d u a te  In s t i tu te  o f M edical E d u c a tio n  a n d  R esearch , C h an d ig arh , In d ia , was used  to  p ro d u ce  
an e n te ro to x in  as described  earlie r [1].

A n im a ls . A p p a ren tly  h e a lth y  a lb ine  w hite  ra b b its  w eighing 2 to  2.5 kg, w ere used  for 
biological assay  of en te ro to x in . R a b b its  w ere fa sted  for 24 h w ith  a n  access to  w a te r  before 
using  th em  for ex p erim en ta l in o cu la tio n . T he ra b b it  ileal loop m eth o d  was used for a ssay  of 
th e  to x in  th ro u g h o u t th e  s tu d y  [2].

System ic effects o f  toxin . T h ree  d iffe ren t doses were te s te d . E a c h  ra b b it  received  in t r a ­
venously  1 ml o f to x in  w ith  d iffe ren t p ro te in  co n cen tra tio n  (200, 350 an d  700 fig). T he co n tro l 
ra b b its  received th e  sam e vo lum e of p h o sp h a te  buffer. Blood w as d ra w n  from  each  of te s t  and 
con tro l ra b b its  a t  in te rv a ls  o f 4, 8, 12, 36 an d  48 h. T he serum  w as collected  for e s tim a tio n  of 
glucose [3]; serum  a lka line  p h o sp h a tase  [4] and serum  acid p h o sp h a ta se  [5].

Results

Sera co llected  from  rab b its , after a d m in istra tiou  o f  to x in  p a ren tera lly  
w ere used  for d eterm in a tio n  o f  b lood  g lu cose (B G ); seru m  alk alin e p h o sp h a ta se  
(SA P ) and serum  acid  p h o sp h a ta se  (SA C P).

Three d oses, n a m e ly  200 and 350 and 700 fig o f  to x in  were p aren tera lly  
ad m in istered . T h e ra b b its  rece iv in g  a dose o f  700 fig fa iled  to  su rv iv e  m ore
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th a n  3 h, whereas o th er  d o ses were to lera ted  up to  8 and 48  h, re sp ec tiv e ly . 
T h e  B G  leve l in creased  to  th e  m ax im u m  in  12 h (185 m g/m l) w ith  200 //g  and  
d ec lin e d  gradually th e re a fter  reach in g  th e  n orm al va lu es in  48  h (F ig . 1). 
S im ila r ly , th e BG le v e l a lso  increased  w ith  a dose o f  350 f ig  up to  8 h and the  
r a b b its  died thereafter .

i

F ig . 1. E ffec t of p a ren te ra l a d m in is tra tio n  of S . dysenteriae  1 en te ro to x in  on blood glucose 
lev e l in  ra b b it;  □  □  te s t  dose  (350 /ig), О — D te s t  dose (200 /rg), A  — A  contro l

T h e level o f  S A P  in creased  w ith  a d ose o f  350 and 200 fig (F ig . 2). W ith  
th e  form er, an in crease a fter  4 h w as n o ticed  w h ich  con tin u ed  up to  th e  8 th  h , 
w h e re a s  w ith  the la ter  th e re  w as a p arallel in crease up to  th e  4 th  h w hich  co n ­
t in u e d  up to  th e 12th  h and decreased  th erea fter  grad u ally  reach in g  th e  norm al 
v a lu e s  a t 48 h.

F ig . 2. E ffec t of p a ren te ra l a d m in is tra tio n  of p a r tia lly  pu rified  to x in  of S. dysenteriae  1 on 
se ru m  a lk a lin e  p h o sp h a tase  a n d  acid  p h o sp h a tase  in  ra b b it ;  О -------О  te s t  a lk a lin e  p h o sp h a ­
ta se  (350 /ig/m l), О ------ О  te s t  a lk a lin e  p h o sp h a ta se  (200 /(g/m l), • ------- •  co n tro l alkaline
p h o s p h a ta s e ;  A -------A  te s t  acid  p h o sp h a ta se  (350 fig ), A -------A  te s t  acid  p h o sp h a ta se  (200 fig),

□ -------□  co n tro l acid  p h o sp h a tase
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SAC P did  n o t vary m uch  w ith  a d ose o f  350 fig and 200 fig o f  to x in  as 
ev id en ced  b y  an increased  lev e l w ith  b o th  d oses (F ig . 2). W ith  200  fig d o se  th e  
lev e l in creased  a fter  4 h o f  a d m in istra tio n , and con tin u ed  so up to  th e  1 2 th  h 
and had reach ed  norm al level b y  th e  48th  h.

D iscu ssio n

There are no reports regard in g  th e  sy stem ic  effects o f  S. dysenteriae  1 
to x in . W h en  g iv en  p aren tera lly , i t  w as ob served  th a t a dose o f  700—350 fig 
p roved  le th a l. T h e steep  rise and grad u al d eclin e in  B G  were su g g e s t iv e  o f  a 
rapid  g ly c o g en o ly s is  in th e  liver  and a su b seq u en t fall after th e e x h a u stio n  o f  
th e  stored  g ly c o g en . H ow ever, th e  a ssoc ia tion  o f  th e d eath  o f  an im als  eith er  
w ith  a h igher d osage or n e u r o to x ic ity  cou ld  n ot be ruled ou t. I t  has b een  re­
p orted  th a t  Vibrio cholerae e n ter o to x in  en h ances g lycogen o lysis  in  d isru p ted  
liver  cells in  v itr o  resu ltin g  in  a rap id  lo ss  o f  g lycogen  stored in  v iv o  [6 ]. O thers
[7] reported  sim ilar  ob servation s on  a p rolon ged  h yp erg lycaem ic s ta te  in  dogs 
rece iv in g  100 fig o f  cholera to x in  p a ren tera lly . In  an other s tu d y , a rap id  rise 
o f B G  w ith  th e  en tero to x in  o f  Escherichia coli and V. cholerae, g iv e n  p a ren te ­
ra lly , su g g ested  a rapid g ly c o g en o ly s is  in  th e  liver  and th e  le v e ls  ten d e d  to  
sh ow  a m ark ed  decrease w ith in  48 h  due to  rapid  d ep letion  o f  liv er  g ly c o g en  [8]. 
In  an o ther s tu d y , th e en tero to x in  o f  Klebsiella pneumoniae, ev o k ed  th e  h igh est  
g lu cose le v e l in  24  h, w hich  d eclin ed  th erea fter  and reached  th e  n orm al le v e l in 
48 h [9 ]. T h e p resen t ob serv a tio n s on th e  B G  lev e l were n ot d ifferen t from  the  
ab o v e  fin d in g s  b u t these were s ig n if ic a n t at 200  pg  doses.

An in creased  leve l o f  p lasm a a lk a lin e p h osp h atase  in  dogs, as an  e ffec t  o f  
V. cholerae en ter o to x in  w as a lso rep orted  [7 ]. S im ilar were th e o b ser v a tio n s  in 
resp ect o f  SA C P  and S A P , u sing  K .  pneumoniae  en tero tox in  in ra b b its  a d m in is­
tered  p a ren tera lly  [7]. T h is in crease w as perhaps due to  a h orm on e lik e  action  
o f en ter o to x in  w ith  further im p lica tio n  o f  cy c lic  AM P and a d en y l cy c la se  
raisin g  S A P  an d  SACP, as rep orted  for cholera en tero to x in  [10]. S im ila r ly , it 
has b een  su g g ested  th a t th is  en zy m e m a y  h a v e  its  origin  in  th e  liv e r  [11 , 12] 
w hereas o th ers reported  a c t iv a t io n  o f  ad en y l cyc la se  in  th e  in te s t in a l m ucosa  
w ith  th e  e n ter o to x in  o f  S. dysenteriae  1 [13]. S ince S A P  and SA C P  le v e ls  in ­
creased  in th e  p resen t ex p er im en ts , th e  p o ss ib ility  o f th e to x in  in crea sin g  th e  
a d en y l cy c la se , th ereb y  cy c lic  A M P a c t iv ity , can n ot be ruled o u t. T h e to x in , 
perh ap s, cau sed  a dam age to  th e  liv er , k id n ey  and sp leen  w hich  w ou ld  appear  
from  th e  c o n s ta n tly  increased  le v e l o f  th ese .

Acknowledgements. T he a u th o rs  a re  th a n k fu l to  th e  C hairm an , D e p a r tm e n t o f M icro­
biology, P a n ja b  U n iv ersity , an d  th e  H ead  o f th e  D e p a rtm en t o f M icrobiology, P o s tg ra d u a te  
In s t i tu te  of M edical E d u ca tio n  and  R esearch , C h and igarh , In d ia , for p ro v id in g  th e  necessary  
facilities an d  th e  S . dysenteriae 1 cu ltu re  resp ec tiv e ly  fo r th e  above s tu d y .
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IMMUNOFLUORESCENCE CHARACTERIZATION OF
LEGIONELLA:

NARROW SPECIFICITY OF POLYCLONAL 
IMMUNSERA TO VARIOUS SEROGROUPS AND SPECIES

L é a  L e b r u n , C. T r a m , S o l a n g e  d ’A z a m b u j a  and J . P i l l o t

Inserm  U 131 , H ôpital A n to in e  Bedére, Clainart, France, U nité  d'Ecologie B actérienne, In stitu t 
Pasteur, Paris, and U nité  d ' Im m unologie M icrobienne, In stitu t Pasteur, P aris, France

(R eceived A ugust 28, 1984)

T h is s tu d y  was to  d e te rm in e  b y  d irect flu o rescen t a n tib o d y  sta in in g  w ith  an tib o d ies 
p rep ared  in  ra b b its , th e  degree  o f cross-reactions b e tw een  serogroups of Legionella pneum ophila  
(1 to  6) a n d  th e  o th er an tig en ic  species o f Legionella (L . bozemanii, L . d u m o ffii ,  a n d  L . micda- 
d e i), in  o rd e r to  increase  th e  accu racy  of diagnosis an d  to  allow us to  red u ce  th e  n u m b er of 
co n ju g a tes . T he po lyclonal an tib o d ies  were h igh ly  species and  serogroup-specific  w ith o u t 
a b so rp tio n  for ch a ra c te riz a tio n  o f Legionella e ith e r in p a tie n t  specim ens or in  iso la ted  cu ltu res 
by  d irec t fluo rescen t a n tib o d y  sta in in g . No cross-reac tion  was observed w ith  non-legionella  
b ac teria  iso lated  from  sp u tu m  specim ens. A b a tte ry  o f co n ju g a tes  for d iffe ren t se ro g ro u p s and 
species is necessary  for in creas in g  th e  accuracy  o f d iagnosis o f legionellosis.

T h e on ly  stan d ard  procedure for rapid  d iagn osis o f  le g io n e llo s is  is direct 
flu o rescen t a n tib o d y  sta in in g  (D .F .A .) on a d eq u a te  clin ica l sa m p les  [1 , 2]. 
T he D .F .A . is used to  id e n tify  th e  species and serogroups o f  Legionella  strains  
eith er in  tissu e or resp ira tory  secretions o f  p a tie n ts  w ith  le g io n e llo s is  or in 
iso la ted  cu ltures [3 ]. T h e n um ber o f k now n  Legionella  sp ecies an d  serogroups  
has con tin u ed  to  in crease [4]. For ex a m p le , tw o  new  serogroups o f  Legionella 
pneumophila  th a t do n o t react w ith  cu rren tly  used  D .F .A . c o n ju g a te s  h ave  
b een  recen tly  iso la ted  [5, 6 ]. P relim in ary  ev id en ce , based  on  th e  fin d in g  
th a t sérocon version s am on g  paired sera from  p a tie n ts  w ith  su sp e c te d  L eg ion ­
naires d isease  aga in st in d irect im m u n oflu orescen ce a ssay  a n tig en s o f  th e  new' 
sp ecies occurred, su g g ests  th a t , lik e L . pneumophila,  th ese  n ew  sp ec ies  m ay  
cause a sig n ifica n t n u m b er o f  in fection s a n n u a lly  [7]. The iso la tio n  o f  the  
se v en th  serogroup o f  L . pneumophila  from  th e  en v iron m en t an d , su b se q u en tly ,
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th e  esta b lish m en t o f  its  ro le  in  hum an in fectio n s fu rth er illu stra tes th e  n eed  to  
in c lu d e  con jugates p rep ared  aga in st en v iro n m en ta l iso la te s  o f  L. pneumophila  
w h e n  screen ing clin ica l sp ec im e n s su b m itted  for d irect flu orescen t a n tib o d y  
t e s t in g  o f  Legionella sp p  [5 ]. T h is find in g su g g ests  th a t  p n eu m on ia  cau sed  by  
th e  o th e r  Legionella sp ec ies  m a y  be more co m m o n  th a n  p rev iou sly  recogn ized  
a n d  t h a t  som e su sp ected  c a se s  o f  Legionnaires d isea se  in  w hich  serocon version  
w a s a b sen t m ay h ave b een  d u e to  these org a n ism s. In d eed , serod iagn osis is 
r e tr o sp e c tiv e  and as m a n y  as 10 to  20%  o f  p a tie n ts  w ith  L egion naires d isease  
fa il to  seroconvert b y  in d ir e c t  fluorescen t a n tib o d y  te s tin g  (I .F .A .)  [2, 8 ]. 
M o reo v er , the I .F .A . has b een  standard ized  o n ly  for d isease due to  L. pneum o­
p h i la  serogroup 1 [9 ]. F u r th erm o re  the va lu e  o f  a s in g le  h igh titre  ev e n  in th e  
L. pneumophila  test  is q u e stio n a b le  in p o p u la tio n s w ith  high b ack grou nd  a n ti­
b o d y  le v e ls  [10]. L ike th e  C en ters for D isease C on tro l (CDC), A tla n ta , in  a pre­
v io u s  p ap er, we ch oose to  con sid er a test re su lt  p o s it iv e  on ly  if  paired  sera  
d em o n str a te d  a fourfo ld  in cr ea se  in  reciprocal t itr e  to  a va lu e > 1 2 8  [11]. To  
o b ta in  a rapid  d iagnosis o f  L egion naires d isease  b y  D .F .A . and to  in crease th e  
a c c u r a c y  o f  th e te st  r e su lts  reported  in th is  p ap er, w e h ave prepared  rabbit 
a n tib o d ie s  directed a g a in st  L . pneumophila  serogrou p s 1 to  6 and L. bozemanii  
L. d u m o ff i i  and L. micdadei  an d  tested  it to  d eterm in e  w h eth er th ese  sam e a n ti­
b o d ie s  are effective  a g a in st a n tig en ic  d eterm in an ts com m on  to  severa l or all o f  
th e  Legionella  species an d  serogrou p s as w ell as o th er  n on -leg ion ella  b acter ia .

M ateria ls and m ethods

B acteria l strains. T h e  Legionella  species, serogroups a n d  s tra in s  designation  of each  an. 
tig e n  u se d  fo r ra b b it im m u n iz a tio n  an d  for specificity  d e te rm in a tio n  are listed  in T ab le  I. 
T h e  b a c te r ia  were grown on b u ffe re d  charcoal y eas t e x tr a c t  (C. Y . E .) ag ar for 3 d a y s  as d e ­
sc rib ed  p rev io u sly  [12].

Im m u n iza tio n . R a b b it  a n tis e ra  were p repared  ag a in s t L . pneum ophila  serogroups 1 to  
6 a n d  L . bozemanii, L . d u m o ffii ,  a n d  L . micdadei as desc rib ed  elsew here [12]. B riefly , h eav y  
cell su sp en s io n s (a p p ro x im ate ly  2 X 109 colony form ing u n its /m l)  w ere p rep ared  for th e  g row th  
on C. Y . E . agar and killed w ith  2 %  fo rm alin  in p h o sp h a te  b u ffered  saline (PB S ), p H  7.2. Im ­
m u n iz a tio n  w as perform ed as d e sc rib e d  in reference [12]. In d ire c t  im m unofluorescence assay  
t i t r e s  > 2 0 0 0  were ob ta in ed  in  th e  4 th  week of im m u n iza tio n  w ith  fluorescein  labe lled  goat 
Ig G  a n ti - r a b b i t  IgG.

P reparation o f fluorescen t an tibody conjugates fo r  D . F . A .  tests. T he globulin  frac tio n  
of r a b b i t  an tise ru m  was p re c ip ita te d  a t  47%  sa tu ra tio n  w ith  (jN H 4) ,S 0 4. T he an tib o d ies  a t  
20 m g /m l co n cen tra tio n  w ere c o n ju g a te d  to  fluorescein iso th io c y a n a te  (Isom er I B iom erieux) 
in th e  r a t io  30 to  1 as d escribed  in  reference [13]. T he u n fix e d  fluorescein  w as e lim in a ted  by  
f i l t r a t io n  on  Sephadex G 50. T h e  co n ju g a tes  d isp layed  a F /P  m o la r ra tio  of 7.9 to  10.3 as 
sh o w n  in  T ab le  I.

Direct immunofluorescence assay. Hom ologous an d  he te ro lo g o u s t itra tio n s  o f all con­
ju g a te s  w ere  perform ed b y  D. F . A . te s ts  w ith  fo rm alin ized  cell suspensions of re le v an t cu ltu res  
in P B S . A ir-d ried  b ac teria l sm ears  w ere  fixed  by d ip p in g  in  ace to n e , a t  room  te m p e ra tu re  for 
10 m in . A fte r  drying, an tib o d ies  w ere  added and in cu b a te d  in  a m oist ch am ber for h a lf  an  
h o u r  a t  ro o m  tem p era tu re . T h e  slides w ere th en  w ashed  in  tw o  b a th s  of PB S  for 5 m in  and  
d ried  b y  a ir. A fter m o u n tin g  w ith  b u ffered  glycerol (p H  9), th e  slides were exam ined  w ith  a 
L e itz  m icroscope  equipped w ith  a fluorescence v e rtica l i llu m in a to r . T itres w ere expressed  as 
th e  lo w e s t p ro te in  c o n cen tra tio n  g iv in g  a b rig h t fluorescence in te n s ity  of hom ologous an tigen .
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R esults

In  th e  f ir st p hase o f  th e  s tu d y  for th e  D .F .A . se n s ib ility , all con ju gates  
w ere te s te d  aga in st th e  h om ologou s an tigen  lis ted  in T ab le  I . T w ofo ld  d ilu tion s  
o f an tisera  were m ade in P B S , from  500 //g /m l o f  p rotein s to  31 .25 p g /m l. The  
resu lts o f  te s t in g  form alin ized  an tigen s o f  each  Legionella serogroup and species  
w ith  h om ologou s D .F .A . co n ju g a tes  are listed  in T ab le  I I .  T h e w ork in g  d ilu ­
tion  w as d efin ed  as th e  lo w es t  w eig h t o f  p rotein  w hich  g ave  a b righ t flu o res­
cence o f  h om ologou s a n tig en . T he m ajority  o f  co n ju g a tes  gave  a v er y  bright 
sta in in g  o f  h om ologou s an tigen  up to  a con cen tra tion  o f  125 p g /m l o f  p rotein s.

Table I

Bacterial strains used fo r  im m uniza tion  and determination o f  the specificity o f  antibodies

Species S ero g ro u p S tra in
F /P  m o la r 

r a t io  o f  
co n ju g a te s

L . pneum ophila l Ph ilade lph ia  1 7.9
L . pneum ophila 2 Togus 1 8.2
L. pneum ophila 3 Bloom ington 2 9.2
L. pneum ophila 4 Los Angeles 1 9.2
L. pneum ophila 5 D allas IE 8.8
L. pneum ophila 6 Chicago 2 9.1
L . bozemanii 1 W iga 8
L . dum offii 1 NY-23 8.7
L. micdadei 1 Tatlock 10.3

Titra tion  o f

Table II

conjugates on homologous antigen

H om ologous a n tig en  o f  Legionella S ta in in g  in te n s ity  a t v a rio u s  a n tib o d y  c o n c e n tra t io n s  
o f  each  c o n ju g a te

O 'g /m  1)

Species S ero g ro u p 500 250 125 62.5 31.25

L>. pneum ophila s o , + + 4- _
SG„ + + — — —
SG3 + + + — —
s g 4 + + + — —
SGjj + + — — —
SG . + — — — —

L . bozemanii + + + + —
L . d u m o ffii + + ± — —
L . micdadei + + + ± —

+  Positive reac tion  
N egative reac tion  

Jr Suspicious reaction

A d a  M  icrobiologica Hungarica 33, 1986



46 LE B R U N  et al.

Table III

D. F . A .  specificity o f  Legionella antisera*

L egionella  an tigen R eac tio n  o f  th e  fo llow ing Legionella  a n tis e ra

L . p n e u m o p h ila  serogroup

1 2 3 4 5 6

1j. p n eu m o p h ila  SG, +  —  —
SG , —  +
SG3 —- —  +
SG,
SGs
SG„ —  —  ±

L . bozem anii

L. d u m o ffii  —  —  —

L . m iedadei

* E a c h  conjugate was s tu d ied  on heterologous an tig en  a t  its d irec t im m unofluorescence 
assay  co n cen tra tio n

In  a second p hase o f  th e  s tu d y  for th e D .F .A . sp e c if ic ity , th e  sam e con ­
ju g a t e s  w ere tested  at th e ir  d ire c t  im m u n oflu orescen ce a ssa y  w ork in g  con cen ­
tr a t io n  aga in st th e h eter o lo g o u s an tigen s. T he resu lts , lis ted  in T ab le  I I I ,  in d i­
c a te  t h a t  L. pneumophila  serogrou p s 1 to  6 and o th er sp ecies o f  Legionella can  
be e a s ily  d istingu ish ed  w ith  th e se  reagen ts. A t o p tim a l d ilu tion  o f  an tisera , all 
te s ts  w ere  sp ecies-sp ecific , an d  for L. pneumophila,  w ere also serogrou p -sp ecific  
w ith o u t  absorption , as sh o w n  in  th e  absence o f  sta in in g  w ith  h etero logou s a n ti­
g en s . T h e  m inor cross-reaction  b etw een  serogroup 3 co n ju g a te  and serogroup 6 
ce ll su sp en s io n  has n o t, in  ou r exp er ien ce , been a problem  in d istin gu ish in g  
th e s e  tw o  serogroups.

S erogrou p -sp ecific  re a c tio n s  m ay  arb itrarily  be d efin ed  as sh ow in g  at 
le a s t  fou rfo ld  greater t itr es  a g a in st  an tigens o f  one h om ologou s serogroup than  
a g a in s t  h eterologous serogrou p s. H ow ever, w hen h igh  sp ec ies-sp ec ific  or sero­
g r o u p -sp e c if ic  an tib od ies at a titre  fourfold  d ilu tio n  h igher th a n  th e  serum  
t itr e  w ere  used against h e ter o lo g o u s an tigen , no cr o ss-re a ctiv ity  ap peared . W ith  
th e  e x c e p t io n  o f the m inor c r o ss-re a c tiv ity  b etw een  serogroups 3 and 6 a lready  
n o te d , th e  D .F .A . test is g ro u p -sp ec ific .

S in c e  screening w ith  s ix  or m ore reagen ts w ou ld  be ted io u s , w e exp er i­
m e n te d  w ith  the p rep aration  o f  p o ly v a len t reagen ts. C onjugates to  L. pneumo­
p h ila  serogroup s 1, 2 and 4 w ere  com b ined  in p ool A, serogroups 3, 5 and 6 in 
p o o l В  an d  L. bozemanii, L. d u m o ff i i , and L. miedadei in  p oo l C; each  at a th ir ty ­
fo ld  g re a ter  titre than  th e  w ork in g  con cen tra tion . For screen in g , each  pool 
w a s ex tem p o ra n eo u sly  d ilu te d  1 : 10, i.e. th e  fin a l d ilu tio n  that had g iven  
o p tim a l bright sta in in g  b efo re  p oolin g . In  th e  f ir s t  p hase o f  th e  s tu d y , th e  
sm e a r s  w ere tested  aga in st th e  th ree  p o lyva len t sera lis ted  in T ab le  IV: those
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Table IV

Keactivily o f  L . pneum ophila  (serogroup 1 to 6) and L . bozemanii, L . dum offii and L . micdadei
with pooled conjugated reagents

S am p les  Pools o f  a n ti- le g io n e lla  c o n ju g a te s
(Legionella  sm ears) ' ~

L . pneum ophila SG, +
SG„ +  — —

SG3 +
s g < +
s g 5 — + —
SG„ + —

L . bozemanii —  — +
L . d u m o ffii —  — 4-
L . micdadei ____ ____

Pool A: con ju g a te  to  L . pneum ophila  serogroups 1. 2, and 4 
Pool B : con ju g a te  to  L . pneum ophila  serogroups 3, 5 and 6 
Pool C: con ju g a te  to  L . bozemanii, L . d u m o ffii , and  L. micdadei

w ith  p o sit iv e  co n ju g a te  in  th e  in it ia l screen ing  w ere te sted  aga in st each  m o n o ­
v a le n t. S tron g  h om ologou s sta in in g  were foun d  to  occur w ith  each  p o ly v a len t  
pooled  reagen t.

T h ese p ools w ere th en  used to  te s t  118 c lin ica l sam ples (tran strach ea l 
asp irates, b ro n ch o sco p y  sp ec im en s, pleural f lu id s ) . C ulture on se lec tiv e  m ed ia  
and I .F .A . for a n tib o d y  titres  w ere also m ad e. O ne case o f  p n eu m on ia  cau sed  
b y  L. pneumophila  serogroup  5 w as id en tified  on  th e  b asis o f  D .F .A  and cu ltu re  
p o sitiv e  sp ec im en  as w e ll as seroconversion . T w o  o ther cases o f  p n eu m on ia  
caused  by L. pneumophila  serogroup 1 and 6, r e sp e c tiv e ly  were id en tifie d  o n ly  
on th e  b asis o f  a serocon version . D .F .A . and cu ltu re  w ere n eg a tiv e  b u t er y th r o ­
m ycin  th era p y  w as g iv en  b efore resp iratory  tr a c t  sp ec im en s were co llec ted . N o  
cross-reaction  w as n o ted  w ith  o ther b acteria l iso la te s  from  sp utum  sp ecim en s.

D iscussion

Som e c lin ica l lab oratories “ ro u tin e ly ”  u se  th e  D .F .A . for id en tify in g  th e  
species and serogroups o f  Legionella strains e ith er  in  p a tien t sp ec im en s or in  
iso la ted  cu ltu res [3 ]. H ow ever, it  is th e  d e te c tio n  o f  a n tib o d y  to  L. pneum o­
phila  w ith  th e  I .F .A . a ssay  th a t has becom e th e  m o st com m on  m ean o f  e s ta b lish ­
ing a d iagn osis o f  L egion naires d isease d esp ite  th e  fa ct th a t resu lts are o n ly  
ava ilab le  re tro sp ec tiv e ly . F urtherm ore, th e  v a lu e  o f  a single h igh  titre  in th e  
L. pneumophila  te s t  m ay  in d ica te  past ex p o su re  to  Legionella in stead  o f  recent  
in fection  b ecau se d e tec ta b le  titres can p ersist for m o n th s or years after clin ica l
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illn e ss  h a s  reso lved  [10]. In  F ran ce , th e  I .F .A . and D .F .A . te s ts  h a v e  b een  well 
s tu d ie d  o n ly  for th e L. pneum ophila  serogroup  1 an tigen . A  p rev iou s w ork  in  th e  
U n ite d  S ta te s  has show n th a t  27 .6%  o f  th e  sam p les o f  p a tien ts  w ith  su sp ected  
L e g io n n a ir es  disease had a n tib o d ies  to  one or m ore I .F .A . a ssay  a n tig e n s  o f  
L. pn eu m oph ila , L. bozemanii, L. dumoffii  and L. miedadei w hen serocon version  
to  a recip roca l titre  > 1 2 8  or a sin g le  t itr e  > 2 5 6  w as considered  p o s it iv e  [7]. 
T h e fa c t  th a t  few er th a n  h a lf  o f  th ese  had  s ig n if ica n t titres o f  a n tib o d y  to  L. 
pneum ophila  su ggested  w id esp read  in fection  w ith , or exp osu re to , Legionella 
sp e c ie s  o th e r  than  L. pneumophila  [9, 10]. M oreover, a p p ro x im a te ly  50%  o f  
p airs o f  sera from  su sp ected  or cu ltu re p roven  cases o f  L eg ion n aires d isease  
sh o w  in  I .F .A . either a titre  rise aga in st o n ly  one serogroup or a su b sta n tia lly  
g re a ter  t itr e  rise again st a s in g le  serogroup th a n  again st th e  o th ers, com p ar­
ab le  r ises  in t itr e to  tw o  or m ore serogroups can  be seen  in reference [9 ]. P re lim ­
in a ry  s tu d ie s  b y  crossed im m u n o electro p h o resis  h ave show n th a t  stra in s repre- 
s e n ta t in g  th e  six  first serogrou p s o f  L. pneumophila  shared m ore th a n  85%  o f  
th e ir  a n tig e n s  in  com m on w ith  L. pneumophila  serogroup 1 [14]. In  co n tra st, 
L. bozem anii , L . dumoffii  an d  L. miedadei shared  o n ly  45, 53 and 4 3 % , resp ec­
t iv e ly ,  o f  their an tigens in  com m on  w ith  L. pneumophila  serogroup  1 [14]. 
O th er  b a cter ia l species lik e  Pseudomonas fluorescens , Pseudomonas alcaligenes 
and Bacteroides fragilis  had  a lso  an a n tig en ic  relation sh ip  to  serogrou p  1 o f  
L. pneum ophila  b y  D .F .A . an d  im m u n od iffu sion  te s ts  [15, 16]. As th e  n um ber  
o f  a n tig e n ic  ty p es o f  Legionellaceae co n tin u es to  grow , th e  n eed  for id e n tif ic a ­
t io n  o f  th e se  antigens b eco m es in creasin g ly  im p ortan t for th e d e v e lo p m en t o f  a 
rap id  an d  accurate d ia g n o stic  te s t  to  screen  p a tie n ts  for leg ion e llo s is .

O ur resu lts show  th a t  m o st o f  rab b it an tisera  are h igh ly  sp ec ies and sero­
grou p  sp e c if ic  w ith ou t ab so rp tio n . O n ly a m inor cross-reaction  e x is te d  b etw een  
L. pn eu m oph ila  serogroup 3 an d  6. C ross-reaction  b etw een  th ese  tw o  serogroup s  
h ad  b e e n  n oted  p rev iou sly  [1 7 ]. T he com m on  an tigen s b etw een  th e  fam ily  
Legionellaceae  and n o n -leg io n e lla  b acteria  n oted  p rev iou sly  b y  im m u n o electro -  
p h o r e tic  m eth od s [14] and im m u n o d iffu sio n  te s ts  116] are p rob ab ly  c y to p la s ­
m ic a n tig e n s  d ifferent from  su rface a n tig en s d etec ted  b y  D .F .A . A s su ch  it 
m a y  or m a y  n ot present p rob lem s in  id e n tific a tio n  o f  Legionella d ep en d in g  on 
th e  te c h n iq u e  o f ch aracteriza tion  u sed . T h e tech n iq u e o f  D .F .A . sta in in g , 
w h ich  h a s  th e property  o f  ch a ra cter iz in g  th e  surface an tigen s, d oes n o t show  
a n y  cross-reaction s b etw een  d ifferen t serogroups o f  Legionella w h ereas th e  
im m u n o d iffu s io n  tech n iq u e w h ich  ch aracterizes b oth  surface and in tern a l a n ti­
g en s , sh o w s m an y  such rea ctio n s . H en ce , th e  p ro b a b ility  o f  o b ta in in g  for D .F .A .  
s ta in in g  a m onoclonal a n tib o d y  reactin g  w ith  all serogroups and sp ec ies  o f  
Legionella  should  he m a x im ized  for d e tec tin g  an in tern a l an tigen  b u t n o t n eces­
sa r ily  a su rface antigen .

T h e  fa c t  th a t im m u n iza tio n  w ith  one serogroup produces a n tib o d ies  n ot  
g iv in g  cross-reaction s w ith  o th er  serogroups b y  D .F .A . sta in in g , le a d s  us to
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ih in k  th a t  th e  use o f  m onoclonal a n tib o d y  for ch aracteriza tion  o f  Legionella  
is n ot n ecessa ry . M an y au thors [18] h ave prepared  m onoclonal a n tib o d y  in  
order to  fin d  an a n tib o d y  d irected  aga in st a com m on  an tigen  to  th e  sp ec ies , 
one w h ich  w ou ld  n o t cross-react w ith  o ther b acter ia . T heir resu lts con firm  th a t ,  
sim ilar ly  to  ra b b its , m ice respond to  a m ajor, or at lea st h igh ly  im m u n o g en ic , 
an tigen  d eterm in in g  th e  se ro sp ec ific ity  o f  th e  b a cter ia l strain . M oreover, th e  
fact th a t th e  b in d in g  o f  th e ir  m on oclon a l a n tib o d y  w as p ra ctica lly  t o ta l ly  
in h ib ited  b y  th e  p o ly c lo n a l rab b it antiserum  sh ow s th a t b o th  k inds o f  a n tib o d y  
react w ith  th e  sam e an tigen  [18]. O ther au th ors [1 9 -2 1 ] , to o , were u n a b le  to  
produce m on oc lon a l an tib od ies th a t  reacted  w ith  all o f  th e serogroups o f  L. 
pneumophila.  On th e  other h and , th ree  su b ty p e s  o f  L. pneumophila  serogroup  
1 h ave b een  d efin ed  b y  m on oclonal a n tib o d y  b in d in g  p attern  [22].

F in a lly , our d a ta  su ggest th a t a b a tter y  o f  p o ly v a len t and/or m o n o v a le n t  
co n ju g a tes  for d ifferen t serogroups and sp ecies is n ecessary  for in creasin g  th e  
accu racy  o f  d iagn osis o f  leg ion ello sis .
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SEROLOGICAL STUDIES IN
CHLAMYDIA TRACHOMATIS ASSOCIATED PNEUMONIA

OF INFANTS

A n n a  M a r t o n , Z s u z s a n n a  S z i r m a i , Z s u z s a n n a  Sz e v e r  and 

V e r o n i k a  L ászló

H eim  Pál C hildren's H ospita l, and The M adarász Street Pediatric H ospital, B u d a p es t  

(R eceived  O ctober 15, 1984)

Serological re su lts  p rov ided  ev idence  for th e  clinical d iagnosis of ch lam ydia l p n e u m o n ia  
in 8 o u t o f 51 cases. E lev a ted  chlam ydia-specific  IgM  tit re s  (128-2048) and IgG  t i t r e s  (128- 
2048) were reco rded  in  5 and 8 in fa n ts , respec tive ly . H igh titre s  of ch lam ydial a n tib o d ie s  
(512-8192) in th e  se ra  o f m o th ers  of se ropositive  ch ild ren  p roved  gen ita l Chlamydia trachom atis 
infection.

Acta Microbiologica Hungarica 33 (1 ), pp. 51 54 (1986)

Chlamydia trachomatis  harboured  in th e m atern a l gen ital tract ca n  be 
tra n sm itted  from  m oth er to in fa n t during p artu r ition  [1]. In fection  o f  th e  
n eon ate m ay lead  in th e first life -d a y s  to  co n ju n c tiv it is  and/or after a fe w  w eek s  
to  a typ ica l p n eu m on ia  w ith  or w ith o u t co n ju n c tiv it is . Serology is a m ost re li­
able approach  to  v er ifica tio n  o f  C. trachomatis  as th e cau sa tive  agen t in  low er  
resp iratory tract in fec tio n  in in fa n ts  b etw een  1 -6  m on th s o f age.

M aterials and m ethods

In  1983-1984 w ith in  10 m o n th s 1 to  3 serum  sam ples o f 51 young in fan ts  (2—16 w eeks 
° f  age) w ith  a ty p ic a l p n eu m o n ia  were te s te d  for C. trachomatis an tibodies . D e tec tio n  o f ch la ­
m ydial an tib o d ies  w as also carried  ou t in  1 to  2 serum  sam ples o f m others w hose c h ild ren  had 
a positive  serological re su lts . Specim ens a rriv ed  from  severa l hospitals.

Ten d iffe ren t iin m u n o ty p es of fo rm alin ized  an tig en s p ro d u ced  in egg-yolk sacs, rich  in 
e lem en tary  bodies, w ere used for m ic ro im in u n o flu o rescen t assay  (M IF ), developed  b y  W ang  
and  G ray sto n  [2]. T h e  s tra in s  o f th e  te s t  a n tig en  ty p e s  w ere as follows: A: T u n is  326, В 
T W -5, pooled I): IC -C A L  8, E : B our, poo led  F : IC -C A L 3, G: TJW-51, H : U W -43, I:IC -C A L  
6, K : UW -31. F IT C  c o n ju g a ted  a n tih u m a n  Ig , IgG  an d  IgM  w ere H y lan d  p ro d u c ts . S lides 
were te s ted  u n d e r  a Zeiss L ab o v a l fluo rescence  m icroscope w ith  a HBO 50 u l tr a  p re ssu re  
m ercury  lam p.

Sera po sitiv e  in an  8-fold basic d ilu tio n  w ere d ilu te d  fu r th e r  for th e  d e te rm in a tio n  of 
IgG  and  IgM titre s .

Nose a n d  th r o a t  sw abs an d  blood cu ltu re  were te s te d  as in  rou tine . M ycoplasm a g ro w th  
inh ib itio n  and  R S-, adeno-, herpes sim plex  and in flu en za  v irus com plem ent fix in g  a n tib o d y  
te s ts  for p a tie n ts  w ith  positive  ch lam y d ia l serology w ere carried  o u t to exclude a n y  o th e r  in ­
fecting  ag en t o f th e  low er re sp ira to ry  tr a c t .

A n n a  M a r t o n , V e r o n i k a  L á s z l ó

H eim  Pál C h ild re n 's  H o sp ita l
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Results

R o u tin e  n ose and th r o a t sw abs, b lood  cu ltu r e , m ycop lasm a grow th  in h i­
b it io n  and v irus co m p lem en t fix a tio n  te s ts  w ere in  each  case n e g a tiv e . R esu lts  
o f  ch la m y d ia l M IF  te s t s  are sum m arized  in  T a b le  I. A n tib od y  titres  o f  8 in fa n ts  
o u t o f  51 w ere as h igh  as 128 -2 0 4 8 . IgM w as fo u n d  in  sera o f 5 ch ild ren . T w o o f  
th o s e  w ith o u t IgM  class a n tib o d y  were sa m p led  on the 30th and 42n d  d a y  o f  
i l ln e s s , r e sp ec tiv e ly , w h en  no d etectab le IgM  is  exp ected  a n y  m ore.

Ig G  titres  w ere fo u n d  considerably  h ig h  in  th e  first serum  sp ec im en  o f  
ea ch  p a tie n t , ta k e n  in  th e  acu te  phase o f  th e  d isease , and no ap p reciab le in ­
cr ea se  w as ob served  la ter . N o  IgM  was d em o n stra ted  in  the m oth ers’ sera b ut  
o n ce  in  a titre  o f  16. IgG  titr e s  w ere rem ark ab ly  h ig h  (51 2 -8 1 9 2 ). O f th e  m oth ers  
w h o se  paired  sera w ere exam in ed , tw o  e x h ib ite d  a 2-fold  and on e a 4-fo ld  
in cr ea se  o f  a n tib o d y  titr e .

T h e reactin g  a n tig e n -ty p e s  were D , E -j-D  an d  I-(-H . The a n tig e n -ty p e  o f  
m o th e r  and ch ild  w as a lw ays identical.

Table I

M I F  antibody titres in  patients w ith chlam ydial pneumonia syndrome

P a tie n t
T im e  o f  te s t  

(since o n s e t  o f  
illn ess , d ay )

A n tib o d y  titre s o f  in fa n ts A n t ib o d y  t it re s  o f  m others
A n tig en -ty p e

IgM Ig G IgM IgG

D . G. 5 512 256 I +  H
17 256 512 16 512 I +  H

J .  F . 11 512 1024 < 8 2048 1)
30 512 1024 < 8 8192 D
54 < 8 64 D

Cs. A.* 16 128 128 D
44 < 8 128 D

< 8 2048 D

Cs. Zs.* 16 512 512
44 < 8 512 D

o. c. 3 < 8 1024 < 8 512 D
27 < 8 2048 < 8 1024 1)

159 < 8 < 8

E . T. 7 2048 2048 n o t tested I  +  H
21 512 1024 I +  H
61 64 64 I +  H

Gy. Zs. 42 < 8 2048 < 8 2048 I +  H
60 < 8 1024 < 8 4096 I +  H
80 < 8 128 I +  H

S. K. 30 < 8 2048 n o t tested E  +  D

* Twins
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D iscussion

T he trach om a-in c lu sion  co n ju n ctiv itis  (T R IC ) a g en ts , th e ly m p h o g ra n u ­
lom a  ven ereu m  (LG V) group o f  organism s and th e  m ouse p n eu m on itis  agen t  
are th e  three b io v a ria n ts  o f  C. trachomatis. S erotyp es A , B , B a  and C o f  T R IC  
agen ts cause p rim arily  ocu lar d isease: endem ic trach om a in th e  trop ics and  
in clu sion  co n ju n ctiv itis  e lsew h ere; D -K  sero typ es are resp on sib le for in c lu sion  
co n ju n ctiv it is , u rogen ita l in fec tio n s and a typ ica l p n eu m on ia  o f  in fa n ts  all over  
th e  w orld . S erotyp es L ,, L 2 and L 3 o f  th e LGV group are in v o lv ed  in  th e  p a th o ­
gen esis o f  ly m p h ogran u lom a  ven ereu m  [3].

C. trachomatis is th e  c a u sa tiv e  agent o f  cerv ic itis  and sa lp in g itis  in  1 2 -3 7 %  
and 3 0 -8 0 % , re sp ec tiv e ly , and is very  often  a ssoc ia ted  w ith  in fe r t ility  [4]. 
C ervical sw abs o f  a sy m p to m a tic  w om en  y ie ld  C. trachomatis in  1—6%  [5 ], th e  
in c id en ce o f  carriers in  p regn an cy  is b etw een  4 -1 8 %  [6, 7 ]. N eo n a ta l in fection  
occurs in 2 -6 %  in th e  U n ited  S ta tes  [8], b ut sero log ica l ev id en ce  for acq u isition  
o f  C. trachomatis b y  in fa n ts  o f  in fected  m oth ers w as p rov id ed  in  70%  [6]; 
35%  d eveloped  in clu sion  co n ju n ctiv it is , 20%  p n eu m on ia  in th is  group [6]. 
C. trachomatis is resp on sib le  for low er resp iratory tract in fection  in  y o u n g  in ­
fan ts in 27% , and for a feb rile  p n eu m on ia  in 74%  [8].

In  our stu d ies 8 p a tie n ts  am ong 51 were p o sit iv e  for ch lam yd ia l a n tib o d ­
ies. T h is h igh seq u en cy  o f  p o s it iv ity  (abou t 1/6 o f  th e  cases) is ex p la in ed  by  
the ch aracteristic  fea tu res o f  ch lam yd ia l p n eu m on ia . In fa n ts  b etw een  2 -7  
w eeks o f  age d evelop ed  sy m p to m s o f  gradually  w orsen in g  p ertu ssis-lik e  cou gh , 
ta ch y p n o e , labial c y a n o sis , som etim es w ith  c o n ju n c tiv it is , but in m ost cases  
th e y  were afebrile and in  good general con d ition . C rep itation  rales w ere heard  
and th ere w as a rad io log ica l ev id en ce  for ex ten d ed  in te rstitia l in filtr a tio n  in all 
cases. E lev a ted  ESR  (4 0 -8 0  m m /h ), and W BC (11 0 0 0 -2 2  0 0 0 /p l) , a mild  
eosin op h ilia  (3 -1 4 % ), m o n o c y to sis  (7 -1 4 % ) and an aem ia  (7 6 .8 -1 0 8 .8  g/1) were 
th e  ch aracteristic  la b ora tory  fin d in gs.

M icrobiological d iagn osis o f  ch lam yd ia l p neum onia  is based  on  th e  d e tec ­
tion  o f  sp ec ific  a n tib o d ies  in b lood , but sero logy  m ay  be co m p leted  w ith  iso la ­
tion  o f  C. trachomatis from  n asop h aryn geal and co n ju n ctiv a l secretion  and  
from  rectal scrap ing. Our in v estig a tio n s  were lim ited  to  sero logy .

In d irect M IF or E L IS A  are th e  m ethod s o f  ch o ice in  ch la m y d ia l sero logy , 
b ein g  m ore sen sitiv e  th a n  th e  com p lem en t f ix a tio n  te s t , and su ita b le  for id en ­
t ify in g  ty p e -sp ec ific  a n tib o d ies  [9 ]. C hlam ydial p n eu m on ia  a lw ays resu lts in a 
rem arkable im m u n e resp on se in d u cin g  u su a lly  a titre  as high as 5 1 2 -6 4  000 [10].

Serological criteria  o f  th e  d iagnosis are as fo llow s: d etec ta b le  IgM  class  
a n tib o d y  and/or reg istered  4 -fo ld  increase in IgG  titre . In  m ost cases IgM  can  be 
revea led  on ly  for ab ou t 30 d ays in the acu te p hase o f  th e  d isease. In our m a te ­
rial, h ow ever , th e 6 1 st d a y  w as th e  la te st  for d etec tio n  o f  IgM , b ut in an oth er  
case it could  n ot be d em o n stra ted  already on the 4 4 th  d ay . IgM rep resen ts
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an e a r ly  response to  in fe c t io n , IgG  in con trast m ay  also be o f  m atern al origin. 
T h e fa ct that IgM is a v a lu a b le  ind icator o f  acq u ired  in fec tio n , u n d erlin es the  
im p o r ta n c e  o f early  sa m p lin g . In  our stu d ies no ap p reciab le  rise o f  IgG  titres  
w a s reg istered , but IgM  p ro v id ed  ev idence for ch la m y d ia l p n eu m on ia  in  5 out 
o f  8 ca ses . In  th ose cases w h ere IgM was n ot d em o n stra ted , p artly  b ecau se o f  
d e la y e d  sam pling , ch a ra c ter istic  sym p tom s and th e  sero log ica l p roo f o f  th e  
m o th e r ’s in fection  co n firm ed  th e  clin ical d iagn osis.

T o p ica l in fection s lik e  co n ju n ctiv itis , u reth ritis , cerv ic it is , sa lp in g itis  
in d u c e  a rather w eak  im m u n e  response, i f  an y: a t itr e  o f  3 2 -1 2 8  m ay  be an 
in d ic a to r  o f  an activ e  c h la m y d ia l d isease, b u t m a y  also d erive from  a previous  
in fe c t io n  [9]. IgM can  b e d e te c te d  rarely in  lo ca l in fec tio n s .

In  our m aterial all m o th er s  b u t one fa iled  to  p resen t IgM  a n tib o d y , but 
Ig G  con cen tra tion s o f  th e  m a te rn a l sera w ere ex tr em ely  h igh  (512—8192) co m ­
p a red  to  th e  d ata  p u b lish ed  in  literature. T h e q u estio n  arises w h eth er  preg­
n a n c y , d elivery  or p o stp a r tu m  period had a c t iv a ted  in fectio n , th a t p rovok ed  a 
s tr o n g  a n tib o d y  resp onse. T h e se  h igh titres , as w ell as th e  in creasin g  titres  o f  th e  
p a ired  sera in accord ance w ith  th e  an am n estic  or p resen t sy m p to m s (fluor, 
p e lv ic  pain) were o f  d ia g n o st ic  va lu e for a r e ce n tly  overcom e or p ersisten t 
g e n ita l ch lam yd ia l in fe c t io n .

S in ce ch lam ydia l sp ec ie s-sp ec if ic  an tigen s g iv e  a stron g  cross-reaction  in  
th e  M IF , ty p e -sp ec ific  a n tib o d y  can be revea led  o n ly  at th e  end o f  th e  d ilu ­
t io n  lin e , b ut even  th ere a re a c tio n  w ith  m ore th a n  one sero typ e  m a y  som etim es  
b e o b serv ed . T hat is th e  rea so n  w h y  tw o se ro ty p e s  (I-j-H  or E -f-D ) were re­
sp o n s ib le  for the sero lo g ica l p o s it iv ity  in 4 cases.

P o s it iv e  ch la m y d ia l se ro lo g y  in a ty p ica l p n eu m on ia  o f  in fa n ts  is helpfu l 
in  th e  ch o ice o f  a n tib io tic s . C ephalosporins or am p ic illin  in trod u ced  at ad m is­
s io n  h ad  on ly  tran sien t e f fe c t ,  i f  any. A ch an ge for ery th ro m y c in  led  to  a rapid  
c lin ica l and som ew h at s lo w e r  radiological recovery .
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(R eceived  N ovem ber 22, 1984)

G lycolipopro tein  (G L P ) w as iso la ted  by w a te r-p h e n o l ex tra c tio n  and u ltra c e n tr ifu g a ­
tion  from  crude e x trace llu la r  slim e (C-ES) of 14 s tra in s  o f Pseudom onas aeruginosa. T h e  y ields 
o f G L P o b ta in ed  betw een  d iffe ren t m ethods were 65.6 ±  8 .4 %  and  46.4 ± 1 1 .2 %  of th e  d ry  
w eigh t o f all C-ES frac tio n s . G L P  stim u la ted  active  im m u n ity  in  mice against ch allenge  w ith  
d ifferen t im m u n o ty p es  (or serogroups) o f P. aeruginosa. P heno l frac tions (P F r)  o f d iffe re n t 
P. aeruginosa  s tra in s  beh av ed  sim ilarly . As com pared to  th e  corresponding C-ES in  a c tiv e  
m ouse p ro tec tio n  te s t, th e  G L P  o f several stra in s  w as less a c tiv e , w hereas th a t  o f som e o th e r  
s tra in s  was m ore p ro tec tiv e .

In our p rev iou s paper [ l j  we have sh o w n  th a t  isolated  and p a r t ia lly  
purified  crude ex tra ce llu la r  slim e (C-ES), in d u ces im m u n ity  in m ice a g a in st  
ch a llen ge w ith  tin* h om ologou s or h etero logous serogroup (im m u n o ty p e) o f  
P. aeruginosa. P resu m ab ly , slim e g lyco lip op ro te in  (G L P ) or its  h igh -m olecu lar  
p olysacch arid e is th e  a c t iv e  com p onent o f  C -E S [2—5]. In the present paper  
w e report on  th e  resu lts o f  an im m u n ologica l s tu d y  o f  G L P and other fra c tio n s  
iso la ted  from  P. aeruginosa  C -E S.

M aterials and m ethods

Bacterial strains. Pseudomonas aeruginosa s tra in s  170001, 170002, 170005, L70006, 
170007,170009,170010, 170014, 170017,170018,170019, 170021, 170022, 170023 and F ish e r’s im - 
m u n o ty p es  F 1 -F 7 , were o b ta in e d  from  th e  N a tional I n s t i tu te  o f H ygiene, B u d ap est, H u n g a ry . 
St ra in  No. 8 w as iso lated  from  a b u rn  p a tie n t in V ish n ev sk y  In s t i tu te  for Surgery of th e  U S SR  
A cadem y of M edical Sciences (M oscow): stra in  O - l l  w as o b ta ined  from  th e  co llection  of 
th e  T arasev ich  S ta te  C on tro l In s t i tu te  (Moscow, U S S R ); and  exotox in -p roducing  PA -103 
s tra in  w as o b ta in ed  from  th e  D e p a rtm e n t of M icrobiology and  Im m unology, U n iv e rs ity  of 
Louisville School of M edicine (L ouisville, USA). T he s tra in s  used in our investig a tio n  are  d e ­
scribed in T able  1.

Crude extracellular slim e (C -E S ) .  T he p re p a ra tio n s  w ere o b ta ined  by th e  m eth o d  p re ­
viously described [1 |.

Glycolipoprotein (G L P ). P u rified  G L P was o b ta in e d  from  C-ES of different s tra in s  by 
two m ethods (Fig. 1).

E u g e n e  S. S t a n i s l a v s k y , E l e n a  V. H o l o d k o v a , N a t a l i a  Л. Y o u s i i k o v a , M a r t a  I. Z h v a n e t s k a y a  
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Table I

O-antigenic structure o f P . aeruginosa stra ins used in this study

S tra in Com piled schem e* Im m u n o -
type**

170001 3a,3b,3c _
170002 10a,10c 5
170005 2a,2d 7
170006 2a,2d,2e —
170007 (2a),2d ,2 f —

170009 6a, 6c —
170010 6a.6d —
170014 1 4
170017 — —
170018 — —

170019 9a,9d
170021 —

170022 15
170023 12 —

O - l l 1 1 a ,l ib 2

8 2a,2d,2e —
P A -103 1 1 a ,l ib 2
F I 6a 1
F2 l i a , l i b 2

F3 (2a),2c 3
F4 1 4
F5 10a,10c 5
F6 7a,7d 6
F7 2a.2d 7

* L ány i-B erg an  schem e [12] supplem ented  [13]
** F isher e t al. [14]

I. A queous C-ES so lu tio n  was trea te d  w ith  cold  75%  aqueous phenol so lu tio n ; G LP 
w as iso la ted  [4, 6] and th e n  cen trifuged  (10 000 g , 1 h ) to  rem ove undisso lved  com ponen ts. 
A t th e  sam e tim e, phenol f ra c tio n  (P F r), in w hich  p ro te in s  (or pep tides) are su p p o sed  to  con­
c e n tr a te ,  w as collected [6]. G L P  so lu tion  was cen trifu g e d  a t  105 000 g for 3 h , a n d  th e  re su lt­
in g  G L P  p re c ip ita te  (105—180) a n d  su p e rn a ta n t (105 180) w ere exam ined.

I I .  A t f irs t C-ES so lu tio n  was cen trifuged  u n d e r  th e  sam e conditions, th e  resu lting  
C -E S  p re c ip ita te  (105-180) w as d iscarded , and  G L P  w as o b ta ined  from  th e  C-ES su p e rn a ta n t 
(1 0 5 -1 8 0 ) b y  w a te r-p h e n o l e x tra c tio n  as described ab o v e .

Lipopolysaccharides ( L P S )  were o b ta ined  fro m  th e  N. D. Zelinsky In s t i tu te  o f  O rganic 
C h e m is try , A cadem y of Sciences o f the  U SSR  (M oscow ). T h ey  were p rep ared  an d  pu rified  as 
d e sc rib e d  earlier [7].

A ctive  mouse protection. O u tb red  mice w eigh ing  18 to  20 g were im m unized  in tra p e rito -  
n e a lly  w ith  th e  p re p a ra tio n s  an d , 7 days la te r, w ere ch allen g ed  w ith P. aeruginosa  live  cu ltu res 
as d e sc rib e d  earlier [1]. T w o m odifications of th e  te s t  w ere used. (1) T itra tio n  of th e  challenge 
dose  on  im m unized  ( te s t)  an d  non-im m unized  (c o n tro l)  m ice. LD50 and efficiency in d ex  (E l)  
w ere  ca lcu la te d  (E l  =  p ro p o rtio n  of LD50 for th e  te s t  an im als to LD50 for th e  c o n tro ls ; see 
re su lts ) .  (2) T itra tio n  o f th e  im m unizing  dose of th e  a n tig e n  and d e te rm in a tio n  o f E D 50 (see 
re su lts ) . D e ta ils  of th is  m e th o d  are  also given in o u r  p rev io u s  paper [1].

Chemical analysis. P ro te in  in th e  p re p a ra tio n s  w as de term ined  b y  m eans o f th e  Folin  
r e a g e n t  [8 ], and  c a rb o h y d ra te s  w ere de term ined  b y  m ea n s  of th e  an th ro n e  re ag e n t [9].

S ta tistica l analysis. T he L D 50 and E D 50 v a lu e s  a n d  fiducial lim its were d e te rm in e d  by 
th e  m e th o d  of V an der Y a rd én  [10].
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R esults

F igu re 1 g ives a sch em a tic  d escrip tion  o f  th e  tw o  m ethod s o f  C -E S frac­
tion . T h e essen tia l d ifferen ce b etw een  th e m eth o d s w as th a t u sing m eth o d  I, 
C-ES w as trea ted  b y  p h en o l b efore u ltra cen tr ifu g a tio n , and u sing m eth o d  II , 
it  w as trea ted  after u ltra cen tr ifu g a tio n  as describ ed  b y  S en sakovic e t  al. [4].

M e t h o d  1 M e t h o d  II

1 C r u d e  s l i m e  ( C - E S ) 1 C r u d e s l i m e  ( C - E S )

W a t e r  -  p h e n o l  

e x t r a c t i o n ,  c e n t r i f u g a t i o n  

( 1 0 0 0 0 g ,  l h )

U l t r a c e n t r i f u g a t i o n  

( 1 0 5 0 0 0 g ,  3 h )

1
2 . G L P

“ I
3  P h e n o l

1
2.  C - E S  p r e c i p i t a t e  3  S u p e n o t a n t

f r a c t i o n ( 1 0 5 p  1 8 0 )
( P F r )

W a t e r  -  p h e n o l

U l t r a c e n t r i f u g a t i o n e x t r a c t i o n ,  c e n t r i f u g a t i o n

• 0 5 0 0 0 g ,  3 h ) ( 1 0 0 0 0 g , 1 h  )

3  GL
“ 1

P  p r e c i p i t a t e  U  G L P
I

G L P
1

P F r
( 1 0 S p  1 8 0 ) s u p e r n a t a n t

(  1 0 5 s  1 8 0 )

Fig. 1. Schem e of g lyco lipopro te in  (G L P) isolation. To rem o v e  insoluble co m p o n en ts , G L P 
so lu tion  w as cen trifuged  beforehand  a t  10 000 g for 1 h

Table II

Yields o f  fractions in  per cent o f  the total weight o f  C -E S  fractions

Y ield in p e r ce n t

e s igna tion  of 
s tra in M eth o d  I M eth o d  I I

G L P -I P F r - I G L P -I I C -E S  res id u e P F r - I I

170001 61.8 26.6 NS N S NS
170002 NS NS 37.9 56.9 5.2
170006 88 9.3 62.5 24.5 12.1
170007 63 27 41.3 50.2 8.5
170009 63.8 28 33.9 44.8 21.3
170010 36.9 41.5 NS
170017 NS 49.7 28.6 21.7
170018 60 32.9 NS
170014 77.3 16.7 NS
170019 75.9 15 52.8 24.7 22.5
170023 61.7 13.4 NS
O - l l 67.4 24.8 NS

X  ±  2 m 65.6 ±  8.4 23.5 ±  6.2 46.4 ±  11.2 38.3 ±  11.6 15.2 ±  6.4

N ote . F rac tio n  yields from  stra in s  170005 and 170021 w ere no t calculated. A ccording to 
M ethod I ,  GLP-1 solution w as add itionally  centrifuged to  rem ove insoluble conglom erates 
(10 000 g, 1 h ) and th e  residue w as rem oved. The m ean specific y ield was 11.1 ±  4 .4%  (strain  
v a ria tio n s 2.7 to  24.8% )

NS — no t studied
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Tabic III
Active cross protection o f  mice im m unized  with GLP

L D S0 X 10* b a c te ria l ce lls  a n d  co n fid en ce  lim its  
S tra in  -------------------------------------------------------------------------------------------—__________________________________

F l F2 F3 F4

170001 347
(275-437)

692
(479-1000)

> 1 0 0 398
(316-501)

170002 211
(162-281)

132
(96-182)

87
(66-115)

186
(141-246)

170005 263
(220-346)

372
(695-468)

81
(68-98)

151
(120-191)

170006 302
(219-417)

229
(166-376)

200
(145-275)

263
(191-363)

170007 115
(87-151)

93
(74-118)

151
(110-209)

132
(100-174)

170009 347
(240-501)

398
(288-550)

NS NS

170010 562
(227-741)

1202
(891-1660)

62
(45-85)

214
(162-282)

170014 302
(240-380)

263
(191-363)

50
(38-66)

692
(501-955)

170017 324
(224-468)

141
(102-195) NS

214
(155-295)

170018 162
(112-234)

525
(363-759)

72
(58-91)

181
(100-174)

170019 246
(179-339)

246
(186-324)

> 100 NS

170021 324
(257-407)

562
(407-776)

66
(50-87)

246
(186-324)

170022 NS 123
(93-162)

123
(93-162)

NS

170023 347
(263-471)

427
(324-562)

123
(98-155)

263
(191-363)

O - l l 193
(146-254)

501
(398-631)

62
(45-85)

246
(186-324)

C ontro l
(non-im m unized anim als)

23
(19-28)

25
(20-32)

6
(4-8)

62
(47-81)

Note. E ach mouse w as im m unized  w ith 100 /<g (d ry  w t) of G LP using g roups of 50 mice 
fo r each  G L P prepara tion . In  e ach  group 10 im m unized ( te s t)  and 10 non-im m unized (control) 
m ice w ere challenged w ith  five  d iffe ren t doses of P. aeruginosa  live cu ltu re  to  estab lish  LD50 
v a lu es. M axim um  challenge doses, depending on th e  s tra in , ranged 1600-200 X 10° cells (test) and 
8 0 0 -5 0  X 10° cells (control). R e su lts  o f th e  two experim en ts were sum m ed up . M axim um  values 
fo r I o f  the  hom ologous challenge  stra in  are p rin ted  in italics. NS =  no t stu d ied

P rev iou sly  we h a v e  sh o w n  [1] th a t th e  G L P  y ie ld  for d ifferen t P. aerugi­
nosa  stra in s varied from  8 to  34%  o f the C -E S dry w eigh t. In th e  present 
p a p e r  w e analysed y ie ld s  on  th e  hasis o f  th e  su m m ed  w eigh t o f  fraction s o b ­
ta in e d  from  d ifferent s tra in s . T able II sh ow s th a t  G L P -I y ie ld s varied  betw een
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o f  different P . aeruginosa serogroups

(p  0.05) w hen  challenged  w ith  s tra in s

F5 F6 F7 8 P A -103 170019

457 186 87 155 149 741
(347-603) to О (66-126) (126-145) (113-189) (562-477)

398 < 100 76 87 25 603
(288-550) (55-105) (66-115) (18-36) (525-692)

186 115 162 162 58 324
(141-246) (91 145) (129-204) (129-204) (46-72) (246-427)

263 107 282 257 58 646
(182-380) (81-141) (214-372) (204-324) (40-83) (490-851)

< 1 0 0 151 NS 111 76 603
(110-209) (84-146) (55-105) (479-759)

141 159 < 5 0 62 NS NS
(112-178) (118-224) (49-78)

229 200 78 NS 162 692
(166-316) (145-275) (56-102) (118-224) (575-832)

123 93 54 45 36 348
(89 170) (74-118) (41-71) (36-57) (30-43) (240-501)

200 263 < 5 0 NS NS NS
(145-275) (182-380)

145 132 71 47 76 372
(102 195) (100-174) (51-98) (36-62) (58-100) (295-468)

324 200 123 NS 58 668
(234-447) (138-288) (93-162) (48-69) (508-881)

324 100 78 44 27 754
(234-447) (76-132) (56-102) (35-55) (20-36) (603-955)

174 NS < 5 0 91 NS NS
(126-240) (62-107)

246 141 62 52 110 525
(178-339) (102-195) (47-81) (39-68) (83-145) (398-642)

115 < 100 162 50 174 490
(91-145) (123-214) (40-63) (132-229) (372-646)

36 36 35 13 8 200
(27-47) (27-47) (23-54) (10-16) (6-11) (152-251)

36.9  and 88'%, m ean v a lu e  b ein g  65.6 ±  8 .4%  o f  th e  sum m ed w eig h t o f  all
fraction s. G L P -II y ie lds varied  b etw ee n 33.9  and 62 .5% , w ith a m ean  va lu e
o f  46 .4  ±  11 .2% . A ccord ingly , both  me■thuds g ave m ore or less th e  sam e y ie ld
o f  G L P. No sign ifican t tlifference ex isted  b etw een  th e  m ean v allies for PFr
y ie ld s .

C hem ical an a lysis (carb oh yd rate  and p ro te in  co n ten t) and prelim inary  
a ctiv e  p ro tection  tests  sh ow ed  th a t  n eith er G L P -I and G L P -II. nor th e cor­
resp on d in g  P F r-I and P F r -II  d iffered  s ig n if ica n tly .

T ab le III  presents th e  resu lts o f  th e  s tu d y  o f  cross im m u n ity  in m ice
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v a c c in a te d  w ith  G L P from  d ifferen t P. aeruginosa stra in s. T h ese d a ta  are su m ­
m ed  u p  for GLP o b ta in ed  b y  m eans o f  b o th  m eth o d s. In  ev e ry  ex p er im en t  
10—14 te s t  groups (50 im m u n ize d  m ice/group) and 1 con tro l group (50 non- 
im m u n iz c d  m ice) w ere u sed . A lto g eth er , tw o  exp er im en ts w ere perform ed  
w ith  e v e r y  challenge s tra in , in  d ifferen t season s. A ccord ing to  our d a ta  [11], 
v ir u le n c e  o f  P. aeruginosa v a r ies  in  d ifferen t te s ts  and esp ecia lly  d ep en d s on  
th e  sea so n . T herefore, su m m ed  m ean v a lu es o f  th e  tw o  ex p er im en ts and E l  
(a n im a l effic ien cy  in d e x ), are p resen ted  so as to  a llow  a com p arison  w ith  our 
p r e v io u s  data  [1]. I t  w as assu m ed  th a t, i f  E l  w as less th an  2 or i f  th ere was 
n o su b sta n tia l d ifferen ce b e tw e en  L D 50 for th e  te s t  an im als and L D 50 for 
c o n tr o ls , cross p ro tec tio n  w as absent (n e g a tiv e  resu lt). I f  E l  =  2 .1 -4 .0 ,  
cross  p ro tection  w as lo w , i f  E l  =  4 .1 -1 0 .0  cross p ro tec tion  w as o f  m ed i­
u m , an d  if  E l  >  10.1 o f  h ig h  degree. B esid es, d ata  for “ h o m o lo g o u s” pro­
te c t io n  (i.e ., im m u n ity  to  serogroup or im m u n o ty p e-h o m o lo g o u s strain) 
w ere com pared  to  d a ta  o f  “ h etero logou s” p ro tec tio n  (i.e ., im m u n ity  to  sero­
grou p  or im m u n o ty p e-h e tero lo g o u s strain ).

T ab les III  and IV  sh o w  th a t G L P o f d ifferen t P. aeruginosa  serogroups  
in d u c e  a ctiv e  a n ti-P . aeruginosa  cross im m u n ity  in  m ice in a h igh  or low  degree. 
It is  in terestin g  th a t  G L P  o f  d ifferent stra in s in d u ced  im m u n ity  to  ch a llen ge

Table IV

E ffic ie n c y  indexes ( E l )  fo r  cross active protection o f  mice im m unized  with different serogroups
P. aeruginosa G LP

S tra in
E l  w hen challeinged w ith stra in s

F I F 2 F 3 F4 F5 F 6 F7 8 P A -103 170019

170001 15.1 27.7 > 1 6 .7 6.4* 12.7 5.2 2.5* 11.9* 18.6 3.7
170002 9.3 5.3* 14.5* 3* 11.1 — 2.2* 6.7* 3.1* 3.0
170005 11.4 14.9 13.5* 2.4* 5.2* 3.2 4.6* 12.5* 7.3* —

170006 13.1 9.2* 33.3 4.2* 7.3 3.0 8.5 19.8 7.3* 3.2
170007 5.0* 3.7* 25.2 2.1* — 4.2 NS 8.5 9.5* 3.0
170009 15.1 15.9 NS NS 3.9* 4.4 — 4.8* NS NS
170010 24.4 48.1* 10.3* 3.5* 6.3 5.6 2.2* NS 20.3 3.5
170014 13.1 10.5* 8.3* 11.2 3.4* 2.5 — 3.5* 4.5* —

170017 14.1 5.6* NS 3.5* 5.6* 7.3 — NS NS NS
170018 7.0* 21.0 12.0* 2.1* 4.0* 3.7 — 3.6* 9.5* 1.9*
170019 10.7 9.8* > 1 6 .7 NS 9.0 5.6 3.5* NS 7.3* 3,3
170021 14.1 22.5 11.0* 4.0* 9.0 2.8 2.2* 3.4* 3.4* 3.8
170022 NS 4.9* 21 NS 4.8* NS — 7* NS NS
170023 15.1 17.1 20.5 4.2* 6.8 3.9 — 4* 13.8 2.6

O - l l 8.4 20.0 10.3* 4.0* 3.2* — 4.6* 3.8* 21.8 2.5

N o te . — negative, E l  < 2 ;  * E l  for a “ hetero logous”  p ro tec tio n  is su b s tan tia lly  d ifferent 
fro m  E l  fo r a “ hom ologous”  p ro tec tio n . V alues for th e  hom ologous stra in  are p rin te d  in italics 
th o se  fo r hom ologous s tra in s  w ith  m ax im um  E l  in hold ty p e  figures
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w ith  to x ig en ic  P A -103 stra in  and to  fresh ly  iso la te d  stra in  N o. 8. T he h ig h est  
im m u n ity  to  th e  ch a llen ge w ith  P A -103  strain  w as in d u ced  by G L P -170001 , 
-170010 and -170023; in th is case E l for h etero lo g o u s and h om ologou s p ro ­
tec tio n  did n ot d iffer su b sta n tia lly .

W hen  im m u n ized  m ice w ere ch allenged  w ith  stra in  F I , th e p r o te c tiv e  
effect did n o t differ s ig n if ica n tly  in  10 out o f  13 te s t  groups. S im ilarly , n o n ­
sig n ifica n t d ifferences w ere ob ta in ed  for F2 in  6 o u t o f  13, for F3 in  4 o u t o f  
12 and for F5 in 6 out o f  14 te s t  groups. W hen  m ice im m u n ized  w ith  G L P -  
170010 w ere ch a llen ged  w ith  stra in  F 2 , th e h etero lo g o u s p rotection  w as su b ­
s ta n tia lly  h igher th an  th e  h om ologou s p ro tectio n . D a ta  for im m u n ity  to  c h a l­
len ge  w ith  stra in  F 3 , F7 and N o . 8 b elon g in g  to  th e  sam e 02 -sero g ro u p  [1 2 ], 
are o f  certa in  in terest, as w ell as d a ta  for stra in s 170005 , 170006 and 170007  
from  w h ich  G L Ps w ere iso la ted  (see also T ab le I ) . I t  w as ev id en t th a t  G L P -  
170006 st im u la ted  su b sta n tia lly  h igher p ro tectio n  ag a in st the ch a llen ge w ith  
an y  o f  th e  th ree ab o v e-m en tio n ed  stra in s th an  G L P -170005 . A t th e  sam e t im e , 
G L P -170006  and -170007 elic ited  a m ore ő r le ss  sim ilar  p ro tective  effect a g a in st  
ch a llen ge w ith  stra in  F3 b ut n o t aga in st stra in  N o . 8. T he im m u n o g en ic ity  o f  
th e  form er three G L Ps w as sim ilar w hen  th e  an im als  were ch a llen ged  w ith  
h etero logou s stra in s P A -103 , F 6 and F 4 , b ut w h en  th e y  were ch a llen ged  w ith  
F I and F 5, G L P -170007 w as less a ctiv e  th a n  G L P -170005  or G L P -1 7 0 0 0 6 . 
C om parison o f  G L P -170009 and G L P -170010 (b o th  strains b elon g to  sero- 
group 0 6 )  p roved  th a t th e y  had a sim ilar im m u n o g en ic  a c t iv ity  aga in st c h a l­
lenge w ith  serogroup -h om ologous stra in  F I  and w ith  hetero logous stra in  F 6  
b u t n ot w ith  stra in  F2.

It sh ou ld  he n o ted  that G L Ps o f  stra in s 170018 . 170019, 170021 and  
170023 w hich  have no cou n terp arts am ong th e  im m u n o ty p es  [14], s t im u la te  
average or h igh p ro tection  in m ice aga in st th e  ch a llen g e  w ith  stra in s F l ,  F 2 , 
F3 and P A -103; low  p ro tectio n  or no p ro tectio n  at all was ob served  ag a in st  
ch a llen ge w ith  strains F 4 , F 6 and F7.

P F r ob ta in ed  in iso la tin g  G L P (see F ig . 1) w as stud ied  in  com p a riso n  
w ith  G L P  and C -E S. T ab le У  sh ow s resu lts o f  p ro tec tiv e  a c t iv ity  o f  slim e  
fraction s from  stra in s 170007 and 170009. G L P s and PF rs o f  b o th  stra in s  
w ere eq u a lly  a c tiv e . H ow ever , P F r and G L P  o f  stra in  170007 and P F r o f  
stra in  170009 were less a c tiv e  th a n  th e  corresp on d in g  C-ES.

T ab le  V I g ives d a ta  on th e  te st in g  o f  s lim e  prep aration s from  d ifferen t  
stra in s, th e  im m u n ized  m ice w ere ch allenged  w ith  stra in  170019. G L P  and  
P F r d id  n ot d iffer in p ro tec tiv e  a c t iv ity . A t th e  sam e tim e , G L P anti P Fr  
o f stra in  170007 and P F r o f  strain  170009 w ere le ss  activ e  th an  th e  corre­
sp on d in g  C -E S.

T ab les V II  and V II I  sh ow  th e  im m u n ogen ic  a c t iv ity  o f  C-ES fra ctio n s  
and o f  170019-L P S . T itra tio n  o f  th e im m u n iz in g  d ose (Table V II) sh ow ed  
th a t th e  E D 50 va lu es for C -E S, G L P, P F r an d  G L P  su p ern atan t w ere n ot
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A ctive  protection o f mice im m unized  with slime frac tions o f  P. aeruginosa strains 170007 and
170009

Table V

Im m u n iz a tio n  w ith  f ra c -  Im m u n iza tio n  w ith  f ra c ­
tio n s  o f  s tra in  170007 tiong o f  s tra in  170009 a n d

a n d  challenge w ith  s tr a in  challenge w ith  s tr a in  F I
F ractio n s  F3

L D S0 o f  .st ra in  F3 x 10® 
«•ells E l

L D 50 o f  s tra in  F l  x 10® 
cells E l

C-ES 246 (229-363)* 47.3 1202 (724-1995) 223
C L P 115 (76-159) 22.1 741 (537-1023) 13.7
P F r 107 (71-162) 20.6 398 (263-603) 7.3

Control
(non-im m unized

5.2 (4.6-6.0) 1 54 (39-74) 1

mice)

N o te . The mice w ere im m unized w ith  100 jug o f each  fraction . Challenge doses w ith  strain  
F 3  w ere  400 X , 200 X , 100 X , 50 X and 25 X 10(i cells for te s t  mice and 50 X , 25 X , 12.5 X , 6.2 X 
a n d  3 .1 x lO c cells for con tro l m ice. W ith  stra in  F I ,  th e  challenge doses for te s t  m ice were: 
1600 X , 800 X , 400 X , 200 X an d  100 X 10G cells, and  for th e  controls: 800 X , 400 X , 200 X , 100 X 
a n d  50 X 10<J cells. G roups of 10 m ice were used for each challenge dose 

*Confidence lim it a t  p 0.05

Table VI

A c tive  protection o f mice, im m unized  with slime frac tions o f  different strains and challenged with
P . aeruginosa strain 170019

Slim e-producing  s ta in F rac tio n s L D 50 o f  th e  challenge s tra in
170019

E l

170002 C-ES 851 (617-1175)* 5.6
C L P 692 (501-955) 4.6
P F r 372 (282-490) 2.5

170006 C-ES 646 (513-813) 4.3
C L P 398 (288-550) 2 .6

P F r 372 (295-468) 2.5

170007 C-ES 741 (562-977) 4.9
C L P 427 (324-562) 2 .8

P F r 427 (309-589) 2 .8

170019 C-ES 1288 (977 1698) 8.5
C L P 603 (457-794) 4.0
P F r 692 (525-912) 4.6

Control — 151 (115-200) 1
(non-im m unized)

mice

N ote . T itra tio n  of th e  challenge dose on the  im m unized  (tes t) and non-im m unized (control) 
m ice. T e s t mice were challenged w ith : 1600 X,  800 X , 400 X ,  200 X,  100 X and 5 0 x l 0 6 cells: 
c o n tro l m ice were challenged w ith  400 X ,  200 X,  100 X ,  50 X and 2 5 x l 0 6 cells, 10 m ice pe r one 
ch a llen g e  dose; results of th e  tw o experim ents are sum m ed up 

*Confidence lim it a t  p =  0.05
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Table V ll

Active protection o f  mice im m unized w ith the slime fractions o f  P. aeruginosa strain 170019

F ra c tio n s
E D ft0 (//g), w hen  challenged 

w ith  s tr a in  170019; 
cha llenge  dose is 3L D S0

E D 60 (//g), w hen  cha llenged  
w ith  s tra in  170019; 

challenge dose is  16LD b0*

C-ES 6.3 (1.9-20.7)* 103.5 (42.7-247.7)
G L P 9.9 (2.9-34.5) 95.5 (52.5-173.8)
P F r 25 (10.3-60.6) >250**

G L P residue 
(105pl80)

2.5 (0 .7-8.7) NS

G L P su p e rn a tan t 
(105sl80)

12.6 (3.4-46.9) NS

EPS >250** 225.9 (116.2-367.3)

N ote . Mice were im m unized w ith  4 doses o f every fraction  (250, 25, 2.5 and  0.25 /ig  of 
d ry  w eigh t), 10 mice per one im m unizing  dose. T hey were challenged w ith  one dose of live cul­
tu re . T itra tio n  of LD50 was perform ed on th e  contro l (non-im m unized) m ice in every  te s t and 
q u a n tity  o f LD60 in a  challenge dose of P. aeruginosa live culture  was estim ated . R esu lts o f the  
tw o  experim en ts are sum m ed up

* Confidence lim its a t  p  =  0.05
** In d iv idual mice survived w hen th e  m axim um  im m unizing dose was 250 fig 
NS =  no t studied

Table VIII

Active protection o f  mice im m unized with the fractions o f  P . aeruginosa slime o f  strain 170019

F ra c tio n s

C hallenge w i th  s tra in
170019

C hallenge w ith  s tra in  F6

L D S0 X 10« cells E l LD 5ű X 10® cells E l

C-ES 1047 (912 1202)* 7.4 800 (631-1000) 24.2

G L P 427 (309-589) 3.0 427 (339-537) 12.9

P E r 1288 (977-1698) 9.2 457 (363-575) 12.9

R esidue
(105pl80) of G LP

214 (141 324) 132 (87-200) 4

S u p e rn a ta n t
(105sl80) o f  G L P

562 (407-776) 4.0 324 (234-447) 9.8

EPS 562 (427-741) 4.0 525 (388-692) 15.9

Control 141 (98-155) 1 33 (29-38) 1
(non-im m unized
mice)

N ote. Mice were im m unized w ith  100 fig  of every  fraction  and challenged w ith  5 different 
doses o f th e  live cu ltu re  (1600 X ,  8 0 0  X ,  400 X ,  200 X and 100 X 10G cells, 10 mice per one chal­
lenge dose); contro l (non-im m unized) m ice were also challenged w ith  5 doses o f th e  live culture 
( 8 0 0 X ,  4 0 0 x ,  2 0 0 x ,  100 x  and 50x10® cells, 10 m ice per one challenge dose). R esu lts  o f the  
two experim en ts are sum m ed up

The frac tion  was not active  because LD60 for th e  test mice did n o t su b stan tia lly  differ 
from  LD6o for th e  control mice

* Confidence lim it a t  p =  0.05
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id e n tic a l w hen m ice  w ere ch allenged  w ith  3 L D 50 o f  th e  h om ologou s  
cu ltu re . U nder th e  sa m e con d ition s G L P resid u e w as su b sta n tia lly  
m ore a ctiv e  th a n  P F r . W hen th e  im m u n ized  m ice w ere ch allenged  
w ith  16 L D 50 o f  th e  h o m o lo g o u s cu ltu re, it  tu rn ed  o u t th a t  P F r was p racti­
c a lly  n on -im m u n ogen ic  an d  th a t  C-ES and G L P h ad  d e f in ite  p ro tec tiv e  a c t iv ­
it y .  In  th ese  te s ts  L P S -1 7 0 0 1 9  w as sh ow n  to  b e  o f  lo w  im m u n o g en ic ity . T i­
tr a t io n  o f  th e  ch a llen g e  d ose o f  th e  h om ologou s cu ltu re (T able V III )  a llow ed  
to  con clud e th a t C -E S and P F r had th e  h ig h e st  im m u n o g en ic ity  and th a t  
G L P  residue w as n o t  a c t iv e  becau se th e  L D 50 for m ice im m u n ized  w ith  th is  
prep aration  p ra ctic a lly  d id  n o t differ from  th e  L D 50 for th e  control. Im m u n o ­
g e n ic ity  o f G L P, G L P  su p ern a ta n t and L P S  w as n ea rly  id en tica l and su b ­
s ta n t ia lly  low er th a n  im m u n o g en ic ity  o f  C-ES and P F r . W h en  ch a llen ge was 
d on e w ith  a h etero lo g o u s stra in , C-ES im m u n o g en ic ity  w as also th e  h igh est  
an d  th a t  o f G LP resid u e  th e  low est. The rest o f  th e  p rep aration s had  sim ilar  
im m u n ogen ic  a c t iv ity . I t  sh ou ld  be n oted  th a t  u nd er th e  g iven  te s t  con d ition s  
L P S -170019  turned  o u t to  be im m u n ogen ic en ou gh  w hen  ch allenged  b o th  
w ith  h om ologous and h etero lo g o u s F 6 stra in s.

To fin d  out th e  e x te n t  o f  c r o ss-a c tiv ity  o f  P F r  from  d ifferent stra in s, 
in  ad d ition a l e x p er im en ts , m ice were im m u n ized  w ith  P F r from  d ifferent 
stra in s and ch a llen ged  w ith  a h igh ly  v iru lent stra in  (F 3) and w ith  a less v iru len t  
stra in  (F 6).

As show n in T a b le  I X ,  P F r had a d e f in ite  cro ss-p ro tectiv e  a c t iv ity .  
C ross-p rotection  in m ice im m u n ized  w ith  P F rs from  stra in s 170001. 170010, 
170018 and 170023 a g a in st  ch a llen ge w ith  stra in  F 3 , w as th e  h igh est. W h en  
ch a llen ged  w ith  stra in  F 6 , th e  m ost a c tiv e  w ere P F r from  strains 170023, 
170005 , 170010 and th e  le a s t  a ctiv e  was P F r from  stra in  O - l l .

Table IX

Cross active protection o f  mice im m unized  ivith P F r fro m  C -E S o f  P . aeruginosa o f different sero-
groups

Im m u n iza tio n  w ith  P F r C hallenge w ith  F3 C hallenge w ith  F6

o f  s tra in
L D 50 X 10® cells E l LD 60 X 10s cells E l

170001 186 (148-234) 18.6 186 (141-246) 5.6
170005 > 200 > 20 646 (490-851) 19.6
170007 > 2 0 0 > 20 186 (135-257) 5.6
170009 107 (81-141) 10.7 174 (126-240) 5.3
170010 174 (126-240) 17.4 347 (263-457) 10.5
170018 162 (123-214) 16.2 263 (209-331) 8.0
170023 151 (110-209) 15.1 794 (631-1000) 24.1
O - l l 62 (45-85) 6.2 93 (74-118) 2.8

Control
of th e  challenge

10 (8-13) 1 33 (29-38) 1
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D iscussion

In our p rev iou s paper [1J we h a v e  sh ow n  th a t  iso la ted  and p artly  p u r i­
fied  P . aeruginosa  ex tracellu lar  slim e (crude ex tra ce llu la r  slim e: C -E S) is 
capable o f  s t im u la tin g  a ctiv e  im m u n ity  in m ice aga in st ch allenge w ith  a h o ­
m ologous and a h etero logou s stra in . In course o f  th e ab o v e  work an a t te m p t  
was m ade to  fin d  out w hich com p on en t o f  th e  slim e w as responsib le for th e  
cross-p ro tective  a c t iv ity :  G L P or a protein  co m p o n e n t separated  from  C -E S  
by w ater-p h en o l ex tra ctio n .

In th e  p rev iou s paper 11 ] it w as sh ow n  th a t  G L P  y ie ld  was 8 -3 4 %  o f  
C-ES dry w eig h t. B u t it was assu m ed  th a t th e se  figu res d id  not fu lly  rep resen t  
th e actu a l d ata  on  G L P y ie ld , th a t  is, ou t o f  th e se  figu res it w as n ot p o ssib le  
to  con clud e w h ich  p ortion  o f  C -E S corresponded  to  G L P . T his is due to  th e  
fact th a t in  th e  iso la tio n  procedure th e  a c tiv e  in g red ien t is lost. The p resen t  
w ork th e  sp ec ific  y ie ld  o f  G L P and other C -E S fra c tio n s, w as an a lysed  as 
fo llow s. T h e w eig h t o f  all fraction s ob ta in ed  in  th e  p rocess o f  iso la tio n  w a s  
sum m ed up and, on th e  basis o f  th a t  su m , th e  w eig h t o f  one o f  th e C-ES fra c ­
tion s w as ca lcu la ted . I t  w as foun d  ou t th a t  th e  m ean  v a lu e  o f  th e y ie ld  (or, 
rather, sp ec ific  y ie ld ) o f  th e  purified  G L P  w as 65 .6  i  8 .4%  (by  th e first m e th ­
od) and 46 .4  i  11 .2%  (b y  th e  secon d  m eth od ) o f  th e  dry w eight o f  all th e  
fraction s (T able I I ) .  T h us, G L P appeared to  b e th e  m ain  com p onent o f  th e  
iso la ted  C -E S. I t  sh ould  also be n o ted  th a t  th e  G L P  y ie ld  o f  several s tra in s  
w as s ig n if ic a n tly  low er th an  th e  m ean  v a lu e  (stra in  170010, m ethod  I), an d  
that o f  som e o th er stra in s h igher th an  th e  m ean  v a lu e  (strain  170006, m eth o d  
I). T h is f in d in g  m a y  be due to  a d ifference in  th e  c a p a c ity  o f  th e  stra in s to  
sy n th esize  ex tra ce llu la r  slim e.

T he p henol fraction , w hich  m o stly  co n ta in s so lu b le  proteins (or p ep tid es ), 
averages to  a b o u t % o f C-ES d ry  w eig h t. I t  w as d em on stra ted  th a t g a la c to se  
w as a ch a ra cter istic  com p on en t o f  C-ES and G L P , w hereas it is u su a lly  a b sen t  
from  th e corresp on d in g  L PS [15]. U ronic acids are th e  m ost typ ica l c o m p o ­
n en ts o f  G L P [1, 16], but th e y  are also p resen t in  iso la ted  and purified  L P S  
o f P. aeruginosa [17 ]. A ccord ing  to  th e  d ata  o f  L ink er et al. [18], th e  p resen ce  
o f alg in ic acids is ch aracteristic  o f  P. aeruginosa  s lim e and is resp onsib le for  
its  v isc o s ity  and low  so lu b ility . In  our case C -E S and G L P o f strain  170019  
were th e  lea st so lu b le: th e y  cou ld  be d isso lv ed  in sa lin e on ly  by m ean s of 
a prolonged  and in te n s iv e  m ix in g .

R esu lts for th e  com parison  o f  p ro tec tiv e  a c t iv ity  o f  G L P (Tables I I I ,  IV )  
and C-ES [1] o f  d ifferen t P . aeruginosa stra in s w ere eq u ivoca l. T ab le X  p re­
sen ts d ata  o f  a com p arative  an a lysis . G L Ps o f  170001, 170002, 170006 and  
0-11  were m ore a c tiv e  th an  th e  corresp ond ing  C-ES w hen  im m u n ized  m ice  
were ch a llen ged  w ith  5 -6  out o f  9 P . aeruginosa  s tra in s. On th e con trary , G L P s  
o f 170005, 170007 , 170009, 170021 and 170023 w ere less a ctiv e  th an  th e  cor-
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C om parison o f  results fo r  G L P  (Table I I )  and C -E S  ( reference 1 )  cross protection activity  according
to efficiency index ( E l )  values

Table X

S lim e p ro -  C h a llen g e  s tra in
d u c i n g  s t r a i n

F I F2 F3 F 4 F5 F6 F7 170019 P A -103

1 7 0 0 0 1 S  <  G S  <  G S  <  G S  >  G S  <  G S  >  G S  <  G S  >  G S  <  G

1 7 0 0 0 2 S  <  G S  <  G S  <  G S  >  G S  <  G S  >  G N S S  >  G S  <  G

1 7 0 0 0 5 S  <  G S  <  G S  >  G S  >  G S  =  G S  >  G S  >  G S  >  G S  >  G

1 7 0 0 0 6 S  <  G S  <  G S  >  G S  ( , S  <  G S  >  G S  <  G S  >  G S  =  G

1 7 0 0 0 7 S  >  G S  >  G S  >  G N S N S S  >  G N S S  >  G S  <  G

1 7 0 0 0 9 S  <  G S  <  G S  <  G S  >  G S  >  G S  >  G S  >  G S  >  G S  <  G

1 7 0 0 1 4 S  <  G S  <  G S  <  G S  >  G S  >  G S  >  G S  =  G S  >  G S  =  G

1 7 0 0 1 7 N S N S N S N S S  >  G S  >  G S  G N S N S

1 7 0 0 1 8 S  <  G S  <  G S  <  G S  >  G S  >  G S  >  G S  =  G S  >  G S  <  G

1 7 0 0 1 9 S  <  G S  <  G S  =  G N S S  -  G S  >  G S  >  G S  >  G S  >  G

1 7 0 0 2 1 S  <  G S  <  G S  =  G S  >  G S  =  G S  >  G S  >  G S  >  G S  >  G

1 7 0 0 2 3 S  <  G S  <  G S  >  G S  >  G S  >  G S  >  G S  >  G S  >  G S  <  G

O - l l S  <  G S  <  G S  <  G S  =  G S  >  G S  >  G S  <  G S  >  G S  <  G

N ote . G  =  G L P ,  S  =  C - E S ,  S  <  G  w hen E l  fo r C - E S  is less th a n  E l  for G L P ,  S  >  G  

w h en  E l  fo r C - E S  is m ore th a n  E l  for G L P ,  S  =  G  w hen E l  is sim ilar for b o th  p rep ara tio n s. 
N S  =  no t stud ied

re sp o n d in g  C-ES w h en  th e im m u n ized  m ice  w ere challenged  w ith  5 - 6  ou t o f  
9 P . aeruginosa  s tra in s. G L P  and C -E S s t im u la te  equal im m u n ity  to  th e  ch a l­
le n g e  w ith  som e o th er  stra in s. I f  d a ta  in  T a b le  X  are an a lysed  a lon g  th e  ver­
t ic a l lin es , it  is p o ssib le  to  m ake th e  fo llo w in g  con clusion . W hen th e  im m u n ized  
m ice  are ch allenged  w ith  stra in s F I  and F 2 , 11 out o f  12 G L P  p rep aration s  
are m ore a ctiv e  th a n  th e  corresp ond ing  C -E S , and w hen th e m ice are ch a llen ged  
w ith  F 4 , F6 or 170019 , n early  all G L P  p rep aration s are less a c t iv e  th a n  th e  
corresp on d in g  C -E S.

D a ta  on th e  st im u la tio n  o f  G L P  im m u n ity  to th e  ch a llen ge w ith  to x i­
g en ic  stra in  P A -103  are o f  certa in  in te r e s t . I t  w as show n th a t  7 o u t o f  12 
G L P  p rep aration s w ere m ore a ctiv e  in  s t im u la t in g  im m u n ity  th a n  th e  corre­
sp o n d in g  C -E S, and th a t  a c t iv ity  o f  G L P -1 7 0 0 0 6  and G L P -170014 d id  n o t d if­
fer from  th a t  o f  th e  corresp ond ing  C -E S.

S u m m in g  up a ll d ata  in  th e T ab le  X ,  it  m ay be con clu d ed  th a t , o u t o f  
105 com p arison s, in  38 .6%  G L P is m ore a c t iv e  th an  C-ES; in  50%  C -E S is 
m ore a c t iv e  th an  G L P , and in  21.4%  b o th  p rep aration s h ave sim ilar  p ro tec tiv e  
a c t iv i ty .

T herefore, C -E S o f  G L P  iso la ted  from  it ,  stim u la te  m ore or less a c t iv e ly  
c r o ss-im m u n ity  in  m ice to  P. aeruginosa  in fe c tio n  not d ep en d in g  on serogroup  
or im m u n o ty p e  o f  th e  s lim e-p rod u cin g  stra in . In  som e cases it is p ossib le  to  
in crea se  a c t iv ity  o f  th e  slim e p rep aration  b y  m ean s o f  w a ter-p h en o l e x tr a c t io n ,
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b ut rem oved  slim e fraction s (for ex a m p le , PFr) are also o f  su ffic ien t p r o te c tiv e  
a c t iv ity . W e cou ld  n ot reveal a n y  su b stan tia l d ifferen ce b etw een  p r o te c tiv e  
a c t iv ity  o f  G L P and P F r p u rified  prep aration s; e v id e n tly , cross-p ro tection  in  
m ice m ight be stim u la ted  b o th  b y  carb oh yd rate  and b y  p ep tid e co m p o n e n ts  
o f  P. aeruginosa  ex tracellu lar  slim e.

I t  has been  proved th a t  a h igh -m olecu lar p o lysacch arid e c o m p o n e n t  
(w ith o u t protein ) ex tra cted  from  slim e has a p ro tec tiv e  a c t iv ity  [5] b u t c r o ss­
a c t iv ity  o f  such a p reparation  has n o t y et been  stu d ied . It m ay be a ssu m ed  
[19J th a t  P. aeruginosa  ex tra ce llu la r  slim e st im u la tes  on ly  ty p e - (group-) sp e ­
c ific  im m u n ity . Our d a ta  g iven  in  th e present paper and also our p rev io u s  
ex p er im en ts [1] allow  to  con clu d e th a t  gen u s-sp ec ific  p ro tec tiv e  a n tig en  (or 
a n tig en s) w hich  can he used for th e  preparation  o f  p o lycom p on en t v a c c in e s  
again st P. aeruginosa in fection , are present in th e  slim e.
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VIRULENCE FACTORS OF ESCHERICHIA COLI
I I I .  C O R R E L A T IO N  W IT H  E S C H E R IC H IA  C O L I  P A T H O G E N IC IT Y  OK H A E M O L Y S IN  
PR O D U C T IO N , H A E M A G G L U T IN A T IN G  C A P A C IT Y , A N TIG EN S K l ,  K 5 , A N D

C O L IC IN O G E N IC IT Y

É v a  C z i r ó k , H e d d a  M i l c h , K . C s i s z á r  a n d  M á r t a  C s i k

N a tiona l Institu te  o f  H ygiene, B udapest, and P ublic  Health Sta tion , Salgó tarján  

(R eceived D ecem ber JO, 1984)

A to ta l  of 1156 Escherichia coli s tra in s  in c lu d in g  489 faecal, 384 u r in a ry , 283 o th e r  
e x tra in te s tin a l iso lates was com pared  for h aem o ly sin  p ro d u c tio n  (H ly), m an n o se  re s is ta n t  
h aem ag g lu tin a tin g  a c tiv ity  (M R A ), presence of a n tig e n s  K1 and K5 and  co lic in o g en ic ity  
(Col). K1 capsu le  w hich was d e m o n s tra ted  only in  a few  se rogroups (0 1 , 0 2 , 0 7 , 0 1 8 )  o ccu rred  
m ore fre q u e n tly  am ong e x tra in te s tin a l (32 .1% ) th a n  a m o n g  faecal (4 .3% ) or u r in a ry  (7 .3 % ) 
isolates. In  th e  incidence of a n tig en  K5 th e re  w as no d ifference betw een faecal a n d  u r in a ry  
(3 .3 % ; 3 .1 % ) or be tw een  u r in a ry  and o th e r  e x tra in te s t in a l  (5 .3 % ) isolates be long ing  m ain ly  
to  serog roups 0 2 , 0 6 , 0 1 8  an d  Ö75. Col + iso lates o ccu rred  freq u en tly  in all sam p les (2 3 .5 %  
of faecal, 31 .7 %  of u r in a ry  an d  43.4%  of o th e r e x tra in te s t in a l  stra ins), th ey  being s ig n if ic a n tly  
m ore fre q u e n t in serogroups 0 1 , 0 2 , 0 7 . 0 1 8  th a n  in  o th e rs . A close association  e x is ted  b e ­
tw een K l + a n d  C ol+ p ro p erties , m ain ly  (24 .4% ) am o n g  s tra in s  isolated from  e x tra in te s t in a l  
sources o th e r  th a n  urine . T h e  freq u en t coex istence of K1 + and Col+ in serog roups 0 1 ,  0 2 , 
0 7 , 0 1 8  offers a fu r th e r  ex p lan a tio n  for th e  e x tra in te s t in a l  pa th o g en ic ity  o f th ese  se ro g ro u p s. 
N e ith e r H ly + an d  K1 + , nor I l ly  + and Col + w ere a sso c ia ted . M R A + and K1 + co rre la te d  m ain ly  
in se rogroups 0 1 , 0 2  b u t  n ev er occurred  s im u lta n eo u s ly  in  serogroup 0 1 8 . C o n n ectio n  b e ­
tw een M R A + and  H ly + w as n o t associated  w ith  o th e r  v iru len ce  factors (K l, Col). T h e  re su lts  
show ing a  close connection  am ong  certa in  serog roups (O l ,  0 2 ,  0 4 , 0 6 , 0 7 , 0 1 8 )  a n d  c e r ta in  
m arkers o f p a th o g en ic ity  (M R A , H ly, K l ,  Col) su p p o r t  th e  concept th a t  E . coli s t r a in s  have  
a clonal connection .

Thu in creasin g  s ig n ifica n ce  o f  Escherichia coli in  ex tra in testin a l in fe c tio n s  
lias b een  em p h asized  b y  several stu d ies  [1—3 ]. I ts  im portance is a lso  co rro b o ­
rated  b y  th e  fact that in  H u ngary  n early  50%  o f  G ram -negative fa c u lta t iv e ly  
p a th o g en ic  iso la tes  corresponds to  E. coli. In  v ie w  o f the possib le d ifferen ces  
in  tin* p a th o g en ic ity  o f  in d iv id u a l iso la te s , it  seem ed  desirable to  c o n tin u e  our 
work on E. coli v iru len ce factors.

In  earlier stu d ies [4 , 5 ]. an an a lysis  for m ann ose resistan t h a em a g g lu -  
t in a t in g  c a p a c ity  (M R A ) and h aem olysin  p ro d u ctio n  (H ly) o f  E, coli iso la te s  
revea led  th a t  serogroup 0 4 ,  0 6  and 0 1 8 ,  H ly  and M RA were c lo se ly  a sso ­
c ia ted . A s a s ig n ifica n t proportion  o f  E . coli stra in s causing h u m a n  ex tra -  
in te stin a l in fectio n s can  be correlated  w ith  se v er a l other virulence fa c to rs  i.e . 
th e ir  su rface p o lysacch arid e K l ,  K 5 a n tig e n s  [6 -9 ]  as w ell as co lic in o g e n ic -  
i ty  (Col) e sp e c ia lly  co lic in  V (ColV) p ro d u c tio n  [3, 10, 11], th e  p u rp o se  o f

E v a  Cz i r ó k ,  H e d d a  M i l c h ,  M á r t a  C s i k  

N a tio n a l I n s t i tu t e  o f  H ygiene 
H -1966 B u d a p e s t,  P .O .B . 64, H u n g a ry

K á r o l y  C s i s z á r  

P u b lic  H e a lth  S ta tio n
Bem . u . 7 9 , H -3100  S a lg ó ta r já n , H u n g a ry
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ou r furth er stu d y  w a s to  exam ine th e  in c id en ce  o f  these v iru len ce d e te r m i­
n a n ts  am ong our fa eca l, urinary and o th er  ex tra in tes tin a l iso la te s , to  a n a ­
ly s e  th e ir  correlation  to  each  other and to  o th er  d eterm in ants ( I l ly ,  M R A , 
О a n tig en ) stud ied  fo rm erly  [4, 5].

M aterials and m eth od s

Escherichia coli s tra in s  w ere isolated from  faeca l sam ples of h ealth y  su b je c ts  (233) or 
p a t ie n ts  suffering  fro m  e n te r it is  (256); u rine  o f p a t ie n ts  w ith  pyelonephritis (155), cy s titis  
(170), a sy m p to m a tic  b a c te r iu r ia  (59); and 283 fro m  o th e r  ex tra in te s tin a l sources (b lood , 40; 
c e reb ro sp in a l flu id , 35; a u to p sy  m ate ria l, 41; w o u n d  sw ab , 63; um bilical cord, 8; v a g in a , 38; 
u p p e r  re sp ira to ry  t r a c t  ex cre tio n s, 36; p lacen ta  a n d  lo ch ia , 22). F o u rty  s tra in s  o rig in a ted  
fro m  H . S te in rü ck  (S tä d tisc h e s  K lin ikum  B erlin -B u ch , G. D . R .); 19 of th em  w ere  iso la ted  
fro m  C SF, 6 from  blood  sam p les, 5 from  a u to p sy  m a te r ia ls  an d  7 from  faecal sam p les o f p a ­
t ie n ts  w ith  en te ritis . T w e n ty  fiv e  o u t of 40 s tra in s  b e lo n g ed  to  serogroup 018 . T hese d a ta  w ere 
in c lu d e d  in  th e  a b o v e-m en tio n ed  figures.

Diagnostic criteria  o f illnesses w'ere described  p re v io u s ly  [4].
Serological exam ina tion  o f О antigens w as c a rr ie d  o u t  b y  th e  ag g lu tin a tio n  m e th o d  of 

O rsk o v  an d  O rskov [12].
M annose resistant haem agglutination and h a em olysin  p ro d u c tio n  were d e te rm in e d  as 

d e sc rib e d  prev iously  [4, 5].
M annose sensitive haem agglutination  (MSA) te s t  w as perform ed according to  D ugu id  

e t  a l. [13].
Detection o f  K1 and  K 5  cap su la r an tig en s w as c a rried  o u t by  phages K1 [14] a n d  K5 

[8]. P h ag es  K1 w ere su p p lied  b y  B. Rowe (C en tra l P u b lic  H e a lth  L ab o ra to ry , L o n d o n , Lf. K .) 
a n d  p ro p a g a te d  on s tra in  U 9/41. Phage K5 w as o b ta in e d  from  D. S. G upta . T he p h a g e  was 
p ro p a g a te d  on E . coli E H  342, received  from  P . H . M äk e lä  (C en tra l Public  H e a lth  L a b o ra to ry , 
H e ls in k i, F in lan d ). P h ag es w ere used  un d ilu ted  an d  a t  R T D . T he te s t stra in s  w ere in c u b a te d  
in  b r o th  a t  37 °C for 2 h, th a n  in o cu la ted  on th e  su rface  o f  a g a r p lates. The p la tes w ere allow ed 
to  d ry , a n d  th e  phages w ere d ro p p ed  onto th e  p la te s . T h e  re su lts  were read  a f te r  in c u b a tio n  
a t  37 °C fo r 5 h , an d  a t  4 °C ov ern ig h t. Lysis w as re co rd e d  as positive K1 or K5 te s t.

Determ ination o f  colicinogenicity  was carried  o u t  acco rd ing  to Milch and  G yenes [15]. 
F o r  colicin  ty p in g  F ré d é ric q ’s in d ic a to r s tra in s  w ere u sed  [16] by  th e  m eth o d  of L ew is [17] 
a n d  D e Alwis and  T h o m lin so n  [18].

Electron microscopic exam inations  were ca rried  o u t  as described p rev iously  [19].
Statistica l analysis  w as carried  ou t in 2 X 2 co n tin g e n cy  tab les and ex am in ed  fo r sig­

n if ic an c e  b y  th e  chi2 te s t  [20].

R esu lts

The incidence o f  K 1 antigen in  E. coli iso la te d  from  faeca l sa m p les  o f  
p a tie n ts  and h ea lth y  su b jec ts  is p resen ted  in  T a b le  I.

F aeca l stra in s sh o w ed  K1 p o s it iv ity  in  4 .3 %  (1.6%  for en ter itis  stra in s  
and 7 .3%  for h e a lth y  p erson s’ stra in s). K l + stra in s belonged in  6 1 .9 %  to  
serogrou p s 0 1 ,  0 2 ,  0 7 ,  0 1 8 .  T he twro rem a in in g  serogroups h av in g  K 1 a n tig e n  
w ere 0 2 1  and 0 1 5 6 .

F rom  urine 384 stra in s were iso la ted  (T ab le  I I ) . K1 p o s it iv ity  occurred  
in  7 .3 %  (9%  for p y e lo n ep h r itis , 5 .9%  for c y s t it is ,  6.7%  for a sy m p to m a tic  
b a cter iu r ia  stra in s). T h ere w as no s ig n ifica n t d ifferen ce in K1 p o s it iv ity  b e ­
tw e e n  faecal and urinary" stra in s (p >  0 .0 5 ). T w e n ty -tw o  out o f  28 K l + stra in s  
b elo n g ed  to  serogroups 0 1 ,  0 2  and 0 1 8 . T h e О a n tig en s o f th e rem ain in g  sero ­
g ro u p s w ere 0 1 6 , 0 2 3  and 0 8 3 .
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Table I

Serogroup distribution o f K l  and K 5 positive E. coli strains isolated from faecal samples

P a t ie n te  w ith  e n te r it is H ea lth y su b jec ts T o ta l

K1 K 5 K1 K 5 K 1 K 5

0 1 1/9' 0/9 4/7 0/7 5/16 0/16
0 2 1/5 1/5 2/8 2 / 8 3/13 3/13
0 4 0/14 0/14 0/4 0/4 0/18 0/18
0 6 0/13 0/13 0/6 0/6 0/19 0/19
0 7 2/3 0/3 2/7 0/7 4/10 0/10
018ac 0/20 5/20 1/6 3/6 1/26 8/26
075 0/7 0/7 0/7 3/7 0/14 3/14
O thers2 0/91 0/91 2/99 0/99 2/190 0/190
Sp. aggl.3 0/10 1/10 1/6 0/6 1/16 1/16
NT4 0/84 0/84 5/83 1/83 5/167 1/167

T otal 4/256 7/256 17/233 9/233 21/489 16/489

1 No. of s tra in s  K1 or K5 positive /N o . of stra ins exam ined
2 0 3 , 0 5 , 0 8 , 0 9 , OlO, O i l ,  0 1 2 , 0 1 3 , 0 16 , 017 , 0 1 7 , 77, 0 1 8 ab , 0 1 9 , 133, 0 2 0 , 0 2 1 , 

0 2 2 ,0 2 3 , 0 2 5 , 0 2 6 , 0 2 9 ,0 3 0 ,  0 3 0 , 116, 0 3 3 , 034 , 036 , 0 4 0 , 0 4 6 . 0 4 8 , 0 4 8 , 87, 0 5 1 , 055 , 
059 , 0 61 , 0 6 8 , 0 6 9 , 0 7 1 , 0 7 3 , 0 7 8 , 0 7 9 , 0 8 0 , 0 81 , 085 , 0 8 6 , 0 8 8 , 0 8 9 , 0 9 1 . 0 9 2 , 0 9 5 , 0 9 8 , 
0 9 9 , 0102, O105ac, 0106 , 0110 , 0 1 1 1 , 0 1 1 2 ab , 0112ac, 0 1 1 3 , 0 1 2 1 , 0123 , 0124 , 0 1 2 7 , 0128 , 
0131 , 0136 , 0141 , 01 4 2 , 0146 , 0156

3 Spontaneous ag g lu tination
4 N ot ty p ab le

Table II

Serogroup distribution o f  K1 and K 5  positive E . coli strains isolated fro m  urinary tract in fections

Serogroup
P y e lo n ep h ritis C y s titis A B U 1 T o ta l

K1 К  5 K1 K.5 K1 K.5 K1 K5

01 8/10- 0/10 5/6 0/6 0/0 0/0 13/16 0/16
02 2/13 0/13 4/13 0/13 2/6 0/6 8/32 0/32
0 4 0/5 0/5 0/4 0/4 0/5 0/5 0/14 0/14
0 6 0/12 1/12 0/18 0/18 0/2 0/2 0/32 1/32
07 0/3 0/3 0/2 0/2 0/5 0/5 0/10 0/10
018ac 1/5 3/5 0/3 3/3 0/3 0/3 1/11 6 /1 1
075 0/5 2/5 0/3 1/3 0/1 1/1 0/9 4/9
O thers3 2/47 0/47 0/43 0/43 1/12 0/12 3/102 0/102
Sp. aggl.4 0/8 0/8 0/12 0/12 1/3 0/3 1/23 0/23
NT6 1/47 0/47 1/66 1/66 0/22 0/22 2/135 1/135

Total 14/155 6/155 10/170 5/170 4/59 1/59 28/384 12/384

1 A sym ptom atic  b acteriu ria
2 No. o f stra in s  K1 or K5 p ositive /N o . o f stra ins exam ined
3 0 3 , 0 5 , 0 7 , 16, 0 9 , OlO, O i l ,  0 1 5 , 016 , 017 , 0 1 7 , 77, 0 1 9 , 133, 0 2 0 , 0 2 1 , 0 2 2 , 0 2 3 , 

0 2 5 , 0 2 9 , 134, 0 3 0 , 0 3 6 , 0 4 2 , 0 4 5 , 0 5 1 , 0 5 6 , 0 5 7 , 061 , 0 7 1 , 0 7 7 , 0 7 8 , 0 8 3 . 0 8 6 , 0 9 5 , 0 9 6 , 
099 , O lO l, 01 0 6 , 01 0 7 , 0109 , 0 1 1 2 ab , 0 1 3 1 , 0141 , 0142, 0 1 4 9 , 0159

4 Spontaneous ag g lu tination
5 N o t ty p ab le
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Table III

Serogroup distribution o f K l and K5 positive E. coli

S e ro g ro u p
Blood C S F 1 A u to p sy  m a te ria l W o und

K1 K 5 K1 K5 K1 K 5 K 1 K5

O l i / i 0/1 0/0 0/0 0/0 0/0 3/3 0/3
0 2 i / i 0/1 0/0 0/0 3/4 0/4 0/4 0/4
0 4 0/2 0/2 0/2 0/2 0/8 0/8 0/6 0/6
0 6 0/6 0/6 0/1 0/1 0/7 0/7 0/13 0/13
0 7 3/4 0/4 5/5 0/5 0/0 0/0 0/2 0/2
0 1 8 a c 6/10 0/10 19/19 0/19 2/4 1/4 0/2 1/2
0 7 5 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
O th e rs4 1/5 0/5 1/3 0/3 0/10 0/10 0/14 0/14
Sp. agg l.5 1/3 0/3 2/4 0/4 0/0 0/0 0/4 0/4
N T 6 0/8 0/8 0/1 0/1 0/8 0/8 2/15 0/15

T o ta l 13/40 0/40 27/35 0/35 5/41 1/41 5/63 1/63

1 Cerebrospinal flu id
2 T h ro at, nose, sp u tu m , e a r  swab 
:| P lacen ta, lochia
1 0 5 . 08 , 012 , 0 1 5 , 0 1 7 , 0 1 8 ab , 0 1 9 , 0 2 0 , 0 2 1 , 0 2 2 , 0 2 3 , 0 3 3 , 0 4 0 , 0 45 , 0 7 8 . 

0 8 2 ,  0 8 3 , 084 , 096 , O105ac, 0 1 0 6 , 0107 , 0108 , ОН О, 0114 , 0118 , 160, 0 1 2 0 , 0131 , 0134 . 
0 1 6 2

5 Spontaneous a g g lu tin a tio n
6 N o t typab le

K l + isolates occu rred  m ost freq u en tly  (32 .1% ) in  d ifferen t e x tr a in tes ti­
n a l sam p les (Table 111), w ith  an esp ecia lly  h igh  in cid en ce in  b lo o d , C SF, u m ­
b ilic a l cord, vag in a l sw ab  and upper resp ira tory  tract sp ec im en s. T h e d iffer­
e n c e s  in  th e in cid en ce o f  K 1 p o s it iv ity  b etw een  urinary and o th er  ex tr a in te s ti­
n a l sa m p les, or b e tw e en  fa eca l and ex tr a in tes tin a l sam p les, w ere sign ifican t  
(p < 0 .0 0 1 ) .

C onsidering th a t  u m b ilic a l cord and upper resp iratory  tra c t  sam ples 
as w e ll as vaginal sw a b s orig inated  in an overw h elm in g  m a jo r ity  from  the  
g y n a eco lo g ica l and p e r in a ta l w ards o f  one h o sp ita l [4], K l + stra in s o f  these

Table IV

D istribu tion  o f K1 positive stra ins among isolates originating from a gynaecological and perinatal
ward

U p p er
re sp ira to ry  t ra c t

U m b ilical cord V ag in a

No. of sam ples exam ined 4110 340 2301

No. of sam ples E . coli 
positive

254 40 262

No. of E . coli s tra in s  w ith  
antigen K1

10 3 13
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strains isolated fro m  extraintestinal sources

Um bilicul1 cord V agina U p p e r  r e sp ira to ry  
t r a c t2

M isce llaneous3 1'u ta l

K l K5 K l K5 K l K5 K l K 5 K l K 5

i / i 0/1 3/4 0/4 4/4 0/4 i / i 0/1 13/14 0/14
1/4 0/4 5/5 0/5 5/7 0/7 0/1 0/1 15/26 0/26
0/1 0/1 0/0 0/0 0/1 0/1 0/1 0/1 0/21 0/21
0/0 0/0 0/5 0/5 0/4 3/4 0/4 1/4 0/40 4/40
0/0 0/0 2/2 0/2 0/0 0/0 0/0 0/0 10/13 0/13
1/1 0/1 3/5 2/5 1/6 5/6 2/3 0/3 34/50 9/50
0/0 0/0 0/0 0/0 0/2 1/2 0/0 0/0 0/2 1/2
1/1 0/1 1/9 0/9 2/9 0/9 0/7 0/7 6/58 0/58
0/0 0/0 1/1 0/1 0/0 0/0 0/1 0/1 4/13 0/13
0/0 0/0 4/7 0/7 2/3 0/3 1/4 0/4 9/46 0/46

4/8 0/8 19/38 2/38 14/36 9/36 4/22 1/22 91/283 14/283

m ateria ls w ere su b jected  to  furth er an a lysis . I t  can  be seen  from  T a b le  IV  
th a t E. coli stra in s were iso la ted  from  6 -1 2 %  o f  h e a lth y  pregnants and  n e w ­
borns. A lto g eth e r  4 -7 .5 %  o f  E. coli stra in s h ad  a n tig e n  K l .  Sepsis, m en in g itis  
or o th er e x tr a in tes tin a l in fectio n s n ever occurred  d u rin g  th e  ob servation  p eriod .

K l + stra in s occurred m a in ly  in serogroup s 0 1 ,  0 2 ,  0 7 ,  0 1 8 . T h e 6 re­
m ain ing  on es b elon ged  to  serogroups 0 5 ,  0 1 2 ,  0 3 3 ,  0 8 3 .

The incidence o f  K 5  antigen is p resen ted  in  T ab les I , II  and I I I .  K 5  
p o s it iv ity  occurred  in 3.3%  o f  faeca l, in  3 .1%  o f  u rinary tract and in  5 .3 %  
o f o th er e x tr a in tes tin a l sam p les. T h e d ifferen ce in  th e ir  occurrence in  d iffer ­
ent m ateria ls w as n ot s ig n ifica n t s ta tis tic a lly .

S tra ins w ith  K 5 an tigen  occurred m ore fre q u en tly  in  serogroups 0 2 ,  0 6 ,  
0 1 8 a c , 0 7 5  th a n  in others (39 ou t o f  42 K 5 p o s it iv e  iso la tes belonged  to  th e se  
serogroups).

The incidence o f  colicin producing strains  (T ab le V) w as very  h igh in  e v e r y  
group o f  m ateria ls (23 .5% , 31 .7%  and 4 3 .4 % , r e sp ec tiv e ly ) . Their occu rren ce  
increased  s ig n if ic a n tly  in th e  order o f  faeca l, u rin ary  and other e x tr a in te s tin a l 
sam ples. A n esp e c ia lly  h igh in cid en ce w as fou n d  in  b lood , CSF, u m b ilic a l  
cord and u pp er resp iratory  tra c t iso la tes . Col p o s it iv ity  w as s ig n if ica n tly  m ore  
frequ en t in  serogroups 0 1 ,  0 2 ,  0 4 ,  0 6 ,  0 7 ,  0 1 8  and 0 7 5  th an  in  o th ers
(p < 0 .0 0 1 ) .

T h e in c id en ce  o f  co licin  V p rod ucing stra in s (T able V) was 2%  a m o n g  
faeca l, 9 .1%  am on g  urinary and 12.7%  am on g  o th er  ex tra in testin a l iso la te s .  
In  serogroups 0 1 ,  0 2  and 0 1 8  th e  occurrence o f  Col V + strains w as h igh er  
th an  in o th er serogroup s. In  serogroups 0 4 ,  0 6 ,  and 0 7 5  Col V producing stra in s  
n ever occurred . In  ex tr a in tes tin a l sam ples Col V + stra in s orig inated  from

A d a  Microbiologica Hungarica 33, 1986



74 CZIRÓK et al.

Serogroup distribution o f  colicinogenic E . coli strains isolated fro m  faecal, urinary  and other extra-
intestinal sam ples

Table V

F aeces  U rine  E x tra in te s t in a l  m a te ria l T o ta l
S e ro g ro u p

Col Col V Col Col V Col Col V Col C o l,V

01 9/161 0/16 13/16 1/16 9/14 4/14 31/46 5/46
0 2 7/13 2/13 16/32 8/32 15/26 9/26 38/71 19/71
0 4 6/18 0/18 0/14 0/14 3/21 0/21 9/53 0/53
0 6 7/19 0/19 5/32 0/32 12/40 0/40 24/91 0/91
0 7 3/10 0/10 5/10 3/10 10/13 0/13 18/33 3/33
0 1 8ac 8/26 0/26 6/11 2/11 34/50 6/50 48/87 8/87
075 2/14 0/14 3/9 0/9 1/2 0/2 6/25 0/25
O th ers 33/190 2/190 28/102 8/102 17/58 5/58 78/350 15/350
Sp. agg l.2 2/16 0/16 3/23 2/23 4/13 1/13 9/52 3/52
N T 3 38/167 6/167 43/135 11/135 18/46 11/46 99/348 28/348

T o ta l 115/489 10/489 122/384 35/384 123/283 36/283 360/1156 81/1156

1 N o. of stra ins Col+, or Col V +/N o. of s tra in s  exam ined
2 S pon taneous agg lu tination
3 N o t ty p ab le

a u to p sy  m ateria l (10), b lood  (4), w ou n d  sw a b s (5), CSF (5), v a g in a  (6) and  
u p p er  resp ira tory  tra c t  (6).

Correlation of the different virulence factors  (e.g. M R A , H ly  p o s it iv ity ,  
K l ,  K 5  an tigen , co lic in ogen ic ity ) and o f  О a n tig en s . There w as a m ark ed  cor­
r e la t io n  b etw een  th e  presen ce o f  K1 a n tig e n  an d  colicin  p rod u ction  in  certa in

Table VI

Correlation between the simultaneous presence o f  K1 antigen and colicinogenicity o f  E . coli strains

N o. o f s tra in s  iso la te d  f ro m

S e ro g ro u p Faeces U rine E x tra in te s t in a l m ate ria l

K1 +
Col +

K1 +
Col

K l-
Col+

K1 + 
Col+

K1 +
Col

K l -
Col +

K1 + 
Col+

K1 + 
C ol-

Kl
Col +

K l -
C o l- ex am in ed

01 5 0 4 и 2 2 9 4 0 9 46
0 2 1 2 6 5 3 11 12 3 3 25 71
0 4 0 0 6 0 0 0 0 0 3 44 53
0 6 0 0 7 0 0 5 0 0 12 67 91
0 7 3 1 0 0 0 5 9 1 1 13 33
0 1 8 a c 0 1 8 1 0 5 31 3 3 35 87
0 7 5 0 0 2 0 0 3 0 0 1 19 25
O th e rs1 3 5 70 4 2 70 12 7 27 550 750

T o ta l 12 9 103 21 7 101 73 18 50 762 1156

1 O th e r serogroups (see T ables I, II , I I I ) ,  s tra in s  n o t typab le  and ag g lu tin a tin g  sp o n ta ­
neously
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serogroups o f  E. coli iso lates (T a b le  V I). K l + stra in s p rod uced  co licin  in  57%  
o f  faeca l, 75%  o f  u rinary and 8 0 %  o f  e x tra in tes tin a l iso la te s . The s im u lta n eo u s  
occurrence o f  th ese  tw o  p rop erties in  the three grou p s o f  m aterials w as not 
sig n ifica n t. On th e  other h an d , C o l+ strains th a t  h arboured  K1 a n tig e n  s i­
m u lta n eo u sly  w ere m ore freq u en t (73/123) am on g  stra in s b elon g in g  to  ex tra -  
in te stin a l sam ples th a n  th ose iso la te d  from  faecal (1 2 /1 1 5 ) and u rinary (21 /122)  
m ateria ls.

In  serogroups 0 1 ,  0 2 ,  0 7 ,  0 1 8  m ore th an  h a lf  o f  th e  strains h ad  on e of 
th e  tw o  properties. S trains b e lo n g in g  to  serogroups 0 4  and 0 6  fa iled  to  h a v e  
K1 and produced  co licin  v er y  rarely .

As to  th e correlation  b e tw e e n  K1 and Col V , o n ly  1 K l +, Col V + stra in  
occurred am ong 21 K 1 + and 10 Col V + strains in  fa eces , 4 K I  +, Col V  + am on g  
28 K l  + and 35 Col V  + in u rin ary  iso la te s , w hile 16 K l + , Col V + am on g  91 K 1 + 
and 36 Col V + in o th er ex tr a in te s tin a l iso la tes.

Correlation o f  H ly  with K l  and Col. I t  w as revea led  th a t o n ly  5 o u t o f  
140 K l + and 210 H ly + stra in s h a d  both  ch ara c ter istics , m o stly  rep resen tin g  
serogroup 0 1  (T able V II). T h ere w as no n o ticea b le  correlation  b e tw e en  H ly  
and Col either; 49 ou t o f  360 C o l+ strains w ere H I y + and 49 out o f  210  H ly  + 
stra in s produced  co licin  (T able V I I I ) .

Simultaneous occurrence o f  M R A  and K l  pos i t iv i ty .  T he resu lts w ere eq u i­
voca l (Table IX ) as 5 K l +, M R A + strains w ere fou n d  am ong 21 K l + and  
89 M R A + iso la tes in faeces, 18 am on g  28 K l + an d  91 M R A + in u rin e, and  
21 o u t o f  91 K l + and 89 M R A + in other ex tr a in te s tin a l iso la tes . A ccord in g  
to  th ese  resu lts, th e  K l an tigen  w as s ig n ifica n tly  m ore frequ en t am on g  M R A  f

Table VII

Correlation between M R A , H ly  and K l  positiv ity  in  E . coli strains

N o. o f  s tra in s

Serogroup

Faeces

M RA + 
H ly  + 
K1 +

U rine
E x tra -
in te s ti­

na l

M R A  + 
H ly  + 
K l-

M R A  + 
H ly  
K1+

M R A - 
H ly  + 
K1 +

M R A - 
MK 
K1 +

M RA 
H ly  * 
KÍ

M RA  + 
H ly -  
K1

M RA
H ly -
K l- T o ta l

01 0 0 3 0 19 0 9 0 7 8 46
0 2 0 II 0 4 14 l 11 6 11 24 71
0 4 0 0 0 32 0 0 0 7 4 10 53
0 6 0 0 0 45 0 0 0 21 14 11 91
0 7 0 0 0 0 7 0 7 0 2 17 33
0 1 8ac 0 II (1 28 1) 0 36 3 9 11 87
075 0 0 0 5 0 0 (1 5 0 15 25
O thers 0 II 0 25 0 1 32 24 40 628 750

T otal (1 (1 3 139 40 2 95 66 87 724 1156

Acta Microbiologica Hungarica 33, 1986



76 CZIRÓK et al.

Table VIII

Correlation between M R A , Hly and Col positivity in E. coli strains

N o. o f  s tra in s

Serogroup

Faeces

MRA + 
Hly+ 
Col+

Urine
E x tra -
in te s ­
tina l

MRA + 
H ly +
Col"

MRA + 
H ly- 
Col+

M RA - 
Hly +
Col +

M RA -
Hly
Col +

M RA-
Hly+
Col-

MRA+
H ly -
Col-

MRA-
Hly
Col- Total

O l 0 0 2 l 22 0 7 0 4 10 4 6

0 2 0 0 0 4 20 0 18 7 5 17 71

0 4 5 0 3 2 4 0 1 0 6 4 10 5 3

0 6 4 1 7 3 3 6 5 1 16 8 1 0 91

0 7 0 0 0 0 8 0 10 0 1 1 4 3 3

0 1 8 a c 7 1 0 2 0 3 3 3 4 0 6 13 87

0 7 5 1 2 0 2 0 1 2 4 0 13 25

O th e rs 1 0 0 2 4 21 5 1 5 9 2 0 19 5 0 1 7 5 0

T o ta l 18 4 1 2 1 0 8 8 0 15 2 3 1 53 4 7 5 8 8 1 1 5 6

Table IX

C orrelation between the occurrence o f  M R A  and K1 po sitiv ity  o f  E . coli strains in d ifferent materials

S e ro g ro u p F aeces Urine E x tra in te s t in a l m a te ria l

M RA+ 
K1 +

M R A +
k i -

M R A - 
K1 +

M R A +
K1+

M RA+
k i -

M R A - 
K1 +

M R A  + 
K1 +

M RA  +
k i -

M R A -
K1+

M R A -
K1 exam ined

O l 2 5 3 10 l 3 9 2 4 7 46
0 2 0 3 3 6 12 2 8 0 7 3o 71
0 4 0 11 0 0 7 0 0 18 0 17 53
0 6 0 14 0 0 21 0 0 24 0 32 91
0 7 3 0 1 0 1 0 4 1 6 17 33
0 1 8 a c 0 22 1 0 5 l 0 10 34 14 87
0 7 5 0 2 0 0 3 0 0 0 0 20 25
O th e rs1 0 27 8 2 23 4 0 13 19 654 750

T o ta l 5 84 16 18 73 10 21 68 70 791 1156

1 O th e r serogroups (see T ab les  I ,  I I ,  II I ) , s tra in s  n o t ty p ab le  and  ag g lu tin tin g  sp o n ta ­
n eously

Table X

Correlation between M R A , K l ,  Col and H ly  in  serogroup 018

K l Col H ly

+ + +

M R A  +  37 0 37 и 26 28 9

36 36 0 32 4 0 36
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urinary and o th er ex tra in tes tin a l iso la te s  th a n  am ong M R A + fa eca l stra in s. 
M R A  p o s it iv ity  o f  K 1 +  strains w a s , h ow ever , m ost freq u en t am on g  u rin ary  
stra in s.

As to  a corre la tion  b etw een  serogroup s and th e  s im u lta n eo u s p resen ce  
o f  M R A + and K l + feature, M R A  p o s it iv ity  w as foun d  o n ly  in  serogroup s  
0 1  : K l ,  0 2  : K l ,  0 7  : K l.  It w as m ost str ik in g  th a t  in  serogroup  0 1 8 a c ,  
K1 and M RA p o s it iv ity  never occurred  sim u lta n eo u sly . In  th is  serogroup  none  
o f  th e  37 M R A + stra in s possessed  K l  an tigen , w hile  th e  36 K l + stra in s w ere  
d evo id  o f  M RA a c t iv ity  (Table X ) .  O n th e  basis o f  e lectron  m icroscop ic e x a m ­
in a tio n s, 34 out o f  36 0 1 8 a c , K l + , M R A - , and b y  far th e grea test n u m b er  
o f  C o l+ stra in s harboured  fim b ria l stru ctu res. B ro th  cu ltu res o f  32 o u t o f  36  
stra in s sh ow ed  a m ann ose se n s itiv e  h a em a g g lu tin a tio n  o f  gu inea p ig  e r y th r o ­
c y te s  [13].

In  v iew  o f  th e  close corre la tion s ex istin g  b etw een  K l + and C o l+ stra in s  
on th e  one hand  and b etw een  M R A + and K l + iso la tes  on  th e  o th er, it  seem ed  
in terestin g  to  an a lyse  th e re la tion  b etw een  M R A  and Col p rod u ction  (T ab le  
X I ) .  T h e correlation  b etw een  th e se  tw o  properties w as in d ep en d en t from  th e  
origin  o f  stra in s. M R A  + , C ol+ p ro p ertie s  w ere foun d  to g eth er  in  41 o u t o f  89  
M R A + and 115 C o l+ faecal stra in s in  30 out o f  91 M R A + and 122 C o l+ u rin ary  
iso la te s  and in  44 ou t o f  89 M R A + and 123 C o l+ ex tr a in tes tin a l sam p les  
(p > -0 .0 2  and p ]> 0 .05 , r e sp ec tiv e ly ) .

T o find  out w h eth er corre la tion s b etw een  M R A -K 1 , K l-C o l,  M R A -C ol 
m ean also an M R A -K l-C o l co rre la tio n , th e occurrence o f  th ese  th ree  p rop ­
erties w as also an a lysed  (Table X I I ) .  T h ey  were found to g eth e r  in  5 o u t o f

T ab le  XI

Correlation between the occurrence o f  M R A  and Col o f  E . coli strains in different materials

No. o f  s tr a in s  iso la te d  from

S erogroup Faeces U rin e E x tra in te s t in a l  m ate ria l

M RA + 
Col +

M RA +
Col

M R A - 
Col +

MRA + 
Col +

M R A  +
Col -

M R A - 
Col +

M RA  +
Col +

M RA + 
C ol-

M RA
Col +

MRA
Col ex a m in e d

01 6 l 3 10 l 3 8 3 l 10 46
0 2 3 0 4 9 9 7 8 0 7 24 71
0 4 6 5 0 0 7 0 3 15 0 17 53
0 6 6 8 1 2 19 3 10 14 2 26 91
0 7 3 0 0 0 1 5 5 0 5 14 33
OlHac 8 14 0 1 4 5 2 8 32 13 87
0 7 5 1 1 1 2 1 1 0 0 1 17 25
O th e rs1 8 19 65 6 19 68 8 5 31 521 750

T ota l 41 48 74 30 61 92 44 45 79 642 1156

1 O ther serogroups (see Tables I, I I ,  I I I ) ,  stra ins no t ty p ab le  and ag g lu tinating  sp o n ta ­
neously
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Correlation between M R A , K l  and Col p o sitiv ity  in  E . coli strains

Table XII

N o. o f  s tra in s

S e ro g ro u p

M R A + M R A  + M RA + M R A - M R A - M R A - M R A  + MRA
K1+ K1+ K l- K1 + K l- K1 + K l- K i-
Col + CoU Col + Col + Col + Col Col C ol- T o ta l

E x t r a -
Faeces U rin e  in te s ­

t in a l

O l 2 9 7 3 6 7 0 3 2 7 46
0 2 0 5 8 1 7 5 13 7 8 17 71
0 4 0 0 0 0 9 0 0 0 27 17 53
0 6 0 0 0 0 18 0 6 0 41 26 91
0 7 3 0 4 0 1 5 5 2 1 12 33
O l 8ac 0 0 0 0 11 32 5 4 26 9 87
0 7 5 0 0 0 0 3 0 3 0 2 17 25
O th ers 0 1 0 1 21 18 146 13 42 508 750

T o ta l 5 15 19 5 76 67 178 29 149 613 1156

4 8 9  faeca l, in 15 ou t o f  384  urinary and in 19 ou t o f  283 o ther strains iso la ted  
from  ex tra in testin a l so u rces. I t  can also he seen  from  T ab les X  and X I I  that  
in  serogroup 0 1 8 a c , 32 o u t  o f  36 K 1 + stra in s w ere C o l+ all th e  36 w ere M R A ~ , 
an d  all th e  37 M R A + stra in s  were K l - , and  26  o u t o f  th em  w ere C o l- . This 
sh arp  separation  o f  tw o  p rop erties (i.e. K l- M R A , C ol-M R A ) failed  to  occur  
a m o n g  strains o f  o th er  serogroups (27.8%  o f  K l + stra in s w ere M R A + and 
4 2 .7 %  o f  M RA + iso la te s  p rod u ced  co licin).

T he s im u lta n eo u s occurrence o f  M R A —H ly - K l  and M R A -H ly -C o l  
p ro p erties  are sh ow n  in  T a b les  V II and V I I I . A ssoc ia tion  o f  M R A - I l ly - K l  
w a s in freq uent. On th e  co n tra ry , M RA and H ly  p o s it iv ity  w ere found freq u en t­
ly  to g e th e r , e sp e c ia lly  in  serogroups 0 4 ,  0 6  and 0 1 8 . In  case o f  serogroup  
0 1 8  : K l ,  M RA or H ly  p o s it iv ity  had n ev er  occurred  (T ables V II , X ) . S trains  
w h ich  were carriers for  M R A -II ly -C o l w ere a lso  v er y  rare (36 out o f  1156), 
sin ce  H ly -C o l p rop erties h ard ly  occurred s im u lta n eo u sly .

O nly tw o stra in s (b e lon g in g  to serogroup  0 1 )  out o f  1156 p ossessed  all 
th e  four properties (H ly —M R A -K l-C o l) .

D iscussion

T he capsular s tru c tu r es  o f  E. coli b a cter ia  h a v e  been  con sid ered  im por­
ta n t  v iru lence factors o f  ex tra in tes tin a l in fe c t io n s  [21, 2 2 ]. T h e ou tcom e o f  
b a cter ia em ia , m en in g itis , or p yelon ep h ritis o f  an in fectio n  cau sed  b y  E. coli 
w ill be w orse if  th e  a g en t con ta in s K l a n tig en  [23 ]. Our resu lts con cern in g  on  
th e  in cid en ce o f  E. coli K l + strains corresp on d ed  to  literary  d ata  [7, 24] as
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K l  iso la tes occurred  m ore fre q u e n tly  in  ex tra in tes tin a l [32 .1% ] th a n  in  faeca l 
[4 .3% ] or u rinary [7 .3% ] iso la te s . T h e fin d in g  th a t  w e fre q u en tly  fou n d  K1 
a n tig en  in stra in s iso la ted  from  b lo o d  (13 out o f  40) is s lig h tly  in co n s is te n t  
w ith  th e  ob serva tion  o f  Sarff et a l. [7 ]. M oreover, in  co n trad iction  to  A c h tm a n ’s 
d a ta  cited  b y  0 r s k o v  and 0 r s k o v  [26] we iso la ted  stra in s b elon g in g  to  sero- 
grou p s 0 1  : K1 and  0 2  : K1 fro m  th e  blood o f  sep tic  p a tie n ts  (T ab le 111).

I t  has a lso b een  know n [7 , 23 , 25] th a t K l + stra in s occur m a in ly  in  
serogroups 0 1 ,  0 2 ,  0 7 ,  0 1 8  and le s s  freq u en tly  in  serogroups 0 1 6 ,  0 8 3 ,  0 1 5 6  
[7 ]. H ow ever, w e id en tified  stra in s  harbouring an tigen  K 1 in serogrou p s 0 5 ,  
0 1 2 ,  0 2 1 , 0 2 3  and  0 3 3  as w ell.

In  con trast to  R obbins et a l. [6 ], w e fa iled  to  sh ow  an tigen  K1 in  sero- 
group  0 6 .  In  agreem en t w ith  th e  o b serv a tio n s o f  S arff e t  al. [7] and P lu sch k e  
et al. [25], th e great m ajority  o f  o u r  iso la tes  orig in a tin g  from  CSF b elon ged  to  
serogronp 0 7  : K1 and 0 1 8  : K l ,  w h ile  in con trast w ith  th e ir  f in d in g s  we 
fa iled  to  show  an tigen  K l in 0 7  s tr a in s  iso lated  from  p y elo n ep h ritis .

T he h igh in cid en ce o f  K l + iso la te s  am ong stra in s orig in a tin g  from  th e  
gyn aeco log ica l and p erinatal w ard  o f  a h osp ita l (T able IV ) draw  a tte n t io n  to  
th a t m any new borns were co lo n iz ed  b y  p o te n tia lly  in v a s iv e  K l stra in s and  
th a t  there is a p o ss ib ility  o f  sp re a d in g  th e in fection s from  m oth er to  in fa n t, 
anil o f  cross in fec tin g  in fants v ia  th e  hands o f  th e  nursery  sta ff. S im ilar  o b ­
se rv a tio n  were d escrib ed  by S arff e t  al. [7], and G lode e t  al. [27 ]. I t  is cu riou s  
th a t  none o f th o se  13 new borns w h o  harboured stra in s w ith  a n tig en  K l  in  
th e ir  um bilical cord and upper resp ira to ry  tract d evelop ed  E. coli m en in g itis  
or sep sis and n on e had becom e ill o f  th e  b abies o f  th o se  13 m oth ers w h o  car­
ried  K l + strains in  th e ir  vagin a . H o w ev e r , in an oth er h o sp ita l a m o th er  h a v ­
in g  a recta l f is tu la  and h arb ouring  E. coli 0 1 8 a c  : K l  in  her v a g in a  in fe c ted  
her in fa n t, w ho d evelop ed  a fa ta l m en in g itis .

D a ta  in th e  literatu re and t h e  p resen t resu lts in d ica ted  th a t  K l  ca p su le  
w h ich  is possessed  on ly  b y  a few  serogrou p s ( 0 1 ,  0 2 ,  0 7 ,  0 1 8 )  p la y s  an  im ­
p o rta n t role in  th e  p a th o g en ic ity  o f  E. coli esp ec ia lly  in e x tr a in te s tin a l in fe c ­
t io n s .

G upta et al. [8] sta ted  th a t a n tig e n  K 5 occurred am on g  th e  m ost freq u en t  
К  an tigen s in  stra in s from  e x tr a in te s tin a l d iseases. In  th e  op in ion  o f  J a n n  and  
J an n  [9] th e  recep tors o f  K 5 a n tig e n s  p la y  a v er y  im p o rta n t role in  th e  p a th o ­
g e n ic ity  o f  E. coli. T he present s tu d ie s  h ave fa iled  to  con firm  th ese  resu lts . 
W e w ere unable to  sh ow  an y  d ifferen ce  in  th e in c id en ce o f  K 5 + stra in s b e tw e en  
faeca l and urinary (3 .3% ; 3.1% ) or b etw een  urinary and o th er  ex tr a in te s tin a l  
(3 .1 % ; 5.3% ) iso la te s .

In  agreem en t w ith  G upta e t  a l. [8] our K 5 + stra in s b elon ged  to  sero ­
grou p s 0 2 ,  0 6 ,  0 1 8  and 0 7 5 , hut in  con trast to  th e ir  f in d in g s a n tig en  K 5 w as  
ab sen t from  our stra in s b elon gin g  to  serogroup OlO. A ccord in g  to  P lu sch k e  
et  al. [25] and K u secek  et al. [28] 0 1 8  : K 5 b acteria  w ere rarely  iso la te d  from
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n e o n a ta l m en in g itis , b u t  t h e y  were com m on  in  faeces and U T I. W e had a sim ­
ilar  ob servation . W e co n firm ed  the p a th o g en ic  role o f  0 1 8 a c  : K 5 iso lates  
o n ly  in  2 out o f 42 p a t ie n ts  harbouring K 5 + stra in s (one o f  th e se  K 5 + strains  
w a s iso la ted  from n ecr o p sy  m aterial, th e  o th er  from  a su b p h ren ica l abscess).

A ccord ing to  D a v ie s  e t  al. [3] th e fre q u en cy  o f  co licin  p rod u cin g  strains  
ra n g ed  b etw een  3 1 -5 1 %  a m on g  faecal, u r in ary  and b lood  iso la te s . T h e obser­
v a t io n s  o f  M urray et a l. [2 9 ] were sim ilar to  th o se  o f  D a v ies  e t  al. [3] in  th a t  
26  o u t  o f  124 E. coli o r ig in a tin g  from  d iarrh oea l sto o ls  p rod uced  co lic in . S im ­
ilar resu lts were d escr ib ed  b y  Csiszár e t  al. [30] in H u n gary , as 48 .9%  o f  
th e ir  stra in s iso la ted  from  urine o f  p regn an t w om en  w ith  a sy m p to m a tic  
b a cter iu r ia  proved to  b e co lic in  producers.

In  th e  present s tu d y , C o l+ iso la tes occu rred  also freq u en tly  in  all groups 
o f  sa m p les, esp ecia lly  in  ex tr a in tes tin a l sp ec im en s o th er th a n  urine.

Several stu d ies h a v e  sh ow n  th e Col V  p la sm id  to  be one o f  th e  v iru lence  
fa c to r s  o f  E. coli [31—33] an d  that th e v ir u le n c e  w as in d ep en d en t o f  co licin  V 
p ro d u c tio n  [10, 34, 3 5 ] . In  our m aterial Col V  p rod ucer stra in s occurred s ig ­
n if ic a n t ly  m ore fr e q u e n tly  am ong u rin ary  an d  o th er e x tr a in tes tin a l iso la tes  
th a n  th o se  iso la ted  fro m  fa eca l flora. T h ese d a ta  su p p ort earlier literary  data; 
for ex a m p le  M inshew  e t  a l. [36] also foun d  th a t  co licin  V  p roducers occurred  
w ith  h igh  freq u en cy  in  iso la te s  from  o th er  e x tr a in tes tin a l sources (16% ). 
A gü ero  et al. [37] re p o r ted  53%  Col V + stra in s am on g  b lood  iso la te s , and 25%  
Col V + strains am on g  C SF  iso la tes. On th e  o th er  h and , D a v ies  et al. [3] found  
th a t  th e  proportion  o f  Col V + strains from  u rine (60% ) w as n o t s ig n ifica n tly  
g rea ter  th an  th a t o f  Col V + strains am on g  C o l+ faeca l iso la te s  (43% ).

In  con trad iction  to  th e se  data , our su r v e y  revea led  a s ig n if ica n t d iffer­
en ce  in  Col V p o s it iv ity  o f  strains iso la ted  from  urine (28%  o f  C o l+ strains) 
as com p ared  to  Col V  p o s it iv ity  in faeca l stra in s (8%  o f  Col + stra in s).

Col V + stra in s occurred  m ain ly  in  serogroup s 0 1 ,  0 2 ,  0 7  and 0 1 8 a c  
in  our m ateria l. W e h a v e  n ever found Col V  producers in serogroups 0 4 ,  0 6  
an d  0 7 5 .  T his w as in  a g reem en t w ith  th e  r e su lts  o f  S m ith  and H u ggin s [32] 
an d  M ilch et al. [35 ] w h o  found that Col V p rod ucer stra in s w ere com m on  in 
serogrou p  0 1 8 a c  as w e ll as in  serogroups 0 1 ,  0 2 ,  0 7 .  N ow ick i [38] has also  
o b ser v ed  th a t th e  fr e q u e n c y  o f  Col V + stra in s in  serogroups 0 6  and 0 7 5  w as  
v e r y  low .

A  close a sso c ia tio n  b etw een  K l + C o l+ p rop erties w as ob served  in our 
s tu d y . T he tw o p ro p ertie s  occurred s im u lta n eo u s ly  in  2 .4%  o f  faeca l, in  5.2%  
o f  u rin ary  and m a in ly  am on g  strains iso la te d  from  e x tr a in tes tin a l sources 
o th e r  th an  urine [2 4 % ]. T h e high in cid en ce o f  K l + iso la tes  in  C SF, um bilical 
cord  o f  new borns an d  in  th e  vagin a  o f  p reg n a n t w om en  ex p la in s th e  p ossib le  
sou rce  o f  m eningeal in fe c t io n  o f the n ew b orn s b y  E. coli. M oreover th e fre­
q u e n t coex istan ce o f  K l  an d  Col in serogroup s 0 1 ,  0 2 .  0 7 ,  0 1 8  offers a further  
e x p la n a tio n  for th e  e x tr a in te s tin a l p a th o g e n ic ity  o f  th ese  serogroups.
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T h e p h en om en a  ih at Col p o s it iv ity  o f  K l + stra in s was in d ep en d en t o f  
th e site  o f  in fection  and K1 p o s it iv ity  o f  C o l+ stra in s w as m ost freq u en t a m on g  
iso la te s  o f  o ther ex tra in testin a l m a ter ia ls  fo llow ed  from  th e high in c id en ce  o f  
Col+ strains in  ev e ry  m aterial and th e  h igh in cid en ce o f K l + strains in  o th er  
ex tr a in tes tin a l sam p les. A lso the h igh  in c id en ce  o f  M R A  p o s it iv ity  am on g  K l  + 
stra in s iso la ted  from  UT1 was p ro b a b ly  due to  th e fact th a t  U T I stra in s v e r y  
fre q u en tly  h arbour m annose res is ta n t ad h esin s.

T h e fin d in g s w ere rem arkable th a t  th ere w as no association  b e tw e en  H ly  
p o s it iv ity  and K 1 p o sit iv ity , and th a t  M R A  p o s it iv ity  and K1 p o s it iv ity  o f  
our stra in s correlated  m ain ly  in serogrou p s 0 1  and 0 2 ,  w hile in  serogroup 0 1 8 a c  
M R A + and K l + properties had n ev er  occurred sim u ltan eou sly .

T h e fact th a t  K l + and M R A + stra in s harbour Col V p lasm id  w ith  a h ig h  
freq u en cy  has b een  show n by A g iiero  et al. [37 ]. H ow ever, th e  p resen t w ork  
has revealed  th a t  th is  rule is va lid  o n ly  for serogroups 0 1  and 0 2  and so m e ­
tim es for serogroup 0 7  (Tables X  an d  X I I ) .  T h e overw h elm in g  m a jo r ity  o f  
0 1 8 a c  : K1 stra in s produce co lic in , b u t M R A + 0 1 8 a c  strains h ave no K 1  
a n tig en  and rarely  produce coliéin . T h u s , in  serogroup 0 1 8  th e tw o  p rop erties  
(M R A -K 1 ) are s tr ic t ly  separated  fro m  each  o ther.

In  a p rev iou s stu d y  [5] a m ark ed  corre la tion  w as revealed  b etw een  M R A  
and H ly  p o s it iv ity  o f  certain  serogrou p s. In  th e  p resen t ex a m in a tio n s th ere  
w as no d efin ite  correlation  b etw een  e ith er M R A - H ly - K l or M RA H ly  Col. 
A ccord in g ly , th e  close con n ection  b e tw e en  M RA I lly  show n in th e p rev io u s  
s tu d y  [5] is n o t assoc ia ted  w ith  o th e r  v iru len ce factors (i.e. K l ,  Col). T h is  
cou ld  n o t he a ttr ib u ted  to th e in c o m p a tib ility  o f  M R A -K 1 , as in  serogroup  0 1  
and 0 2  th e y  v er y  freq u en tly  occurred  s im u lta n eo u sly ; nor to th e  in c o m p a ti­
b ility  o f  M R A -C ol sin ce h a lf o f  our M R A + stra in s were C o l+ as well.

A n oth er in terestin g  ob serv a tio n  w as th a t , in agreem en t w ith  A c h tm a n  
et  al. [39 ], stra in s belon gin g  to  serogrou p s 0 1 ,  0 7  and 0 7 5  p rod uced  h a em o -  
ly s in  rarely (13 o u t o f  104 —  see T a b le  V II) . Our fin d in gs agreed w ith th o se  o f  
A ch tm a n  et al. [39] in m any o th e r  resp ects , to o : th e ir  0 1 8 a c  : K l  s tra in s  
b elon g in g  to  m em brane p attern  9 an d  orig in a tin g  from  E nglan d  and F in la n d  
wrere also C o l+ and H ly -  (see our r e su lts  in  T ab les X  and V II). W e su p p o sed  
that our stra in s rather belonged  to  th e ir  m em brane p attern  9 th an  to  th e ir  
m em brane p a tter n  6. W e h ave to  rem ark  th a t  25 out o f  our 32 0 1 8 a c  : K l ,  
Col+ stra in s orig in a ted  from  th e G D R . Our su p p osition  w as ver ified  b y  th e  
ex a m in a tio n  o f  G. S eltm an n  (p erson a l com m u n ica tion ) accord ing to  w h ich  
b oth  th e iso la te s  orig inatin g  from  H u n g a ry  and G D R  b elon ged  to  th e  sa m e  
OM P p attern  9 as 0 1 8 a c  : K l stra in s o f  A ch tm an  et al. H ly  p o s it iv ity  o f  th e  
stra in s o f  A ch tm a n  et al. [39] w as ch a ra cter istic  o f  0 1 8 a c  : K l ,  b e lo n g in g  to  
m em brane p a ttern  6, th a t had  or ig in a ted  from  th e  U SA . N on e o f  our  
0 1 8 a c  : K l stra in s were H ly  + .

T h eir 0 1 8 a c  : K5 strains w ere H ly + and C o l- , sim ilar to  ours (see
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T a llie s  V II , X , X I I ) .  O n th e  basis o f th e ir  an d  o f  our d ata , w e sh ou ld  lik e  to  
em p h asize  th a t th e re  is  no correlation b e tw e e n  H ly -C o l, w hile th ere is a close  
asso c ia tio n  b etw een  K l—Col properties.

In  agreem en t w ith  the data o f  A c h tm a n  et al. [39] 5 out o f  46 E. coli 
О 1 stra in s fa iled  to  p rod u ce  d etectab le a m o u n ts  o f  indole in K o v á c s’s in d o le test  
[40] after 24 h in cu b a tio n , but after 72 h, th e  K ovács te s t  w as p o s it iv e . I f  
ex a m in ed  b y  th e  x y le n e  ex traction  tec h n iq u e  [4 0 ], in dole p o s it iv ity  cou ld  be 
d em o n stra ted  a fter  24  h. S im ilarly  to  us A c h tm a n  et al. [39] h ave foun d  th a t  
stra in s b elon g in g  to  serogroups 0 4  and 0 6  w ere M R A  + , I l l y + and C o l- .

B r ie fly , re su lts  sh ow in g  a close co n n e c t io n  am ong certain  serogroups  
( 0 1 ,  0 2 ,  0 4 ,  0 6 ,  0 7 ,  0 1 8 )  and certain  m ark ers o f  p a th o g en ic ity  (M B A , I l ly ,  
K l, Col) support th e  co n cep t o f m an y  w ork ers [2, 26 , 39] th a t E. coli stra in s  
h a v e  a clonal c o n n e c tio n .

E x a m in a tio n s  con cern in g  th e co m p a riso n  o f  d ifferen t v iru len ce m arkers 
w ith  L D 30 o f stra in s in  m ice and w ith  o th er  in  v iv o  te s ts  are in  progress.
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FERRIC AMMONIUM CITRATE DECOMPOSITION —
A TAXONOMIC TOOL FOR GRAM-NEGATIVE BACTERIA

A nna  Sz e n t m i h á l y i  and B.  L á n y i

N ational In s titu te  o f  H ygiene , Hada pest 

(R eceived F e b ru a ry  14, 1985)

T he iron u p ta k e  te s t  of Szabó a n d  V a n d ra  has been m odified and used for th e  d iffe re n ­
tia tio n  of G ram -n eg a tiv e  b ac teria . N u tr ie n t  ag ar co n ta in in g  20 g per litre  of ferric  am m o n iu m  
c itra te  was d is tr ib u te d  in to  narrow  tu b es  a n d  solidified so as to  form  b u tts  and  s la n ts . C on­
sidering  th e  loca lization  of th e  ru s ty -b ro w n  co lo ra tio n  p roduced  a f te r  seeding and in c u b a tio n , 
2367 s tra in s  were classified  in to  four g ro u p s. ( I )  U n changed  m edium : Escherichia coli, Shigella  
sp p ., Y ersin ia  spp ., H a fn ia  alvei and M organella  m organii 100%  each, Klebsiella  sp p ., 5 0 % , 
Enterobacter cloacae 3 7 % , Proteus vulgaris 5 9 % , Acinetobacter spp . 4 2% , Pseudomonas f lu o r es- 
cens 19% , some o th e r  b ac teria  2 -12% . (2) R u s ty -b ro w n  s la n t, unchanged  b u tt:  Salm onella  
su b g en era  II , 111 an d  IV 98% , Citrobacter fr e u n d ii  6 5% , E . cloacae 55% , P.vulgaris 4 1 % , 
Proteus m irabilis 9 8 % , Providencia rettgeri 100% , u rease -n eg ativ e  Providencia  9 6 % , A cin e to ­
bacter spp . 58% , P seudom onas aeruginosa 100% , P. fluorescens  81% , U K P (unclassified  f lu o ­
rescen t pseudom onads) 100% , o ther P seudom onas spp . 55% . (3) U nchanged  slan t, b row n  b u t t :  
S. typ h i  88% , Salm onella  subgenus I 3 % , Klebsiella  spp . 3 1% , som e o th er b a c te ria  2 -3 % . 
(4) R u sty -b ro w n  s la n t, brow n b u tt:  Salm onella  subgenus I 75% , C. fre u n d ii  2 0% , K lebsiella  
spp . 12% , some o th e r b a c te ria  1-5% . C olour reac tio n s in ferric  am m onium  c itra te  a g a r  a re  
asso c ia ted  w ith  th e  accu m u la tio n  of fe rr ic  h y d ro x id e : b a c te ria  g iving positive re ac tio n s  on 
th e  s la n t took  up as an  average, 63 t im e s  m ore iron th a n  th o se  w ith  negative  te s t.  T he 
lo ca liza tio n  of colour reac tio n  corre lated  p a r tly  w ith  aerobic  and  anaerob ic  c itra te  u t i l iz a ­
tio n  or decom position  in S im m ons’ m in im al and in K a u ffm a n n ’s p ep tone  w ater m ed ium .

In 1963 S zab ó  and Vandra [1 | e lab orated  a test for the in tragen er ic  
d ifferen tia tio n  o f  ac id -fa st b acter ia . If cu ltu red  on L ö w e n ste in -J en sen  egg  
m ed iu m  co n ta in in g  2%  iron a m m o n iu m  c itra te , certa in  species o f  rap id ly  
grow in g m ycob acter ia  accu m u lated  iron  and produced  ru sty-b row n  co lo n ie s . 
T h e v a lu e  o f th e  “ iron  u ptake” te s t  w as con firm ed  b y  T ison  et al. [2 | and  
W ayn e and D o u b ek  [3 ]. P a tty n  an d  van  E rm en gen  [4] h ave found th a t on  
p ep to n e  w ater agar th e  reaction  p roceed s ev e n  m ore rap id ly  th an  on  L öw en -  
s te in -J e n se n  m ed iu m . The “ iron u p ta k e ”  te s t  o f  Szabó and V andra has  
a ttra cted  w orld -w ide a tten tion  in th e  id e n tific a tio n  o f  m ycob acter ia  [3].

A co n sta n t n eed  for new ta x o n o m ic  lab els for an im proved  ch a r a c te r i­
za tio n  o f  m icroorgan ism s has led  us to  test th e  va lu e  o f  th is m ethod  in th e  
c la ss ifica tio n  o f  G ram -n egative b a cter ia .

A n n a  S z e n t m i h a i .y i , B é l a  L á n y i  

N a tio n a l I n s t i tu te  o f  H yg iene  
H -1966 B u d a p e s t,  P .O .B . 6 4 , H u n g a ry

■Ida M icrobiologica И ипрагica 33 , 1936  
A k a d ém ia i K iadó, l iu d a p csl
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M aterials and m eth od s

Bacterial strains. R eferen ce  stra in s  m a in ta in e d  in  th e  H u n g a rian  N a tio n a l C ollection 
o f M edical B acteria , B u d a p e s t [6] and fresh iso la tes o b ta in e d  from  H u n g a rian  Pub lic  H ea lth  
la b o ra to r ie s  were used (T ab le  I). The cu ltu res re p re se n te d  d ifferen t b iochem ical, serological 
a n d  p h a g e -p a tte rn  e n tit ie s  and  were isolated from  a  w ide  v a r ie ty  of sources.

Ferric am m onium  citrate agar and test procedure. L ab-L em co b eef e x tra c t  (O xoid), 
4 g; y e a s t e x tra c t (O xoid  No. L21), 4 g; T ry p to n e  (O xo id  No. L42), 8 g; agar (O xoid No. 1), 
10 g; ta p  w a ter, 1000 m l; a f te r  steriliza tion  a t  121 °C fo r 30 m in , 20 g ferric  am m o n iu m  c itra te  
(b ro w n , h y d ra te d )  w as d isso lved  by  boiling in 20 m l d is tilled  w a ter and  ad ded  to  th e  m ed ium ; 
th e  p H  w as a d ju s ted  to  7 .4 -7 .6  w ith  N N aO H . T h e  m ed iu m  was d is tr ib u te d  asep tica lly  in 
100 X 10 m m  tu b es and  cooled  to  form  deep (25 m m ) b u ts  a n d  slan ts (35 m m ). In o cu la tio n  w as 
p e rfo rm e d  by s tab b in g  in to  th e  b u tt  and s tre ak in g  th e  s lan t. In c u b a tio n  la s ted  for 3 days 
a t  37 °C (a t 30 °C for som e non-ferm enters).

Other citrate m edia. S im m ons’ liquid , C h ris ten sen ’s solid and K a u ffm a n n ’s liqu id  c itra te  
m ed ia  w ere p rep ared  as d escribed  [7, 8]. A naerob ic  in c u b a tio n  in S im m ons’ and  K a u ffm a n n ’s 
c i t r a te  m edia  was p e rfo rm ed  b y  covering th e  m ed ia  w ith  a lay e r of liquid p a ra ffin  im m ed ia te ly  
a f te r  rem o v a l from  th e  ste rilize r.

Determ ination o f  iron  content o f  the cultures. S tra in s  chosen for iron c o n ten t assay  were 
g row n  in R oux  flasks w ith  ferric  am m onium  c itra te  agar. T he surface g row th  was h a rv ested  
a n d  w ash ed  four tim es in  d istilled  w ater by  c e n tr ifu g a tio n  a t  4000 rp m  for 2 h for each w a sh ­
ing. T h e  packed cells w ere d ried  w ith th ree  changes o f  ace tone  a t 105 °C. One h u n d re d  m g of 
d ried  b a c te ria  were m ix ed  w ith  10 drops of cc. H 2S 0 4 and  10 ml of cc. H N 0 3, th en  u n d e r 
g e n tle  h e a tin g  cc. H N 0 3 w as ad ded  a t sm all p o rtio n s  u n til  a clear so lu tion  was o b ta in ed . N i­
tro u s  gases were left to  e v a p o ra te  and th e  sam ple  w as cooled to room  te m p e ra tu re  [9].

Iro n  c o n ten t w as d e te rm in ed  using th e  th io c y a n a te  m ethod  [9]. T he sam ple  w as ev ap o ­
ra te d  to  dryness. A fter cooling , th e  residue was w e tte d  w ith  0.5 ml cc. I I N 0 3 th e n  tak e n  up  in 
100 m l d istilled  w ater. T o  50 ml of a p p ro p ria te ly  d ilu te d  (1 : 10-1 : 1000) sam ple  0.2 ml of 
3 .2 %  K M nO j (w /v) w as a d d ed . A fter m ixing a n d  lea v in g  to  s tan d  for 5 m in, 2 ml 20%  (w /v) 
K S C N  so lu tion  was a d d ed . A b lan k  solu tion  p re p a re d  in a sim ilar w ay w ith o u t sam ple  was 
t i t r a te d  w ith  s ta n d a rd  iron  so lu tion  (ferrous a m m o n iu m  su lp h a te  eq u iv a len t w ith  0.05 mg 
iro n  pe r m l) u n til th e  sam p le  an d  b lank  were id en tica l in  colour. The a m o u n t of Fe in th e  sam ple 
w as c a lcu la ted  by co n sid erin g  th e  volum e of s ta n d a rd  iro n  so lu tion  used.

F ig . 1. G row th of b a c te r ia  in ferric am m onium  c itra te  agar. T ubes from  left to  r ig h t: S. flex-  
neri, S. p a ra typ h i-A , K . pneum oniae , S. bispebjerg. S p o ts  seen un d er th e  tu b es  w ere p rep ared  
b y  sc rap in g  off th e  g ro w th  from  th e  slan t of th e  co rre sp o n d in g  tu b e  and streak in g  it  on a s trip  
o f f i l te r  p aper. R esu lts  a re  designated  by signs in th e  low er row: | u n ch an g ed  s la n t and  u n ­
ch an g e d  b u tt:  f  ru s ty -b ro w n  grow th on s la n t, u n c h an g e d  b u t t ;  unch an g ed  s la n t, ru s ty -  
b ro w n  colour reac tio n  a long  th e  stab ; J ru s ty -b ro w n  g ro w th  on s lan t, b row n  to  g rey ish  b lack

colour reac tio n  a long  th e  s tab
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Results

Reactions o f  Gram-negative bacteria in ferric ammonium citrate agar. 
Figure 1 sh ow s a n eg a tiv e  and th ree  k in d s o f  p o sitiv e  test in ferric am m o n iu m  
c itra te  agar. T he sam e colour as th a t  o f  th e u n in ocu lated  tu b e (y e llo w ) or a 
sligh t brow nish  co loration  in th e  b u tt  w as in terp reted  as a n eg a tiv e  te s t  and  
w as recorded  as . A ru sty  brow n g row th  on th e  slant w ith  u n ch an ged  b u tt  
w as d esign ated  ■)". T w o other k ind s o f  reaction  were brow n co lora tion  a lon g  
tin; sta b  or th rou gh ou t th e  b u tt (.).) and a variab le  shade o f  brow n co lo u r  rea c­
tion  b o th  on th e  slan t and in th e  b u tt  ( f) . C hanges in colour on th e  s la n t cou ld  
he d em on stra ted  b y  scrap ing o ff  th e  g row th  and streak in g  it on a p iece o f  
filter  p aper; a p o sit iv e  te s t  was ch aracterized  by a ru sty  brow n co lour o f  th e  
s p o t .

T ab le  I sh ow s th a t  E. coli, Shigella  sp p ., Yersinia  sp p ., II. alvei and  M . 
morganii  and part o f  o ther organ ism s, a lth ou gh  grew  w ell in th e m ed iu m , 
failed  to  d evelop  a colour reaction . T h e 6 n eg a tiv e  Salmonella  su b gen u s I s tra in s  
in clu d ed  S. abortus-ovis and S. ty p h i-suis.  M ost E. coli and II. alvei and  a b o u t  
10%  o f  C. freundii  stra in s ex h ib ited  a sligh t d iffuse brow nish  co lo ra tio n  in 
th e  b u tt  a fter  2 d ays, w hich  was ea s ily  d istin gu ish ab le  from  a p o sit iv e  reaction  
ch aracterized  b y  a m arked brow n, d ark -b row n  or even  grey ish -b lack  co lou r  
along th e  stab . A ru sty -b row n  grow th  on  th e  slan t w as exh ib ited  m a in ly  b y  
Salmonella  su hgenera  II . I l l  and IV , C. freundii ,  Providencia  and Pseudomo­
nas. P. mirabilis  and part o f  P. vulgaris  and  Acinetobacter iso la tes  g a v e  a s im ­
ilar rea ctio n , b u t u sually  on ly  a fter  in cu b a tio n  for 2 d ays. M ost S . lyj)hi  and  
som e o th er  Salmonella  su bgenu s I stra in s in clu d in g  S. abortus-equi and  som e  
S. cholerae-suis iso la te s , caused  a r u s ty  brow n colour reaction  a lon g  th e  stab  
after 1 or 2 d ays. A brow n colour o f  th e  s la n t and o f th e b u tt (f) w as ch a ra c ­
ter istic  m ain ly  o f  su h gen u s I Salmonella  stra in s. V ariable reaction s w ere re­
corded for d ifferen t iso la tes  o f  C. freundii ,  K .  pneumoniae, E. cloacae, P. 
vulgaris, Acinetobacter and Pseudomonas  sp p . o ther th an  P. aeruginosa and  
U F P .

T ab le  II sh ow s th e  num ber o f  stra in s g iv in g  p o sitiv e  tests  after d ifferen t  
p eriods o f  in cu b ation . For all stra in s e x a m in e d , 60 .2%  o f  th e reaction s occurred  
w ith in  1 d ay . I f  ta x a  ex h ib itin g  d e la y e d  reaction s freq u en tly  or regu larly  
(S .  typh i,  P . vulgaris, P. mirabilis  and  Acinetobacter)  are d isregard ed , 89 .1%  
o f th e  p o sit iv e  te s ts  appeared a lread y  a fter  1 d ay in cu b ation . T w o -d a y  read ­
ings g a v e  ev id en ce  o f  p o sitiv e  te st  in 9 6 .5%  o f  all strains.

Correlation between reactions in ferric ammonium citrate agar and citrate 
decomposition in other media. In th e cou rse o f  te s t in g  various bacteria  in ferric  
am m on iu m  c itra te  m ed ium  it b eca m e o b v io u s  th a t p o sitiv e  tests  w ere g iv en  
m o stly  b y  th o se  organ ism s w hich  w ere ab le to  decom p ose citra te  in o th e r  m e­
dia , as S im m o n s’ c itra te  (free from  organ ic n itrogen  sou rce), C h r isten sen ’s

Acla Microbiolouica Hunuurictt 33, 1980
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Table I

Behaviour o f Gram-negative bacteria in ferric am m onium  citrate agar со

R esu lts  in ferric  am m onium  c itra te  agar*

Genus Species, su b g en u s o r b iogroup N o. o f  s tra in s
J.
T 4- t

No. % No. % N o. % N o. °„

Escherichia coli 272 272 100.0
Shigella boydii 33 33 100.0 — — — — —

dysenteriae 30 30 100.0 — — — —
flexneri 143 145 100.0 — — — — — —
sonne i 95 95 100.0 — — — —

Yersinia enterocolitica 11 11 100.0 — —
pseudotuberculosis 5 5 —

Salmonella typhi 59 2 3.4 о 3.4 52 88.2 3 5.1
subgenus I 269 6 2.2 53 19.7 8 3.0 204 75.1
subgenus I I 13 13 —
subgenus III 67 о 3.0 65 97.0 — - — —
su b g e n u s I \ 1 1

Citrobacter freund ii 65 8 13.3 42 64.6 О 3.1 13 20.0
Edivardsiella tarda 1 — — 1 —
Klebsiella pneumoniae 137 70 51.1 11 8.0 40 29.2 16 11.7

oxytoca 8 2 — 5 1
Enterobacter cloacae 54 20 37.0 30 55.5 4 7.4 —

aerogenes 1 ~ — 1 —

Serratia marcescens 3 3 —

H afnia alvei 51 51 100.0 — — — —

Proteus vulgaris 112 66 58.9 46 41.1 — — —

mirabilis 359 7 1.9 352 98.1 ---- - — — —

Morganella morganii 110 110 100.0 — — — —
Providencia re tiger i 44 — — 44 100.0 — — —

urease-negative 82 — — 79 96.4 2 2.4 1 1.2
Pseudomonas aeruginosa 195 — 195 100.0 — —

flu o r escens 37 7 18.9 30 81.1 — —
T j JT p  * * 50 — — 50 100.0 — —

other 20 9 45.0 11 55.0 — — —

Acinetobacter calcoaceticus 19 3 15.8 16 84.2 — — — —

hvoffii 19 13 68.4 6 31.6 — — — —

T otal 2367 967 40.8 1049 44.3 115 4.8 238 10.1

* Tim e of incubation , 3 days; for exp lanation  of signs, see Fig. 1 
** Unclassified fluorescent pseudom onads [10, 11]
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Table II

Positive results in  ferric  am m onium  citrate agar after different periods o f incubation

( Irganism Sign* N o. o f  s tra in s
1 d a y 1! .lay» 3 d a y s

S. typhi t 2 2

4 52 19 2 6 7

Î 3 3

Salmonella subg. I t 53 4 7 6
4 8 6 2

4 2 0 4 179 2 0 5

Salmonella subg. o th er t 7 9 7 2 7

C. fre u n d ii t 4 2 4 2

4 2 2

4 13 1 12

K . pneumoniae t 11 11
4 4 0 4 0

4 16 16

E . cloacae t 30 2 9 1

4 4 1 3
P. vulgaris t 4 6 41 5

P. mirabilis t 3 5 2 1 349 2

P. rettgeri t 4 4 4 4

Providencia urease-neg. t 79 77 2 0
4 2 1 1

4 1 1

P. aeruginosa t 195 1 95

Pseudomonas U F P t 5 0 5 0

P. fluorescens t 3 0 4 7 19

Pseudomonas o ther t 11 7 4

A . calcoaceticus t 16 16

A . Iwoffii t 6 6

T o ta l No. 1391 8 3 7 5 0 5 4 9

per cent 60.2 3 6 .3 3 .5

* For exp lan atio n  of signs, see Fig. 1

c itra te  (con ta in in g  a low  a m o u n t o f  y ea st ex tra ct) and in K au ffin an n ’s c itra te  
(rich in p ep to n e). T o s tu d y  th e  correlation , S im m o n s’ and K a u ffm a n n ’s 
c itra te  were in o cu la ted  w ith  stra in s rep resen tin g  d ifferen t species and in cu ­
b ated  n ot on ly  aerob ica lly  b u t also an aerob ica lly .

T ab ic I I I  sh ow s th a t  b acteria  unable to  u tilize  c itra te  were n e g a tiv e  
in ferric am m on iu m  citra te  agar. T h e 16 E. coli s tra in s xvhich d ecom p osed  
c itra te  in  14 d ays in K a u ffm a n n ’s m ed ium , w ere a lso n eg a tiv e . M ost citra te -  
u tilizers (Salmonella, Citrobacter, P. mirabilis, P . rettgeri, u rease-n ega tive

A d a  Alicrobiologica Hungarica 33, 1986
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Providencia, P. aeruginosa an d  U F P ) g ave  som e k ind  o f  p o s it iv e  reaction  in 
ferric  am m on iu m  c itra te  agar. P art o f  p seu d om on ad s ( P. arninovorans, P. 
d im in u ta ,  P. paucimobilis, P .  vesicularis)  w ere n eg a tiv e  in all c itr a te  m edia , 
o th e rs  (  P. cepacia, P. putrefaciens, P. pseudoalcali genes, P. p ickettii  )  gave  
d iv e r g e n t  resu lts in S im m o n s’ and in ferric am m on iu m  citra te  agar. T h e b e­
h a v io u r  o f  A. calcoaceticus and A . Iwoffii in ferric am m on iu m  c itr a te  agar 
(8 4 .2  an d  31.6%  p o s it iv e )  corresp ond ed  to  th a t  o f  literary  d a ta  on  citra te  
u til iz a t io n  (94 and 40%  p o s it iv e , re sp ec tiv e ly ).

Iso la te s  b elon gin g  to  o th e r  ta x a  fre q u en tly  ex h ib ited  d iverse  reaction s.
II. alvei  w hich  produces a d e la y e d  p o sitiv e  t e s t  in  S im m on s’ c itr a te  in about 
60 %  18 ], was u n iform ly  n e g a tiv e  in ferric am m on iu m  citra te  agar (T ables I 
and I I I ) .  K . pneumoniae  is k n ow n  to grow in S im m on s’ c itra te  in 98%  and 
E. cloacae in 8 6 -100%  (8, 12); y e t , th e y  w ere n eg a tiv e  in ferric am m on iu m  
c itr a te  agar in 51.1 and 3 7 .0 % , resp ec tiv e ly . In  con trast, for P. vulgaris, 
w h ich  u tilize s  citrate in  S im m o n s’ m edium  o n ly  in 10-24%  [8, 12]. th e  ferric 
a m m o n iu m  citrate agar p ro v ed  to  be m ore se n s itiv e  (p ositive  in  4 1 .1 % , T ab le  I).

I t  seem ed  th a t a co lou r  reaction  on th e  s la n t o f  ferric am m on iu m  citra te  
agar corresp ond s to  aerob ic , and th a t in  th e  b u t t  to  an an aerob ic b reak d ow n  
o f  c itr a te . This correlation  w as ev id en t in case o f  o x id a tiv e  b acter ia  (Pseudo­
monas, Acinetobacter) ,  w h ich  cau sed  a "j" reaction  in ferric am m on iu m  citra te  
agar an d  decom posed  c itr a te  on ly  in  aerob ica lly  in cu b ated  tu b es o f  S im m on s’ 
and K a u ffm a n n ’s m ed iu m  (T ab le  I II ) .

W ith  Enterobacteriaceae, th ere were also som e correlations. S. typh i  on ly  
a t ta c k e d  citrate in p ep to n e  w a ter  (K a u ffm a n n ’s m edium ) and u su a lly  gave  
an  a n a ero b ic  ty p e  (.].) r e a c tio n  in  ferric am m on iu m  citra te  agar. M ost Salmo­
nella  su b gen u s I strains d eco m p o sed  citra te  in  S im m on s’ and in  K a u ffm a n n ’s 
m e d iu m  b oth  aerob ica lly  an d  an aerob ica lly  and ex h ib ited , acco rd in g ly , an 
a ero b ic  anaerobic ty p e  r e a c tio n  (:)) in  ferric am m on iu m  c itr a te  agar.

F o r  C. freundii, K .  pneumoniae  and E. cloacae there seem ed  to  he no 
co r re la tio n  b etw een  aerob ic or anaerobic c itra te  break d ow n  and th e  ty p e  o f  
r e a c t io n  in  ferric am m on iu m  c itra te  m ed ium . I t  was in terestin g  th a t  P. vul­
garis  an d  P. mirabilis  d eco m p o sed  citra te  in  S im m on s’ o n ly  a ero b ica lly  and 
in  K a u ffm a n n ’s on ly  a n a ero b ica lly , w hereas P. rettgeri and u rea se-n eg a tiv e  
Providencia  strains did so a ero b ica lly  and an aerob ica lly  in  b o th  m ed ia .

Absence of correlation between reactions in ferric ammonium citrate agar 
and H .,S  production. A lth o u g h  ferric am m on iu m  citra te  agar co n ta in ed  no 
su lp h u r  source ex cep t sm all a m ou n ts o f  cy s tin e , cy ste in e  and m eth io n in e  in 
th e  p e p to n e , it seem ed  in te r e s t in g  to  check  w h eth er  or n ot th e co lour reaction  
in th e  b u tt  was a ssoc ia ted  w ith  th e  ferrous su lp h id e p rod uced  as a resu lt o f
H .,S  fo rm a tio n .

I f  ferrous su lp h ate , ferric  su lp h ate  or ferrous am m on iu m  su lp h a te  were 
s u b s t itu te d  for ferric a m m o n iu m  citra te  in  th e  b asa l m ed iu m , sa lm on ellae
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Table III

Comparison o f  reactions in ferric  am m onium  citrate agar, S im m o n s ' citrate and K a u ffm a n n s
citrate

F e rric  am m onium S im m o n s’ <•it ra te K a u ffm a n n ’s c itra te

O rganism
N o. o f 
s tra in s

c itra te agar* po sitiv e ,* * p o sitive ,* * *

No.
a e ro b ic  ianaerobic ae ro b ic an acro b i

sign N o. No. N o. No.

E. coli 2 0 j 2 0

S. boydii 5 ! 5

S. dysenteriae 5 1 5

S. flex tier i 5 1 5

S. so tine i 3 1 3

Y. enterocolitica 11 ! 11

Y. pseudotuberculosis 5 ! 5

S. typhi 4 1 1X1
1

5
l
4

l
5

•j. 3 5 3 4 3 5

Salmonella subg. 1 2 0

f

1
5 2 2 3

4 2 l 2 2

t 12 1 2 12 12 12

(  freu n d ii 11 j 7 3 3 2 3
X1 4 4 3 3 3

E. tarda 1 4 1 1 1

K . pneumoniae 1 4 5 1 7 2 0 7 5 3 2 6 3 1

t 11 11 9 9 10

4 4 5 4 5 4 5 4 5 4 5

i 1 7 1 7 17 1 7 1 7

E. cloacae 5 4 1 2 0 1 9 111 1 7 18

t 3 0 2 9 2 8 2 3 2 5

4 4 4 4 4 4

II. alvei 2 0 1 2 0 6 2 111 2 0

P. vulgaris 1 0 1 2 1 2

f 8 7 8

P. mirabilis 1 0 t 10 1 0 8

M. morganii 2 0 1 2 0

P. rettgeri 2 0 t 2 0 2 0 2 0 2 0 19

Providencia urease-neg. 2 0 t 2 0 1 3 1 4 1» 1 7

P. aeruginosa 1 0 t 1 0 1 0 1 0

Pseudomonas II FP 1 0 t 1 0 1 0 10

* R ead afte r 3 days in cu b a tio n ; for exp lanation  of signs, see Fig. 1 
** Sim m ons’ liquid am m onium  c itra te  m edium  w ith  0 .1%  am m onium  dihydrogen  phos­

p h a te  and 0 .5%  sodium  c itra te  read  a fte r  4 days incubation . P ositive  te s t: grow th and  alkaline 
reac tion  in aerobic tubes; g row th  an d /o r acid reaction  or deeolorization  of the in d ica to r in a n ­
aerobic tubes

*** K au ffm ann’s liqu id  m ed ium  w ith 1%  peptone and  1%  sodium  c itra te  read  after 
14 days incubation . D ecom position  of c itra te : absence of volum inous p rec ip ita te  w ith  lead 
ace ta te  reagent
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sh o w e d  b u t a faint th in  lin e  o f  b lack en in g  along th e  s la b , in co n tra st to  a m ark­
ed  d ark -b row n  or g rey ish -b la ck  coloration  in  th e  p resence o f  ferric am m onium  
c itr a te .  C. freundii, P . m irabilis  and P. vulgaris w h ich  produce H 2S in  th e  pres­
e n c e  o f  a sufficient su lp h u r  sou rce (th io su lp h a te), d evelop ed  no co lour reac­
t io n  w h e n  the basal m ed iu m  con ta in ed  iron sa lts  o ther th an  c itra te . A  further  
p r o o f  th a t  the colour r e a c t io n  in ferric c itra te  agar is in d e p e n d en t o f H 2S 
p r o d u c tio n  was that m a n y  Klebsiella  and Enterobacter stra in s p rod u ced  a rusty- 
b r o w n  colour in the b u t t  o f  ferric am m onium  citra te  agar, b u t w ere uniform ly

Salmonella

t
Klebsiella

1 t 1 t

• • $ •

277 2 205 ISO 272

mg Fe / g

F ig . 2 . I ro n  accum ulation  b y  d iffe re n t b ac teria l cu ltu res  g row n on p la tes of fe rric  am m onium  
c i t r a te  a g a r. U pper row: sign  o f re su lt  (see Fig. 1). M iddle row : w ashed an d  acetone-dried  
b a c te r ia  in  p lastic  con ta iners. L o w er row : am oun t of iron  (m g Fe) accu m u la ted  b y  1 g dry

bacteria

F ig . 3. E le c tro n  m icrograph o f w ash ed  cells of P. rettgeri s tra in  65001 grow n in  liqu id  basal 
m e d iu m  (a) w ithout, and (b) w ith , fe rric  am m onium  c itra te . C ytop lasm ic m em b ran e  and s tru c ­
tu re  o f  cy to p lasm  are in ta c t;  no  d ifferen ce  in electron  d en sity  and  v acu o liza tio n  of cytoplasm . 
M ic ro g rap h  (b) shows th a t  iro n  p re c ip ita te s  are confined to  in te rce llu la r spaces. X 12 500
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n eg a tiv e  in  th io su lp h a te -iro n  agar and ex h ib ited  no co lour reaction  in th e  
basal m edium  su p p lem en ted  w ith  iron sa lts o th er th a n  c itra te .

Binding of iron by bacteria grown on iron am m onium  citrate agar plates. 
F igu re 2 sh ow s th a t  after th orou gh  w ash in g , b a cter ia  th a t  failed  to  d ev e lo p  
a colour reaction  in  ferric am m on iu m  citra te  agar, con ta in ed  iron in  sm a ll 
am ou n ts. O rganism s p o s it iv e  on  th e  slan t or on th e  s la n t and in th e  b u tt ,  
accu m u lated  con sid erab le  a m ou n ts o f  iron (on th e  average 63 tim es m ore  
th a n  th ose  w ith  n eg a tiv e  te s t) . T h e K . pneumoniae  stra in s w hich p rod uced  
a colour reaction  o n ly  in  th e  b u tt  o f  ferric am m on iu m  c itra te  agar, in  R o u x  
fla sk  cu ltures took  up a con sid erab le  am oun t o f  iron.

F igu res 3a and 3b sh ow  electron  m icrographs o f  P. rettgeri grow n  in  
iron-free and iron -con ta in in g  m ed iu m . The iron p rec ip ita te  is co n fin ed  to  
in tercellu lar  sp aces.

93

D iscussion

A lth ou gh  certa in  b acter ia  d iffer in the resu lt o f  ferric am m onium  c itr a te  
and o th er c itra te  te s ts ,  it  m ay  be assum ed th a t  all p o s it iv e  reactions are a s ­
so c ia ted  w ith  m eta b o lism  o f  th e  sam e su b stra te . I t  is k n ow n  th a t th e  a b ility  
o f som e b acteria  to  a tta ck  c itra te  varies w ith  th e  m ed iu m  used , e.g . S. typh i  
is u su a lly  p o s it iv e  in K a u ffm a n n ’s b ut in v a r ia b ly  n e g a tiv e  in S im m o n s’ 
citra te ; E. coli is n e g a tiv e  in  S im m o n s’ b ut in  ab ou t 16%  p o sitiv e  in C h risten ­
sen ’s m edium .

T he p rod u cts o f  c itra te  break d ow n  d ep en d  on  th e  m ode o f  in cu b a tio n  
and on th e  kind o f  n itrogen  source [7, 8, 13]. U n d er  anaerob ic co n d itio n s , 
c itra te  is degraded to  low er acids w h ich  m ain ta in  an acid  en v iron m en t in  th e  
m ed ium . In  open  tu b es  o f  K a u ffm a n n ’s citra te  at f ir s t  an acid  reaction  occu rs, 
sin ce b acter ia  —  u tiliz in g  th e  en ergy  p rovid ed  b y  an ab u n d an ce o f  p ep ton e — 
prod uce a low  o x id a tio n -re d u ctio n  p o ten tia l fa v o u ra b le  for th e  accu m u la tion  
o f  low er acids; on  p ro lon ged  in cu b a tio n , h ow ever , as a resu lt o f  further d eg ra ­
d a tio n  o f  th e acids and am m on ia  p roduction  from  th e  p ep to n e , th e p H  sh ifts  
to  a lk a lin e. In  th e  absen ce o f  organ ic n itrogen  (S im m o n s’ m edium ) or at lo w  
organic n itrogen  co n ten t (C h risten sen ’s m edium ) aerob ic d egrad ation  o f  c itr a te  
resu lts in th e  p rod u ction  o f  carb on ates sh iftin g  th e  p H  tow ard  a lk a lin ity . In  
th e  c lassica l c itra te  m ed ia  sp lit tin g  o f  th e  su b stra te  is d etec ted  w ith  p H  in ­
d icators; in liq u id  m ed ia  th e  resu lt can be con firm ed  b y  ad din g lead a c e ta te  
w h ich  form s a p rec ip ita te  w ith  u n a tta ck ed  citra te .

In  ferric am m on iu m  citra te  agar, b reak d ow n  o f  th e  citra te  co m p lex  
resu lts in a —  p rob ab ly  ex trace llu lar  —  accu m u la tion  o f  in solu ble iron c o m ­
p oun ds (m a in ly  ferric h y d ro x id e  and perhaps a lso  ferric o x y h y d r o x id e ).  
A ccord in g ly , a new  in d ica tor sy stem  is in v o lv ed  w h ich  m a y  be responsib le for

Aeta iViicrubiologica Hungarica 33, 1986



94 SZENTMIHÁLYI and LÁNYI

d iffer en ce s  in  the resu lts o b ta in ed  w ith  c la ssica l citrate m ed ia . S. typh i  b eh aves  
in  ferr ic  am m onium  c itr a te  m ed ium  as e x p e c te d : grow ing w ith  an ab undance  
o f  p e p to n e , it  d ecom p oses th e  su b stra te . In  con trast, H. alvei w h ich  is p artly  
p o s it iv e  in  S im m on s’ and m o stly  d e la y ed  p o sitiv e  in  K a u ffm a n n ’s, fa ils to  
d e v e lo p  a d istinct colour rea ctio n  in  ferric am m onium  citra te  agar. N eg a tiv e  
r e su lts  in  ferric am m on iu m  c itra te  agar for a num ber o f  C. freu n d ii ,  K .  pneumo­
niae  and  E. cloacae stra in s w hich  d eco m p o se  citrate in  th e  c la ssica l m edia  
m ig h t  b e associated  w ith  a d ifferen ce in  th e  u tiliza tion  o f  th e  iron  com p lex  
an d  o f  th e  sodium  sa lt o f  c itr ic  acid . T h e sam e d ifference m a y  accou n t also  
for  th e  fa c t  th a t “ aerob ic” ( f ) ,  “ a n aerob ic” (.j.) and “ aerobic -f- a n aerob ic” (I) 
r e a c t io n s  o f  C. freundii , K .  pneumoniae  an d  E. cloacae sh ow ed  p ra ctica lly  no 
co r r e la t io n  w ith  th e  resu lts  in  a ero b ica lly  an d  an aerob ica lly  in cu b a ted  S im ­
m o n s ’ an d  K au ffm an n ’s m ed ia .

F erric am m onium  c itr a te  agar m ay  be useful in ro u tin e  id en tific a tio n  
an d  in  ta x o n o m ic  stu d ies . T h e  m ed ium  is ea sy  to  prepare and, if  sea led  a irtigh t, 
ca n  b e  stored  for m on th s. F rom  d ata  in  T a b le  I  it  is ev id en t th a t  it  can n ot be 
u se d  as a su b stitu te  for S im m o n s’ c itra te , m a in ly  b ecause o f  th e  num erous n e­
g a t iv e  te s t s  w ith  Citrobacter, Klebsiella  and  Enterobacter. O n th e  o th er hand, 
ferr ic  am m on iu m  citra te  agar is su ita b le  for d ifferen tia tion  o f  S. typhi, Sal­
monella  su bgenu s I and o th er  Salmonella  su bgenera. T he u n iform  b eh av iou r  
o f  P .  rettgeri and u rea se-n eg a tiv e  Providencia  strains is n o t o n ly  a d iagnostic  
fe a tu r e , b u t also a fu rth er p ro o f th a t  i t  is ju stified  to  cla ssify  th e se  bacteria  
in  o n e  gen u s. As in d iv id u a l stra in s o f  d ifferen t bacteria  g iv e  fa ir ly  con stan t  
r e s u lts  in  ferric am m on iu m  citra te  agar, th e  m edium  can  b e u sed  for d ifferen­
t ia t io n  o f  “ iron b io v a r ia n ts” w ith in  C. freundii ,  K .  pneumoniae, E. cloacae, 
P . vulgaris  and Acinetobacter.
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EFFECT OF METAL IONS 
ON THE ANTIMICROBIAL ACTIVITY 

OF 5-SULPHOSALICYLIC ACID

P . V . K h a d i k a r , S. M. A l i , В . P o l  and B . D . H e d a

Departm ent o f  Chem istry, D evi A hilya  V iskw avidyalaya, Indore, India  

(R ece iv ed  A ugust 6, 1984)

B is-(5 -su lphosa licy la to )-d iaquo  chelates of Y O (II), C u (II), N i(II), C o(II), F e ( I I )  an d  
M n(II) exerted  a n tifu n g a l ac tiv itie s . T h e  chelates h a v e  b een  ch aracterised  fo r e lem en ta l, 
th e rm a l a n d  in fra -red  sp ec tra l s tu d ie s  a n d  w ere found  to  b e  m ore  fungicidal th a n  th e  c h e la t­
ing  ag en t. T he a n tifu n g a l a c tiv ity  w as fo u n d  to  be in  th e  o rd e r: C u (II) ^  N i(II)  >  C o(II) >  
>  F e (II)  >  M n (II) >  V O (II).

T h e sa licy la tes  are drugs o f  great a n tiq u ity . T h e b ioab ility  o f  sa licy la tes  
at th e ir  sites o f  action  can  b e  en h an ced  or red u ced  b y  in teraction  w ith  other  
drugs. Several stu d ies w ere carried  ou t o f  th e  b io ch em ica l and p h arm aco log ica l 
effec ts o f  th ese  an tim icrob ia l a g en ts  g iven  w ith  o th er  drugs.

T he m eta l ions h a v e  a  con sid erab le e ffec t  o n  th e  an tim icrob ia l a c t iv ity  
o f  sa licy la tes , esp ecia lly  o f  sa licy lic  acid . S a licy lic  and nuclear su b stitu ted  
sa licy lic  acids form  stab le  ch e la te s  w ith  a n u m b er o f  m eta l ions. R e c e n tly  we 
h a v e  in v estig a ted  th e  an tim icrob ia l r e a c t iv ity  o f  m eta l ch elates o f  sa licy lic -, 
4-am in o -sa licy lic - and 3 ,5 -d in itro -sa licy lic  acids [1—6].

A  su rv e y  o f  th e  lite ra tu r e  sh ow s th a t  l i t t le  w ork  has b een  d on e on  th e  
p rep aration  and ch aracteriza tion  o f  m eta l ch e la te s  form ed  b y  5 -su lp h osa licy lic  
acid  (5-S SA ). N eith er has th e  role o f  b io lo g ic a lly  occurring m eta ls  on  th e  
an tim icrob ia l a c t iv ity  o f  5 -S S A  b een  s tu d ied . W ith  th is  o b je c tiv e  in  v iew  
w e h a v e  stu d ied  th e  effec t o f  variou s m eta l io n s on  th e  an tim icrob ia l a c t iv ity  
o f  5-SS A . T h e present rep ort d eals w ith  th e  an tifu n g a l a c t iv ity  o f  5-SS A  
ch ela tes o f  V O (II), C u(II), N i( I I ) ,  C o(II), F e (I I )  and M n(II). T h ese  ch ela tes  
are prepared  and ch aracterised  b y  e lem en ta l, th erm al and in fra-red  sp ectra l 
stu d ies . T he an tifu n ga l a c t iv i ty  is th en  correlated  to  th e  co v a len cy  in  M -L b ond .

M aterials and m eth od s

The chemicals used  w ere o f  B D H  A n a laR  or e q u iv a len t q u a lity . T he com plexes were 
p rep ared  follow ing m eth o d s d esc rib ed  prev iously  [7].

The metal content of all th e  com plexes w as d e te rm in e d  b y  s ta n d a rd  com plexom etric  
t i tra tio n . In  ad d itio n , carb o n  a n d  h y d ro g en  an aly ses w ere carried  o u t using  C olem an CHN- 
an aly se r 29.

P . V . K h a d i k a r , S. M . A l i , B. P or , B . D . H e d a  
D e p a r tm e n t o f  C h e m is try , D ev i A h ily a  V is h w a v id y a la y a  
K h a u d w a  R o a d , In d o re -4 5 2  001, In d ia

C orrespondence : P .  V . K h a d i k a r  3, K h a t ip u r a  R o a d , In d o re -4 5 2  007, In d ia
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Physical measurem ents were made as described previously [8, 9]. The water content of 
the complexes was determined by thermogravimetric analysis (Table II). Thermogravimetry 
(TG) was carried out on a Stanton recording thermobalance (HT-model) of one mg sensitivity 
in static air with a heating rate of 4 °C/min. All the samples were packed as uniformly as 
possible in platinum crucible of appropriate size. The same platinum crucible was used through­
out the experiments.

Differential thermal analysis (DTA) assembly with temperature programmer of F and 
M Scientific 240 Hewlett Packard and thermocouple platiner II of Engelhard Ltd., USA were 
used. DTA curves were recorded by Rikadenki Kogyo Co. Ltd. recorder in static air at a heat­
ing rate of 4 °C/min. Aluminium was used as the reference standard.

The presence of ligand and the water molecules in the complexes was identified by 
infra-red spectroscopy using a Perkin Elmer Grating IR-Spectrophotometer Model 377, by 
the KBr disk technique. The 4000-400 cm-1 region was scanned at fifteen min. Far IR 
(500-50 cm-1) were scanned on Polytec FIR-30 Fouries Far Infra-red Spectrometer.

The instruments were capable of recording frequencies with an accuracy of ± 2  cm-1.
The characteristic IR  band positions are presented in Table III.
Fungicidal activity was evaluated against five fungi (Table IV) by the agar-plate 

technique [10]. The number of replications was three.

R esu lts  and discussion

Stoichiometry and behaviour.  T he prepared  ch ela tes , th e ir  a n a ly s is , co l­
o u r , y ie ld  in  per ce n t an d  ab b rev ia ted  n am es are reported  in  T ab le  I . The  
c h e la te s  are stable in  air an d  in so lu b le in  co m m o n  organic so lv e n ts  ex c ep t  
D M F  in  w hich  th e y  are e a s ily  so lu b le. The a n a ly tic a l d a ta  recorded  in  T ab le  I  
in d ic a te  th e  form ation  o f  M L 2— 2 H 20  ch e la te  in  each  case, w here M stan d s  
for V O (II ) ,  Cu(II), N i( I I ) ,  C o(II), M n(II) and F e (II )  and L for th e  anion  
o f  5 -S S A .

Table I

Physical and  analytica l data fo r  bis-(5-sulphosalicylato) -diaquo 
m etal chelates o f  bivalent metal ions

Complex® Colour
A n aly tica l d a ta b , 

p e r  ce n t found

M c H

(I) VO(5SSA)j • 2 H ,0 Dark green 12.41 32.08 2 . 2 0

(II) Cu(5SSA)2 • 2 H20 Olive green 11.91 30.98 2.31
(III) Ni(5SSA)2 • 2 H20 Green 11.82 31.27 2 . 2 0

(IV) Co(5SSA), • 2 H20 Pink 10.98 31.16 2.34
(V) Mn(5SSA)2 • 2 H ,0 Buff 10.41 31.89 2 . 2 1

(VI) Fe(5SSA)2 • 2 H20 Coffee 11.04 31.92 2.23

“ %Yield: 1(60), 11(76), 111(70), IV(55), V(65), VI(70) 
b %M(cal): 1(12.51), 11(12.25), 111(11.14), Щ11.18), V(10.52), УЦ10.66) 

%C(cal): 1(31.40), 11(31.60), 111(31.57), Щ32.12), V(32.12), VI(32.07) 
%H(cal): 1(2.24), 11(2.25), 111(2.28), IV(2.27), V(2.29), VI(2.29)

E a r lie r  data o f o p tic a l, m a g n etic  and X -r a y  К -absorption  stu d ie s  in d i­
c a te d  d is to r te d  octah ed ral stereo ch em istry  [6 ].
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B eca u se  o f  th e  in so lu b ility  o f  ch ela tes  in  com m on  organ ic so lv e n ts  sin g le  
cr y sta l g row th  is n ot p ossib le . In  ab sen ce o f  X -r a y  stru ctu re a n a ly s is  it  is 
h op ed  th a t  th e  infra-red sp ec tra l s tu d y  w ill th row  som e lig h t on  th e  stru ctu re  
o f  th ese  ch e la te s  o f  5-SSA .

Thermogravimetric analysis.  T h erm ograv im etric  an a lyses w ere carried  ou t  
w ith  a v ie w  to  in v estig a te  th e  n u m b er and n atu re o f  w ater m o lecu les  p resen t  
in  th e  ch e la te s . D a ta  recorded  in  T ab le  I I  in d ica te  th a t  th e  f ir s t  w e ig h t  loss  
ob served  in  th e  8 0 -2 6 0  °C tem p era tu re  range w as due to  th e  loss o f  tw o  w ater  
m olecu les. T h e observed  d eh y d r a tio n  tem p era tu re range in d ica ted  th a t  th e y  
are p resen t as co-ord in ated  w a te r  m olecu les [11]. T h e p resen ce o f  co -o rd in a ted  
w ater  m o lecu les found  fu rth er con form ation  b y  th e  infra-red  sp ec tr a  stu d ie s . 
T h e lo ss  o f  tw o  w ater m olecu les in  a sin g le  step  in d ica tes th a t  th e y  are eq u a lly  
b ou n d  to  th e  m eta l ion .

Table II

Thermogravimetric analysis o f  bis-(5-sulphosalicylalo)-diaquo chelates 
o f  bivalent metal ions

C hela te T e m p e ra tu re  
ra n g e , °C

R es id u a l
p ro d u c t

P e r  c e n t w e ig h t loss 
fo r  tw o  H 20 D T A  P eak*

°C
calc. obs.

VO(5SSA)2 • 2 H20 110-260 VO(5SSA), 6.72 6.25 220 Endo.
Cu(5SSA)2 • 2 H20 100-240 Cu(5SSA)2 6.77 6.50 210 Endo.
Ni(5SSA)2 • 2 H„0 80-220 Ni(5SSA)2 6.83 7.00 200 Endo.
Co(5SSA)2 • 2 H20 100-230 Co(5SSA)2 6.83 6.75 210 Endo.
Fe(5SSA)2 • 2 H20 90-210 Fe(5SSA), 6.87 6.50 200 Endo.
Mn(5SSA).2 • 2 HjO 80-210 Mn(5SSA)2 6.88 7.00 190 Endo.

* Endo. =  endotherm

Infra-red spectras. T h e in fra-red  sp ectru m  o f  solid  5 -S S A  is a lm o st id en ­
tica l to  th a t  o f  its  ch ela tes  in  th e  reg ion  2 0 0 0 -6 2 5  c m - 1 . T h e freq u en cies o f  
m ost in te r e s t  w ith  regard to  stru ctu re are th e  C— О and О— H  v ib ra tio n s. 
T h e у  C = 0  b and  at 1665 c m -1  is sh ifted  to  a low er freq u en cy  (с^ 1630  c m -1 ) 
in  all th e  ch ela tes , sh ow in g  th a t  ch e la tio n  has ta k en  p lace  th ro u g h  th e  car­
b o x y l group  [12, 13]. A p p earan ce o f  th e  n ew  band  in  th e  n e ig h b o u rh o o d  o f  
840 c m -1  su ggested  th e  p resen ce  o f  co -ord in ated  w ater  m o lecu les  [1 4 -1 6 ] .  
A  b an d  a t 335 c m -1  co n firm ed  th e  p resence o f  co -ord in ated  w a te r  [17 ]. The  
ô 0 — H  p ea k  a t 1350 c m - 1  rem ain ed  a lm o st a t th e  sam e p o s it io n  for  b oth  
5-SS A  and its  chelates; th is  sh o w  th a t  th ere w as no lo ss  o f  p ro to n s  b y  th e  
p h en o lic  O H  group on ch e la tio n .

T h e increase in  th e  d ifferen ce b etw een  у COO (asym ) and у  COO (sym ), 
A C = 0 ,  h as b een  tak en  as a m easu re o f  in creasin g  co v a len ce  o f  M — L bond  
[18]. T h e 5 -S S A  ch elates p resen ted  a band  at c^ 1640 c m -1  for у  COO (asym )
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a n d  a t <^1420 c m -1  fo r  y  COO (sym ). T h u s th e  c o v a len t ch aracter o f  th e  
M — L  bond (T able I I I )  fo llo w ed  th e  order V O (II)-5 S S A  >  C u (II)-5S S A  >  
>  N i(II)-5 S S A  >  C o (I I )-5 S S A  ^  F e(II)-5 S S A  ^  M n (II)-5S S A .

T rends in  p o s it io n s  an d  separation  b e tw e e n  a n tisy m m etric  and sy m ­
m e tr ic  carb oxy la te s tr e tc h in g  band  were u se fu l for  a ssign in g  th e  co -ord in ation  
t y p e  o f  th e  ca rb o x y la te  g ro u p , y  COO (sym ) g rea ter  th a n  1414 c m -1  m a y  be  
a ssu m e d  as stron gly  in d ic a t iv e  o f  bridging b id e n ta te . C arb oxy la te v a lu es w ere  
in  t h e  1400-1414  c m - 1  sp e c tr a l range o f  m o n o d e n ta te  and th o se  low er th a n  
1 4 0 0  c m -1  o f  b id e n ta te  c a r b o x y la te  [1 9 -2 4 ] . O n th e  b asis o f  th ese  con sid era ­
t io n s  in  all our m eta l c h e la te s  o f  5-SSA  w e m a y  a ssu m e th e  p resence o f  carb o­
x y la t e  w hich  acts as b r id g in g  b id en ta te , an  o b ser v a tio n  co n sis ten t w ith  th e  
p o ly m e r ic  structure su g g e s te d  earlier [25].

V O (II)-5S S A  e x h ib ite d  a band at 850 c m -1  cou p led  w ith  by  (H 20 )  
w h ic h  m a y  be a ttr ib u ted  to  th e  У— 0  stre tch in g . T h e v a lu e  is ab n orm ally  low , 
a n d  h a s  earlier b een  e x p la in e d  [26] in  term s o f  th e  У — О — V — 0  b rid g in g  in  
p o ly n u c le a r  six  c o -o r d in a te d  oxovan ad iu m  co m p lex e s .

Antifungal activity.  T h e  resu lts show ed  m ark ed  va ria tio n s in  th e  a c t iv ity  
o f  5 S S A  as in flu en ced  b y  m e ta l ions. In  each  ca se  an  in crease in  a c t iv ity  w as  
o b se r v e d  in  com p arison  to  p aren t 5SSA . A g a in st  Cunning hamella , 5S SA  
i t s e l f  w a s  found to  b e  in a c t iv e ,  w hile its  C u (II), C o(II) and У О (Н ) ch ela tes  
s h o w e d  m easurable a c t iv i ty .  T h ese ch elates e x h ib ite d  an  eq u a l a c t iv ity  ag a in st  
C. hamella.  Cu(II) an d  C o (II )  ch elates sh ow ed  a c t iv i ty  ag a in st all th e  fu n g i 
u s e d , w h ile  M n (II)-ch e la te  w a s  found  to  be a c t iv e  o n ly  ag a in st Rhizopus nigri­
cans  an d  Pénicillium chrysogenum.  In  gen era l, C u (II)-ch e la tes  sh ow ed  m a x i­
m u m  a c t iv ity  aga in st a ll t h e  fu n g i used. I t  ap p ears, th erefore, th a t  m eta ls  
h a v e  so m e  role in  th e  a n tim ic r o b ia l a c t iv ity  o f  5 S S A .

In creased  a c t iv ity  d u e  to  th e  form ation  o f  m eta l ch ela tes  su p p ort th e  
id e a  o f  Perrin  [27], F o y e  e t  a l. [2 8 -3 0 ] and our earlier resu lts [1—6 ], in  w h ich  
i t  w a s  suggested  th a t  t h e  m o d e  o f  action  o f  sa lic y la te s  is d ep en d en t u p on  
t h e  p resen ce  o f  certa in  m e ta l io n s . The ch em istry  o f  sa licy la tes  and th e  p o te n ­
t ia l  b in d in g  sites for c a t io n s  m a y  be resp onsib le for  th e  a c t iv ity .

T a b le  IV  show s t h a t  t h e  fungicidal a c t iv i ty  in creases rou gh ly  in  th e  
s e q u e n c e  Cu(II) N i( I I )  >> C o(II) >  F e (II)  >  M n (II) > V O ( I I ) .  E x c e p t  for  
V O (I I ) ,  th is  is th e  order e x h ib ite d  in  sp ec tro ch em ica l series and co v a len cy  in  
M — L  b on d .

F ro m  th e  ab ove i t  is  c lear th a t V O (II), C u (II) , N i(I I ) , C o(II), F e (II)  
a n d  M n (II)  chelates o f  5 S S A  w ere m ore a c t iv e  th a n  5S S A  it s e l f  aga in st all 
t h e  fu n g i under in v e s t ig a t io n . T his w as p ro b a b ly  d u e to  th e  ch ela tion . A s a 
c o n se q u e n c e , th e s tr u c tu r a l v a r ia tio n  leads to  n e w  p h y sica l and ch em ica l 
p r o p e r t ie s , alters th e  r e a c t iv i t y  o f  a m olecu le, w h ic h  in  tu rn  m a y  cause ch an ges  
in  d istr ib u tio n , in  cells a n d  t is su e s  and in  e x c r e tio n  p a tter n . A  correlation  o f  
a n t ifu n g a l a c tiv ity  and t h e  stru ctu re o f  ch e la te s  h as also b een  fou n d . T his
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Table III

Characteristic IR  group frequencies fo r  bis-(5-sulfosalicylato)-diaquo complexes

B is-(5 -su lphosalicy lato )-d iaquo  com plexes o f

5 SSA Cu(II) Ni(II) Co(II) Mn(II) Fe(II) VO+ +

у  COO (asym.) 1665 (s) 1648 (s) 1650 (s) 1640 (s) 1630 (s) 1635 (s) 1650 (s)
у  COO-  (sym.) 1445 (s) 1420 (s) 1430 (s) 1430 (s) 1420 (s) 1425 (s) 1420 (s)
у (0  -  H) 2400-3600 2800-3750 2900-3690 3000-3715 2900-3670 2700-3690 2800-3680

(3200) (sb) (3475) (sb) (3450) (sb) (3510) (sb) (3400) (sb) (3480) (sb) (3520) (sb)
A (O -H ) 1350 (s) 1345 (s) 1350 (s) 1350 (s) 1345 (s) 1350 (s) 1360 (s)
b y  (H ,0) — 850 (s) 840 (s) 830 (s) 830 (s) 825 (s) 870 (s)

* 860 (sh)
у  (M—0 )  +  (С—C) — 530 (w) 520 (mb) 495 (w) 490 (m) 505 (in) 510 (w)
у  (M — 0 ) 4- ring before — 440 (sb) 420 (w) 430 (m) 405 (sh) 425 (w) 430 (sh)
у  (M —OH,) — 335 (sb) 330 (bs) 330 (s) 335 (b) 330 (s) 332 (s)
A  C = 0 — 228 220 210 210 210 230

A  C = 0  =  y  COO asym. — y  COO sym.; s =  sharp, sb =  sharp and broad, sh =  shoulder, m =  medium, mb =  medium and broad, 
w =  weak, * coupled with y V—О
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Table IV

A n tifu n g a l screening o f  bis-(5-sulphosalicylato)-diaquo chelates 
o f  bivalent m etal ions

F u n g i
Bis-(5-■ su lp h o s a lic y la to ) -d ia q u o  c h e la te s *

5SSA V O (II) C u (II) N i( I I ) C o(II) F e(U ) M n (II )

C unning hamella — 9 8 — 8 — —

R hizopus nigricans 1 6 1 8 1 9 2 2 1 9 2 0 2 2

P énicillium  chrysogenum 1 4 1 6 2 4 2 4 2 0 1 8 2 0

Aspergillus niger 1 6 - 1 8 1 8 1 6 1 6 —
M ucer  sp. 1 4 1 6 1 6 1 6 2 0 — —

* A n tifungal a c tiv ity  in  te rm s of m ean  d iam ete r (m m ) o f inh ib ited  zone ap p earin g  around  
th e  c u p ; th e  solvent (D M F) h ad  no an tifungal a c tiv ity

in fo r m a tio n  m ight h elp  b io ch em ists , p h y s io lo g is ts  and p harm acists in  f in d in g  
n ew  a n d  u sefu l a g en ts , b u t th e  stu d y  still n eed s con firm ation  b y  c lin ica l tr ia ls .
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CYTOTOXICITY OF LYMPHOCYTES AND 
ANTIBODIES AGAINST AUTOLOGOUS TUMOR CELLS 

IN PATIENTS WITH MYELOID LEUKAEMIAS 
AND PRELEUKAEMIC DISORDERS

III. STAGE-DEPENDENCE OF ONCOVIRUS-SPECIFIC IMMUNE RESPONSE

B. S z a b ó , F. D. T ó t h , L. V á c z i , J o l á n  K i s s , A. R é t h y ,

A. Kiss and K. R á k

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

(Received December 6, 1984)

Lymphocyte and plasma samples from the quiescent and blastic phase of chronic 
granulocytic leukaemia (CGL) and from the blastosis and remission of acute myeloid leu­
kaemia (AML), were compared for cytotoxic activity. Target cells were collected from the 
blastic phases of diseases. 5ICr-release tests showed that the lymphocytes and plasma sam­
ples from blastic crisis of CGL had no cytotoxic activity for autologous blast cells. In con­
trast, cryopreserved lymphocytes and plasmas from the quiescent phase of CGL proved to 
be cytotoxic for the autologous tumor cells, and their effect could be blocked by native gp70 
antigens of gibbon ape leukaemia virus (GaLV) and baboon endogenous virus (BaEV). A block­
ing effect was less frequently exerted by carbohydrate-free gp70 and pl5(E) antigens. A similar 
relationship was found between the blastosis and remission stage of AML, however, out of 
the antigens of BaEV only the native gp70 showed a marked blocking effect.

R etrov iru ses iso la ted  from  h um an  le u k a em ia s  are c lo sely  re la ted  to  
p rev iou sly  ch aracterized  p rim ate  type-C  v iru ses. T h e first iso la tion  from  a 
p a tien t w ith  a c u te  m yelo id  leu k a em ia  resu lted  in  a v iru s term ed H L -2 3  Y  [1 ], 
w hich  p roved  to  b e a co m p lex  o f  tw o  v iru ses [2 ], on e related  to  G aL V  [3] 
and th e  o th er  to  B aE V  [4]. S im ilar iso la tio n s w ere reported  from  d ifferen t  
ty p e s  o f  a cu te  leu k aem ias [5 , 6 ] , even  w ith  an  ev id en ce  for tra n sfo rm in g  
a b ility  [6]. T h e  o th er branch o f  a tte m p ts  to  p ro v e  th e  a etio p a th o g en etic  role  
o f  th ese  v iru ses is th e  search for im m u n e resp o n se  to  th e ir  an tigens in  p a tie n ts  
w ith  d ifferen t ty p e s  o f  leu k aem ias [7]. In  a p rev io u s  report w e h a v e  d em o n ­
stra ted  th a t  ly m p h o c y te s  and b lood  p lasm a sa m p les  from  p atien ts  w ith  m y e lo ­
p ro liferative d iseases ex h ib it  c y to to x ic  effec t a g a in st  au to logou s tu m o r  cells
[8] and th e  c y to to x ic ity  o f  ly m p h o cy tes  an d  a n tib o d ies  can be in h ib ite d  b y
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t h e  en v e lo p e  g ly co p ro te in  (gp70) o f  B a E V  an d  GaLV. C y to to x ic  a c t iv ity  was 
fo u n d  freq u en tly  in  th e  q u iescen t p h ase o f  CGL, b ut v er y  rarely  in  th e  p ro­
g r e ss iv e  p hase o f  A M L . H ow ever , ly m p h o c y te  and p la sm a  sam p les from  
p a t ie n t s  b ein g  in  th e  rem ission  o f  A M L or in  th e  b lastic  crisis o f  CGL h ave  
n o t  b e e n  stu d ied . P re lim in ary  d a ta  sh o w ed  a d ifference b e tw e e n  c y to to x ic  
a c t iv i t y  o f  ly m p h o cy tes  from  th e  q u ie sce n t p hase and th a t  o f  ly m p h o c y te s  
fro m  th e  a ctiv e  p h a se  o f  CGL and A M L , to o  [9]. In  ad d ition , re su lts  o f  T óth  
e t  a l. [10] show ed  a  s ig n ifica n t d ecrease o f  th e  titres o f  a n tib o d ies  reactin g  
w ith  p rim ate on cov ira l a n tig en s in  p a tie n ts  w ith  p o te n tia lly  p releu k aem ic  
d iso rd er s  prior to  th e  m a n ifes ta tio n  o f  o v er t  leu k aem ic d isease. F or c lar ifica ­
t io n  o f  th e  role o f  on cov iru s ex p ressio n  in  th e  a etio p a th o lo g y  o f  m y elo ­
p r o life r a t iv e  d iseases, th e  c y to to x ic  a c t iv i ty  o f  ly m p h o cy tes  an d  an tib od ies  
a g a in s t  au to logou s tu m o r  cells w as co m p a ra tiv e ly  stud ied  in  th e  q u iescen t  
an d  th e  progressive p h ases o f  AM L and CGL. T h e oncovirus sp e c ific  n atu re o f  
t h e  r e a c t io n  w as p roved  b y  th e  b lock in g  e ffe c t  o f  p urified  on cov iru s an tigen s.

M aterials an d  m ethods

Cell separation. Separation of cells from heparinized blood samples was carried out on 
Ficoll-Uromiro gradient (Flow Laboratories Ltd. Irvine, UK) as described previously [8]. 
Blood plasma, lymphocytes and myeloid elements were separately aspirated. As revealed by 
haematological investigation, the purity of cell fractions proved to be 95-100%.

C ryopreservation procedure. A suspension of separated lymphocytes was prepared by 
adding the cells to RPMI 1640 medium (Gibco Bio-Cult Ltd., Paisley, UK) supplemented 
with 20% heat inactivated fetal calf serum (Gibco Bio-Cult Ltd., Paislay, UK). The portion 
to be cryopreserved was placed at a concentration of 5-10 x  106 cells/ml in 10% DMSO on ice 
in individual 2 ml glass tubes. Then the following cooling protocol was utilized: I. starting 
temperature 2 °C to 4 °C; II. cooling rate 1 °C/min to —30 °C; III. transfer to the liquid nitro­
gen storage container. When leukaemic disease of a patient had developed into progressive 
phase, cryopreserved lymphocytes were thawed for cytotoxic assay. After a rapid thawing 
(37 °C water bath without agitation until all ice crystals melted) the samples were placed 
at room temperature for further manipulations. The cells were washed twice with 50 ml 
RPMI 1640 medium containing 20% FCS. The viable cell count was then determined and the 
suspension adjusted to the appropriate concentration for cytotoxic test. The trypan blue 
viability of the cooled and thawed cell samples was 80 ±  10%.

C ytotoxic test. For study of cell-mediated and complement-dependent antibody cyto­
toxicity the 51Cr-release technique was used, as previously described [8]. Viability of target 
cells and lymphocytes was controlled by trypan blue dye exclusion, and they were used in 
further experiments only in the case above 90%. For investigation of cell-mediated cyto­
toxicity, 5 X 106 lymphocytes and 5 X 104 61Cr-labelled autologous target cells were incubated 
for 4 h. The amount of 51Cr released into the supernatant was measured by use of a scintilla­
tion counter. The per cent cytotoxicity for each sample was calculated as described by Oren 
et al. [11]. The background control was the percentage of cytotoxicity in tubes containing 
only target cells. For investigation of complement-dependent antibody cytotoxicity, 5 x l 0 4 
6lCr-labelled target cells were added to 0.5 ml of heat inactivated (56 °C, 30 min) plasma 
sample diluted to 1 : 10. After incubation at 37 °C for 30 min, 0.1 ml of non-toxic guinea pig 
serum (Human Institute, Budapest, Hungary) was added as a source of complement, and 
incubation was continued for an additional 30 min. After centrifugation the supernatant 
fluid was counted for released radioactivity. Target cells incubated in the presence of comple­
ment served as background controls.

P u rific a tio n  o f  gp70 and p l 5 ( E )  antigens. The baboon endogenous virus propagated 
on A204 cells (Lot No. 990A) was from the Frederick Cancer Research Center (Frederick, 
MD, USA) and the gibbon ape leukaemia virus propagated on NC37 cells (Lot No. 18-76)
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was from Pfizer Laboratory (Maywood, NJ, USA). Both viruses were provided in purified 
form through the Office of Resources and Logistics, National Cancer Institute (Bethesda, 
MD, USA). A method for isolating pure viral envelopes from C-type RNA viruses [12] was 
combined with methods for preparation of envelope antigens from Rauscher virus [13, 14] 
and from endogenous primate retroviruses [15]. The purification procedure used by us was 
described in details elsewhere [16].

Glycosidase treatm ent o f  viral gp70-s. The procedure as described by Ohno et al. [17] 
was followed: 40 f i g  of a glycosidase mixture (Miles, Frankfurt, FRG) were added to 400 /tg 
of BaEV or GaLV gp70 in 50 т м  sodium citrate buffer (pH 4.0). The efficacy of the glycosidase 
treatment was controlled by SDS-PAGE. The glycosidase treated antigens proved to be free 
of carbohydrate.

Inh ib ition  o f  cytotoxic reaction by oncoviral envelope antigens. Before adding to target 
cells, lymphocyte or plasma samples were incubated with 20 ng of appropriate native and 
glycosidase treated gp70 as well as pl5(E) antigens at 37 °C for 30 min. Degree of inhibition 
was expressed as per cent of total cytotoxic activity (cpm) measured in the absence of antigens.

R esu lts

T ables I and I I  sh ow  resu lts o f  cellu lar c y to to x ic  stu d ies in  6 p a tie n ts  
w ith  CGL. 51C r-labelled  m yelob lasts co llec ted  from  th e  b lastic  p h ase  o f  th e  
d isease  served  as ta r g e t  cells . A  rem ark able d ifferen ce w as foun d  b e tw e en  th e  
c y to to x ic  effect o f  a u to lo g o u s ly m p o c y te s  from  th e  b la stic  crisis and th a t  o f  
ly m p h o cy tes  from  th e  q u iescen t p h a se . C y to to x ic  a c t iv ity  o f  ly m p h o cy tes  
from  th e  b lastic  cr isis cou ld  be d e tec te d  o n ly  in  tw o  cases. P rev iou s in cu b a ­
t io n  o f  ly m p h o cy tes  w ith  n a tiv e  and g ly co sid a se-trea ted  gp70 as w e ll as 
p l5 (E )  an tigens o f  G aL V  and B a E V  ex erted  n o  b lo ck in g  effec t on  th e ir  c y to ­
to x ic  a c t iv ity . O n th e  con trary , con sid erab le  c y to to x ic  effec t o f  cryop reserved  
ly m p h o c y te s  a g a in st  th e  sam e ta rg e t ce lls cou ld  b e d em on stra ted  in  each  case. 
B lo ck in g  a c t iv ity  o f  n a tiv e  GaLV and B a E V  gp 70  an tigen s varied  from  20  
to  80% . G lycosid ase  trea tm en t o f  th e se  a n tig en s s ig n if ica n tly  red u ced  or 
to ta lly  abrogated  th e ir  b lock in g  e ffec t. B lo ck in g  o f  c y to to x ic ity  b y  th e  p l5 (E )  
a n tig en  w as ob served  in  one case.

Table I

Cell-mediated cytotoxicity in patients w ith CGL. Cytotoxic activity o f  lymphocytes 
fro m  the blastic crisis

L eu k o cy tes C y to to x ic ity , %  in h ib itio n

P a-
G /I %  blas t %

ер ш
G aLV B aE V

tie n t

В Q В 0
gp70

P 15(E) •
gp70

P 15(E)
n a tiv e glye n a tiv e glye

l 28 24 78 2 15 0 0 0 0 0 0
2 34 13 28 2 0
3 155 19 93 3 0
4 30 12 45 2 0
5 14 3 30 0 0
6 24 5 30 0 10 0 0 0 0 0 0

Abbreviations: В =  blastic crisis, Q =  quiescent phase, glye =  glycosidase-treated
antigen
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Table II

Cell-mediated cytotoxicity in  patients with CGL. 
Cytotoxic activ ity  o f  lymphocytes fro m  quiescent phase

C y to to x ic ity , %  in h ib itio n

P a-
t ie n t*

о /
/О

cpm

G aLV B aE V

gp70
p !5 (E )

gp70
p lS (E )

n a tiv e glyc n a tiv e glyc

l 5 0 8 0 4 5 3 0 7 0 2 5 0
2 4 8 2 0 1 2 0 5 2 1 5 0
3 6 8 5 6 3 0 0 3 2 1 4 0

4 6 0 3 8 2 5 0 5 0 0 0

5 5 1 3 0 1 5 0 2 2 0 0

6 7 2 7 5 3 0 0 4 5 1 5 0

* F o r haem atological d a ta  o f  p a tie n ts  see T able  I

S tu d ies  on com p lem en t-d ep en d en t h u m ora l c y to to x ic ity  w ere carried  o u t  
w ith  p la sm a  sam ples from  th e  sam e p a tie n ts , to o  (T able I I I ) .  P la sm a  sam p les  
from  t h e  b lastic  crisis sh ow ed  n o  c y to to x ic  a c t iv ity . O n th e  o th e r  h a n d , 
c y t o t o x ic  a c t iv ity  cou ld  b e  d e tec te d  in  each  p la sm a  sam p le from  p a tie n ts  
b e in g  in  th e  q u iescen t p h ase  o f  CGL, b u t th e  d egree o f  h um oral c y to to x ic i ty  
p ro v e d  t o  be low er th a n  th a t  o f  cellu lar c y to to x ic ity . C o m p lem en t-d ep en d en t  
a n t ib o d y  c y to to x ic ity  w as in te n s iv e ly  in h ib ited  b y  th e  n a tiv e  gp 70  a n tig en s  
o f  G a L V  and B aE V , w h ereas th e  g ly co sid a se-trea ted  gp70 a n tig en s sh ow ed  
in h ib ito r y  a c t iv ity  o f  low er d egree. B lo ck in g  a c t iv ity  o f  p l5 (E )  a n tig e n  o f  
G aL V  w a s  ob served  o n ly  in  tw o  cases.

S im ilar  exp er im en ts w ere carried ou t w ith  m ateria ls from  p a tie n ts  w ith  
a c u te  m y elo id  leu k aem ia . M yelo b la sts  from  th e  p rogressive p h ase  w ere u sed

Table I I I

Complement-dependent antibody cytotoxicity o f  plasm a  
sam ples fro m  the quiescent phase o f  CGL

C y to to x ic ity , %  in h ib itio n

P a ­
tien t*

%
cpm

G aLV B a E V

gp70
P 15(E)

gp70
p l5 (E )

n a tiv e g 'y 0 n a tiv e g lyc

l 4 8 8 0 5 8 3 2 7 0 2 5 0

2 4 0 6 5 3 4 3 0 6 0 1 5 0

3 3 7 6 0 3 2 0 2 4 0 0
4 3 0 2 8 2 0 0 2 8 0 0

5 2 7 2 5 0 0 1 8 0 0

6 4 0 7 0 3 5 0 6 6 3 0 0

* F o r  haem atological d a ta  o f p a tie n ts  see Table I
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as ta rg e t cells. T ab les IV  and У  sh ow  th e  d ifferen ce, ob served  in  th e  cy to to x ic  
a c t iv ity  o f  ly m p h o cy tes  from  th e  p rogressive p h a se  and  from  rem ission . C yto­
to x ic  a c t iv ity  o f  th e  p rogressive p h ase ly m p h o c y te s  w as fou n d  in  2 cases. 
C y to to x ic ity  cou ld  be b lock ed  o n ly  b y  th e  n a tiv e  gp70 a n tig en s in  p a tien ts  
N o . 1. In  co n tra st, a h ig h -lev e l c y to to x ic  effec t o f  rem ission  ly m p h o c y te s  w as 
sh ow n  in  each case. B lock in g  a c t iv ity  o f  n a tiv e  gp 70 an tigen s o f  G aL V  and  
B a E V  cou ld  be d em on stra ted  in  each  case, b u t it  d isapp eared  a fter  g lycosid ase  
tre a tm e n t o f  th e  B a E V  gp 70. S im ilarly , p l5 (E )  o f  G aLV in h ib ited  th e  ce l­
lu lar c y to to x ic ity  in  m ost ca ses , w hereas th e  B a E V  p l5 (E )  ex e r ted  no in ­
h ib ito ry  a c tiv ity .

C om p lem en t-d ep en d en t h u m ora l c y to to x ic  a c t iv ity  o f  p la sm a  sam ples  
from  th e  sam e A M L p a tien ts  is su m m arized  in  T ab le  V I. P la sm a s ta k e n  from  
p a tie n ts  b ein g  in  th e  p rogressive  p h ase  o f  A M L sh ow ed  no c y to to x ic i ty  against

Table IV

Cell-mediated cytotoxicity in  patients w ith A M L . Cytotoxic activity  
o f  lymphocytes fro m  the progressive phase

L eu k o cy tes C y to to x ic ity , %  in h ib itio n

P a-
G /l %  b la s t %

cpm
G aLV B a E V

tie n t

В Q В Q
gp70

p l5 (E )
g p 7 °

p lS (E )
n a tiv e glyc n a tiv e glyC

l 0.7 7 76 8 25 50 0 0 40 0 0
2 9.2 4 81 5 80 0 0 0 0 0 0
3 7.6 2.8 49 4 0
4 5 2 40 2 0 .
5 7 3.2 70 4 0

F or abbrev ia tions see T ab le  I

Table V

Cell-mediated cytotoxicity in  patients with A M L .  
Cytotoxic activity o f  lymphocytes fro m  the remission

P a ­
tie n t*

%
cpm

C y to to x ic ity , %  in h ib itio n

GaLV B aE V

gP 70
P 15(E)

gP 70
p lS (E )

n a tiv e glyc n a tiv e glyc

l 70 90 50 48 70 0 0
2 68 85 70 72 66 0 0
3 48 25 20 25 65 0 0
4 45 40 18 10 60 0 0
5 42 32 15 0 25 0 0

* F or haem atological d a ta  o f p a tie n ts  see T ab le  I
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Table VI

Complement-dependent antibody cytotoxicity o f 
plasma samples from  the remission o f A M L

C yto to x ic ity , %  in h ib itio n

P a ­
t i e n t*

О /
/о

cpm

G aLV B a E V

gp70
P 15(E)

g p70
p l5 (E )

n a t i v e glyc n a t i v e gtyo

l 9 0 7 0 4 0 1 5 8 0 0 0

2 4 5 8 0 0 0 3 5 0 0

3 4 0 7 5 0 0 3 2 0 0

4 3 8 4 5 0 0 2 0 0 0

5 3 7 3 5 1 4 0 2 0 0 0

* For h aem ato lo g ica l d a ta  o f p a tie n ts  see T ab le  IV

a u to lo g o u s  m yelob lasts. H o w e v e r , c y to to x ic  a c t iv ity  o f  p la sm a  sam p les c o l­
le c te d  in  th e  rem ission p h a se  o f  th e  d isease v a r ied  b e tw e en  37 an d  90% . 
I n h ib ito r y  effect o f  n a tiv e  G a L V  an d  B aE Y  gp70 a n tig en s w as d em on stra ted  
in  e a c h  ca se , but in  th e  m a jo r ity  o f  cases it  cou ld  b e  ab rogated  b y  g ly co sid a se  
t r e a tm e n t .  B lock ing effec t o f  G aL V  p l5 (E )  a n tig e n  w as fou n d  o n ly  in  p a ­
t ie n t  N o . 1.

S tu d ie s  on 15 h ea lth y  h u m a n s  gave co n se q u en tly  n e g a tiv e  resu lts . In  co n ­
tr o l ex p er im en ts  cry o p reserv a tio n  o f  ly m p h o cy tes  and p la sm a  sam p les from  
th e  b la s t ic  crisis o f CGL d id  n o t  in flu en ce th e  d egree o f  th e ir  c y to to x ic  
a c t iv i t y .

D iscussion

L y m p h o c y te s  and p la sm a  sam p les from  th e  b la sto s is  o f  CGL and AM L  
h a d  n o  c y to to x ic  a c t iv ity  a g a in s t  au to logou s b la st  ce lls . H o w ev er , cryop re-  
se r v e d  ly m p h o cy tes  and p la sm a s , co llected  from  th e  q u iescen t or rem ission  
p h a se  o f  CGL and AM L, r e s p e c t iv e ly , proved  to  b e  c y to to x ic  for au to logou s  
b la s t  c e lls  and their effec t c o u ld  b e b locked  b y  en v e lo p e  an tigen s o f  p rim ate  
ty p e -C  on cov iru ses. B o th  n a t iv e  an d  carboh yd rate-free gp 70 , as w ell as p l5 ( E )  
o f  G a L V  exerted  in h ib itory  e f f e c t  on  th e c y to to x ic  a c t iv i ty  o f  ly m p h o c y te s  
an d  a n tib o d ie s  from  A M L p a t ie n t s .  H ow ever, o u t  o f  th e  B a E V  en v elo p e  
a n tig e n s  o n ly  th e n a tive  g p 7 0  p o ssessed  b lock in g  a c t iv ity .  T he v iru s-sp ec ific  
n a tu r e  o f  th e  im m une re sp o n se  to  th e  carb oh yd rate  p art o f  gp 70  en v e lo p e  
a n tig e n  is  q uestionab le. F ro m  t h is  p o in t o f  v ie w  i t  sh o u ld  b e  n o ted  th a t  D N S  
se q u e n c e s  re la ted  to  th e  g e n o m e  o f  B aE V  ex is t  in  n orm al h u m an  ce lls [18]  
an d  m a y  b e  expressed w ith o u t  m a lign an t tra n sfo rm a tio n  [19]. On th e  o p ­
p o s ite , ex p ressio n  o f G aL V -re la ted  sequ en ces w as d e tec te d  m a in ly  in  m alig -
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n an cies o f  th e  h um an  h a em a to p o ie tic  sy stem  [20]. H en ce , G aL V -like a g en t(s)  
m a y  h a v e  a role in  th e  a e tio lo g y  o f  som e form s o f  h u m an  A M L. T his a ssu m p ­
t io n  seem s to  b e su pp orted  b y  th e  fact th a t  th e  d ev e lo p m en t o f  A M L in  
p a tie n ts  su fferin g  from  p releu k aem ic disorders w as co n n ected  w ith  an  ex p re s­
sion  o f  a n tig en  related  to  th e  G aL V  en velope p o lip ep tid es [10]. T he d ifferen ce  
in  freq u en cy  and  degree o f  c y to to x ic  a c t iv ity  to  G aL V -related  an tigen s in  th e  
v ariou s p h ases o f  AM L cou ld  h e  exp la in ed  as fo llow s.

(1) I t  seem s reason able to  assu m e th a t large a m o u n ts o f  G aL V -related  
a n tig en s sh ed d in g  from  th e  su rface o f  leu k aem ic m y elo b la sts  m ay  b lock  th e  
cellu lar and hum oral effector m ech an ism s.

(2) A n oth er ex p la n a tio n  m a y  b e th e  im m u n osu p p ress ive  effec t ex erted  
b y  leu k aem ia  viruses [21] or b y  th e  p roliferation  o f  leu k a em ia  ce lls in  th e  
im m u n o p o ie tic  sy stem  [22].

C y to to x ic ity  o f  ly m p h o c y te s  and p lasm a sam p les co llected  from  th e  
q u iescen t p h ase  o f  CGL an d  cryopreserved  u n til th e  b la stic  p h ase ex h ib ited  
on co v iru s-sp ec ific ity  for B a E V , to o . T hus, AM L and CGL seem  to  h a v e  d if­
feren t on cov iru s a etio logy . N ev e rth e less , on cov iru s-lik e an tigen s m a y  h a v e  a 
role in  th e  p ath ogen esis o f  b o th  AM L and CGL, p resu m a b ly  b y  in d u c tio n  o f  
im m u n e resp on se resu ltin g  in  th e  elim in ation  o f  tu m or ce lls .

F u rth er stud ies are n eed ed  to  id en tify  th e  ly m p h o c y te  su b p o p u la tio n s  
rea ctin g  w ith  th e  oncovirus a n tig en s ab ove, or in  co m b in a tio n  w ith  an tib o d ies  
an d/or m acroph ages.
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REGULATION
OF GLUTAMATE DEHYDROGENASE ACTIVITY 

AND AMMONIA PRODUCTION 
IN A NITROGEN FIXING CYANOBACTERIUM
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(R eceived  D ecem ber 21, 1984)

A g lu tam ate  a u x o tro p h  w as o b ta in ed  in  Nostoc muscorum  b y  induced  m u ta g e n esis  
w ith  n itro so g u an id in e . T h e  m etabo lic  p a th w a y  lead in g  to  g lu ta m a te  syn thesis w as t r a c e d  b y  
se lec tin g  several enzym es. T h e  s tra in  w as fo u n d  to  be  lack in g  g lu ta m a te  deh y d ro g en ase . O th e r 
enzy m es, how ever, w ere  no rm al in  th e ir  a c tiv ity  in c lu d in g  isocitric  d eh y drogenase , g lu ta m in e  
s y n th e ta se  and  g lu ta m a te  sy n th ase . N itro g en  m etab o lism  of th e  au x o tro p h  a n d  w ild  ty p e  
w as co m pared . T h e  s t r a in  re leased  exceedingly  h ig h  a m o u n ts  o f am m onium  in  th e  m ed iu m .

T ill recen tly  n o t  m uch a tte n tio n  has b een  d evo ted  to  th e  en z y m e s  in ­
v o lv e d  in  p rim ary a m in a tio n  in  n itrogen  f ix in g  cyan ob acter ia . S te w a r t’s tea m  
stu d ie d  g lu tam in e  sy n th e ta se  from  Anabaena cylindrica  and Nostoc  sp . [1]. 
E arlier , g lu ta m a te  d eh yd rogen ase a c t iv i ty  h ad  b een  reported  in  Anabaena  
variábilis  [2] and w a s la ter  stu d ied  b y  B a t t  and B row n  [3]. T h ere h a v e  b een  
som e reports on  th e  ro le o f  g lu ta m a te  sy n th a se  in  th e  regu lation  o f  n itro g en a se  
a c t iv i ty  b y  m o d u la tin g  g lu tam in e le v e ls  in  p h o to sy n th e tic  b acter ia  [ 4 -6 ] ;  as 
fou n d  recen tly  in  Rhodospirillum rubrum [7 ]. T h e role o f  various en zy m e s  has 
b r ie fly  b een  m en tio n ed  in  several p h o to sy n th e t ic  p rokaryotes [8 -1 0 ] .

T h e p resen t in v estig a tio n  w as m ad e on  Nostoc muscorum w h ich  ca n  co n ­
v e n ie n t ly  b e h a n d led  in  liq u id  cu ltu res an d  in  w hich  a sy ste m  o f  g en etic  
tra n sfe r  has re c e n tly  b een  reported  [11—14]. T h e b ioch em ical co n tro l m ec h a ­
n ism  has b een  s tu d ie d  in  ap p aren tly  a stru ctu ra l gene m u tan t stra in  lack in g  
g lu ta m a te , corre la tin g  it  w ith  o ther en zy m es o f  prim ary am in ation  in c lu d in g  
g lu ta m ic  d eh yd rogen ase  and g lu tam in e sy n th e ta se . T his sy stem  o f  N . musco­
rum  cou ld  e f f ic ie n tly  be used  for u n d erstan d in g  gen etic  reg u la to ry  m ech a ­
n ism s u n d erly in g  n itrogen  f ix a tio n  and variou s p a th w ays o f  n itro g en  m e ta b ­
o lism .
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M aterials and m eth od s

S tra in . Glu-TSM, a  N -m e th y l-N -n itro -N -n itro so g u a n id in e  induced  m u ta n t  p ro g e n y  of 
th e  p a r e n t  cy an o b a c te riu m  N . m uscorum  (N M -N ), w as iso la ted  in  th is  la b o ra to ry  w ith  th e  
te c h n iq u e s  described  in  re ferences [11, 12]. Giu-NM  w as g ro w n  continuously  in  liq u id  cu ltu res  
in  m ed iu m  B G -II  [15] o m itt in g  n i tra te  a n d  fo rtif ied  w ith  4 fig  m l-1 of g lu ta m a te . T h e  com ­
p o s itio n  o f m ed iu m  B G -I I  w as in  gram s pe r l itre :  K 2H P 0 4, 0.04; M gS 04 • 7 H 20 ,  0.075; 
CaCl2 • 2 H ,0 ,  0 .036; c itr ic  acid , 0.006; E D T A  (d iso d iu m  m agnesium  sa lt) , 0 .001; N a 2C 0 3,
0 .02 ; t r a c e  m eta l m ix  A 6, 1 m l. A fte r  au to c lav in g  a n d  cooling , th e  p H  of th e  m ed iu m  w as 7.4. 
T h e  s tr a in  w as grow n in  a  B .O .D . in cu b a to r  a t  27 ±  2 °C u n d e r  illu m in a tio n  (2800 lu x ) w ith  
f lu o re sc e n t lig h t. G ro w th  w as m o n ito red  in  liq u id  c u ltu re s  as described earlier [11] a n d  p h o to ­
m e tr ic  m easu rem en ts  w ere  done w ith  B eck m an  D U  sp e c tro p h o to m ete r a n d  EC S p e c tro ­
p h o to m e te r  (1 cm  p a th  len g th ). T h e  specific g ro w th  r a te  c o n s ta n t к  has been  described  in  L og10 
u n i ts  d a y - 1 .

Osmotic shock. T h e  p ro ced u re  used  w as w ith  s lig h t m od ifications essen tia lly  th e  sam e 
as u se d  b y  S m ith  an d  W y a t t  [16] and  B ro ad  an d  S m ith  [17] in  Escherichia coli. T h e  cyano- 
b a c te r ia l  cells, p r im a rily  fro m  th e  s ta tio n a ry  p h ase  o f g ro w th , w ere tre a te d  w ith  ly sozym e 
(E . M erck , h ig h est p u r i ty ,  2 fig  m l-1) fo r 24 h  a n d  th e n  cen trifu g ed  a t  5000 rp m  fo r 15 m in  
a n d  th e  p e lle t w as re su sp e n d ed  in  500 m l o f 0.03 м  T ris -H C l buffer p H  7.5 c o n ta in in g  35%  
(w /v ) sucrose  a t  ro o m  te m p e ra tu re . E D T A  (10 m g m l -1 ) w as added  to  yield 1 т м .  T h e  cells 
w ere  s t i r re d  c o n stan tly  fo r 10 m in  a t  room  te m p e ra tu re  fo llow ed b y  cen trifu g a tio n  a t  5000 rp m  
fo r  15 m in . T h e  p e lle t w as resu sp en d ed  in  500 m l cold  w a te r  and  stirred  fo r 5 m in  a n d  cen ­
tr ifu g e d  again . T h e  r e s u l ta n t  su p e rn a ta n t  (“ osm o tic  shock  su p e rn a ta n t” ) w as u se d  as a 
so u rce  o f  g lu ta m a te  d eh y d ro g en ase  and  o th e r  enzym es. T h e  su p e rn a ta n t was frozen  o v e rn ig h t 
a n d  c o n c e n tra te d  b y  d ry in g  a t  low  tem p e ra tu re  (in  a n  ice b u ck e t) un d er su c tio n  em ploy ing  
a n h y d ro u s  CaCl2.

P rotein  and p ig m e n t estim ation. P ro te in  w as d e te rm in e d  b y  th e  m eth o d  o f L o w ry  e t 
a l. [18] a f te r  acid ify ing  th e  sam ples w ith  tr ic h lo ra c e tic  acid  and digesting  th e  p re c ip ita te d  
p ro te in  w ith  a lkali. B o v in e  se ru m  a lbum in  w as u sed  as a  s ta n d a rd  reference p ro te in . P hyco- 
c y a n in  w as  m easu red  b y  i ts  ab so rbance  a t  625 n m  a f te r  l ib e ra tio n  from  th e  c y an o b a c te riu m  
b y  freez in g  an d  th aw in g . T h e  p h y co cy an in  c o n te n t w as d e te rm in ed  on th e  resid u e  rem a in in g  
a f te r  a ce to n e  frac tio n in g  as re p o rte d  by  A llen [19], u s in g  th e  specific ex tin c tio n  coefficien t o f 
7.5 a t  625 n m  [20]. C h lo ro p h y ll-a  an d  caro teno ids w ere  e x tra c te d  w ith  80%  ace to n e  (v /v ) in  
w a te r . T h e  ab so rbance  o f th e  ace to n e  e x tra c t  w as m ea su re d  a t  460 n m  an d  665 n m . T h e  
a m o u n t o f  th ese  tw o  p ig m e n ts  w as calcu la ted  u sin g  th e  specific  abso rp tio n  coefficien t 82.04 
fo r ch lo ro p h y ll-a  a t  665 n m  [21], a n d  200 fo r to ta l  c a ro ten o id s  a t  460 nm .

N ucleic  acid determ ination. D N A  estim a tio n  w as do n e  b y  th e  d ip heny lam ine  re ac tio n  
[22], a n d  R N A  w as d e te rm in e d  b y  th e  orcinol re ac tio n  [23].

E n zy m e  assay. Iso c itr ic  d eh ydrogenase  w as a ssay ed  as described b y  K o rn b e rg  [24]. 
S pec ific  a c t iv ity  w as expressed  as u n its  pe r m g of p ro te in . G lu ta m a te  sy n th ase  a n d  g lu ta m a te  
d eh y d ro g en ase  a c t iv ity  w ere d e te rm in ed  as d escribed  b y  P ru s in e r e t  al. a n d  a d o p te d  by  
S h a n m u g a m  e t al. [25]. A c tiv itie s  w ere d e te rm in ed  in  fresh ly  p rep ared  co n ce n tra ted  su p e r­
n a ta n t  frac tio n s  b y  fo llow ing  th e  r a te  o f N A D P H  o x id a tio n  a t  room  tem p e ra tu re . G lu tam in e  
sy n th e ta se  a c t iv ity  w as d e te rm in e d  according to  S h an m u g am  e t al. [25] as d escribed  in  
M a te ria ls  a n d  m eth o d s a n d  b y  m easu rin g  th e  a m o u n t o f  r -g lu ta m y lh y d ro x y m a te . N i t ra te  
n i t r i te  a n d  am m o n ia  w ere d e te rm in e d  as described b y  O h m o ri a n d H  a tto ri [26] a n d  K o d a m a  [27]

R esu lts

A m m on iu m  production.  A n  ex cess  o f  a m m o n iu m  w as d etec ted  in  th e  
cu ltu r es  o f  Giu-NM  in  com p arison  to  th e  w ild  ty p e  N M -N  (T able I). T h is  
a m m o n ia  w as accu m u la tin g  an d  th e  grow th  o f  th e  cyan ob acter iu m  w as h ig h ly  
a ffe c ted  (0 .09  D  d a y - 1 ) in  com p arison  to  th e  n orm al stra in  N M -N . T h is in h ib i­
t io n  o f  g row th  w as, h o w ev er , n o t due to  ex c e ss  N H ^  as te sted  b y  su p p ly in g  
a m m o n iu m  to  th e  cu ltu re . In  th e  p resence o f  g lu ta m a te , a lth ou gh  th e  a m m o ­
n iu m  le v e l  in  th e  cu ltu res rem ain ed  th e  sam e, th e  g ro w th  o f  th e  cy a n o b a cter iu m
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w as b rou gh t to  n orm al (0 .50  D  d a y -1 ). T he a m o u n t o f  n itr ite  an d  n itra te  
w as a lm o st sam e in  N M -N  an d  GZu-NM. The stra in  GZu-NM w as co n tin u o u s ly  
re leasin g  am m on ia  for a b o u t 7 d ays in  a n o n -d iv id in g  s ta te  and am m on iu m  
co n cen tra tio n  w as in creasin g  a t a rate o f  1 2 % /d a y - 1 .

Enzym e levels. Glutamate dehydrogenase activity  (G D H ) w as a b sen t in  
GZu-NM irresp ective  o f  th e  n itro g en  su p p ly  to  th e  cu ltu re (T able I I ) .  A m m o ­
n iu m  io n s increased  th e  r e la t iv e  a c t iv ity  o f  G D H  b y  36%  in  N M -N  w hereas  
g lu ta m in e  and g lu ta m a te  d ecreased  th e  re la tiv e  a c t iv i ty  o f  G D H  in  N M -N  b y  
ab ou t 38% .

Isocitric dehydrogenase ( ID H ) a c t iv ity  w as eq u a lly  represen ted  b y  N M -N  
and GZu-NM under v ariab le  co n d itio n s o f  n itrogen  su p p ly . N eith er  N M -N  nor 
GZu-NM h ad  lo s t  th e  a b ility  to  sy n th esize  g lu ta m in e  sy n th e ta se  (G S) and

Table I

Comparative am ounts o f  N 0 2, N O j and N H f  present 
in  the grouting culture o f  N M -N  and  G lu- N M

S tra in
N O 7 N 0 7 N11 + Specific

C on cen tra tio n  in  
/im ol m g p ro te in -1

g ro w th  ra te  
D -d a y -1

Clu-NM 18 15 425 0.09
NM -N 16 14 18 0.50
Glu-NM +  

g lu tam ate* 18 20 428 0.51

* A m o u n t o f g lu tam ate  added, 4 p g  m l 1

Table I I

Specific  activities o f  G D H , isocitric dehydrogenase glutam ine  
synthetase and  glutam ate synthase in  N M - N  and  G lu -N M  grown 

on various nitrogenous substances

S tra in S ta te  o f  cu ltu re

G lu tam a te  
d eh y d ro ­

genase G D H

Iso c itr ic
d e h y d ro ­

g en ase

G lu tam in e
sy n th e ta se

G lu tam a te
sy n th a se

Specific a c tiv ity  in  n m o l m in -1 m g  p ro te in -1

NM-N - N H , 8 280 640 628
+  n h 4 11 282 20 640
-(-G lu tam ate 5 279 672 15
+  G lu tam ine 5 280 74 648

Glu-NM - N H , ND 280 682 629
+  INH4 ND 292 18 632
+  G lu tam a te ND 284 681 13
+  G lu tam ine ND 274 64 647

N D  =  n o t de tectab le
C oncentrations o f N II4h, g lu ta m a te  and g lu tam ine ad ded  w ere k e p t co n stan t th ro u g h o u t 

th e  exp erim en t (4 /tg/m l). H ig h er o r lower concentra tions d id  n o t influence th e  observations

2 * Acta Microbiologica Hungarica 33, 1980
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g lu ta m a te  syn th ase (G O G A T ) under n orm al co n d itio n s i.e . d u rin g  grow th  
w it h o u t  am m onium , w h ile  N H /  in h ib ited  th e  sy n th esis  o f  g lu ta m in e  sy n ­
t h e t a s e  in  both  stra in s. N M -N  g a v e  on ly  3 .1%  an d  Glu NM  o n ly  2 .8%  o f  th e  
n o r m a l a c tiv ity  o f  g lu ta m in e  sy n th e ta se  in  th e  presen ce o f  N H 4h. G lu tam ine  
a lso  low ered  th e a c t iv ity  o f  g lu ta m in e  sy n th e ta se  to  11.5 and 9 .9 %  in  N M -N  
a n d  G /u-N M , resp ec tiv e ly .

G lu tam ate sy n th a se  w a s  fou n d  to  h a v e  n orm al a c t iv ity  in  b o th  G /u-NM  
a n d  N M -N . G lu tam ate, h o w e v e r , in h ib ited  th e  sy n th es is  o f  g lu ta m a te  syn th ase  
in  G /u -N M  as w ell as N M -N . B o th  strains ex h ib ited  a re la tiv e  d ecrease o f  
g lu ta m a te  syn th ase b y  9 7 —98 % . A m m on ium  an d  g lu tam in e d id  n o t  in h ib it  
g lu ta m a te  syn th ase a c t iv i ty  in  eith er strain .

G /u-NM  had n o t lo s t  th e  a b ility  to  f ix  n itro g en  as it  w as ab le  to  grow  
w it h o u t  com bined n itr o g e n  sou rce under aerob ic con d ition s an d  its  slow  
g r o w th  w as restored to  n o rm a l after g lu ta m a te  h a d  b een  su p p lied . N o  v a ria ­
t io n  w a s  observed in  h e te r o c y s t  freq u en cy  (d a ta  n o t sh ow n ) in  G /u-NM  
a n d  N M -N .

Macromolecules. P r o te in  syn th esis  and D N A  and R N A  c o n te n ts  were 
c o n s id e r a b ly  low  in  G /u-N M  (T ab le I I I ) . C aroten oid s were a lm o st u n affected  
in  G /u -N M  in  com parison  to  N M -N . The b ile p ro te in  p h y co cy a n in  w as reduced  
to  h a l f  in  G/u-NM , and r e sto re d  to  norm al on su p p ly in g  g lu ta m a te  or g lu tam in e.

Table I I I

R ela tive  composition o f  Chlorophyll 
a n d  macromolecules in  N M - N  

and G lu -N M

M acro m o lecu le
N M -N  NM -2

m g/m g d r y  w t

T o ta l p ro te in 0.54 0.12
R N A 0.34 0.11
D N A 0.02 0.003
C h lo rophy ll-a 0.052 0.041
C aro ten o id s 0.021 0.023
P h y c o c y an in 0.31 0.16

D iscussion

T h e  present in v e s t ig a t io n  revea led  in te re stin g  fa cts  con cern in g  m u ltip le  
p a th w a y s  o f  n itrogen  m e ta b o lism  in  re la tion  to  gen e exp ression . T h e d is­
t in c t iv e  role o f  g lu tam ate  d eh y d ro g en a se , g lu ta m in e  sy n th e ta se  an d  g lu ta m a te  
s y n th a s e  has been  c lear ly  em p h a sized  in  h etero tro p h ic  b a cter ia , p h o to sy n ­
t h e t ic  b a cter ia  and c y a n o b a c te r ia  [5, 9, 25, 2 8 -3 4 ] .  Isoc itr ic  d eh yd rogen ase is 
th e  k e y  en zym e in  th e  k reb s cy c le  for th e  co n v ersio n  o f  iso c itr ic  acid  in to
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a lp h a-k etog lu tar ic  acid  and th is  m arks th e  tu rn in g  p o in t for th e  sy n th es is  o f  
g lu ta m ic  acid th rou gh  re d u ctiv e  am in ation  rea ctio n s. I t  w as in te re stin g  th a t  
a m u ta tio n  resu ltin g  in  th e  absen ce o f  g lu ta m ic  acid  d eh yd rogen ase a c t iv ity  
s t ill  produced  a g lu ta m a te  requiring p h en o ty p e  in  th e  b ack grou nd  o f  g lu ta m in e  
sy n th e ta se  and g lu ta m a te  sy n th a se  a c t iv ity . G /u-NM  is a p p a ren tly  a stru c­
tu r a l gen e m u ta n t for g lu ta m a te  d eh yd rogen ase an d  is n o n -su p p lem en ta b le . 
N 1 1 / form ed during a c tiv e  n itrogen  f ix a tio n  is n o t able to  a m in a te  a lpha- 
k eto g lu ta r ic  acid  for p a u c ity  o f  en zym atic  a c t iv i ty  o f  g lu ta m a te  d eh y d ro g en ­
ase . D etec tio n  o f  isoc itr ic  d eh ydrogen ase accou n ts for and con firm s th e  regular  
sy n th e s is  o f  a lp h a-k etog lu tar ic  acid , th e  su b stra te  for red u ctiv e  a m in ation  
an d  form ation  o f  g lu ta m ic  acid . A s N 0 ^  and N 0 3~ w ere excreted  in  a norm al 
fa sh io n  b y  N M -N  and G /u-NM , th ere  cou ld  b e n o  b lock  in  n itr ite  an d  n itra te  
red u cta se  a c t iv ity . M oreover, N H /  su p p lem en ted  cu ltu re d id  n o t restore th e  
g row th  o f  G /u-NM  to  n orm al lev e ls . B ecau se  o f  th e  g en etic  le s io n  in  th e  pro­
d u c tio n  o f  g lu ta m a te  in  G /u-NM , furth er rea ctio n s in c lu d in g  tra n sa m in a tio n  
ca n n o t ta k e  p lace an d  m a y  b e resp onsib le for th e  d eclin e in  to ta l p ro te in  and  
D N A . T h e p ro tein  co n ten ts  (in  term s o f  p er u n it  am ou n t) are n orm alized  on  
su p p ly in g  g lu ta m a te .

A lth o u g h  g lu ta m a te  sy n th a se  w as p resen t, g lu ta m a te  cou ld  n o t  b e  sy n ­
th e s ize d  further b eca u se  o f  a failure o f  th e  fo rm a tio n  o f  g lu tam in e th ro u g h  th e  
p rim ary  reaction . T here w as, h ow ever , no g en etic  le s io n  ob served  in  th e  a c t iv ity  
o f  g lu ta m a te  sy n th a se  and g lu tam in e sy n th e ta se  w h ich  w as con sid ered  to  be 
a n  e ffec tiv e  m od u la tor o f  n itrogen ase a c t iv ity  [7 , 8 , 10, 25 , 32 ]. A n  in te re stin g  
p o in t to  be n o ted  w as th e  d ifferen tia l in h ib it io n  o f  g lu tam in e  sy n th e ta se  and  
g lu ta m a te  sy n th a se  b y  N H /  and g lu ta m a te  in  G /u-NM  and  N M -N . N 1 1 /  
in h ib ited  g lu tam in e sy n th e ta se  w ith o u t in h ib it in g  g lu ta m a te  sy n th a se . G lu ta­
m a te  in h ib ited  g lu ta m a te  sy n th a se  w ith o u t in h ib it in g  g lu tam in e  sy n th e ta se . 
G lu ta m a te  d eh yd rogen ase w as n on -in d u cib le  as ob served  co n tin u o u s ly  b y  su p ­
p ly in g  a lp h a-k etog lu tar ic  acid  and am m on iu m  ex te rn a lly  and seem ed  to  be 
u n rela ted  to  n itrogen  f ix a t io n  regu la tion  as su ch . Im p lica tio n  o f  th e  d éterran t  
a c t iv i ty  o f  g lu ta m a te  d eh yd rogen ase on  th e  con cen tra tion  o f  p h y co cy a n in  
rem ain ed  u n accou n ted  for, a lth ou gh  som e in term ed iary  m eta b o lism  in v o lv in g  
th e  in corp oration  o f  n itro g en  in to  th is  p ig m en t p ro tein  cou ld  b e im agin ed .
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EFFECT OF SOME NEW CROWN ETHERS 
ON PLANT-RELATED BACTERIA 

AND THEIR POSSIBLE MODE OF ACTION
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In stitu te  fo r  B iop h ysics , Semmelweis U niversity  M edical School, B u d a p est

(R eceived February 12, 1985)

Crown ethers are o f  grow in g accep tan ce  and  ap p lication  in  v a r io u s  field s  
o f  ch em istr y  [1]. A s som e m od ified  crown eth ers [2, 3] in flu en ce  con sid erab ly  
th e  stru ctu re  o f  m od el m em branes [4 ], it  is reason able to  a ssu m e th a t  th e y  
m ay sh ow  m arked m em b ran e d am agin g e ffec t  also in  liv in g  o rg a n ism s.

T h e purpose o f  our w ork  w as to  d eterm in e  th e  in flu en ce  o f  th e se  sub­
sta n ces on  various p la n t re la ted  bacteria  and to  correlate th is  b io lo g ic a l a c t iv ity  
to  th e ir  m em brane d a m a g in g  effect.

M aterials an d  m eth o d s

P la n t related bacteria and crown ether derivatives are shown in Tables I and II  and in 
Fig. 1. D ipalm itoyl-phosphatidylcholine (DPPC) and dipalm itoyl-phosphatidyl-ethanolaraine  
(D P P E ) were purchased from  Sigm a and was applied w ithout additional pu rification .

M ed ia  and cultures. T he bacteria were m aintained and cultured in th e  fo llow in g  broth: 
B acto P eptone (D ifco), 10 g; Y east E xtract (D ifco), 1 g; glucose, 3 g; glycerol, 1 g; K H 2P 0 4, 
0.55 g; KC1, 0.425 g; M gS 04, 0.125 g; CaCl,, 0.125 g; NaCl, 0.1 g; F e(III)c itra te , 0.005 g; 
H oagland-Arnon’s m icroelem ent solution 1 ml; water to  1 litre. Solid m edia w ere prepared by 
adding 15 g agar (O xoid) per litre o f broth.

Standardized bacterial suspension for the determ ination of m inim al inh ib itory  con­
centration (MIC) was prepared by washing a 20 h  solid m edium  culture w ith  5 m l sterile 
liquid broth . The optical d ensity  o f  cell suspension w as determ ined in  1 cm  c u v e tte  a t  550 nm 
w avelength  using sterile broth as blank. The suspension w as diluted w ith  sterile  broth  to  give 
a final optical density o f 0 .4 -0 .5 .

D eterm ination  o f  biological activity. The appropriate quantities o f crow n ether deriv­
atives were dissolved in 0.2 m l acetone and the so lutions were m ixed at 4 5 -50  °C w ith  portions 
of 30 m l agar medium. The m ixture was poured in to  tw o  Petri dishes o f  9 cm  diam eter. Each 
P etri dish was inoculated w ith  th e  standardized suspensions of 23 bacteria  presented  in 
Table I w ith  a m ultipoint inoculator (inoculum volum e 2 -5  /Л). The Petri dishes w ere incubated  
at 27 °C and the bacterial grow th was read after 48 and 96 h. The antibiotic p o ly m y x in  [5, 6] 
and th e  pesticide tridem orph [7] both  exerting m em brane dam aging effect served  for com­
parison.
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Fig. 1. a— d. G eneral chem ical structures o f m odified  crown ethers

D eterm ination  o f  p e rm ea b ility  o f  D P P C  liposomes. L iposom es were formed b y  Bonifica­
t io n  fro m  DPPC in 0.16 M KC1 so lu tion  containing tracer am ount of 42K. After overn ight 
eq u ilib ra tio n  at room tem perature th e  liquid dispersion w as passed down a colum ne o f Sepha- 
d ex  G -50 (1 .5 x 3 0  cm) to  rem o v e  th e  excess tracer n o t trapped  w ithin the liposom es. The  
lip o so m es were eluted from  th e  co lu m n  w ith 0.16 м KC1 so lu tion  (flow rate, 0.5 m l m in -1 ), 
3 m l p ortio n s of eluted liposom es w ere dialyzed against 10 m l 0.16 м KCl. The efflux rate was 
m easu red  for consecutive 15 m in  periods for 2 h. A t th e  end  th e  42K  content o f liposom es was 
m easu red  using a gam m a-scin tilla tion  counter. The crow n ethers exhibiting m arked b io­
lo g ica l a c t iv ity  were added to  th e  D P P C  liposomes at a m olar ratio 1 : 100. The perm eability  
t im e  c o n sta n ts  were calculated as described [8].

D eterm ina tion  o f  m elting  p ro p erties  o f  D P P C  and D P P E  by D ifferen tia l Scanning  C alori­
m e try  ( D S C ) .  The crown ether d er iv a tiv es and the phospholip ids were dissolved in chloroform  
a t a  m olar  ratio 1 : 100. The chloroform  was evaporated in  n itrogen atm osphere, th en  water 
w as a d d ed  to  the crown ether—phospholip id  mixtures in  a  w e ig h t ratio 4 : 1. The sam ples were 
m ix ed  for 30 min vigorously in  a V o rtex  mixer. The m easurem ents were carried out in  a D u  
P o n t Therm oanalyser 990 at a h ea tin g  rate of 5 °C per m in. T he tem perature of pretransition  
(Tp) a n d  th a t  o f main transition (T m), th e  half width o f  m ain transitions {A Tj/2) characterizing  
th e  correspondence and the e n th a lp y  o f phase transition (A  H  m j  m ol-1) were determ ined.

A c ta  Microbiologica Hungarica 33, 1986



EFFECT OF CROWN ETHERS 119

R esults and  d iscussion

U nd er our ex p er im en ta l con d ition s o n ly  tw o  o f  th e  crow n e th er  d er iva ­
t iv e s  sh ow ed  in  v itro  b io log ica l a c t iv ity  (T ab le I I I ) .  T h e ev a lu a tio n s  a fter  48  
and 96 h resu lted  in  id en tica l beh aviour p a tter n s . T h e crow n eth ers in h ib ited  
o n ly  th e  grow th  o f  Corynebacterium  species (sp ec ies 5 -1 0  in  T ab le  I I I ) ,  for 
th e se  sp ecies th e y  w ere m ore e ffec tiv e  th an  th e  a n tib io tics  p o ly m y x in e  and th e

Table I

Plant related bacteria

Species Code N o. Source

1 Agrobacterium radiobacter K -84 soil
2 A .  tumefaciens 0 grape vine
3 A . tumefaciens C-58 cherry
4 A . tumefaciens B-6 tom ato
5 Corynebacterium belae CN 101 sugar beet
6 C. fa sc ia n s B-27 pelargonium
7 C. flaccum faciens 8 bean
8 C. michiganense 36/3 tom ato
9 C. nebraskense CN 101 maize

10 C. oortii B - l l tulip
11 E rw in ia  uredovora V fR 3 Vicia faba  rust
12 E . carotovora pv. atroseptica G-128 potato
13 E . carotovora pv. carotovora CCM 1008 potato
14 Pseudomonas fluorescens K-25 soil
15 P . lachrym ans 31 cucumber
16 P . phaseolicola 67 bean
17 P . m ors-prunorum SR-2 pear
18 R hizobium  japonicum B-37 soya
19 Xanthom onas alfalfae K X-1 lucerne
20 X .  campestris 2D 510 cabbage
21 X .  carotae B-39 carrot
22 X .  phaseoli var. fuscans E R A  4 bean
23 X .  vesicatoria 53 tom ato

p estic id e  tr id em orp h . A s corynebacteria  are G ram -p ositive an d  all o ther  
sp ecies G ram -n egative , i t  is probable th a t  th e  b io log ica l a c tio n  o f  crow n  
eth ers depends o f  th e  ty p e  o f  cell w all or m em b ran e.

T h e sam e crow n  eth ers increased  co n sid era b ly  th e  K + e ff lu x  from  D P P C  
lip osom es (F ig . 2 ), th e  p erm eab ility  tim e  c o n sta n ts  b ein g  a b o u t 30 tim es  
h igh er in  th e  p resen ce o f  crow n eth er d er iv a tiv es th a n  in  th e  con tro l (T able IV ). 
T h ese fin d in gs in d ica te  th a t  th e  b io a ctiv e  crow n  eth ers in tera ct s tro n g ly  w ith  
D P P C  lip o so m es, t h e y  decrease th e  o rg a n iza tio n  o f  lip id  m o lecu les , w hich  
resu lts in  an  en h an ced  p erm eab ility .

T he D SC  d a ta  su p p ort our p revious con clu sion s (F ig . 3). T h e  b io a ctiv e  
crow n eth er d er iv a tiv es  m od ify  each m eltin g  p aram eter o f  D P P C  an d  D P P E
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Table II

C hemical structure o f  m od ified  crown ethers

G eneral
s tru c ­
tu re*

p o u n d R

a 1 H
2 N O ,

R, R,

3 H H
4 n o 2 H
5 C O O H H
6 - C O - C H 3 H
7 N O , n h 2
8 N O , -O C H ;
9

10

11

12

13

14
15

16

17

N 0 2
H

H

H

H

n o 2
N O ,

N O ,

H

OCH(CH3)2
-O C ,H 1OC2H <N(C2H 5)2

o c 2h 4- n  о

- N H C j H j —N

-N H C j H ^ N ^ O

- N H - C 0 - 0 - C ltH 33

- N H - C O - N H - C , H 4- ] N ^  о

- N H —С О —N H —С3Н ,—N  О
\ _ /

18
19

N 0 2
N

H  tran s  
NO, cis

20 H - С Н з О С Н ,-
21 H - C H ,S C H ,-
22 n o 2 - C H 2S C H „ -
23 H - с , н , -
24 n o 2 - C 3H „ -
25 H - C H 20 4 O C H j-
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T able  П  (co n tin u ed )

G e n e ra l Com . 
s tru c -  p o u n d  
tu re*

26

o

- C -
/  \  

c ,H 5 C2H 5
27 n o 2 - C -  

/  \
C4H 9 CjHg

28 NO, —c -  
/  \

CH3 C12I I25

* See F ig. 1

Table III

M inim al inhibitory concentration ( m g/l) 
o f  some membrane damaging agents

Species*
Crown ethers**

Polymyxin Tridemorph
Comp. 26 Comp. 27

l >100 >100 1 0 -1 0 0 >100
2 >100 >100 1 0 -1 0 0 >100
3 >100 >100 1 0 -1 0 0 >100
4 >100 >100 1 0 -1 0 0 >100
5 1 -  10 1 -  10 1 0 -1 0 0 >100
6 1 0 -1 0 0 1 -  10 >100 1 0 -1 0 0
7 1 -  10 1 0 -1 0 0 1 0 -1 0 0 1 0 -1 0 0
8 1 -  10 1 -  10 >100 1 0 -1 0 0
9 1 0 -1 0 0 1 -  10 >100 1 0 -1 0 0

10 1 -  10 1 -  10 1 0 -1 0 0 >100
11 >100 >100 >100 >100
12 >100 >100 1 0 -1 0 0 >100
13 >100 >100 1 0 -1 0 0 >100
14 >100 >100 >100 >100
15 >100 >100 1 -  10 >100
16 >100 >100 1 0 -1 0 0 >100
17 >100 >100 1 0 -1 0 0 >100
18 >100 >100 10—100 >100
19 >100 >100 1 0 -1 0 0 >100
20 >100 >100 1 0 -1 0 0 >100
21 >100 >100 1 0 -1 0 0 >100
22 >100 >100 1 0 -1 0 0 >100
23 >100 >100 1 -  10 >100

* See T ab le  I 
** See T ab le  I I
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Table IV

Permeability time constants 
( 10~4 s— ')  o f D PPC  liposomes

C om pound*
M o la r r a t io

1 : 100 1 : 200

C ontrol 0.3 0.3

Com p. 26 11.9 8.3

Com p. 27 8.6 n o t
de te rm in ed

•  See T ab le  I I

Table V

Effect o f bioactive crown ethers 
on the melting properties o f D PP C  and D P P E

C om pounds* t„°c Tm°C T,/, °c
JH

(m j/m o l)

D PPC 35.5 41.5 1.3 56.0
D PPC  +  Com p. 26 32.2 40.2 1.5 51.0
D PPC  +  Comp. 27 disappeared 40.1 1.7 40.3
D P P E 63.2 1.9 52.0
D P P E  +  Com p. 26 62.9 2.3 47.4

D P P E  +  Com p. 27 63.0 2.6 45.3

* See T ab le  I I

Fig. 2. E ffe c t  o f crown e th e r  d e riv a tiv e s  on  th e  42K  e fflu x  of D P P C  lyposom es. (1) D P P C  
c o n tro l ;  (2) D P P C  - f  crow n e th e r  Com p. 27 (100 : 1); (3) D P P C  +  crow n e th e r  Com p. 26

(100 : 1)
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Fig. 3. In flu en ce  o f b io a c tiv e  crow n e th e rs on th e  m e ltin g  p ro p erties  of D P P C .---------- D P P C
c o n t r o l ; ------------D P P C  +  crow n e th e r Comp. 2 6 ; ----------- D P P C  +  crown e th e r  C om p. 27

(T ab le V ). T h is o b ser v a tio n  supports th a t  th e  crow n  ethers in flu e n c e  n o t  o n ly  
th e  organ ization  o f  ap olar fa tty  acid  ch a in s  b u t  also th e y  in te ra c t w ith  th e  
p olar head  groups o f  p hosp h olip id s.

Acknowledgement. W e express our g ra ti tu d e  to  D r. B éla  Ágai ( In s t i tu te  o f  C h em istry , 
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EFFECT OF DIPHTHERIA AND 
TETANUS TOXOIDS ON THE GROWTH OF,

AND IMPRINTING DEVELOPED IN, TETRAHYMENA

Z s u z s a  D a r v a s ,  G. C s a b a , R o v a i d a  S w y d a n  an d  P . K o v á c s

Department o f Biology
Semmelweis University Medical School, Budapest 

(R eceived  M arch 6, 1985)

T he g ro w th  of Tetrahymena  w as influenced b y  b o th  d ip h th e r ia  an d  te ta n u s  to x o id s ; 
d ep ression  occurred  a t  a  h ig h  a n d  s tim u la tio n  a t  a  low  c o n c e n tra tio n . P re tre a tm e n t w ith  th e  
s tim u la tin g  co n cen tra tio n  o f d ip h th e r ia  toxo id  caused a  la s tin g  m o d ificatio n  o f g ro w th  ra te  
a n d  dev elo p m en t o f im p rin tin g  t h a t  re su lte d  in  an  en h an ced  resp o n se  of th e  cell a t  reex p o su re  
to  th e  to x o id . T e tan u s  to x o id  fa iled  to  induce  e ith e r sw itch  o v er o f cell fu n c tio n  o r im p rin tin g .

Tetrahymena is  a  h ig h ly  u sefu l to o l for recep tor  research  [1]. I t  is cap ab le  
o f  b in d in g  horm ones o f  h igh er organism s and d ev e lo p  h orm onal im p r in tin g  at 
th e  f ir s t  en cou n ter w ith  th e  h orm one. As a re su lt , recep tors b ecom e a m p lified  
and b o th  b ind in g  and ce llu lar  response w ill b e  m ore m ark ed  fo llow in g  furth er  
exp osu res [2 -4 ] . T h e m em o ry  is tra n sm itted  th ro u g h  m ore th a n  5 0 0  su b ­
seq u en t gen erations [5 ]. In  ad d ition , Tetrahymena  harbours a n u m b er o f  hor­
m on es ch aracteristic  o f  h igh er organism s [6 -9 ] .

Our earlier ex p er im en ts  h a v e  d em on stra ted  th a t  n o t o n ly  h orm on es  
in d u ce  im p rin tin g  b u t a ll th o se  m olecules o f  d efin ed  sp a tia l co n fig u ra tio n  th a t  
p rovok e receptor fo rm a tio n  in  Tetrahymena , n a m e ly  a lb u m in  [4], d ig o x in  [11], 
b en zp yren e  [10] and th e  to x in  o f  Anemonia sulcata  [12 ],

B esid es im p rin tin g  an oth er  ch aracteristic  rea ctio n  o f  Tetrahym ena  is a 
la s t in g  grow th  st im u la t in g  a c t iv ity  at th e  f ir s t  en co u n ter  w ith  th e  “ fo re ig n ” 
m ateria l [4]. This m a y  h a v e  im p lica tion s to  ev o lu t io n , since th e  in fo rm a tio n  
en cod ed  b y  Tetrahym ena  m a y  b e in herited  b y  a great n um ber o f  d escen ­
d a n ts  [13].

In  th e  p resen t s tu d y  th e  effec t o f  d ip h th er ia  and te ta n u s to x o id s  on  
Tetrahymena  as w ell as d ev e lo p m en t o f  im p rin tin g  w ere a ssayed . T h e ch o ic e  o f  
th e se  su b stan ces w as m o tiv a te d  b y  th e  fa c ts  th a t  to x in s  m ay  b e p resen t in  
th e  n a tu ra l en v iro n m en t o f  Tetrahymena, an d  th a t  b e in g  p ro te in -lik e  m a te ­
r ia ls , th e y  fu lly  m eet th e  con figu ration  req u irem en ts . In  ad d ition , i t  seem ed  
in te re stin g  to  o b ta in  d a ta  on  m aterials p ro b a b ly  h arm fu l for Tetrahym ena.
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T h e  to x o id  is an tig en ic , i .e .  i t  has th e  ch em ic a l stru ctu re o f  th e  to x in , and  
a lth o u g h  it  does n o t  k ill th e  organism , th e  m ech an ism  o f  its  reco g n itio n  is 
s im ila r  to  th a t o f  th e  to x in .

M aterials and m eth od s

Cultures o f  T e trahym ena p ir ifo rm is  GL w ere in c u b a te d  for 2 d ay s a t  28 °C in  a  1%  
B a c to  T ry p to n e  m edium  c o m p le te d  w ith  0 .1%  y e a s t e x tra c t .

A ssa y  o f cell growth rale. T h e  to le rab le  c o n ce n tra tio n s  (i.e. su b le th a l co n ce n tra tio n s) of 
p u r i f ie d  d ip h th e ria  to x o id  (H u m a n , B u d ap est; p ro te in -n itro g e n  c o n te n t, 0.79 /ig /L f) and 
p u r i f ie d  te ta n u s  toxo id  (H u m a n , B u d ap es t; p ro te in -n itro g e n  c o n te n t 0.66 /ig /L f) w ere 0.43 
L f/m l a n d  0.23 Lf/ml, re sp ec tiv e ly . Two-fold d ilu tions o f  th e  to x o id  w ere p re p a re d  u p  to  th e  
e n d p o in ts  0.027 Lf/m l a n d  0.0035 L f/m l (1), 1)-, a n d  T j—T 7, respec tive ly ). T h e  m u ltip lica tio n  
o f  T etrahym ena  was a ssay ed  w ith  th e  capillary  m e th o d  in  fo u r su b seq u en t e x p e rim e n ts  using 
th e  sa m e  con cen tra tio n s a n d  s ta r t in g  from  single-cell c u ltu res . In  th e  c ap illa ry  c u ltu re  one 
cell w a s  g row n in 30 ц \  m e d iu m  fo r  17 h  a t  25 °C a n d  th e  g ro w th  ra te  w as checked .

T h e  f if th  d ilu tion  o f e ac h  to x o id  was chosen (D 5 =  0.027 Lf/m l a n d  T 5 =  0.014 Lf/ml) 
fo r  t h e  developm ent o f im p r in t in g . T w o-day  cu ltu res  w ere  tre a te d  w ith  th ese  co n cen tra tio n s 
fo r  24  h , th e  controls w ere  in c u b a te d  w ith o u t to x o id s . A fte r  th is  p re tre a tm e n t th e  cu ltu res 
w e re  w ash ed , k ep t in  n o rm al m e d iu m  for 48 h  an d  reex p o su re s to  th e  to x o id s fo llow ed in  capil­
l a r y  single-cell cultures. T h is  t im e  o n e  th ird  o f th e  co n tro ls  w as le ft unex p o sed  (C/C), w hile an ­
o th e r  t h i r d  was su b m itted  to  t r e a tm e n t  w ith  c o n cen tra tio n s  D 5 an d  T 5 of d ip h th e r ia  a n d  te ta n u s  
to x o id s  (C /D , C/T). P a r t  o f  th e  c ap illa ry  single-cell c u ltu re s  p rep ared  fro m  th e  to x o id - tre a te d  
o r ig in a l  cu ltu re  was n o t  s u b m itte d  to  a n o th e r t r e a tm e n t  (D /C , T/C) w hile a n o th e r  p a r t  was 
re e x p o se d  to  th e  sam e dose o f  to x o id  (D /D , T/T).

T h e  experim ents w ere  re p e a te d  four tim es. T h e  m ean  values o f  th e  t r e a te d  groups 
w e re  r e la te d  to  those  of th e  c o n tro ls  as 1. S ta tis tic a l sign ificance w as ca lcu la ted  acco rd ing  to  
S t u d e n t ’s t- te s t.

A ssa y  o f  diphtheria toxo id-b ind ing  capacity. D ip h th e r ia  to x o id  w as c o n ju g a ted  w ith  
flu o resce in -iso th io cy a n a te  (F IT C , B D H , E ngland). T h e  tw o -day-o ld  cu ltu re s  w ere  d iv ided 
in to  th r e e  groups: (1) u n tr e a te d ;  (2 ) t r e a te d  w ith  0.054 L f/m l o f d ip h th e ria  to x o id  (d ilu tio n  D 4); 
(3 ) t r e a te d  w ith  0.027 L f/m l o f  u n c o n ju g a te d  d ip h th e r ia  to x o id  (d ilu tion  D s). G roups (2) an d  (3) 
w e re  ex p o sed  for 24 h. S u b s e q u e n tly  th e  cu ltu res w ere  in o cu la ted  in to  a  n o rm al m ed iu m  and 
in c u b a te d  for 48 h. One d ro p  o f  c u ltu re  was p laced on  a  slide  an d  F IT C  c o n ju g a ted  d ip h th e r ia  
to x o id  w as added. T he to x o id -b in d in g  capacity  o f Tetrahym ena  w as assay ed  w ith  a  Zeiss 
F lu o v a l  cy to fluo rim eter co m b in e d  w ith  H P-41 c o m p u te r. T he ra te s  o f F IT C -co n ju g a ted  
d ip h th e r ia  toxo id-b ind ing  c a p a c ity  o f  th e  te s t  g roups w ere  re la te d  to  th e  m ean  v a lu es o f th e  
c o n tro l  g roups regarded  as 1 0 0 % . A  com puter p ro g ram m e  w as developed  fo r ca lcu la tio n  of 
s t a t i s t i c a l  significance acco rd in g  to  S tu d e n t’s t- te s t  a n d  fo r va rian ce  analysis.

R esu lts and d iscu ssion

B o th  d iph th eria  a n d  te ta n u s  toxo id s are h igh  m olecular w e ig h t (70 0 0 0 -  
150  0 0 0  dalton) p ro te in  [1 4 ]. D ip htheria  to x in  is a general ce ll p o iso n , an  
in h ib ito r  o f  protein  e lo n g a t io n  in eu k aryote  ce lls . T he te ta n u s to x in  exh ib its  
i t s  a c t io n  on neurons. B o th  to x in s  can be tran sform ed  to  to x o id s  b y  form alin  
t r e a tm e n t  w ith ou t lo ss  o f  th e ir  an tigen ic stru ctu re . In  th e se  exp er im en ts  
fo r m a lin  treated  to x in s  ( to x o id s )  were used .

O ur resu lts d e m o n str a te  th a t  a large d o sis  o f  b o th  to x o id s  d ep resses th e  
g r o w th  o f  Tetrahymena, w h ile  a low  co n ce n tr a tio n  stim u la tes  it .  T h e effect 
a p p e a r s  to  be d ose-re la ted  (F ig s  1 and 2). A  co m p a ra tiv e ly  sm a ll con cen tra-
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/
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Li , ml

F ig . 1. D ose-effect curve of d ip h th e r ia  toxo id

L( ,m l

F ig . 2. D ose-effect curve o f te ta n u s  toxo id

t io n  o f  th e  to x o id s  a ffe c ts  th e  grow th  o f  Tetrahym ena, b u t th is e ffec t ca n n o t  
be a ttr ib u ted  to  a m eta b o lism  o f  th e to x o id s  b y  th e  organism , sin ce s t im u la ­
tio n  is  ach ieved  b y  a  sm all con cen tration  w h ile  in h ib ition  b y  a larger d ose.

T h e doses o f  to x o id s  u sed  for d ev e lo p m en t o f  im prin tin g  w ere th o se  th a t  
en h an ced  th e  grow th  o f  Tetrahymena  a lread y a t  th e  first exp osu re. T h e d ip h ­
th er ia  to x o id  p rovok ed  a lo n g  term  effect (F ig . 3). A fter th e  first tr e a tm e n t a 
48-h ou r in cu b ation  in  n orm al m edium  and a 24 -h ou r in cu b ation  in  s in g le  cell 
cu ltu re  fo llow ed ; on e o f  th e  cu lture-groups rem ain ed  u ntreated . T h is group  
also d em on stra ted  a s ig n if ic a n tly  higher g ro w th  ra te  th an  th e  co n tro l group, 
and ex ceed ed , th o u g h  n o t s ig n ifica n tly , i t s  earlier grow th  ra te  m easu red  
im m e d ia te ly  at th e  f ir s t  en cou n ter w ith  th e  to x o id . T etrah ym en ae m u lt ip ly  4 
to  5 t im e s  a d ay . T h e resu lts  o f  th e  second tr e a tm e n t  were m easured  a fter  th e  
1 5th  ce ll-d iv is io n , th a t  m ean s th a t an in crease o f  th e  grow th  rate rem ain ed
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F ig . 3. E f fe c t  of d ip h th e ria  to x o id  on  th e  g row th  of Tetrahym ena. C =  con tro l, D  =  toxoid- 
trea te d ; C/D =  p  <  0 .01 , D /C =  p  <  0.05, C /D -D /D : x  =  p <  0.1

a p p r e c ia b le  after th is  lo n g  seq u en ce  o f  g en era tio n s. The second  ex p o su re  to  
d ip h th e r ia  to x o id  resu lted  in  a furth er in crease o f  grow th , th a t w as m ore th an  
t w ic e  as h igh  as th e  g ro w th  ra te  after th e  f ir s t  trea tm en t and rem ark ab ly  
e x c e e d e d  th e  grow th ra te  m easu red  72 h a fter  th e  f ir st trea tm en t in  cu ltu res  
w it h o u t  a second exp osu re . T h ou gh  th e d ifferen ce b etw een  th ese  tw o  grow th  
r a te s  d id  n o t show a m a th e m a tic a l s ig n ifica n ce , it  appears to  b e rem ark ab le  
fro m  t h e  b iological p o in t o f  v ie w . T he d ip h th eria  to x o id  seem s to  h a v e  in d u ced  
th e  s w itc h  over o f  cell d iv is io n  and d ev e lo p m en t o f  im prin tin g  as w e ll.

T e ta n u s  toxo id  d id  n o t  e v o k e  either im p r in tin g  or an ap preciab le change  
in  t h e  ce ll fun ction  (F ig . 4 ) . T h ere w ere grea t d ev ia tio n s and n o t  e v e n  th e  
m e a n  v a lu e s  differed re m a rk a b ly  from  th o se  o f  th e  con tro l. T hese exp er im en ts  
d e m o n s tr a te  th a t Tetrahym ena  reacts d ifferen tly  to  trea tm en t w ith  p rotein s  
o f  s im ila r  m olecular w eig h t as far as sw itch  o v er  o f  ce ll-fu n ction  or im p rin tin g  
is  c o n c e r n e d . The f in d in g  m a y  b e a ttr ib u ted  to  d ifferen t m olecular stru ctu res  
o f  t h e  to x o id s . On th e  o th e r  h a n d , th e “ a t te n t io n ”  o f  te tra h y m en a e  m a y  be

Fig. 4. E ffec t o f t e ta n u s  toxo id  on th e  g ro w th  of Tetrahymena
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a ttr a cted  m ore b y  d ip h th er ia  to x o id , w h ich  is  a gen eral cell po ison , th a n  b y  
te ta n u s  to x o id  th a t  a cco u n ts  for a h ig h ly  sp e c ific  effec t. Our s tu d y  h as le ft  
th is  q u estion  open .

A  red u ction  o f  th e  b in d in g  o f  F IT C -co n ju g a ted  d iphtheria  to x o id  en su ed  
as a con seq u en ce o f  p retrea tm en t (im p rintin g) w ith  b o th  con cen tra tion s a p ­
p lied  (F ig . 5). T h at is ,  im p rin tin g  in v o lv ed  n o t  o n ly  an altered ce ll- fu n c tio n  
h u t b in d in g  o f  to x o id  as w ell, h ow ever , th e  la t te r  in  a reverse se n se . T h is  
m ean s th a t , as severa l earlier stud ies h a v e  p ro v ed  [15, 16] b ind in g  a n d  ce ll

F ig . 5. F IT C -co n ju g a ted  d ip h th e r ia  toxo id  b in d in g  b y  p re tr e a te d  te trah y m e n ae  a n d  co n tro l. 
S ta tis tic a lly  s ig n ifican t d ifference re la ted  to  th e  co n to l: D 4 =  p  <  0.01, D 5 =  p  <  0.1

grow th  effec t do n o t a lw a y s run  parallel. I t  m a y  b e  assum ed th a t few er b in d in g  
sites  m ig h t be su ffic ien t to  evok e greater re a c t io n , as an ad d ition a l a sp e c t  o f  
im p rin tin g .

T his s tu d y  su p p orts  th e  p revious o b se r v a tio n  th a t (i) Tetrahym ena  d e ­
v e lo p s n o t o n ly  h orm on e receptors, b u t g en er a lly  also receptors for a lie n  m a ­
teria ls a c tiv e  on  m em b ran e le v e l as ev id en ced  b y  im prin tin g  in  th e  o rg a n ism , 
and (ii) Tetrahymena  se lec ts  m aterials o f  sim ilar  m olecu lar w eight an d  resp o n d s  
d ifferen tly  to  th em  [1 ].

T h e receptor m em o ry  o f  Tetrahymena  is  a p henom enon  sim ila r  to  th e  
im m u n o log ica l m em o ry  [7]. D ip h th eria  to x o id  w h ich  is an an tigen , su p p o rts  
th is  con sid eration . A t p resen t there is  n o  ex p la n a tio n  w h y  te ta n u s  to x o id  
fa iled  to  d evelop  recep tor m em ory.

Acknowledgements. W e are  in d eb ted  to  H u m a n  I n s t i tu te  for Serobacterio logical P ro d u c ­
t io n  an d  R esearch , B u d a p e s t,  personally  to  D r. L . R é th y  fo r p roviding th e  to x o id s .
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COMPARATIVE LABORATORY STUDIES 
ON a-METHOXYIMINO FURYL- AND 

PHENYLACETAMIDO CEPHALOSPORINS: 
STRUCTURE-ACTIVITY RELATIONSHIPS

J . У . U r i , L il l ia n  P h il l ip s  and D .  H . P it k in

Research and Development D ivision , S m ith  K lin e  and  French Laboratories, 
P hiladelphia, P A , U S A

(R eceived M arch 5, 1985)

E lev en  new  cephalosporins (th ree  p h e n y lace tam id o  a n d  e ig h t fu ry lace tam id o ) c o n ta in ­
ing a  m eth o x y im in o  group  on  th e  7 fi-acyl side c h a in  a n d  h av in g  various su b s ti tu e n ts  a t  
th e ir  3 -positions, ex h ib ited  sim ilar q u a lita tiv e , b u t  d iffe rin g  q u a n ti ta t iv e  in v itro  a n tib a c te r ia l  
sp ec tra  co m p ared  to  t h a t  o f cefu rox im e, th e  f ir s t  th e ra p e u tic a lly  used  a -m eth o x y im in o  cep h a lo ­
sporin . T h e  syri-isom ers an d  th e  a -acy l su b s ti tu te d  co m p o u n d s are  m ore ac tive  th a n  e ith e r 
th e  an ti-isom er o r th e  ß -асуХ su b s ti tu te d  com pounds. C om pounds con ta in ing  s u b s ti tu te d  
te traz o le  rin g s a t  th e  3 -p o sitio n  are  likew ise m ore a c tiv e  th a n  those  con tain ing  o th e r  ty p e s  o f 
su b s ti tu e n ts  in  th is  po sitio n . In  v ivo  (m ouse) th e  h e te ro cy c lic  fu ry lacetam id o  co m p o u n d s are 
m ore efficacious (p ro tec tiv e ) th a n  th e  a ro m atic  p h e n y la ce tam id o  com pounds. T h e  fu ry l­
ace tam id o  a -m e th o x y im in o  cephalosporins co n ta in in g  a t  th e  3 -position  th e  te tra z o le  group  
ca rry in g  a n  acidic fu n c tio n  possess fav o rab le  p h a rm a co k in e tic  p ro p erties , i.e., h ig h er serum  
levels an d  pro longed  b iological half-lives in  m ouse a n d  sq u irre l m onkey  and ex ten siv e  b in d in g  
to  serum  p ro te ins.

T h e f irst c lin ica lly  u sefu l parenteral se m isy n th e tic  ceph alosp orin  co n ­
ta in in g  th e  a -m e th o x y im in o  group a tta ch ed  to  th e  fu ry lacetam id o  s id e  ch a in  
at th e  7 -p o sitio n  o f  th e  cep h em  n ucleu s w as ce fu ro x im e , a com p oun d  h a v in g  
a w id er sp ectru m  o f  a n tib a cter ia l a c t iv ity  an d  greater s ta b ility  to  m o st b eta -  
la c ta m a ses [1 -4 ]  th a n  older ceph alosp orins. O n th e  b asis o f  th ese  im p r o v ed  
p rop erties over th e  first-g en era tio n  cep h a losp orin s (cep h alo th in , cep h a lo -  
rid in e, cep h a lex in , cep h rad in e, ceph ap irin , cep h a ce tr ile  and cefazo lin ), ce fu r­
ox im e is  ju s t if ia b ly  c la ssified  as a secon d -gen era tion  cephalosporin , to g e th e r  
w ith  ce fam an d o le , ce fo x itin , cefon icid , c e fm e ta z o le , cefaclor an d  cefora- 
n id e [4 -6 ] .

T h e su ccess o f  ce fu rox im e w hich  co n ta in s  th e  un iq ue a -m e th o x y im in o  
side ch a in  has led  u s to  d esign  and sy n th esize  a series o f  new  cep h alosp orin s  
w ith  th is  side ch a in , an d  s tu d y  th eir  basic b io lo g ica l properties in  th e  la b o ra ­
to ry  in com p arison  w ith  th o se  o f  cefu rox im e an d  cefazolin . F igu re 1 sh ow s  
th e  ch em ica l stru ctu res o f  th ese  n ew  cep h a losp orin s. Three o f  th em  (N o s I—III )  
co n ta in  th e  p h en y la ceta m id o  sid e  ch ain  an d  e ig h t (N os I V -X I )  co n ta in  th e

J .  V . U rn , L i l l i a n  P h i l l i p s ,  D . H . P i t k i n
R esea rch  a n d  D e v e lo p m e n t D iv isio n , S m ith  K lin e  an d  F re n c h  L a b o ra to r ie s  
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Fig. 1. Chemical structures of tw elve m ethoxyim ino furyl- or phenylacetam ido cephalosporins

fu r y la ce ta m id o  group a t  th e  7 -p o sitio n  o f  th e  a m in ocep h a losp oran icacid  n u cleu s. 
A t t h e  3-p osition  o f  th e  d ih y d ro th ia z in e  r in g , th e  ca r b a m o y lo x y m eth y l ch ain  
o f  c e fu r o x im e  is rep laced  b y  th e  a c e to x y m e th y l ch a in  in  tw o  co m p o u n d s (N os  
I , I Y )  an d  b y  a su b st itu te d  tetrazo le  ring  in  n in e  com p oun ds (N o s I I ,  I I I ,  
V —X I ) .  T h e m eth o x y im in o  group  is in  th e  sy  « -co n fig u ra tio n , e x c e p t  in  co m ­
p o u n d  N o . V I. w here it  is in  th e  a n ti-co n fig u ra tio n . T he m eth o x y im in o  group  
is  a t ta c h e d  to  th e  a -ca rb o n  o f  th e  acy l ch a in  in  all cases ex c ep t com p ou n d  
N o . X I  w here it  is on  th e  /9-carbon. T h ese  ch em ica l m o d ifica tio n s  cau sed  
s u b s ta n t ia l  changes in  th e  in  v itro , in  v iv o  an d  p h arm acok in etic  p ro p erties  o f  
th e  co m p o u n d s as com p ared  to  cefu rox im e to  w h ich  som e appear to  b e su p e­
r ior . T h e  results o f  th is  s tu d y  are su m m arized  h ere.
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M aterials and  m ethods

Cephalosporins. C efurox im e w as k ind ly  supp lied  as a  resea rch  sam ple  b y  G laxo L ab o ­
ra to r ie s  L td . C efalozin (S m ith  K line  an d  F ren ch  L ab o ra to rie s)  w as a  com m ercial p re p a ra tio n . 
All th e  o th e r  com pounds w ere  sy n th esized  b y  m em b ers o f th e  M edicinal C hem istry  D e p a r t­
m e n t,  S m ith  K line  a n d  F re n c h  L ab o ra to rie s . T h e ir chem ical s tru c tu re s  are p re sen ted  in  F ig . 1.

Organisms. T h e  b a c te r ia l  s tra in s  used  for th e  M IC a n d  E D 60 d e te rm in a tio n s a re  th o se  
re g u la rly  em ployed  in  o u r la b o ra to ry  fo r th e  p rim a ry  te s tin g  of cephalosporins an d  penicillins 
[7, 8] an d  a re , fo r th e  m o st p a r t ,  c lin ical iso lates o b ta in e d  fro m  vario u s geographical loca tions 
in  th e  U n ited  S ta te s .

A n im a ls .  W eb s te r-d e riv ed  CD1 m ale a lb ino  Swiss m ice (C harles R iv er B reed ing  L ab o ­
ra to rie s )  w ith  average  w e ig h ts  o f 18 to  21 g w ere used  fo r th e  efficacy  an d  serum  level s tud ies . 
S q u irre l m onkeys, each  w eigh ing  0.8 to  1.1 kg, w e re  u sed  fo r serum  level s tu d ies  [9, 10].

M icrobiological assay. A ll se ru m  and  u rine  sam ples w ere assayed  fo r a n tib io tic  con­
c en tra tio n s  b y  th e  disc agar-d iffu sio n  m eth o d , u sing  B acillu s subtilis  ATCC 6633 as th e  in d ic a to r 
o rgan ism . F o r serum  leve l assay s, s ta n d a rd s  and  te s t  sam ples w ere d ilu ted  using  a p p ro p ria te  
pooled  an im al sera dev o id  o f b ack g ro u n d  a c tiv ity . F o r  u rin e  assays, th e  d ilu e n t w as 1%  
p h o sp h a te  buffer, p H  6.0. A ssay  p la te s  w ere in cu b a ted  o v e rn ig h t a t  30 °C. Zone d iam e te rs  
w ere m easu red  w ith  a  F ish e r-L illy  zone reader.

I n  vitro b inding to serum  proteins. T he p e rcen tag e  o f an tib io tic  a c tiv ity  b o u n d  b y  serum  
p ro te in s  (m ouse, sq u irre l m o n k ey , o r h u m an ) w as e s tim a te d  by  com paring  s ta n d a rd  dose- 
response  assay  cu rv es o b ta in e d  fo r th e  com pounds d ilu ted  in b u ffer (p H  6.0) or in  serum . 
A disc agar-d iffusion  assay  w as em p lo y ed  for th ese  d e te rm in a tio n s .

A ctiv ity  and e ffica cy  tests [7, 9, 10]. (a) I n  vitro assays. T h e  m in im um  in h ib ito ry  con­
c en tra tio n s  (M ICs) w ere d e te rm in e d  b y  an  agar d ilu tio n  tech n iq u e , on  T ry p ticase  Soy ag ar 
b u ffered  to  p H  6 b y  th e  a d d itio n  o f 10%  M cllv a in e ’s c itric  ac id -p h o sp h a te  buffer. Serial 
tw ofo ld  d ilu tions o f  fre sh ly  p re p a re d  s ta n d a rd  cephalosporin  so lu tions were in co rp o ra te d  in to  
th e  m elted  T ry p tic a se  Soy a g a r a n d  p oured  in to  P e tr i  dishes. P la te s  w ere in o cu la ted  w ith  
th e  a id  o f a  S teers’ in o cu la  re p lica tin g  device [11] w ith  o v ern igh t-g row n  b ac te ria l cu ltu res  
(T ab le  1) d ilu ted  to  c o n ta in  a p p ro x im a te ly  104-1 0 6 co lony  form ing  u n its . T he M IC v a lu es in  
y/g/ml w ere d e te rm in ed , a f te r  18 h  o f in cu b a tio n  a t  37 °C, as th e  low est co n ce n tra tio n  of 
co m pound  th a t  in h ib ite d  g ro w th  (colony fo rm atio n ). C efuroxim e an d  cefazolin w ere ro u tin e ly  
in c lu d ed  as con tro l co m p o u n d s.

(b) I n  vivo e fficacy studies. S tra in s  o f Escherichia coli a n d  Klebsiella pneum oniae  d ilu ted  
in  5 %  hog g astric  m u c in  w ere u sed  to  in tra p e rito n ea lly  in fec t g roups of te n  m ale  a lb ino  
Sw iss-W ebster m ice w eig h in g  18-21 g, w ith  th e  n u m b e r o f  b a c te ria l cells w hich  p ro d u ced  
u n ifo rm ly  le th a l in fec tio n s in  n o n -tre a te d  anim als. In fec ted  m ice w ere tre a te d  su b cu tan eo u sly  
a t  one and  five h  p o st- in fec tio n  w ith  fourfo ld  co n ce n tra tio n  in crem en ts  o f th e  cephalosporins 
in  iso ton ic  sod ium  ch lo rid e  so lu tio n . D e a th  an d  su rv iv o rs  w ere reco rded  fo r a  p e rio d  o f th re e  
d ay s . T he to ta l  dose o f each  co m pound  th a t  p ro te c te d  50%  o f in fec ted  m ice (E D 50) was 
ca lcu la ted  b y  th e  m e th o d  o f L itch fie ld  an d  W ilcoxon [12].

Pharm acokinetic studies. A fte r  su b cu tan eo u s in jec tio n  o f 20 m g/kg  o f th e  cep h a lo ­
sp orins, serum  and  u r in a ry  a n tib io tic  levels d u rin g  th e  f i r s t  4 h  a f te r  dosing w ere d e te rm in ed  
in  d u p lica te  pooled g ro u p s  o f te n  m ice. Serum  levels w ere also d e te rm in ed  in  sq u irre l m o n k ey s 
in jec ted  in tra m u sc u la rly  w ith  20 m g/kg  of d rug . T h e  se ru m  sam ples w ere k e p t frozen  (— 20 °C) 
u n t il  assayed . T h e  a p p a re n t  se ru m  half-life  was d e te rm in e d  from  a  sem i-log p lo t o f an tib io tic  
c o n c e n tra tio n s  ve rsu s tim e .

U rin a ry  a n tib io tic  reco v e ry  du ring  th e  f i r s t  fo u r-h o u r period  a fte r  dosing  w as de­
te rm in ed  in  d u p lic a te  g ro u p s  of te n  m ice. Mice w ere p laced  in  m etabo lism  cages a n d  u rine  
sam ples w ere co llected  in  co n ta in e rs  packed  in  d ry  ice. U rine  volum es w ere m easu red  and  
th e  sam ples were s to re d  a t  — 20 °C p rio r to  assay . T h e  disc agar-d iffusion  assay , described  
abo v e , was em ployed to  d e te rm in e  d ru g  c o n cen tra tio n  in  blood an d  u rin e  sam ples.

R esults

In vitro studies. In  T ab le I , th e  in  v itro  an tib acter ia l a c tiv itie s  (MIC  
v a lu es  in  (Ug/ml) o f  th e  e lev en  m eth o x y im in o  ceph alosp orin  an a logu es are 
com pared  w ith  th o se  o f  cefu rox im e and cefazo lin  aga in st 15 rep resen ta tiv e
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I n  vitro activity o f  twelve m ethoxyim ino fu ry l-  or phenylacetamido cephalosporins and cefazolin against f ifte e n  bacterial strains

Table I

£
Bacterial strains ^ Minimal inhibitory concentration (/ig/ml)

Compounde
I

79384
II

79395
III

80196
IV

81367
V

81147
VI

81366
VII

81409
VIII
81292

IX
82464

X
81903

XI
82259

Cefur­
oxim e Cefazolin

Staphylococcus aureus 
SK & F 23390 0.4 0.4 1.6 0.8 0.8 6.3 1.6 1.6 3.1 0.8 1.6 0.8 0.2

Staphylococcus aureus* 
H H  127 0.4 0.4 1.6 1.6 1.6 6.3 1.6 3.1 3.1 0.8 1.6 0.8 0.4

Staphylococcus aureus** 
V illaluze S K F  70390 > 200 200 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 > 2 0 0 200

Streptococcus faecalis 
H H  34358 100 50 25 50 12.5 50 50 50 25 12.5 50 12.5 6.3

Escherichia coli'0 
S K F  12140 12.5 6.3 6.3 3.1 1.6 25 0.8 1.6 1.6 1.6 100 3.1 0.8

Escherichia coli* H H  33779 12.5 6.3 6.3 3.1 3.1 25 1.6 3.1 1.6 3.1 100 6.3 1.6
Klebsiella pneum oniae

S K F  4200 3.1 1.6 3.1 1.6 0.8 12.5 0.4 0.8 0.4 1.6 50 1.6 0.8
Klebsiella pneumoniae*  

S K F  1200 12.5 6.3 3.1 1.6 1.6 12.5 0.4 0.8 0.4 1.6 50 1.6 1.6
Salmonella paratyphi 

ATCC 12176 6.3 1.6 1.6 3.1 0.8 12.5 0.4 0.8 0.4 1.6 50 3.1 0.8
Proteus m irabilis PM  444 N .D . N .D . 3.1 3.1 1.6 25 0.2 0.2 0.2 1.6 200 1.6 3.1
Morganella morganii* 

#  179 6.3 3.1 6.3 6.3 1.6 12.5 1.6 1.6 1.6 1.6 > 2 0 0 50 200
Serratia marcescens* 

ATCC 13880 25 12.5 12.5 12.5 3.1 50 3.1 3.1 3.1 6.3 > 2 0 0 12.5 > 2 0 0
Enterobacter aerogenes* 

ATCC 13048 12.5 12.5 12.5 6.3 3.1 25 3.1 3.1 3.1 6.3 100 6.3 1.6
Enterobacter cloacae* 

H H  31254 6.3 3.1 3.1 3.1 1.6 12.5 0.8 1.6 0.8 1.6 100 3.1 0.8
Pseudomonas aeruginosa* 

H H  63 > 2 0 0 200 200 > 2 0 0 200 > 2 0 0 100 200 > 2 0 0 200 > 2 0 0 > 2 0 0 > 2 0 0

* /З-L actam ase producer; w w eak producer 
** M ethiciffin re sis tan t & /3-lactam ase producer 
N .D .: N o t done
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b acter ia l stra in s regu larly  u sed  in  our lab ora tory  for prim ary ev a lu a tio n  o f  
cep h a losp orin s and p en icillin s. A ll com p ou n d s con ta in in g  th e m e th o x y im in o  
group in  syn -con figu ra tion  and in  th e  а -p osition  h ave th e  sam e q u a lita tiv e  
a n tib a cter ia l sp ectra  ch aracteristic  o f  th e  secon d -gen eration  cep h a losp orin s  
and rep resen ted  here b y  ce fu rox im e. T h ese com p ou n d s h ave accep ta b le  a c t iv ity  
aga in st S . marcescens and th e  in d o le -p o sitiv e  M . morganii, stra in s w h ich  are 
in se n s it iv e  to  th e  first-g en era tio n  cep h alosp orin s, i.e . cefazo lin . T h e overa ll 
a c t iv ity  o f  com p oun d  N o . V I , w h ich  con ta in s th e  m eth o x y im in o  group in  th e  
a n ti-con figu ra tion  is red u ced . T h e a c t iv ity  o f  com pound N o . X I  co n ta in in g  
th e  m eth o x y im in o  group a tta ch ed  to  th e  ß- and  n o t to  th e  a -carb on  a to m  o f  
th e  a c e ty l group is e sp ecia lly  w eak er again st G ram -n egative b acilli. T h ese  are 
group sp ec ific  general fea tu res o f  th e  stru ctu re a c t iv ity  re la tion sh ip s.

A ll th e se  com p oun ds h a v e  eq u a lly  good  a c t iv ity  (low  MIC v a lu es)  aga in st  
th e  p en icillin ase-p rod u cin g  and n on -p en ic illin ase  producing S. aureus stra in s, 
C om pound N o. X  has th e  sam e le v e l o f  a c t iv ity  as cefuroxim e (M IC, 0 .8  jUg/ml), 
and com p ou n d s N os I and I I  are som ew h at b e tte r  (MICs 0.4 /L g/m l). C efazolin  
as e x p e c te d  [13] is ev en  m ore a c t iv e , e sp ecia lly  again st th e  n o n -p en ic illin a se  
p rod u cin g  S. aureus stra in s. L ike all o th er cep h alosp orin s, n on e o f  th e se  co m ­
p ou n d s h as a c t iv ity  aga in st m eth ic illin -resista n t S. aureus stra in s. A g a in , as is  
ch aracter istic  o f  th e  p resen tly  k n ow n  and u sed  ceph alosp orins, n o n e  o f  th e  
com p ou n d s in  T able I has accep tab le  a c t iv ity  aga in st S. faecalis  s tra in s.

A g a in st G ram -n egative b acter ia , in  gen era l, th e  syn  a -m e th o x y im in o -  
p h en y la ceta m id o  com p ou n d s (N os I - I I I )  are m ore a ctiv e  th en  th e  n o n -m e th -  
o x y im in o  cou n terp arts [14] b u t are som ew h at less a ctiv e  th a n  th e  syn  a -m e th -  
o x y im in o -fu ry la ceta m id o  cep h alosp orin s (N os IV —X I I ) .  C om pounds c o n ta in ­
in g  th e  a c e to x y m e th y l (N os I , IV ) or ca rb a m o y lo x y m eth y l (N o . X I I )  groups 
at th e  3 -p osition  are som ew h at less a c tiv e  th a n  com p oun ds w h ich  co n ta in  a 
su b st itu te d  te tra z o le -th io m eth y l ring. T h ese la t te r  com p ou n d s, e sp e c ia lly  th o se  
carrying  a stro n g ly  acid ic fu n ctio n  and a large e lec tro n eg a tiv e  ch arge a t  th e  
N j-te tra zo le  ring (N os V II , V I I I , IX )  h a v e  ev e n  low er MIC v a lu es  a g a in st  th e  
G ram -n egative  b acter ia  th a n  ce fu rox im e and cefazolin . A lth o u g h  a c t iv ity  
ag a in st P . aeruginosa is n o t ex p ec ted  from  th e  first- and seco n d -g en era tio n  
cep h a losp orin s, som e o f  th e se  n ew  com p ou n d s (N os I I ,  I I I ,  V , V I I ,  V I I I ,  X )  
ex h ib ited  traces o f  in  v itro  a c t iv ity  aga in st th is  d iff ic u lt-to -trea t p a th o g en .

A ll o f  th ese  n ew  cep h a losp orin s, lik e  ce fu rox im e, h ave b a s ica lly  th e  sam e  
le v e l o f  in  v itro  a c t iv ity  aga in st th e  b eta -la c ta m a se  p rod u cin g  or n o n -b eta -  
la c ta m a se  p rod ucing  v a ria n ts  o f  th e  sam e gen u s o f  th e  G ram -n egative  bacilli 
in  th e  t e s t .

In  vivo experim ental chemotherapeutic efficacy studies. T h e th e ra p eu tic  
e ff ic a c y  o f  th ese  new  cep h a losp orin s, w ith  th e  ex cep tio n  o f  co m p o u n d s N os  
V I and X I  w h ich  w ere fou n d  w ea k ly  a ctiv e  in  th e  in  v itro  t e s t ,  w as com p ared  
a lo n g  w ith  th a t o f  cefu rox im e and cefazo lin  in  acu te sy stem ic  ex p er im en ta l
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Table II

Subcutaneous efficacy o f twelve methoxyimino furyl- and phenylacetamido cephalosporins and cefazolin in experimental acute infections o f mice

B ac teria l s tra in s E D „  (m g/kg)

C om pounds

Escherichia coli* 
SK & F 12140

> 5 0

> 5 0

Klebsiella pneumoniae 
SK & F 4200

43

> 5 0

in V I V I I  V I I I X I  Cefur-
79384 79395 80196 81367 81147 81366 81409 81292 82464 81903 82259 o x im e Cefazolin lenge  ̂

> 5 0

45

29
6.25

N.D.
6.25

> 5 0
5.5

N .D.

3.9

4.4

1.82

1.56

0.78

N.D.

222
73

250

6.25 6.25 386
88

244
386
166

1.02 4.0 130

12.5 142
681

4.0 4.5 214
150
88

N.D. —

57

4.6 150

77

7.2 62

* W eak  ^-lactam ase  producer
** Excess dose of inoculum  required  to  k ill 50%  of th e  mice 
N .D .: N o t done
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in fe c tio n s  cau sed  b y  E . coli or К . pneum oniae  in  m ice. T h e E D S0 v a lu e s  o f  th e  
a -m eth o x y im in o -p h e n y la c e ta m id o  cep h alosp orin s (Table II )  are, in  gen eral, 
in ferior to  th o se  o f  th e  a -m e th o x y im in o  fu ry lacetam id o  cep h alosp orin s in  sp ite  
o f  th e ir  re la t iv e ly  sim ilar MIC v a lu es . In  E . coli in fection s th e  fu r y la ce ta m id o  
com p ou n d s ex h ib ited  th e  sam e (N os V II , V III )  or b etter  (N os I X ,  X )  p ro­
te c tiv e  p ow er, as exp ressed  b y  th e  E D 50 v a lu es , th a n  cefu rox im e or ce fa zo lin . 
In  K . pneum oniae  in fection s co m p o u n d  N o . X  w as foun d  to  be w ea k er , c o m ­
poun d  N o . V II  eq u iv a len t an d  com p ou n d s N os V III  and I X  b e tte r  th a n  
cefu rox im e. C efazolin , for u n k n o w n  reason s, is n o t v er y  e ffe c tiv e  in  m ou se  
K . pneum oniae  ex p er im en ta l in fe c tio n s .

B asic pharm acokinetics in mice and squirrel monkeys. T he a n tib io t ic  co n ­
cen tra tio n s in  serum  and e lim in a tio n  h a lf-liv es , as w ell as th e  u r in ary  reco v ery  
o f  f iv e  se lec te d  a -m e th o x y im in o  fu ry la ceta m id o  ceph alosporins w ere  d eter ­
m in ed  in  m ice dosed  w ith  20  m g /k g  o f  com p oun d  (Table I I I ) .  C om p oun d s  
co n ta in in g  a t  th e  3 -p osition  th e  te tra z o le  m o ie ty  w ith  stron g a c id ic  fu n ctio n  
(N os V II , I X ) ,  p rod uced  h igh er an d  m ore prolonged  serum  le v e ls  th a n  th e  
oth er com p ou n d s. T h is f in d in g  is in  agreem en t w ith  our earlier f in d in g s  w ith  
S K & F  75073 (cefon icid ), S K & F  80303  and S K & F  88070, cep h a losp orin s w hich  
co n ta in  th e  sam e acid ic fu n ctio n a l group  at th e  3-p osition  [9, 10, 1 5 ]. C efur­
ox im e h as th e  sh o rtest e lim in a tio n  h a lf-liv e  b u t th e  h igh est u r in a ry  r e co v ­
ery  in  4 h.

In  squirrel m on k ey  o n ly  com p ou n d s fou n d  to  be lo n g -a c tin g  in  m ice  
(N os V II , I X ) ,  w ere stu d ied . A fter  20  m g /k g  in tram u scu lar in je c t io n , th ese  
com p ou n d s p rod uced  h igher seru m  p eak  con cen tra tion s, so m ew h a t sh orter  
h a lf-lives b u t h igher u rinary recoveries in  4 h  in  squirrel m o n k ey  (T ab le  IV) 
th a n  w as ob served  in  m ice (T ab le I I I ) .

T able  I I I

Serum peak concentrations, half-lives and urinary recoveries 
following subcutaneous injections to mice o f selected methoxyimino- 

furylacetam ido cephalosporins at 20 mg/kg and their in vitro binding  
to serum proteins

P e a k  H a lf  U rine  S erum  B in d in g  (% )
C om pounds cone . lives reco v e ry  '  ~

(//g /m l) (m in ) (% ), 4 h  m ouse  h u m an *

V SK & F 81147 38 18 28 31 56

V II SK & F 81409 52 135 10 76 90

IX SK & F 82464 80 80 36 69 72

X SK & F 81903 19 18 11 26 50

X II Cefuroxim e 38 14 60 35 30

* B ind ing  to  h um an  serum  p ro te in s o f com pounds I I I  (SK & F 80196) a n d  IV  (SK & F 
81367) was 91%  and  38% , respectively
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Table IV

Serum  pea k  concentrations and half-lives in  squirrel monkeys 
fo llow ing intram uscular injections o f  com pounds N o. V I I  

and N o. I X  at 20 m g/kg and their in vitro b ind ing  to serum proteins

Compounds
Peak Half U rine Serum binding (% )
cone.

O'g/nd)
lives
(min)

recovery
(% ). * h mouse human

V II SK & F 81409 170 9 4 10 87 90

IX SK & F 82464 125 50 69 62 7 2

In  v itro  b in d in g  to  seru m  proteins o f  th e  com p ou n d s lis ted  in  T ab les  
I I I  an d  IV  varies. C efu rox im e has a r e la t iv e ly  lo w  serum  p rotein -b in d in g  
q u a lity . C om pounds w ith  a c id ic  functions a t th e  3 -p o sitio n  h ave h igher serum  
p r o te in  b inding p rop erties w h ich  appears to  p la y  a role in  th e ir  favorab le  
seru m -le v e l p rofiles. In  g en era l, th e  serum  p ro te in  b in d in g  o f  th e  stu d ied  c o m ­
p o u n d s  d isp lays a sp ec ies  sp ec ific ity . T heir b in d in g  to  m ouse serum  p rotein s  
is  le s s  th a n  to  squirrel m o n k e y  serum  p ro te in s w h ich  is less th an  to  h u m an  
seru m  proteins.

D iscussion

T h e in trod u ction  o f  t h e  a -m eth o x y im in o  grou p  in to  th e  arom atic or 
h eter o cy c lic  acyl m o ie ty  a t  th e  7-position  o f  th e  cep h alosp orin  m olecule s ig n i­
f ic a n t ly  increases th e  a n tib a c te r ia l a c tiv ity  an d  b e ta -la c ta m a se  sta b ility  o f  th e se  
co m p o u n d s. O riginally  i t  w a s  found  in a fer m e n ta tio n  p rod u ct. N ocard icin  A  
w a s th e  first n atu ra l p r o d u c t  antib acteria l b e ta -la c ta m  con ta in in g  an o x y -  
im in o  group at th e  « -p o s it io n  o f  th e  p h e n y la c y la m in o  m o ie ty  [16, 17]. T here is 
a t  th e  а -position  a h y d r o x y l group in  ce fa m a n d o le  and  cefon icid ; an am ino  
g ro u p  in  am picillin  an d  a ll ora l ceph alosp orins; a c a r b o x y l group in  carben icil-  
l in , t ica rc illin , tem o c illin , an d  m oxalactam ; a su lp h o n ic  acid  group in su lb en i-  
c illin  and cefsu lod in  an d  a  ureido  group in  a /.loc illin , m ezlocillin , p iperacillin  
an d  cefoperazon e.

N ocardicin  A  h a v in g  th e  unique a -h y d r o x y im in o  group in th e  a-carb on  
se r v e d  as th e  p ro to ty p e  for  th e  syn th esis o f  th e  h y d ro x y im in o - and a lk o x y -  
im in o -su b stitu te d  cep h a lo sp o r in s  [1 0 ,1 8 ,1 9 , 2 3 ] . A tta c h m e n t o f  th e  a -m e th o x y ­
im in o  group to  th e 7 -fu ry la ceta m id o  su b stitu e n t p rod u ced  cefuroxim e w ith  its  
b ro a d  an tib acter ia l sp e c tr u m  and high le v e l o f  resistan ce  to  m ost b e ta -la c ­
ta m a se s . C efuroxim e a d d it io n a lly  con tains a c a r b a m o y lo x y m eth y l group at 
th e  3 -p o sitio n , th a t w as rep la ced  in our n ew  co m p o u n d s b y  su b stitu ted  te tra -  
z o le  m o ieties. Som e o f  th e s e  new  com p ou n d s p o ssess  n o t on ly  im p roved  
p h a rm a co k in etic  p rop erties (h igh er and p ro lon ged  serum  lev e ls ), u su a lly  c o n ­
v e y e d  b y  su b stitu en ts  a t  3 -p o sitio n  but th e y  a lso  h a v e  in creased  an tib acter ia l
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p o te n c ie s , w hich  are u su a lly  a ttr ib u ta b le  to  th e  7 -su b stitu en ts . S om e m in im al 
in  v itr o  a c t iv ity  w as o b served  aga in st P. aeruginosa.

Spectacu lar sp ectru m  b road en in g , h igh  le v e l o f  b e ta -la c ta m a se  s ta b ility  
a n d  extraord in ary  a n tib a cter ia l p o ten cy  w ere ob ta in ed  w hen  th e  a -m e th o x y -  
im in o  or, in  general, an  o x y im in o  group w as a tta ch ed  in  syn -co n fig u ra tio n  
t o  th e  a-carbon  o f  th e  a ce ta m id o  sid e ch ain  lo c a te d  a t th e  7 -p o sitio n . A  h ost  
o f  su ch  n ew  cep h alosp orin s co n ta in in g  a v a r ie ty  o f  su b stitu e n ts  a t th e  3 -p osi­
t io n  o f  th e  b eta -la c ta m d ih y d ro th ia z in e  n ucleu s are d escribed  as th ird  or fourth  
g en era tio n  ceph alosp orins [20, 2 1 ]. T he m ark eted  and m ore e x te n s iv e ly  stu d ied  
o n es h a v e  been  th e  su b jec t  o f  m a n y  recent papers [2 2 -2 4 ] . T h ese th ird  and  
fo u r th  generation  cep h alosp orin s are used for th e  tre a tm en t o f  in fe c tio n s  caused  
b y  b acter ia  in sen sitiv e  to  th e  first-  and secon d -gen era tion  cep h alosp orin s. 
T h e y  sh ou ld  be reserved  for th e  th erap y  o f  su ch  in fe c tio n s , w here th e y  are 
u n iq u e ly  p o ten t and life -sa v in g  agen ts. T h ey  are c o s tly  and th e  sp ectacu lar  
in  v itr o  a c t iv ity  is o fte n  n o t a ssoc ia ted  w ith  redu ced  d oses. F or th e  trea tm en t  
o f  co m m o n  G ram -n egative  an d  m ost sta p h y lo co cca l in fectio n s th e  f ir s t  and  
secon d -gen era tion  com p ou n d s serve a u sefu l purpose. C efuroxim e has m an y  
a d v a n ta g eo u s p rop erties [25 ], b u t, as is d em on stra ted  in  th is  s tu d y , even  
b e tte r  com p oun ds can  b e  p rod u ced  w ith in  th e  sam e class o f  ceph alosp orins.
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ANTIBACTERIAL ACTIVITY 
OF PRIMYCIN AGAINST MULTIPLE STRAINS 

OF GRAM-POSITIVE BACTERIA

J . Y . U ri

Research and Developm ent D ivision , Sm ith  K lin e  and  French Laboratories, 
P hiladelphia, P A , U S A

■

(R eceived  A pril 1, 1985)

C rysta lline  p rim ycin  w as fo u n d  to  be  v e ry  a c tiv e  in  b ro th  d ilu tion  assay  a g a in s t S ta ­
phylococcus aureus (50 s tra in s ) , Staphylococcus epiderm id is  (77 s tra in s), Streptococcus fa eca lis  
(76 s tra in s )  an d  one s tra in  o f L isteria  monocytogenes w ith  m in im al in h ib ito ry  c o n c e n tra tio n s  
(M IC) o f  0 .12-0 .5  /tg/m l. T h e  a c t iv ity  w as in fluenced  b y  th e  p H  of th e  liq u id  m ed iu m  w ith  
g re a te r  a c t iv ity  (lower M ICs) a t  p H  8 ag a in st th e  m a jo r i ty  o f s tra in s , th a n  a t  p H  6 or 7.3. 
I n  disc a g a r d iffusion  assay  B a cillu s  subtilis  ATCC 6633 p ro v e d  m ore sensitive  th a n  s ta p h y lo ­
coccus s tra in s .

P rim ycin  is a m ix tu re  o f  h om ologou s a n tib io tic s  produced  b y  a stra in  
in it ia l ly  described  as Streptom yces p rim yc in i [1] and iso la ted  from  th e  fer­
m e n ta t io n  m ateria l as an  am orp hou s y e llo w ish  p ow d er. L ater th e  stra in  w as 
re -iso la ted  and re-classified  as M icromonospora galeriensis [2]. I  h a v e  co ined  
t h e  n a m e prim ycin . T h e f ir s t  p art o f  th e  n a m e originates from  th e  L atin  
w ord  “ p rim u s”  to  d en o te  t h a t  th is  w as th e  f ir s t  orig inal a n tib io tic  d iscovered , 
iso la te d  and produced  in  H u n g a ry . T h e seco n d  p art o f  th e  n a m e “ m y c in ” 
re la tes  to  th e  p rod ucing  m icroorgan ism , w h ich  is a n ew  Streptomyces sp . The  
ch em ic a l stru cture o f  th e  m ajor com p on en t o f  p rim ycin  (F ig . 1) h as been  
e lu c id a ted  [3 -7 ] . To d a te , i t  is  th e  largest (36-m em b ered ), p o ly h y d r o x y la te d  
n o n -p o ly e n e  m acrolide a n tib io tic , u n iq u e ly  co n ta in in g  a gu an id in e  and a 
D -(— )-arab in ose m o ie ty .

I ob ta in ed  p rim ycin  in  crysta llin e  form  (F ig . 2) from  a m ix tu re  o f  di- 
m e th y lsu lfo x id e , m eth a n o l an d  w ater a t 37 °C over  a period o f  a b o u t 20  
d a y s [8 ]. I t  is a sn o w -w h ite , n eed le-form  cr y sta llin e  m aterial w ith  a m eltin g  
p o in t  o f  2 0 2 -2 0 6  °C (d eco m p .), in  con trast to  th e  in d u stry -p rod u ced  m ater ia l, 
th e  m eltin g  p o in t o f  w h ich  is 1 7 8 -1 8 0  °C (d ecom p .) [7]. T h e in  v itr o  a n ti­
b a cter ia l stu d ies describ ed  in  th is  paper w ere perform ed  w ith  th is  cry sta llin e  
m ateria l.

O riginally , p rim ycin  w as described as b e in g  a ctiv e  again st S . aureus [1] 
and h ig h ly  a ctiv e  ag a in st h u m an  p a th o g en ic , in c lu d in g  p o ly re s ista n t, as w ell
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F ig . 1. Chem ical fo rm ula  o f p rim y c in

Fig. 2. C rysta ls o f  p rim y c in  from  d im e th y lsu lfo x id e /m eth an o l/w a te r

as n o n -p a th o g en ic  m y co b a cter ia l strains [9 ]. L a ter  it  w as also fo u n d  to  be 
in h ib ito r y  to  Euglena gracilis  and  A stasia  longa  [1 0 ], as w ell as Candida albi­
cans an d  Trichophyton mentagrophytes [8].

T h e  purpose o f  th e  s tu d y  described in  th is  p ap er w as to  ex a m in e  th e  in  
v itr o  a c t iv ity  at th ree p H  le v e ls  o f  th e h ig h ly  p u r ified  crysta llin e  p rim ycin  
a g a in s t  a large n um ber o f  G ram -p ositive b a c ter ia  som e o f w hich  h a v e  n ot  
b e e n  te s te d  earlier. B e c a u se  p rim ycin  is a w ee k  b ase , it  w as su rm ised  th a t  
M IC  v a lu e s  w ould v a r y  w ith  th e  p H  o f  th e  m ed iu m  [11]. In  a d d itio n , th e  
a c t iv i t y  and d iffu sib ility  o f  p rim ycin  in to  so lid  m ed iu m  w as stu d ied .

M aterials and m eth od s

P rim yc in . For th e  a ssay s described  here th e  c ry s ta llin e  p rim ycin  p re p a ra tio n  w as 
u sed . T h e  s to ck  solutions w ere  p re p a re d  in  d im e th y lsu lfo x id e  (DM SO) an d  fu r th e r  d ilu te d  in 
s te rile  de io n ized  w ater.
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Bacterial stra ins. O f th e  50 Staphylococcus aureus  s tra in s , seven are  o f te n  u se d  la b o ­
ra to ry  s tra in s : ATCC 29923, 209P , 910R , viUaluze; S K & F  N os 127 (670), 671, a n d  674 [12 , 13]. 
T h e  re s t  o f th e  S. aureus, all o f th e  Staphylococcus ep iderm id is  s tra in s  and  th e  m a jo r i ty  o f  th e  
Streptococcus faeca lis  s tra in s  w ere recen t clinical iso la te s  from  various g eo g rap h ica l a re a s  in  
th e  U n ited  S ta te s . T h e  Listeria  monocytogenes te s te d  is a  la b o ra to ry  s tra in . I t  is w id e ly  used  
as a  m odel fo r  s tu d y in g  cell-m ed ia ted  im m une m ech an ism s in  anim al ex p erim e n ts . B acillus  
sub tilis  ATCC 6633 is th e  s tra in  ex ten siv e ly  u sed  in  a n tib io tic  assays.

I n  vitro assays. M in im um  in h ib ito ry  c o n c e n tra tio n s  (MICs) were d e te rm in e d  b y  th e  
c o n v en tio n a l b ro th -d ilu tio n  tech n iq u e  add in g  th e  se ria l doub ling  co n cen tra tio n s o f  p rim y c in  
to  th e  sem isy n th e tic  pep tone-g lucose  b ro th  [14]. T h is  m ed ium  was buffered  to  p H  6 .0 , 7.3. 
o r 8.0 by  th e  ad d itio n  of 10%  M cllva ine ’s c itric  a c id -p h o sp h a te  buffer [15]. T h e  m e d ia  w ere 
in o cu la ted  w ith  th e  a p p ro p ria te  d ilu tions o f s tra in s  g row n  in th e  sam e m ed iu m  fo r  18 h  a t  
37 °C. T he M ICs w ere e s tab lish ed  b y  v isua l o b se rv a tio n  o f th e  cu ltu res g row n  o v e rn ig h t  a, 
37 °C. T he M IC values re p re se n t th e  d ilu tions w h e re  no  v isible g row th  could  b e  o b se rv e d t

F o r th e  d isc a g a r diffusion  assay , th e  a n tib io tic  su scep tib ility  discs (S c h le ich e r-S c h u e ll 
In c .,  6.35 m m  d iam e te r)  w ere sa tu ra te d  p rio r to  th e  t e s t  w ith  th e  ap p ro p ria te  c o n c e n tra t io n s  
o f  p rim y c in  a n d  p laced  on  th e  surface  of th e  P e n a ssa y  seed ag ar p lates seeded w ith  sp o re s  o f 
B acillus sub tilis  ATCC 6633 o r w ith  th e  t i t r a te d  d ilu tio n s  o f th e  stap h y lo co ccu s cu ltu re s . 
P la te s  w ere in cu b a te d  o v e rn ig h t a t  30 °C an d  th e  in h ib itio n  zones were m ea su re d  in  m m  in  
d u p lic a te  ex p erim e n ts  [16].

Bactericidal activity. M BC v a lu es w ere d e te rm in e d  b y  p la tin g  0.05 ml o f e a c h  tu r b id i ty -  
free tu b e  fro m  th e  M IC d ilu tio n  series on  P en assay  seed  a g a r p lates. The MBC w a s co n sid ered  
to  be  th e  low est co n ce n tra tio n  t h a t  re su lted  in  no  m o re  th a n  1-2 colonies a f te r  in c u b a t io n  a t  
37 °C fo r 24 h .

R esu lts and d iscu ssio n

T ab le  I d em on stra tes th e  n um ber o f  stra in s in  each sp ec ies , an d  th e  
n u m b er o f  stra in s th e  grow th  o f  w h ich  w a s in h ib ited  (MIC) a t v a r io u s  co n ­
ce n tr a tio n s  (0 .5 , 0 .25  and 0.12 p g/m l) o f  p r im y cin  at th e sta te d  p H  o f  th e  
m ed ium  (p H  6 , 7 .3 or 8). In  general, a ll th e  co cc i (stap hylococci an d  s tr e p to ­
cocc i) are, w ith  lit t le  va r ia tio n , v er y  s e n s it iv e  to  prim ycin , h a v in g  MICs 
b etw een  0 .12  and 0 .5  p g /m l. S ince th ere  w a s o n ly  one L. monocytogenes stra in  
in c lu d ed , no gen era liza tion  can  b e m ade as for th e  d istrib ution  o f  su sc e p ti­
b ility  o f  stra in s. T h is lab oratory  stra in  h as a MIC valu e for p r im y cin  o f  0 .25  
p g /m l, w h ich  appears to  b e n o t p H -d ep en d e n t.

Table I

M in im u m  inhibitory concentrations (M IC s)  in  p g /m l o f  p rim ycin  against m ultip le  stra ins  
o f  Gram-positive bacteria at three p H  values

B a c te ria
T o ta l  N o. 
o f  s tra in s

Z 'S /" '1 0.5
N o . o f  s tra in s  in h ib ited  a t  

0.25 0 .12

p H  6 7.3 8 6 7.3 8 6 7.3 8

S . aureus 50 50 50 50 50 50 50 2 N o n e 26
S . epiderm idis 77 77 77 77 72 77 77 N one 51 65
S . faecalis 76 26 74 70 N one 13 29 N one 6 10
L . monocytogenes 1 1 1 1 1 1 1 N one N one None
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A ll f if ty  S. aureus s tra in s were in h ib ited  b y  0 .25  /ig/m l o f  p rim ycin  a t  all 
th r e e  p H  va lu es. A t 0 .1 2  /ig /m l tw o strains w er e  in h ib ited  at p H  6, n o  stra in s  
w ere in h ib ited  b y  p H  7 .3  wdiereas 36 strains w ere  in h ib ited  at p H  8. T h e tw o  
stra in s w hich  w ere in h ib ite d  b y  0.12 /ig /m l a t  p H  6 su ggest th a t n o t o n ly  th e  
s ta te  o f  ion iza tion  o f  p r im y c in  but also th a t  o f  prim ycin-receptor(s) in  th e se  
tw o  stra in s are d ifferen t th a n  th e  other S. aureus  stra in s tested .

A ll 77 S. ep iderm id is  stra in s were in h ib ite d  b y  0.5 /tg/m l o f  p r im y cin  at 
a ll th r e e  p H s. A t 0 .25  /ig /m l all strains w ere in h ib ite d  at pH  7.3 and 8. H o w ­
e v e r , o n ly  72 stra in s w ere  in h ib ited  at p H  6. T h is  p H -d ep en d en t su sc e p tib ility  
w as m ore p rom in en t a t  0 .1 2  /ig /m l, where n o  in h ib it io n  was observed  a t  p H  6, 
51 stra in s were in h ib ite d  a t  p H  7.3, and 65 stra in s  w ere in h ib ited  a t  p H  8.

P rim ycin  also sh o w e d  d efin ite  p H -d ep en d e n t a c tiv ity  against 76 stra in s  
o f  S . faecalis. A t 0 .5  /tg /m l con centration , 70  stra in s  were in h ib ited  a t  p H  8, 
74 stra in s  w ere in h ib ite d  a t  p H  7.3 and 26  s tr a in s  w ere in h ib ited  a t p H  6 .0 . 
A t 0 .2 5  /ig /m l co n c e n tr a tio n , 29 strains w ere in h ib ite d  at p H  8, 13 w ere  in ­
h ib ite d  at p H  7.3 an d  n o n e  w as in h ib ited  a t  p H  6. The sam e te n d e n c y  o f  
su sc e p tib ility  w as o b ta in e d  a t 0.12 /tg/m l; a t  p H  8 ten  strains, at p H  7 .3  s ix  
stra in s  and at p H  6 n o  stra in s  were in h ib ited .

L . monocytogenes w a s in h ib ited  at all th r e e  p H s b y  0.5 and 0 .25  /tg /m l, 
b u t n o t  a t 0 .12 /tg /m l p r im y c in .

T h is p H -d ep en d e n t a c t iv ity  o f  p rim ycin  c a n  b e explained  b y  th e  w ea k  
b a sic  ch aracter o f  th e  m o lecu le  w hich has a  d ifferen t leve l o f  io n iz a t io n  a t  
v a r io u s  p H  leve ls  r e su ltin g  in  variable p e n e tr a t io n  in to  th e  b acteria l ce ll and  
a tta c h m e n t to  th e  re ce p to r(s);  th is is a gen era l f in d in g  for all a n tib io tics  (and  
d ru gs) w h ich  are w ea k  a c id s or bases [17].

P rim ycin  w as fo u n d  to  be bactericidal to  th e se  G ram -positive co c c i a t  
th e  b a cter io sta tic  co n ce n tr a tio n s  w hich is in d e p e n d en t o f th e b a c te r iu m ’s 
r e s ista n ce  to  o th er a n tib io t ic s . This is p r o b a b ly  d u e to  p rim ycin ’s m o d e  o f  
a c tio n . P rim ycin  a ffe c ts  b a cter ia l cells in  tw o  w a y s .  F irst, i t  is an  io n o p h o re  
b in d in g  stron g ly  to  th e  ce ll m em brane o f  t h e  G ram -positive b acter ia  [1 8 ]. 
P r im y c in  is also a p o te n t  ion oph ore in other c e ll m em branes where it  has b een  
sh o w n  to  a ffect th e  n eu rom u scu lar ju n ction  [1 9 ] , a ce ty lch o lin e-re leasin g  s ite s  
[2 0 ], ery th ro cy te  m em b ra n e  and lip id  b ila y er  [2 1 ], th e  inner m em b ran e o f  
m ito ch o n d ria  [22, 2 3 ] , an d  str ia ted  m uscle [2 4 ]. S eco n d ly , prim ycin  in te r a c ts  
w ith  D N A , th ereb y  a ffe c t in g  grow th and r e p r o d u ctiv e  processes o f  th e  b a c ­
te r ia l ce lls [10, 2 5 -2 7 ] .  T h is  a c tiv ity  is r e sp o n sib le  for p rim ycin ’s a b ility  to  
in flu e n c e  th e  in d u ctio n  o f  try p to p h a n  p yrro lase  [2 8 ].

P rim ycin  is to x ic  to  lab oratory  an im als [1 , 9 , 29], therefore it s  u se  is 
l im ite d  to  top ica l a p p lic a t io n  in such areas as op h th a lm ology  [3 0 ], g y n ­
e c o lo g y  [31], u ro lo g y , i .e . ,  non-gonorrhoeal u reth r itis  [32] and u ro g en ita l 
tu b ercu lo sis  [33]. In  a d d it io n  to  its  a n tib a c ter ia l a c t iv ity , p rim ycin  h as e x ­
h ib ite d  a n tiin fla m m a to ry  an d  anti allergenic p ro p ertie s , especially  in  th e  c o n ­
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ju n c t iv a . S en sitiza tion  to  p r im y cin  w as n ot ob served  or reported  e v e n  after  
m ore th a n  50 d ays o f  to p ic a l ap p lica tion  [34].

In  th e  disc agar d iffu sio n  a ssay , th e  a c t iv ity  o f  p rim ycin  w a s te s te d  
a g a in st  B. subtilis ATCC 663 3 , and  S. aureus stra in s 9 1 0 R  and 2 0 9 P . T a b le  II  
sh ow s th a t th ese  s ta p h y lo c o ccu s  strains can  be u sed  in  th is  a ssa y , a lth o u g h  
B. subtilis  ATCC 6633 is s t ill  som ew h at m ore se n s itiv e  for a ssa y in g  p rim ycin  
in  sam p lab le  b io log ica l m ater ia ls  and for q u a lity  con tro l o f  la b o ra to ry  sam p les. 
In  sp ite  o f  th e  large m olecu lar w eig h t, p rim ycin  d iffu ses fa ir ly  w ell in  th e  agar.

Table II

Diam eters o f  inhibition zones in  m m  
o f  p r im y c in  on these bacterial strains

P rim y c in  (jug) 
c o n te n t  
o f  d iscs

D ia m e te r o f  in h ib itio n  zones in  m m

B .  subtilis 
A TCC 6633

S . aureus 
910R

S . aureus  
209P

10 26 18 19
5 23 16 16
2.5 20 13 13
1.25 18 12 12

< 0.6 17 11 10
0.3 14. 10 8
0 .1 10 0 0

<1 •.

B ecau se o f  th e  in creasin g  in terest in  th e  drug d eliv ery  sy ste m s [35], 
p rim y cin  (w ith  its  h igh er a c t iv i ty  again st m y co b a cter ia  and G ra m -p o s itiv e  
co c c i a t p H  8) m a y  b e a ca n d id a te  for use in  th e  p rep aration  o f  im p r o v ed  
to p ic a l form u lation s. P r im y c in ’s an ecd ota l „ v iru c id a l”  a c t iv ity  requ ires care­
fu l eva lu tior i [36 ]. R e c e n tly  o th er  an tib io tics w ith  a large m acrolid e str u c tu r e  
re la ted  to  prim ycin  w ere rep orted  [37 ].

Acknowledgement. The author wishes to record his thanks to Medimpex (Budapest) for 
the generous donation of the industry produced research sample from which the crystalline 
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OF ANTISERA TO PSEUDOMONAS AERUGINOSA 
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T a m a r a  S. K o r o b o v a  and E . S. S t a n i s l a v s k y

Mechnikov Research Institu te fo r  Vaccines and Sera, Moscow, U S S R  

(R ece ived  A pril 17, 1985)

A n tise ra  to  e x trace llu la r  slim e g ly co lipopro te in  o f  Pseudomonas aeruginosa  o f  dif­
fe re n t  О serogroups (im m u n o ty p es) show  cross re a c tiv i ty  in  passive h a e m ag g lu tin a tio n  (P H A ) 
a n d  a g a r  gel im m u n o p ré c ip ita tio n  te s t ;  cross re a c tiv i ty  is m ore d is tin c t in  P H A . A n tise ra  to  
g ly co lip o p ro te in  also h av e  m ark e d  cross a c tiv ity  in  m ouse passive  p ro tec tio n  te s t  ag a in st 
in tra p e r ito n e a l challenge w ith  24 P . aeruginosa s tra in s  o f  d ifferen t О g ro u p s in c lu d in g  th e  
to x ig e n ic  s tra in  PA -103. O n th e  basis o f th e  re su lts , g lyco lipopro te in  p ro d u c er P . aeruginosa 
s tra in s  m a y  be se lected  in  o rd e r to  m ak e  a p re p a ra tio n  fo r active  and  passive  im m u n iza tio n  
a g a in s t p seudom onas in fec tion .

In  our p rev iou s paper [1] it  w as p ro v ed  th a t  p urified  g ly co lip o p ro te in  
(G L P ) o f  Pseudomonas aeruginosa  ex tra ce llu la r  slim e stim u la tes  a c t iv e  im ­
m u n ity  in  m ice to  th e  in tra p erito n ea l ch a llen g e  w ith  0  serogroup  (im m u n o-  
ty p e )  h om ologou s or h etero logou s P . aeruginosa  strains. I t  w as a lso  sh ow n  
th a t  sh eep  an tiseru m  to  p a rtia lly  p u r ified  ex tracellu lar  slim e [2] s t im u la tes  
p a ss iv e  im m u n ity  a g a in st th e  ch a llen ge w ith  h om ologou s P . aeruginosa  stra in  
in  m ice , and a n ti-G L P  seru m  stim u la tes  rea ctio n  b etw een  P . aeruginosa  and  
m acrop h ages [3].

In  th is  paper w e p resen t d a ta  on  th e  cross serologic and p r o te c tiv e  
a c t iv i ty  o f  an tisera  to  G L P iso la ted  from  v a r io u s  P . aeruginosa s tra in s.

M ateria ls and  m ethods

Stra in s. W e used  P . aeruginosa s tra in s  170001, 170005, 170006, 170007, 170009, 170010, 
170014, 170017, 170018, 170019, 170021, 170022, 170023 an d  also F ish e r’s F 1 -F 7  im m u n o ­
ty p e s  rece iv ed  from  th e  N a tio n a l I n s t i tu te  o f H y g ien e , B u d ap est, H u n g a ry ; s tra in  N o. 8 
fro m  th e  V ishnevsky  I n s t i tu te  fo r S u rg ery  o f th e  U S S R  A cadem y of M edical Sciences, M oscow, 
U S S R ; s tra in  O i l  from  th e  T ara se v ic h  S ta te  R esea rch  In s t i tu te  fo r S ta n d a rd iz a tio n  and  
C ontro l o f M edical an d  B iological P re p a ra tio n s , M oscow , U SSR , an d  th e  to x in -p ro d u c in g  
s tra in  PA -103 from  th e  D e p a rtm e n t o f  M icrobiology a n d  Im m uno logy , U n iv e rs ity  o f  L ou is­
v ille  School o f M edicine, L ouisv ille , W A , U SA. T h e  O -an tigen  s tru c tu re s  o f th e  s tra in s  is 
g iven  acco rd ing  to  th e  L á n y i-B e rg a n  sy s tem  [4] as in  o u r p rev ious p a p e r [1].

N a t a l y  A . Y u s h k o v a , E l e n a  V . K h o l o d k o v a ,  T a m a r a  S. K o r o h o v a ,  E v g e n y  S. S t a n is l a v s k y  
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G L P  was isolated fro m  c ru d e  P . aeruginosa e x tra c e llu la r  slim e, as described e a rlie r  [1]. 
C h in ch illa  ra b b its  w eighing 2 to  3 k g  were im m unized  w ith  G L P  p rep ara tio n s  acco rd in g  to  
th e  fo llo w in g  schedule: f i r s t  im m u n iz a tio n , 1 mg in  co m p le te  F re u n d  a d ju v a n t su b c u tan e o u sly ; 
se c o n d  a n d  th ird  im m u n iza tio n , 2 m g each in tra v en o u s ly , th e  in te rv a l betw een  im m u n iz a ­
t io n s  w a s  3 to  4 days; a  re p e a te d  im m uniza tion  cycle co n sis tin g  of 2 in trav en o u s in je c tio n s  
(4 a n d  6 m g  of th e  p re p a ra tio n )  w i th  th e  sam e in te rv a l w as pe rfo rm ed  four weeks la te r . O n  th e  
7 th  d a y  a f te r  th e  la s t im m u n iza tio n , th e  rab b its  w ere b led , a n d  th e  serum  was s to red  a t — 30 °C.

A n tise ra  were studied  b y  p ass iv e h ae m a g g lu tin a tio n  te s t  (P H A ), b y  im m u n o p ré c ip ita ­
t io n  in  a g a r  gel by  th e  O u c h te r lo n y  m eth o d  [5] a n d  in  m o u se  passive  p ro tec tio n  te s ts  [2].

P H A  w as perfo rm ed  b y  m e a n s  of T a k á tsy ’s m ic ro m e th o d  [6]. F o rm alin ized  sheep 
e ry th ro c y te s  were sensitized  w ith  G L P : op tim u m  se n sitiv e  dose w as 125 ц . A n tise ra  w ere 
d i lu te d  w ith  bu ffered  sa line  (p H  7 .2 —7.4), from  1 : 100 to  1 : 51 200; 0.05 m l o f a  2 5 %  su s­
p e n s io n  o f e ry th ro cy te s  se n sitiz e d  w ith  G L P was a d d ed  to  ev ery  d ilu tion . T he m ix tu re  w as 
k e p t  in  a n  in cu b a to r a t  37 °C fo r  2 h , th en  th e  re a c tio n  w as re ad . T he la s t  se rum  d ilu tio n  
sh o w in g  a  clear h a e m a g g lu tin a tio n , estim a ted  as 4 +  , w as a cc ep te d  as th e  t itre .

R esu lts  and  discussion

T a b le  I sum s up th e  P H A  resu lts. G L P  o f  som e strains exh ib ited  a cross 
a n tig e n ic  a c tiv ity , in d e p e n d e n t  o f  th e  О serogrou p  o f  th e  g iven  stra in s. C om ­
p a r in g  th e se  d ata  w ith  th o s e  for th e  lip o p o ly sa cc h a r id e  (L P S) a n a ly s is  p er­
fo rm ed  b y  m eans o f  P H A  [7 ], it  m ay  be co n c lu d ed  th a t  G L P , u n lik e  th e  
co rresp o n d in g  L P S , h as n o  s tr ic t  0  an tigen  sp e c if ic ity . There are a n tig en ic  
r e la t io n sh ip  b etw een  G L P  o f  th e  strains o f  d ifferen t О serogroups. H o w ev er , 
c e r ta in  G L Ps do n o t cro ss-rea ct. A ccord in g ly , G L P  differs in  an tigen ic  sp e c ­
i f ic i t y  from  L PS and i t  m a y  b e  possib le to  wrork  o u t an  in d iv id u a l a n tig en ic  
sc h e m e  for G LP.

A n tig en ic  re la tio n sh ip s b etw een  crude s lim e  or its  purified  fra c tio n s, on  
th e  o n e  h a n d , and th e  corresp on d in g  L P S , o n  th e  o th er, were sh ow n  b y  im ­
m u n o p r éc ip ita tio n  (T ab le I I ) .  I t  turned o u t th a t  G L P s w ere m ore sp ec ific  b y  
im m u n o p r éc ip ita tio n  th a n  P H A . G L P im m u n o p r éc ip ita tio n  d ata  con form  to  
t h e  О a n tig en  sp e c ific ity  th o u g h  several cross-reaction s w ere ob served  w h ich  
d id  n o t  occur b etw een  t h e  corresp ond ing  L P S  [7 ]. T h e absence o f  a str ic t  
corresp on d en ce  b etw een  th e  resu lts m ay b e  a ttr ib u ted , f ir s t ly  to  a d ifferen t 
s e n s i t iv i ty  o f  th ese  te s ts  for  com m on  an tigen ic  d e term in a n ts, and se co n d ly , it  
is p o ss ib le  th a t  in  P H A  an d  in  im m u n o p récip ita tio n  d ifferen t an tigen ic  d e ter ­
m in a n ts  react. E v id e n t ly  G L P  o f d ifferent stra in s co n ta in  d ifferent se ts  o f  
th e s e  an tigen ic  d e ter m in a n ts . R esu lts o f  t h e  im m u n o p réc ip ita tio n  t e s t  also  
su p p o r t  our v iew  th a t  a sep a ra te  sy stem  is p ra ctic a l for th e  c la ss if ic a tio n  o f  
s lim e  an tigen s . C ross-reaction s b etw een  G L P  o f  d ifferen t О serogroups seem  
to  h a v e  b een  proved  ch e m ic a lly :  slim e p rep ara tion s o f  d ifferent P . aeruginosa  
s tr a in s  con ta in  com m on  co m p o n en ts  —  a lg in e  acid s [8] —  w hich  e v id e n t ly  
ca n  c a u se  cross-reactions.

T ab les I I I  and IV  g iv e  resu lts o f  p a ss iv e  p ro tec tio n  tests  on  m ice im ­
m u n iz e d  w ith  an ti-G L P  sera . T h e resu lt w as con sid ered  p o sitiv e  (p resen ce o f  
cro ss-p ro tectio n ) i f  th e  v a lu e  o f  th e  corresp on d in g  an tiseru m  E l  w as su b -
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Table I

Results oj the cross P H  A with antisera to P. aeruginosa GLP

T itrée*  o f  an tib o d ies  to  G L P  o f  s tra in s
t o  s t r a in s

170001 170005 170006 170007 170009 170010 170014 170017 170018 170019 170023 o n

1 7 0 0 0 1  ( 0 3 ) * * 2 0 4  8 0 0 0 4 0 0 0 0 8 0 0 0 0 1 0 0 8 0 0 4 0 0 0

1 7 0 0 0 5  ( 0 2 ) 1 0 0 1 2  8 0 0 1 2  8 0 0 1  6 0 0 0 0 0 0 0 0 1 0 0 0

1 7 0 0 0 6  ( 0 2 ) 0 1 0 0 2 5  6 0 0 4 0 0 0 0 0 0 0 0 0 0

1 7 0 0 0 7  ( 0 2 ) 1 6 0 0 8 0 0 3  2 0 0 2 5  6 0 0 0 2 0 0 8 0 0 2 0 0 0 8 0 0 8 0 0 2 0 0

1 7 0 0 0 9  ( 0 6 ) 4 0 0 0 8 0 0 4 0 0 1 2  8 0 0 3 2 0 0 4 0 0 0 1 0 0 1 0 0 0 0

1 7 0 0 1 0  ( 0 6 ) 4 0 0 0 2 0 0 4 0 0 4 0 0 3 2 0 0 4 0 0 0 0 1 0 0 0 8 0 0 0

1 7 0 0 1 4  ( 0 1 ) 4 0 0 0 0 0 1 0 0 0 1 2  8 0 0 0 0 0 1 6 0 0 0

1 7 0 0 1 7  ( 0 8 ) 2 0 0 0 0 0 0 0 8 0 0 1 6 0 0 0 0 4 0 0 0

1 7 0 0 1 8  ( 0 9 ) 0 0 0 0 0 0 0 0 6 4 0 0 0 0 0

1 7 0 0 1 9  ( 0 9 ) 6  4 0 0 0 3  2 0 0 1  6 0 0 1 0 0 0 1  6 0 0 0 0 6 4 0 0 8 0 0 1 0 0

1 7 0 0 2 3  ( 0 1 2 ) 8 0 0 0 4 0 0 2 0 0 0 4 0 0 4 0 0 0 1 0 0 2 0 0 6 4 0 0 0
O i l  ( O i l ) 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 3 2 0 0

* R eciprocal values
** B racketed  figures: О serogroups according to L ányi and B ergan’s system [4]
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Table I I

Results o f cross immunoprécipitation in agar gel with antisera to P. aeruginosa GLP

A n ti-G L P G L P  o f  s tr a in s

s e ru m  ,„ЛЛА.170001 170005 170006 170007 170009 170010 170014 170017 170018 170019 170023 O i l

170001 +  + -  + _ _ -  + +
170005 -  -h + +  + + + — — — — + +  —
170006 - + +  + + — — — — + +  -
170007 — + — + + — — + _L —
170009 - — — — +  +  + — — + +  -
170010 + — — — — + - b — — + +  -
170014 - — — — — — + — — — —
170017 - — — — — — +  + — — — —
170018 — — — — — — — — +  + +  -
170019 - — — — — — — — -  + +
170023 +  + — — — — — — — -  + +  -
О Н — — — — — — — -  + +  +

0  serogroups of th e  s tra in s :  isee Table I
Crosses denote th e  n u m b e r  o f  p recip ita tion  lines

Table I I I

Passive protection with anti-G LP sera o f mice challenged with different P. aeruginosa strains

A nti-G L P serum
LDS0 and its  'confidence limits ( x 10° ■cells) w hen challeng;e is perform ed w ith  th e  s tra in s :

F I (06) Fe (O il) F 3  (0 2 ) F 4  (0 1 ) F 5  (O10)

170001 (0 3 ) 919 282 54 360 528
(695-1211) (214-373) (4 1 -7 1 ) (246-528) (400-695)

170002 (O10) 650 373 81 162 400
(578-919) (264-528) (61-123) (123-246) (283-566)

170005 (0 2 ) 919 348 649 566 649
(695-1211) (264-525) (460-919) (386-828) (492-857)

170006 (0 2 ) 649 282 373 193 649
(491-857) (214-373) (264-528) (127-255) (443-951)

170007 (0 2 ) 132 800 132 303 264
(100-199) (695-1114) (87-174) (214-429) (187-374)

170009 (0 6 ) > 1 6 0 0 400 66 516 400
(303-528) (5 0 -8 7 ) (391-782) (296-649)

170010 (0 6 ) 697 373 81 400 400
(493-984) (255-546) (62-123) (296-650) (296-649)

170014 (0 1 ) 230 1054 107 1055 246
(162-324) (800-1600) (181-162) (800-1600) (174-348)

170017 400 491 43 528 214
(303-528) (336-719) (3 3 -5 7 ) (400-695) (163-283)

170018 325 373 38 459 246
(246-429) (255-546) (2 9 -5 0 ) (348-605) (187-325)

170019 (0 9 ) 209 527 100 377 348
(148-295) (361-970) (7 1-141) (283-566) (246-492)

170023 (012) 459 527 47 152 187
(325-649) (361-970) (3 3 -6 6 ) (115-230) (123-246)

O i l  ( O i l ) 283 1300 41 528 241
(214-373) (706-1901) (3 1 -5 3 ) (400-695) (182-318)

C ontrol-1 (norm al 200 123 20 71 141
serum ) (152-264) (87-174) (14-30) (44-113) (107-186)

C ontrol-2 (non- 61 47 9 50 35
im m u n ized  mice) (39-105) (30-73) (7 -1 2 ) (38-66) (17-76)
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Table II I  (con tin u ed )

A n ti-G L P  serum
L D b0 a n d  i t s  co n fid en ce  lim its  ( X 10® cells) w h e n  ch a llen g e  is  perfo rm ed  w ith  th e  s tr a in s :

F6 (0 7 ) F7 (0 2 ) F 8  (0 3 ) 1700021 (0 4 ) 170022 (0 1 5 )

170001 (0 3 ) 107 123 107 1047 3428
(81-162) (87-174) (76-152) (842-1303) (2427-4842)

170002 (OlO) 174 200 132 1393 2985
(129-246) (141-283) (87-174) (986-1968) (2113-4217)

170005 (0 2 ) 207 209 241 1380 4353
(146-293) (148-295) (138-318) (1076-1770) (3436-6855)

170006 (0 2 ) 123 303 263 562 4529
(71-152) (214-428) (230-300) (436-725) (3206-6397)

170007 (0 2 ) 214 459 283 1820 1585
(152-303) (303-605) (214-373) (1479-2264) (1149-2188)

170009 (0 6 ) 695 61 141 1820 3631
(492-985) (35-76) (107-187) (1445-2291) (2951-4467)

170010 (0 6 ) 400 107 100 1698 3483
(283-566) (76-152) (71-142) (1380-2089) (2471-6823)

170014 (0 1 ) 649 246 141 1600 4853
(578-918) (187-325) (125-165) (1094-2339) (3436-6855)

170017 264 141 174 1941 3483
(187-373) (100-200) (123-246) (1327-2839) (2630-4571)

170018 132
(100-200)

< 5 0 200
(141-283)

1380
(1076-1770)

3673
(2600-5188)

170019 (0 9 ) 429 141 132 1047 3388
(303-605) (100-200) (100-200) (842-1303) (2673-4295)

170023 (012) 800
(566-1130)

< 5 0 123
(87-174)

1698
(1380-2089)

2951
(2286-3807)

O i l  ( O i l ) 132 230 209 2265 4529
(100-199) (162-324) (159-276) (953-3311) (3206-6397)

C ontro l-1 (norm al 186 62 41 528 1132
serum ) (123-246) (36-77) (28-59) (400-695) (774-1656)

C ontrol-2 (non- 27 35 15 245 427
im m unized mice) (17-40) (27-47) (12-17) (129-316) (252-632)

s ta n tia lly  h igher th a n  th a t  o f  norm al rab b it seru m  E l .  I t  m ay  b e  co n clu d ed  
th a t  th e  resu lts sh ow ed  cross-p rotection  o f  m ice  im m u n ized  w ith  d ifferen t  
an tisera . I t  should  b e n o te d  th a t  resu lts o f  th e  ch a llen g e  w ith  d ifferen t stra in s  
o f  on e and  th e  sam e О serogroup  (or im m u n o -ty p e ) are n o t id en tica l. T h u s, 
stra in s F 3 , F 7 , 170007 an d  N o . 8 o f  serogroup 0 2  are h ig h ly  v iru len t for m ice, 
esp ec ia lly  strains F 3  (T ab le I I I ) ,  b ut p ro tec tion  o f  m ice aga in st th e  ch a llen ge  
w ith  th ese  strains is n o t th e  sam e. W hile m ice o f  all th e  13 t e s t  grou p s are 
res ista n t to  ch allenge w ith  stra in  N o. 8, m ice in  8 o u t o f  13 t e s t  grou p s are 
re s ista n t to  strain  170007 , in c lu d in g  three t e s t  groups in  w h ich  m ice  w ere  
in je c ted  w ith  serogroup -h om ologous antisera. T h ese  d a ta  also sh ow  an  ab sen ce  
o f  corre la tion  b etw een  serogroup  (im m u n otyp e) an d  p ro tec tiv e  a c t iv i ty .  E v i­
d e n tly , variou s strains o f  on e and th e  sam e serogroup  co n ta in  d ifferen t a m o u n ts  
o f  th e  general (species sp ec ific )  p ro tec tive  a n tig e n  (antigen s) lo ca lized  in  th e  
slim e. R esu lts o f  th e  p a ss iv e  m ou se p ro tection  te s t s  sh ow  th a t  d ifferen t an ti-  
G L P  sera p rotect m ice a g a in st th e  challenge w ith  11—13 ou t o f  14 h etero lo g o u s  
P . aeruginosa  stra in s, b u t an ti-G L P  170018 seru m  p ro tects  m ice a g a in st  th e
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Table III (continued)

A n ti-G L P  serum
L D B0 a n d  i t s  co n fid en ce  lim its  ( x  10® cells) w h e n  challenge is p erfo rm ed  w ith  th e  s tra in s :

170001 (0 3 ) 170015 ( O i l) 170007 (0 2 ) PA -103 ( O i l ) 170023 (012)

170001 (03) 1047 359 286 457 912

170002 (OlO)
(842-1303) (240-523) (209-390) (375-569) (641-1297)

800
(566-1130)

428
(293-627)

360
(246-528)

NS NS

170005 (02) 800 324 800 371 977

170006 (0 2 )
(566-1130) (225-466) (566-1130) (302-460) (701-1363)

607 892 695 347 1288

170007 (02)
(429-857) (538-889) (492-985) (254-473) (946-1754)

214 333 528 346 1478

170009 (0 6 )
(111-330) (219-456) (400-695) (256-470) (1094-2000)

837 303 324 347 1698

170010 (06)
(598-1183) (214-429) (225-466) (259-465) (1318-2191)

746 650 377 427 1698

170014 (01)
(528-1054) (445-951) (283-566) (324-548) (1380-2103)

800 214 246 347 1288

170017
(566-1130) (152-303) (187-325) (254-473) (953-1744)

650 303 400 347 1479

170018
(460-918) (214^.29) (296-650) (270-446) (1122-1950)

857 246 325 324 977

170019 (09)
(607-1211) (187-325) (246-429) (245-427) (701-1363)

607 209 359 427 1585

170023 (012)
(429-857) (148-295) (240-523) (336-542) (1216-2067)

857 324 303 282 2951

O i l  (O il)
(607-1281) (225—166) (214-429) (202-393) (2285-3807)

857 697 325 263 1288

C o n tro l-1  (norm al
(607-1211) (476-1023) (246-429) (184-376) (953-1744)

152 141 200 162 507
se ru m (115-230) (100-200) (141-283) (113-234) (383-696)

C o n tro l-2  (non- 71 35 50 54 123
im m u n iz e d  mice) (44-113) (25-50) (31-82) (30-96) (89-170)

О serogroups b y  L án y i a n d  B ergan’s system  [4] a re  given in b rack e ts ; s tra in s  170017 
a n d  170018, described in L án y i’s o rig ina l scheme as belonging to  groups 0 8  a n d  0 9 ,  respectively , 
h a v e  b een  show n to con ta in  d e f ic ie n t О antigens. E ach  e x p erim en t was perform ed on  11—13 te s t 
g ro u p s  (11—13 different a n tise ra )  a n d  on 2 control g ro u p s (con tro l 1 =  m ice im m unized  w ith  
p o o led  n o rm al ra b b it se rum , co n tro l 2 =  non-im m unized  m ice). Mice w ere challenged w ith  
d if fe re n t  doses of P . aeruginosa  liv e  cu ltu re: 50 an im als in  ev ery  group, 10 m ice p e r 1 dose of 
liv e  c u ltu re

N S  =  no t studied

c h a lle n g e  w ith  on ly  8 o u t  o f  14 hetero logous stra in s . I t  is in te re stin g  to  n ote  
t h a t  cru d e slim e [9] an d  G L P  [1] and also a n ti-G L P  sera p ro tect m ice again st 
a  ch a lle n g e  w ith  th e  to x ig e n ic  strains P A -103  (T ab les I I I  and  IV ). B u t  a n ti­
se r u m  to  strains O i l  G L P  ( O i l  serogroup) do n o t  p ro tec t m ice (w h en  com ­
p a r e d  w ith  th e n orm al seru m ) against ch a lle n g e  w ith  th e  to x ig e n ic  strain  
P A -1 0 3  w hich  is also o f  th e  O i l  serogroup. N ev e rth e less , iso la te d  slim e or 
p u r if ie d  G L P o f s tra in  O i l ,  w hen  used  for  a c t iv e  im m u n iza tio n  o f  m ice, 
s t im u la t e  resistance to  th e  ch a llen ge w ith  th e  to x ig e n ic  stra in  P A -1 0 3  [1, 9]. 
W e  co u ld  presum e th a t  s tr a in  O i l  slim e an d  th e  corresponding G L P  are im ­
m u n o g e n ic  for m ice an d  w e a k ly  or n ot a t a ll im m u n ogen ic  for rah h its and,
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Table IV

Efficiency indexes ( E l )  o f antisera to GLP o f different P. aeruginosa strains

A n ti-  E l  a fte r  challenge w ith  s tra in s
G L P -------------------------------------------------------------------------------------------------------------------------------------------— ________________________________________________________________________________________
sera  F I  F2 F3 F 4  F 5  F 6  F 7  170001 170007 170015 170021 170022 170023 N o. 8 PA -103

170001 15 6 6
170002 10.6 7.9 9
170005 15 7.5 72.2
170006 10.6 6.0 41.4
170007 — 17 14.6
170009 > 26.2 8.5 7.3
170010 11.4 7.9 9
170014 — 22.4 11.8
170017 6.5 10.4 4.7
110018 — 7.9 —

170019 — 11.2 11.1
170023 7.5 11.2 5.2
o n — 27.6 4.5

7.2 15.1 — _
3.2 11.4 — 5.7

11.3 18.5 — 5.9
3.8 18.5 — 8.6
7.1 7.5 — 13

10.3 11.4 25.7 —

8.0 11.4 14.7 —

21.1 — 24 7
10.5 — — 4

9.2 — — —

7.5 9.9 15.8 4
3 — 29.6 —

10.5 — — 6.5

14 — 10.2 4.2
11 — 12.2 5.4
11 1 6 9.2 5.6

8.5 1 3 .9 25.5 —

— 1 0 .5 9.5 7.4
11.7 — 8.6 7.4
10.5 7.5 18.5 6.4
11 — — 6.5
9.1 8 8.6 7.9

12 — — 5.6
8.5 — — 4.2

12 — 9.2 6.9
12 — 1 9 .9 9.2

8 — 7.1 8.5
6.9 NS 8.8 NS

11.3 7.9 16 6.8
10.6 10.3 17.5 6.4

— 12 19 6.4
8.5 13.8 9.4 6.4
8.1 13.8 6.6 7.9

11.3 10.3 9.4 6.4
8.1 12 11.6 6.4
8.6 7.9 13.3 6
7.8 12.8 8.8 7.9
6.9 2 3 .9 8.2 —

10.6 10.3 14.2 —

Note. F igures p rin ted  in italics: an tiserum  E l  (i.e., LD50 in  th e  te s t)  does n o t su b stan tia lly  d iffer from  norm al serum  E l  (i.e., LD 50 in th e  con­
tro l 1, see also T able  I I I )

E fficiency index  (E l)  =  

NS =  n o t studied

te s t  LDSI
co n tro l—1 LD-
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a c c o r d in g ly , an ti-G L P  O i l  ra b b it  serum  d oes n o t p rov id e p a ssiv e  p ro tec tio n  
for m ic e . W e can n ot, h o w ev er , ex c lu d e  an oth er version , n a m e ly  th a t  th ere  is  
n o co r r e la t io n  b etw een  v a lu e  o f  p ro tec tio n  ag a in st P . aeruginosa  to x ig e n ic  
str a in s  b e lo n g in g  to  certa in  serogrou p s.

E lic it in g  p assive  im m u n ity  in  m ice b y  in je c tin g  an ti-G L P  sera  is e v i­
d e n t ly  d u e  to  th e  p resence in  su ch  sera o f  sp ec ific  op son in s [3] w h ich  g iv e  
p r o te c t io n  a lso  again st P . aeruginosa  to x ig en ic  stra in s. F rom  th e se  d a ta  it  
m a y  b e  con clu d ed  th a t  a n tiseru m  (or im m u n e p lasm a) to  th e  slim e a n tig e n s  
ca n  c o m p le te ly  su b stitu te  a n tito x ic  serum  o b ta in ed  after im m u n iza tio n  w ith  
P . aeruginosa  ex o to x in  A . T h u s , an ti-G L P  seru m  (or im m u n e p la sm a) can  
h a v e  b o th  an ti-in fectiou s an d  a n tito x ic  e ffec ts .

R e su lts  o f  p assive  p r o te c tio n  te s ts  in  m ice im m u n ized  w ith  a n ti-G L P  
sera , co m p a red  w ith  th e  r e su lts  o f  a c tiv e  p ro tec tio n  te s ts  in  m ice im m u n ized  
w ith  G L P  [1] h ave sh ow n  (T ab le  V ) th a t in  34 .7%  ou t o f  98 t e s t  v a r ia tio n s  
G L P  is  m o re  active  th a n  a n ti-G L P  serum ; on  th e  con trary , a n ti-G L P  seru m  is 
m ore a c t iv e  th a n  G L P in  4 2 .9 % , and th e  a c t iv ity  o f  th e  p rep aration s is sim ilar  
in  2 2 .4 % . R ead in g  d a ta  o f  T a b le  У  along th e  v er tica l lin es, w e can  con clu d e  
t h a t ,  b e in g  challenged  w ith  F l ,  F 2  and F 3 , G L P is m ore a c tiv e  th a n  a n ti-  
G L P  se ru m  in  7 -9  out o f  13 ca ses . W h en  ch a llen ged  w ith  stra in  F 4 , a n ti-G L P  
seru m  tu r n e d  out to  be m ore a c t iv e  th an  G L P  in  all th e  v a r ia tio n s . W h en  
c h a lle n g e  w as m ade w ith  stra in s F 5 , F 7 and N o . 8 , G L P  w as m ore a c t iv e  th a n  
a n ti-G L P  serum  on ly  in  1 -4  o u t  o f  10 -1 3  cases. W h en  ch a llen ged  w ith  stra in  
F 7 , a c t iv i t y  o f  b oth  p rep ara tion s w as sim ilar in  6 o u t o f  13 cases, an d  w h en  
c h a lle n g e d  w ith  other stra in , in  1 -4  o u t o f  11—13 cases.

R e a d in g  T able У  a lon g th e  h orizon ta l lin es w e can  con clu d e th e  fo llo w in g :  
G L P s o f  stra in s 170001, 170018 , 170023 w ere m ore a c tiv e  th a n  th e  corresp on d ­
in g  a n tis e r a . B u t antisera to  G L P s 170005, 170007 , 170009 and 170014 , w ere  
m ore a c t iv e  th an  th e  corresp on d in g  G L P. I t  w as sh ow n  th a t  G L P s 170002, 
1 7 0 0 0 6 , 170019  and th e  corresp on d in g  an tisera  w ere eq u a lly  a c t iv e  w h en  
c h a lle n g e  w a s done w ith  3—5 o u t  o f  8 P . aeruginosa  stra in s. A n a ly s is  o f  th e  
d a ta  g iv e n  in  T able V  h a v e  sh o w n  th a t  G L P s o f  d ifferen t stra in s h ad  d if­
fe r e n t  im m u n o g en ic ity  for m ic e  (w ere ab le to  s tim u la te  a c tiv e  im m u n ity  in  
th e m ) a n d  for rabbits (w ere a b le  to  stim u la te  p rod u ction  o f  p r o te c tiv e  a n ti­
b o d ie s ) . O n th e  basis o f  th e se  ex p er im en ta l d a ta  w e m a y  se lec t P .  aeruginosa  
stra in s  p ro d u cin g  G L P w h ich  co u ld  be u sed  for p rep aration  o f  v a c c in e  (for  
a c t iv e  im m u n iza tio n ), an tiseru m  or im m u n e p la sm a  (for p assive  im m u n iza tio n ).

Acknow ledgem ents. T he a u th o rs  a re  g ra te fu l to  D r. B . L á n y i  (N a tio n a l I n s t i tu te  o f  
H y g ie n e , B u d a p e s t,  H u n g ary ); D r. P . У . L iu  (U n iv e rs ity  o f Louisville School o f  M edicine, 
L o u isv ille , K e n tu ck y , U SA ); D r. I r i n a  A. G r i s h i n a  (V ishnevsky  In s t i tu te  fo r S u rg e ry  o f  
th e  U S S R  A cadem y of M edical Sciences, M oscow, U S S R ) a n d  D r. N a t a l i a  S. A k a t o v a  
(T a ra se v ic h  S ta te  Control In s t i tu te ,  M oscow , U SSR ) fo r b a c te r ia l s tra in s , an d  also to  te c h n ica l 
a s s is ta n ts  T a m a r a  S. K o j e n o v a ,  T a t i a n a  V . V o l o t e e v a  an d  N a d e j d a  Y u .  G o d u n o v a  fo r  
th e ir  h e lp  in  perform ing  th e  p re sen t w ork .
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Table V

Comparison o f  G LP  E l  and anti-G LP  sera E l

G L P -producing  C hallenge s tra in  T o ta l  fo r G L P
_____■ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------  „ г _______ ______

170001 G =  A G >  A G >  A G =  A G =  A G >  A G >  A G > A G >  A 5 
G <  A 0

G =  A 3

170002 G =  A

О<IIО

>  A G =  A G =  A G =  A G <  A G <  A G >  A 1 
G <  A 2

G =  A 5

170005 G <  A G >  A G <  A G <  A G <  A G >  A G =  A G <  A G >  A 2 
G <  A 5

G =  A 1

170006 G >  A G >  A  G <  A G =  A G <  A G >  A G =  A G =  A G >  A  3 
G <  A 2

G =  A 3

170007 G >  A G <  A  G =  A  G <  A G <  A G > A  G < A  G < A G >  A 2 
G <  A  5

G =  A 1

170009 G <  A G >  A G <  A G <  A G =  A G <  A G >  A  1 
G <  A 4

G =  A  1

170010 G >  A G >  A G =  A G <  A G <  A G <  A G >  A G >  A 3 
G <  A 3

G =  A 1

170014 G >  A G <  A G <  A G <  A G >  A G <  A G <  A G <  A G >  A 2 
G <  A  6

O II > O

170017 G >  A G <  A G >  A G <  A G >  A G >  A G <  A G >  A 4  
G <  A 3

OIIO

170018 G >  A G >  A G > A  G < A  G < A G >  A G =  A G <  A G >  A 4  
G <  A 3

G =  A 0

170019 G >  A G =  A G V ► <n II ► G  <  A G =  A G >  A 2 
G <  A 1

G =  A 3

170023 G >  A G >  A G >  A G =  A G >  A G <  A G =  A G <  A G >  A 4  
G <  A  2

G =  A 2

o n G >  A G =  A G >  A G < A  G >  A G =  A G <  A G <  A G >  A 3  
G <  A 3

G =  A 8

T o ta l for every G >  A = 9 G > A = 7 G > A = 7 G > A = 0 G > A = 4 G > A  =  6 G > A  =  2 G >  A = 1 T ota l: G >  A, 34 (34.7% )
challenge G <  A  = 2 G < A = 3 G < A = 3 G < A = 7 G < A = 6 G < A = 5 G < A = 5 G < A = 8 G <  A, 42 (42,9% )
stra in

N um ber o f tes t
G =  A = 2 G =  A =  3 G = A =  2 G =  A =  4 G =  A = 3 G = A = 2 G = A = 6 G = A = 1 G =  A, 

N um ber of
22 (22 .4% )

groups 13 13 12 11 13 13 13 10 v aria tio n s , 98

G =  G L P, A =  an ti-G L P  serum  
G >  A w hen E l  o f  G L P >  E l  o f an ti-G L P
G =  A  w hen E l  o f G L P =  E l  o f an ti-G L P  5
G <  A w hen E l  o f G L P  <  E l  o f  an ti-G L P
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CURRENT STATE AND TENDENCIES 
OF ANTIEIOTIC RESISTANCE IN HUNGARY

M a r i a n n e  K o n k o l y  T h e g e  an d  É v a  B á n

N ationa l In s titu te  o f  H ygiene, B udapest, and  
László Central H osp ita l fo r  Infectious D iseases, B udapest

(R eceived  M ay 8, 1985)

T h is su rv ey  is based  o n  d a ta  fo r 245 903 iso lates re p o rte d  b y  P u b lic  H e a lth  N e tw o rk  
lab o ra to rie s  in  1983. F a c u lta tiv e ly  p a th o g en ic  G ram -n eg a tiv e  b a c te r ia  com prised  tw o -th ird  
o f th e  iso la tes, an d  — ex cep t E scherichia coli —  w ere re s is ta n t  in  a  h ig h  p e rce n t to  th e  m o st 
fre q u e n tly  used  an tib io tic s . O x acillin  a n d  v ancom ycin  w ere th e  m o st effec tive  a g a in s t S ta ­
phylococcus aureus being in  94 .7 %  re s is ta n t  to  penicillin . I n  c o n tra s t  to  o th e r  s trep to co cc i, 
a ll Streptococcus pyogenes s tra in s  w ere  sensitive  to  pen ic illin . T h e  m a jo rity  o f  th e  G ram ­
p o sitiv e  s tra in s  were re s is ta n t to  te tra c y c lin e . A com parison  to  re su lts  re p o rte d  ea rlie r (1974 
to  1983) show ed an  increasing  re s is tan c e  r a te  m ain ly  to  am pic illin , carben ic illin , co -trim o x azo le  
a n d  g en tam ic in , w hich  w ere  in tro d u c e d  in  th e ra p y  d u rin g  th is  p e riod . R esis tan ce  r a te  o f 
a lm o st all species has increased  to  g e n tam ic in , e.g. t h a t  o f  Proteus m irabilis  has  r isen  ten fo ld . 
E m erg en ce  of H aem ophilus in flu en za e  re s is ta n t  to  am pic illin , an d  increasing  re s is tan ce  ra te s  
o f  P . m irabilis  and  Streptococcus p n eum oniae  to  a lm o st all d rugs a re  re m a rk ab le  find ings. 
T h e  in creas in g  or va riab le  usage  o f d ru g s  t h a t  have  been  u se d  fo r a  long  tim e  d id  n o t  in fluence 
re s is tan ce  m ark ed ly . In  som e in s tan c es  th e  resistance  ra te s  even  d im in ished , e.g. th e  t e t r a ­
cycline  resis tan ce  o f ag en ts  a sso c ia ted  w ith  en teric  diseases. A re s tr ic te d  u se  o f  c h lo ram ­
p h en ico l re flected  in a  decreased  re s is ta n c e  of som e species. M u ltiré s is ta n t G ram -n eg a tiv e  
s tra in s  —  w hich are re s is ta n t to  a ll d ru g s  freq u e n tly  used  in  H u n g a ry  —  w ere iso la ted  in 
12 .7%  fro m  a  re p re se n ta tiv e  c lin ica l m a te ria l. T h e  fre q u e n t occurrence  o f m u lt iré s is ta n t
P . m irabilis  a n d  Acinetobacter iso la tes is a  new  phenom enon . S u rp rising ly , th e  p e rce n ta g e  of 
m u ltiré s is ta n t E . coli s tra in s  w as v e ry  low. A m ikacin  a n d  ne tilm ic in  w ere fo u n d  to  b e  th e  
m o st effec tive  ag a in st m u ltiré s is ta n t iso lates.

In fectio n s due to  d ru g-resistan t organism s are an in creasin g  p ro b lem  all 
o v er  th e  w orld  [1 -3 ] . In  re ce n t years, there h as b een  a great em p h a sis  on  th e  
im p o rta n ce  o f  a n tib io tic  r e s is ta n ce  su rveillan ce [3 -6 ] .  In  H u n g a r y , re lia b ly  
co llec ted  and com p u ter ized  d a ta  o n  th e  s e n s it iv ity  o f  im p o rta n t h u m a n  p a th o ­
gen s to  th e  m ost freq u en tly  u se d  a n tib io tics , h a v e  b een  a v a ila b le  s in ce  1974. 
In  accord ance w ith  a reco m m en d a tio n  o f  W H O , in  th e  fo llow in g  w e rep ort on  
th e se  d a ta . (1) P resen t s ta tu s  o f  a n tib io tic  resistan ce in  H u n gary  a cco rd in g  to  
n a tio n -w id e  d a ta  reported  in  1983 . (2) T en d en cies o f  a n tib io tic  r e s is ta n ce  in  
re la tio n  to  an tib io tic  co n su m p tio n  during a ten -y e a r  period  (1 9 7 4 -1 9 8 3 ).
(3) O ccurrence o f  m u ltirés is ta n t p a th ogen s in  a rep resen ta tiv e  c lin ica l m a ter ia l, 
and  th e ir  se n s itiv ity  to  drugs th a t  are ava ilab le  o n ly  in  a lim ited  a m o u n t in  
th is  co u n try .

M a r i a n n e  K o n k o l y  T h e g e  
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

É v a  B á n
L ász ló  C e n tra l H o sp ita l fo r In fe c tio u s  D iseases 
H -1097  B u d a p e s t,  G yáli ú t  5 -7 , H u n g a ry
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M aterials and m ethod s

B acterial strains. I n  1974 a b o u t 130 000 iso la tes w ere  ex am in ed , a n d  th is  nu m b er 
in c re a s e d  u p  to  245 903 b y  1983. T h e  s tra in s  w ere iso la ted  fro m  clinical specim ens an d  w ere 
id e n tif ie d  b y  s tan d ard  m e th o d s  [7 ]. T h e  occurrence o f  m u ltiré s is ta n t p a th o g e n s  iso la ted  from  
m isce lla n o u s  clinical m a te r ia l  o f  th e  D e p a rtm en t o f B acterio lo g y , N a tio n a l I n s t i tu te  of 
H y g ie n e , w as inv estig a ted  d u r in g  a  5 -m on th  period  (S ep tem b er 1, 1 9 8 3 -Ja n u a ry  31, 1984).

A ntib io tic  sensitivity  tes tin g . S en sitiv ity  sp e c tru m , as a  ru le , w as te s te d  a n d  rep o rted  
w h e n e v e r  th e  isolate w as c o n s id e re d  to  be an  a g en t a sso c ia ted  w ith  th e  in fec tio n . A  s ta n ­
d a rd iz e d  d isc  diffusion m e th o d  w a s  used  in  all lab o ra to rie s . T h e  discs w ere m a n u fa c tu re d  b y  
H u m a n  In s t i tu te  for S e ro b acterio lo g ica l P ro d u c ts  a n d  R esearch , B u d a p es t. A n tib io tic  sensi­
t iv i t y  w as exam ined on m o d ified  M u e lle r-H in to n  m ed iu m ; fo r in te rp re ta tio n  o f zone sizes a 
s e t  o f  c o n tro l stra ins was u sed  [7].

Statistica l data. T he su rv e y  w as based  on d a ta  re p o rte d  y e a rly  b y  24 lab o ra to rie s  o f 
th e  P u b lic  H e a lth  N e tw o rk  in  H u n g a ry . R ep ea ted  iso la tio n s  fro m  th e  sam e p a tie n t  w ere 
sc o red  as sep a ra te  ones. D a ta  o n  a n tib io tic  co n su m p tio n  w ere e s tim a te d  a n d  k in d ly  supp lied  
b y  th e  M in istry  o f H ealth .

R esu lts

1. R esistance rates o f  most im portan t pathogens in H ungary in  1983

T h e la te st  and m o s t  d eta ile d  d ata  regard in g  a n tib io tic  resistan ce  rates 
are  su m m arized  in  T a b les  I ,  I I  and I I I . F rom  th e  f ir st co lu m n s o f  th e  T ables  
i t  c a n  b e concluded t h a t  in  H u n gary  tw o -th ird  o f  th e  iso la te s  b elon gs to  th e  
G ra m -n eg a tiv e  sp ec ies. I n  gen era l it  m ay  b e  a ssu m ed  th a t  th e  freq u en cy  o f  
s tr a in s  w hich  are r e s is ta n t  t o  in d iv id u a l a n tib io t ic s  is v e r y  h igh , m a in ly  in  
c a se  o f  fa cu lta tiv e ly  p a th o g e n ic  G ram -n egatives. A s seen  in  T ab le  I , m ost  
S . aureus  were resista n t t o  p en ic illin a se-sen sitiv e  p en icillin s and p art o f  th em  
t o  o x a c illin , w hereas m o st  o th e r  drugs w ere r e la t iv e ly  e ffec tiv e  e x c e p t  te tra ­
c y c lin e -  S. pyogenes s tr a in s  h a v e  reta in ed  th e ir  se n s it iv ity  to  p en icillin  in  
c o n tr a s t  to  other s tr e p to c o c c i. T h e ap pearan ce o f  p en ic illin -resista n t S . pneu­
m oniae  h as a great c lin ic a l im p ortan ce . S tr ep to c o cc i w ere resista n t to  te tra ­
c y c lin e  an d  co -tr im o x a zo le  in  a h igh p ercen tage . S . faecalis  w as fou n d  to  be 
t h e  m o st  resistan t G r a m -p o s itiv e  species. H . influenzae  w as in freq u en tly  re­
s is ta n t  to  drugs con sid ered  e ffe c tiv e  aga in st i t ,  h o w ev er , em ergen ce o f  am pi- 
c illin -r e s is ta n t strains is an  a larm ing p h en om en on .

A m on g  n o n -fa stid io u s G ram -n egative b a c ter ia  (T able I I ) , E . coli w hich  
co m p r ise d  h a lf  o f  th e se  o rg a n ism s, ex h ib ited  th e  lo w es t, and  P . aeruginosa 
t h e  h ig h e st  resistan ce r a te . S urprisin gly , th e  resista n ce  ra tes o f  P .  m irabilis 
w er e  sim ilar to  th a t  o f  o th e r  Proteeae.

T h e num ber o f  r e s is ta n t  strains am on g  b acter ia  cau sin g  en ter ic  d iseases  
(T a b le  I I I )  was n o t to o  h ig h , o n ly  co -tr im o x a zo le  resistan ce in  S . sonnei is 
n o ta b le .
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Resistance rates o f  Gram-positive pathogens, H . influenzae and N . m eningitidis in  1983*

Species
N o. of 
s tra in s

P e n i­
cillin

O x a­
cillin

A m pi­
cillin

Carbeni-
cillin

Ce-
phalo -
rid in e

E ry ­
th ro ­

m ycin

Ole­
an d o ­
m ycin

Linco-
m icin

V anco­
m ycin

G e n ta ­
m icin

K a n a -
m ycin

C hlor­
am ­

phenicol

T e tra ­
cycline

Co-
trim o x -

azole

N itro ­
fu ra n ­

to in

Staphylococcus aureus 25 834 94.7 16.5 92.8 92.7 24.0 17.9 15.2 8.5 6.3 15.0 9.1 12.2 50.3 7.5 4.1

Staphylococcus coagulase- 
n eg ativ 2 684 71.4 16.6 67.5 72.8 12.2 34.9 29.0 23.4 4.9 18.9 29.3 31.9 69.2 36.8 3.9

Streptococcus pyogenes 6 698 0 2.7 1.6 2.2 4.4 2.0 4.5 2.9 4.5 51.6 85.5 3.6 65.0 68.1 7.2

Streptococcus /9-haemolytic 
o th er 6 922 15.3 15.1 2.9 4.0 9.2 5.0 6.8 10.4 10.0 67.5 89.7 10.5 73.6 74.3 17.2

Streptococcus pneum oniae 4 915 20.2 33.4 9.5 6.5 6.9 27.9 34.6 17.8 5.9 60.8 85.0 15.3 69.9 51.5 18.7

Streptococcus a -haeino ly tic  
o th er 5 251 35.5 39.7 7.2 7.7 19.3 19.9 21.9 21.2 7.3 61.5 93.1 15.7 65.8 58.5 20.3

Streptococcus faecalis 20 656 96.7 95.0 10.9 14.6 96.0 51.2 61.2 94.0 8.8 67.7 94.9 53.0 85.7 84.8 9.7

Streptococcus o th er 1 522 45.6 39.5 19.6 10.7 44.5 19.0 21.8 49.2 4.8 41.4 88.9 25.7 66.1 59.0 17.2

Haemophilus influenzae 2 011 96.61 94.3 8.4 9.2 71.8 17.1 91.3 89.2 84.0 7.3 9.6 3.7 22.6 24.2 2.4

Neisseria m eningitidis 44 0 36.7 0 15.3 30.8 9.1 90.9 10.0 2.4 7.1 27.1

* P ercen tage  of re s is tan t and  m odera te ly  sensitive stra in s  
1 M oderately  sensitive 37.7%
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Tabic II

Resistance rates o f  fa cu lta tive ly  pathogenic Gram-negative bacteria in  1983*

S pec ie s
No. o f
s tra in s

A m p i­
cillin

C arb en i-
cillin

Ce-
phalo-
rid ine

G enta­
m icin

K a n a -
m y c in

C h lo r­
a m p h e n ­

ico l

T e tra ­
cycline

Co-
trim o x -

azole

N it ro ­
fu ra n ­

to in

N a li­
d ix ic
acid

E sch erich ia  coli 72 293 61.1 44.5 77.8 6.3 20.1 29.7 54.7 24.8 6.6 9.3

K lebs iella—Entero­
bacter g ro u p 28 187 91.5 80.4 90.3 24.1 30.3 44.7 57.3 36.0 22.5 23.0

Citrobacter 3 094 79.0 49.0 94.4 30.6 39.1 39.7 59.1 47.6 15.5 27.3

P ro teus m irabilis 17 582 72.7 64.5 98.6 42.5 53.9 67.5 99.3 60.3 67.1 57.7

P roteus vulgaris 2 108 89.3 61.7 98.0 31.7 48.2 58.4 88.9 55.8 70.7 40.2

P ro teus  o th e r 4 012 92.3 73.1 97.1 53.6 60.7 68.3 87.0 68.8 64.4 54.4

E n te r  obacteriaceae 
o th e r 3 636 71.5 50.2 87.8 12.1 20.0 37.9 52.7 27.7 21.4 22.5

P seudom onas
aerug inosa 9 737 98.9 80.4 99.6 29.8 94.2 96.6 87.2 97.4 97.3 97.7

P seudom onas  o th er 1 752 94.3 76.7 98.2 26.2 46.3 79.8 66.4 69.2 91.1 78.5

A cinetobacter
calcoaceticus 3 138 79.5 58.0 94.6 46.2 52.0 75.5 65.4 45.2 82.2 38.0

* Percentage of re s is tan t a n d  m oderately sensitive s tra in s

Resistance rates

Table II I

o f  enterobacteria associated w ith  enteric diseases*

Species
N o. o f  
s tra in s

A m p i­
c ill in

Carbeni-
cillin

G en ta­
m icin

K a n a -
m y c in

C h lo r­
a m p h e n ­

ico l

T e tra ­
cycline

Co-
trim o x -

azole

N it ro ­
f u ra n ­

to in

N a li­
d ix ic
ac id

Salm onella  typ h i 117 1.7 0 0 0 0 и л 2.0 2.4 10.8

Salm onella  o ther 13 184 7.4 5.2 0.9 3.8 3.5 20.1 8.0 20.3 5.6

Shigella  f le x n e r i 948 19.7 20.5 2.2 6.7 11.1 20.8 11.8 1.3 1.6

Shigella  sonnei 5 490 31.6 7.9 1.0 2.5 12.0 19.5 62.9 1.5 1.6

Shigella  o th e r 19 19.4 0 0 16.7 7.1 16.7 0 0 0

E scherich ia  coli 0111 280 27.6 9.8 0.4 9.1 6.0 20.3 4.2 6.5 4.6

E . coli assoc ia ted  w ith 
in fa n ti le  enteritis 
o th e r 1 075 51.5 26.4 2.9 16.0 16.6 45.1 15.7 5.2 3.3

E . coli 0 1 2 4 1 857 18.7 13.9 1.5 5.9 10.4 14.0 9.7 4.7 2.8

Y e rs in ia  enterocolitica 963 86.2 94.1 1.0 0.3 0.8 5.7 19.3 12.5 4.1

* P ercen tage  of r e s is ta n t a n d  m o dera te ly  sensitive s tra in s
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2 . Tendencies o f  antibiotic resistance in relation to antibiotic consum ption during  
a ten-year period  (1 9 7 4 -1 9 8 3 )

T he d ata  con cern in g  th e  con su m p tion  o f  a n tib io tics  fre q u en tly  u sed  in  
H u n g a ry  b etw een  1974—1983 are sh ow n  in  F ig . 1. C ep halosporins are n ot 
in c lu d ed  in  th is  s tu d y , b ecau se u n til th e  in tro d u ctio n  o f  m ore e ffe c tiv e  d eriv ­
a t iv e s , on ly  ceph alorid ine d isc w as u sed  as a rep resen ta tiv e  o f  f ir s t  gen eration  
cep h alosp orin s. P o ly m y x in s  h a v e  also b een  o m itte d , sin ce se n s it iv ity  o f  G ram ­
n e g a tiv e  b acteria  to  th e m  rem ained  p ra ctica lly  u n ch an ged .

Fig. 1. C onsum ption  o f freq u e n tly  used  an tib io tic s  in  H u n g a ry , 1974-1983

T ak in g  in to  a ccou n t th e  d ifferences in  d osage, in stea d  o f  com p arin g  th e  
a b so lu te  am ou n t o f  a n tib io tics  con su m ed , it  seem s m ore reliab le to  p o in t  out 
th e  ten d en cies o f  con su m p tion .

A ccord ing to  th e ir  con su m p tion  th e  a n tib io tics  m a y  b e d iv id ed  in to  
th ree  groups, (i) T here are drugs (pen icillin , o x a c illin , er y th r o m y c in , lin co- 
m y cin , n a lid ix ic  acid) w h ich  h a v e  been  w id e ly  u sed  for a lo n g  t im e , an d  their  
co n su m p tio n  has n o t ch an ged  as m ark ed ly  as th a t  o f  th e  others (i.e . increase  
or decrease did n o t ex ceed  fourfold ), (ii) C hloram ph en ica l, th e  sin g le  m em ber  
o f  th e  secon d  group, is th e  o n ly  drug th e  co n su m p tio n  o f  w h ich  h as d im in ish ed  
e v e n ly  due to  reco m m en d a tio n s d iscou raging its  u se . (iii) A m p ic illin , carbeni- 
c illin , co -tr im oxazo le  and  g en tam icin  b elon g  to  th e  th ird  group. T h ese  drugs 
h a v e  b een  in trodu ced  in  th e  course o f  th e  la st  few  years and th eir  co n su m p tio n  
h as increased  m ark ed ly . U n fo rtu n a te ly , w e h a v e  n o  d ata  on  th e  u sa g e  o f  
carb en icillin  in  th e  f ir st years o f  th e  su rvey , b u t it  m a y  be assu m ed  th a t  th e  
cou rse o f  its  graph rises in  th e  sam e m anner as th a t  o f  th e  o th ers. T h e fa ll in  
th e  curves for am p ic illin  and carbenicillin  is d ue to  d ifficu ltie s  in  th e ir  im p ort  
in  th e  early  e igh ties.

5* Acta Microbiologica Hungarian 33, 1986



162 KONKOLY THEGE und BÁN

R ela tion sh ip  b e tw e en  co n su m p tio n  of, an d  resista n ce  rates to , a n tib io tics  
w ill b e  ev a lu a ted  accord in g  t o  th is  grouping. S in ce  p resen tin g  graphs for ev ery  
a n t ib io t ic  and every  sp ec ies  is  n o t possib le in  th is  paper, a b r ie f  in form ation  
w ill b e  g iv e n  about th e  d ru gs stu d ied , and o n ly  so m e rem arkable fin d in g s  w ill 
b e illu s tr a te d .

Penicillin . F lu c tu a tio n  in  con su m p tion  o f  p en ic illin  h ad  n o  in flu e n c e  on  
th e  r e s is ta n ce  rates o f  G ra m -p o sitiv e  cocci. T h e in c id en ce  o f  p en icillin ase-  
p r o d u c in g  S. aureus h as in cr ea se d  on ly  s lig h tly  (88%  in  1974 to  95%  in  1983). 
P e n ic il l in  resistance ra te  o f  strep to co cci o th er th a n  th e  u n ifo rm ly  sen sitiv e  
S . pyogen es  has n ot ch a n g ed , w ith  excep tion  o f  S . pneum oniae  w h ich  sh ow ed  
a m o d e r a te  increase fo llo w ed  b y  a decrease from  th e  b eg in n in g  o f  1982 (F ig . 4).

Oxacillin. S en sit iv ity  o f  S . aureus to  th is  d ru g  has n o t b een  in flu en ced  
b y  t h e  variab le co n su m p tio n  o f  oxacillin , th e  p ercen ta g e  o f  re sista n t strains  
w a s a b o u t  16%  as at p resen t (T ab le I).

Erythrom ycin. In  sp ite  o f  th e  m od erately  in crea sin g  ery th ro m y c in  usage  
t h e  re s is ta n c e  rate o f  S. aureus  has d im inished  (27%  in  1974 to  18%  in  1983). 
T h e r e  w a s no change in  re s is ta n c e  rate o f  s tre p to co c c i, b u t a risin g  tren d  w as 
o b s e r v e d  for S. pneum oniae  (6%  in  1974 to  28%  in  1983; T ab le  I and F ig . 4).

Lincom ycin. N o  rem a rk a b le  change w as fou n d  in  resistan ce  ra tes o f  
G r a m -p o s itiv e  cocci, sa v e  S . pneum oniae  w h ich  ex h ib ited  a risin g  tren d  to  
l in c o m y c in , too  (4%  in  1974  t o  18%  in  1983; T a b le  I  and F ig . 4).

Tetracycline. T e tr a cy c lin e-re s is ta n t stra in s occurred  in  a lm ost a ll species  
a t a  p erm an en tly  h igh  p erc en ta g e  during th is  p eriod  (T ables I ,  I I  and I I I ) . 
T h e  m o d era te ly  in crea sin g  con su m p tion  o f  th is  drug resu lted  in  a  h igher  
fr e q u e n c y  o f  resistan t s tr a in s  o f  h aem oly tic  s tre p to co c c i and —  to  a low er  
e x t e n t  —  o f H . influenzae. T h ere is a d ec lin in g  ten d e n c y  in  resistan ce  o f  
E . co li, K lebsiella-E nter ob acter group and Citrobacter. A lth o u g h  te tra cy c lin e  
is  n o t  th e  drug o f  ch o ice  in  en ter ic  d iseases, i t  is o f  in terest th a t  th e  resistan ce  
r a te s  o f  agents resp on sib le  fo r  en teric in fection s d im in ish ed  m ark ed ly . A s sen ­
s i t i v i t y  o f  these b acter ia  h a s  b een  su rveyed  s in ce  1971 , ear ly  d a ta  (1971) can  
b e  co m p a red  to  th e  la te s t  o n es  (1983): Salm onella  56%  v s  20% ; S. flexneri 
5 6 %  v s  21% ; S . sonnei 6 3 %  v s  20% ; Shigella  o th er  66%  v s  17% ; E . coli 
O l l l  87%  vs 20% ; E . coli o th e r  serogroups a sso c ia ted  w ith  in fa n tile  en ter itis  
6 9 %  v s  45% ; E. coli 0 1 2 4  4 4 %  v s  14% .

N alid ix ic  acid. In  s p ite  o f  a m od erately  in creasin g  n a lid ix ic  acid  co n ­
su m p tio n  th e s e n s it iv ity  o f  b acter ia  a ssoc ia ted  w ith  en teric in fec tio n s and  
m o s t  o f  th ose causing u r in a ry  in fection s (E . coli, Klebsielleae an d  Citrobacter)  
r e m a in e d  p ractically  u n c h a n g ed . O nly P . m irab ilis  ex h ib ited  an  in creased  
r e s is ta n c e  rate.

Chloramphenicol. R e s is ta n c e  rates o f  S. aureus and  th e  fo llo w in g  en teric  
p a th o g e n s  d im inished  p a ra lle l w ith  th e  re str ic te d  u se  o f  ch loram p henico l;  
r e s p e c t iv e  data for 1971 a n d  1983 are as fo llo w s: S. aureus 47%  v s  12% ;
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F ig . 2 . T endencies o f  co -trim oxazole  resis tan ce  ra te s  (co n tin u o u s lines) a n d  co n su m p tio n
(d o tte d  lines), 1974-1983

S. typh i 7%  v s  0% ; S. flexn eri 23%  v s  11% ; S . sonnei 30%  v s  12% ; E . coli 
0 1 1 1  61%  v s  6% ; E . coli o th er serogroups a sso c ia ted  w ith  in fa n tile  en te r itis  
46%  v s  17% . A n  in verse  re la tion sh ip  is a p p a ren t b etw een  th e  a m o u n t o f  
ch loram p h en ico l u sed  and resistan ce ra te o f  P . m irabilis  (F ig . 4).

A m pic illin  is  on e o f  th e  drugs w hich  w ere  in trod u ced  in  th e r a p y  in  th e  
course o f  th e  la s t  d ecad e. T here w as no a sso c ia tio n  b etw een  th e  v a r ia b le  co n ­
su m p tio n  and th e  resistan ce  o f  strep tococci w h ich  —  in clu d ing  S . fa eca lis  —  
w ere se n s itiv e  in  a h igh  p ercen tage to  th is  dru g. T h e increasing re s is ta n c e  o f
H . influenzae  is  rem ark able . From  1974 on w ard s th ere w as no ch a n g e  in  th e  
resistan ce  o f  E . coli, K lebsiella-E nter ob acter an d  in d o le-p o sitiv e  Proteus  s tra in s  
(T able I I ) . H o w ev er , th e  resistan ce ra te o f  P . m irabilis  has in creased  (F ig . 4). 
T he resistan ce  ra tes  for agen ts o f  en teric d iseases sh ow ed  a d eclin in g  te n d e n c y  
during th e  la s t  th ree  years.

Carbenicillin. A  sligh t increase appears in  th e  resistan ce ra te  o f  S . p n eu ­
moniae (F ig . 4 ), w hereas th e  o ther s tre p to co c c i re ta in ed  their s e n s i t iv i ty  to  
carben icillin  (T ab le I ) . A n  in creasin g  trend  in  resistan ce o f  P . m irab ilis  and  
P . vulgaris is  rem ark able (P . m irabilis  38%  in  1976 to  65%  in  1983; P . vul­
garis  39%  in  1976 to  62%  in 1983; F ig . 4). T h ere w as no ch an ge in  a fa ir ly
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F ig . 3 . T en d en cies  of g e n ta m ic in  resis tan ce  ra te s  (c o n tin u o u s  lines) and  co n su m p tio n  (d o tte d
Unes), 1974-1983
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F ig . 4 . T en d en cie s  of a n tib io tic  re sis tan ce  ra te s  o f P . m ira b ilis  and  S. pneum oniae  1974-1983 
(res is tan ce : co n tin u o u s lines, c o n su m p tio n :  d o tte d  lines)
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great n um ber o f  resistan t stra in s o f  th e  o th er en terob acteria  (T able I I ) .  Acineto- 
bacter and esp ecia lly  P . aeruginosa stra in s w ere resistan t in  a h igh  p ercen ta g e  
from  th e  b eg in n in g , and th is  rate f lu c tu a te d  w ith  slig h tly  in crea sin g  tren d .

Co-trimoxazole. F o llow in g  in tr o d u ctio n  o f  co-trim oxazole in  th e  m iddle  
o f  th e  se v en tie s  it s  con su m p tion  has risen  ra p id ly  (F ig . 2). O n ly  P . m irabilis 
ex h ib ited  an ev e n ly  in creasin g  resistan ce ra te . T h e graphs for se v er a l sp ecies, 
e x c e p t  H . influenzae, are sim ilar to  each  o th er: a fter  a peak  th e y  sh o w  a sligh t  
d eclin e . T he sam e fin d in g  is tru e for p a th o g en s cau sin g en teric d isea ses . An  
alarm ing increase w as revea led  in  th e  freq u en cy  o f  co -tr im o x a zo le -resista n t  
S. sonnei (20%  in 1982 to  62%  in  1983; F ig . 2).

Gentamicin. B ein g  m ore e ffec tiv e  th a n  a n y  o ther drugs a v a ila b le  in  H u n ­
gary , a t th e  b eg in n in g  gen tam ic in  w as con sid ered  as an o u ts ta n d in g  a n ti­
b io tic . D u e  to  th e  w id esp read  u sage o f  g en ta m ic in  in  h osp ita ls th e  resistan ce  
ra te  o f  a lm ost all species has risen  m ark ed ly  (F ig . 3). I t  is in te re stin g  t h a t  th e  
lo w  resistan ce rate o f  th e  tw o  m ost fre q u en tly  iso la ted  sp ecies, S. aureus and  
E . coli ch an ged  th e  lea st o f  all. (C onsidering th a t  th ese  tw o  sp ec ies  com p rise  
m ore th a n  40%  o f  all iso la te s , th ese  r e la t iv e ly  low  resistan ce ra te s  m ean  a 
con sid erab le  n um ber o f  in su scep tib le  stra in s.)

A s it  is sh ow n  in  F ig . 4 , an  in creasin g  resistan ce to  a lm ost a ll a n tib io tics  
cou ld  be ob served  on ly  in  tw o  sp ecies: P . m irabilis  and S. pneum oniae.

3. Occurrence o f  m ultirésistant isolates in  a representative clinical m aterial

T he term  m u ltirésista n t is u sed  h ereb y  to  refer to  G ra m -p o s itiv e  or 
G ram -n egative  iso la te s  w hich  are res is ta n t to  all an tib io tics lis te d  in  T ables  
I and  II .

A m on g  th e  G ram -p ositive sp ec ies o n ly  a sm all n um ber o f  S. faecalis  
stra in s fe ll in to  th is  ca tegory . T h e m a jo r ity  o f  th e S. faecalis  iso la te s  were 
se n s it iv e  o n ly  to  am p ic illin , carben icillin  an d  n itrofu ran to in .

T he great m ajor ity  o f  m u ltirés is ta n t iso la te s  belon ged  to  th e  G ram ­
n e g a tiv e  sp ec ies. T heir occurrence and s e n s it iv ity  to  drugs a v a ila b le  in  a 
lim ited  am ou n t in  H u n gary  w ill be d iscu ssed  in  th e  fo llow ing.

A s sh ow n  in  F ig . 5 , 166 o u t o f  1308 strains (12.7% ) p ro v e d  m ulti-  
re s is ta n t. P ercen tage o f  m u ltirésista n t iso la te s  w as th e  h ig h est in  P . aerugi­
nosa, fo llow ed  in  th e  order o f  freq u en cy  b y  P . m irabilis, Acinctobacter, other  
Proteeae, o ther Enter ob acteriaceae ( id e n tif ie d  o n ly  on a fa m ily  le v e l) ,  Citro­
bacter and th e  Klebsiella-Enterobacter group . There w ere few  m u ltir és is ta n t  
iso la te s  am on g  E . coli.

S e n s it iv ity  o f  93 m u ltirésista n t iso la te s  to  an tib io tics r e c e n tly  ava ilab le  
are su m m arized  in  T ab le IV . A m ik acin  an d  n etilm icin  had  an  o u tsta n d in g  
e ff ica c y , and ab ou t h a lf  o f  th e  stra in s w ere se n s itiv e  to  cefu rox im e an d  ce fo x itin .
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T able  IV

Sensitiv ity  o f  m ultirésistant Gram-negative bacteria

Species
N o . o f T obram ycin A m ik ac in N e tilm ic in
s tr a in s s M R s M R S M R

E . coli 4 1 — 3 3 — l 3 — l

Klebsiella-Enterobacter
o th e r 12 1 3 8 l i l _ 9 l 2

Citrobacter 1 — — 1 l — — 1 — —

P . m irabilis 36 1 2 33 34 l l 34 l 1

Proteus o th e r 16 1 — 15 15 l — 13 2 1

Enterobacteriaceae other 3 1 — 2 2 — l 2 — 1

Acinetobacter 3 1 — 2 2 l — 2 1 —

P . aeruginosa 18 — — 18 18 — - 18 — —

T o ta l 93 6 5 82 86 4 3 82 5 6

S - sensitive; M =  m o d e ra te ly  sensitive; R  =  re s is ta n t

F ig . 5 . O ccurrence of m u lt iré s is ta n t  G ram -negative  b a c te r ia  in  a  re p re sen ta tiv e  clinical 
m a te r ia l  (colum ns: n u m b er o f s tra in s , closed co lum ns: n u m b e r  o f m u ltiré s is ta n t s tra in s )

A z lo c ill in  -was foun d  to  b e  m o st  active  aga in st P . aeruginosa. O nly few  m u lti-  
r e s is ta n t  strains w ere s e n s it iv e  to  to b ra m y c in , ce fam an d o le  and m ez lo c illin .

S ource o f  th e  m u lt ir é s is ta n t  strains is p resen te d  in  F ig . 6. M ore th a n  
h a lf  o f  th e  strains w ere iso la te d  from  urine.
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to antibiotics recently introduced in  H ungary

A zlocillin  M ezlocillin  C efam andole  C efu rox im e Cefoxitin

s M R s M R s M R s M R s M R

— — 4 — — 4 1 1 2 2 1 l 2 1 l

— - 12 — — 12 - 2 10 9 1 2 9 1 2

1 — 35 2 — 34 — 8 28 20 16 29 7 —

1 — 15 1 — 15 5 3 8 10 4 2 10 3 3
— 1 2 1 — 2 1 1 1 2 — 1 2 — 1
— — 3 — — 3 — — 3 1 — 2 1 — 2
10 5 3 - 3 15 — - 18 — — 18 — - 18

12 6 75 4 3 86 7 15 71 44 22 27 53 13 27

F ig . 6. Source of m u ltiré s is ta n t G ram -n eg a tiv e  b ac te ria

D iscu ssion

S im ilarly  to  litera ry  d ata  [2, 8 -1 0 ]  a p red om in an ce  o f  G ram -n egative  
op p ortu n istic  p a th o g en s w as ob served  in  H u n gary . C om parison  o f  our d ata  to  
th o se  ob ta in ed  in  o th er  cou n tr ies con trib u tes to  e v a lu a tio n  o f  th e  p resen t  
res ista n ce -s itu a tio n . A m on g  W H O  [3 -6 ]  and o th er  p u b lica tio n s [1 1 -1 5 ]  o n ly  
som e are b ased  on  su ch  a great n um ber o f  n a tio n -w id e  co llec ted  d a ta . R ep orts  
from  S w itzer lan d  and F R G  [1 6 -1 7 ]  m a y  be com p ared  to  our report. T h e m ost  
freq u en tly  iso la ted  sp ecies —  E . coli and S. aureus —  w ere ch osen  for com ­
p arison  (T ables У  and V I).

A lth o u g h  th e se  d a ta  com p ared  in  th e  T ab les w ere rep orted  earlier, th e y  
su g g est th a t  th e  resista n ce  rates o f  th e se  tw o  r e la t iv e ly  se n s itiv e  sp ecies are 
m uch h igher in  H u n gary  th a n  in  th e  ab o v e  cou n tr ies.
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Table V

Frequency in  percentage o f  antibiotic-resistant S . aureus 
in  H ungary, Switzerland and F R G

A n tib io tic
H u n g a ry , 1979 

n  =  26 614
S w itzerlan d ,

1979
n  =  4022

F R G , 1981 
n  =  800

Penicillin 88.7 68.3 69
Oxacillin (m eth ic illin ) 12.6 3.8 1
Am picillin 67.9 55.0 68
E ry th rom ycin 17.8 10.7 15
G entam icin 4.8 2.3 9
K anam ycin 16.1 10.9 18
Chloram phenicol 20.0 7.8 7
Tetracycline 40.6 17.0 21
Co-trim oxazole 15.7 12.0 10

Table VI

Frequency in  percentage o f antibiotic-resistant E . coli 
in  H u ngary, Switzerland and F R G

A n tib io tic
H u n g a ry , 1979 

n  =  56 651
S w itzerlan d ,

1979
n =  7814

F R G , 1981 
n  =  1900

Am picillin 58.6 30.3 2 2

Carbenicillin 44.7 23.6 17
G entam icin 2.9 1.3 1

K anam ycin 19.0 13.5 12

Chloram phenicol 28.2 19.7 12
Tetracycline 58.9 33.3 33

Co-trim oxazole 34.1 12.0 10

N itro fu ran to in 9.3 15.5 10
N alidixic acid 10.6 3.4 13

T h e  h igh  rate o f  co -tr im o x a zo le  resista n t strep to co cc i in  th is  co u n try  
n eed s so m e  exp lan ation . I t  is  lik e ly  to  b e due to  use o f  a M u eller -H in to n  
m e d iu m  for sen s itiv ity  te s t in g  w h ich  is n o t en tire ly  free from  su lp h on am id e  
an d  tr im eth o p r im  in h ib itors [1 8 ]. I t  m ay  b e assu m ed  th a t  th e  co -tr im o x a zo le  
s e n s i t iv i ty  te st in g  o f  s tr e p to c o c c i is  m uch  m ore in flu en ced  b y  th e  m ed ium  
th a n  t h a t  o f  any other sp ec ies .

A  re la tion sh ip  b e tw e en  th e  a n tib io tic  co n su m p tio n  an d  resistan ce  rates  
w as o b ser v ed  m ain ly  in  ca se  o f  drugs th a t  w ere in trod u ced  or w ith d raw n  
d u r in g  th e  period ex a m in ed . F or in sta n ce , d ue to  in tro d u ctio n  and freq u en t  
use o f  g en ta m ic in , th e  r e s is ta n ce  ra te for a lm ost all sp ecies h as risen  m ark ed ly ,
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e sp e c ia lly  th a t  o f  P . m irabilis  w h ich  has in creased  ten fo ld . The r e str ic tio n  in  
th e  u sage o f  ch loram p h en ico l w as assoc ia ted  w ith  a decreased resista n ce  o f  cer­
ta in  b acter ia . T h e in creasin g  or variab le u sa g e  o f  drugs availab le th r o u g h o u t  
th e  su rv e y  period  in flu en ced  b u t s lig h tly  th e  p revious res is ta n ce -s itu a tio n . 
H en ce  it  m a y  b e con clu d ed  th a t  on ly  a m ark ed  ch an ge in  con su m p tio n  w ou ld  
cau se  an  a lteration  in v o lv in g  th e  resistan ce o f  a n ation -w id e b a cter ia l p o p u la ­
tio n . In  co n tra st, u se  o f  particu lar a n tib io tics  in  h osp ita ls is fre q u e n tly  a sso ­
c ia ted  w ith  loca l ch an ges in  resistan ce ra tes [1 9 -2 1 ] .

T h e ten d e n c y  o f  increase or decrease in  resistan ce varied  w ith  d ifferen t  
sp ec ies . Som e rem arkable fin d in gs were as fo llo w s. E m ergence o f  a n tib io tic -  
re s ista n t p n eu m ococci has b een  observed  th r o u g h o u t th e  w orld  [22—2 5 ] , b ut  
th e  in creasin g  n u m b er o f  resistan t P . m irabilis  seem s to  be a H u n gar ian  
sp e c ia lity . T h e appearance o f  am p ic illin -resistan t H . influenzae is  o f  great 
c lin ica l im p ortan ce . T h e d ram atic increase in  co -tr im o x a zo le-resista n t S . son- 
nei w ith in  a year  can  be exp la in ed  b y  an  ep id em ic  caused  b y  sh ig e lla e  b e lo n g ­
in g  to  th e  sam e p h age and co licin  ty p e  (M ilch , H ., personal co m m u n ica tio n ). 
A  m arked  d im in u tion  in  th e  num ber o f  te tra cy c lin e -resis ta n t sa lm o n e lla e  is 
l ik e ly  to  be d ue to  a restr ic tion  o f  use o f  th is  drug in  anim als. In  gen era l, a 
tren d  o f  decrease w as observed  in  resistan ce o f  b acter ia  causing en ter ic  d iseases. 
T h is m a y  be a ssoc ia ted  w ith  th e  fact th a t  p a tie n ts  w ith  en ter itis  are trea ted  
w ith  a n tib io tics  less freq u en tly  th an  te n  y ea rs  ago .

T h e great n um ber o f  m u ltirésistan t iso la te s  is an alarm ing p h en o m en o n . 
In v e st ig a t io n s  w ere focu ssed  on  th e  m o st re s is ta n t bacterial p o p u la tio n , i.e. 
o n  stra in s w h ich  w ere resista n t to  every  dru g w id e ly  used in  H u n g a r y . M ulti- 
res ista n t G ram -n egatives w ere iso la ted  in  12 .7%  from  a rep resen ta tiv e  clin ica l 
m ateria l. A s it  cou ld  be pred icted  from  th e  resu lts d iscussed  earlier , m ulti-  
re s ista n t P . m irabilis  strains w ere iso la te d  m o st freq u en tly . A s 80%  o f  P. 
m irabilis  stra in s origined  from  urine, th is  m ean s a problem  m a in ly  in  the  
tre a tm e n t o f  u rinary tract in fection s. I t  m a y  be concluded th a t  th e re  is a 
n eed  o f  new  a n tib io tics  a c tiv e  again st m u ltir és is ta n t strains. S o m e o f  these  
n ew  a gen ts  are ava ilab le  in  H u n gary  for life -th rea ten in g  in fec tio n s, an d  am ong  
th e m  am ik acin  and  n etilm icin  p roved  th e  m o st effec tive  a g a in st  “ problem  
b a cter ia ” .

T h e fo llow in g  factors m ay  be regard ed  responsible for th e  present 
s itu a tio n :

(1) A n tib io tics  are w id e ly  p rescribed  w ith o u t any la b o r a to r y  ex a ­
m in ation s.

(2) In ap p rop ria te  use o f  an tib acter ia l d ru gs, e.g . in  v ira l in fe c t io n s  or in  
m ild  b acter ia l in fection s.

(3) A  narrow  sp ectrum  o f  ava ilab le  an d  w id e ly  used a n tib io t ic s .
(4) U n sa tis fa c to ry  h yg ien ic  lev e l in  h o sp ita ls  en h ancing th e  sp read  o f  

a n tib io tic -r es is ta n t b acteria .

Acta Microbiologica H ungarica 33, 1986



170 KONKOLY THEGE and BÁN

Acknowledgem ents. W e a re  in d eb ted  to  lab o ra to r ie s  o f  th e  Public  H e a lth  N e tw o rk  fo r  
t h e i r  p re c ise  and  reg u la r re p o rts  o n  an tib io tic  re s is tan c e  a n d  to  D r. M. K e ppin g er  (M in is try  
o f  H e a l th )  fo r th e  d a ta  o n  a n tib io tic  consum ption.

R E F E R E N C E S

1. L e v y ,  S. B .: L an cet 2 , 83 (1982).
2. S im m o n s , H . E ., S to lley , P . O .: J  Am  Med A ssoc 227 , 1023 (1974).
3. P a r k e r ,  M. T .: W H O  C hron  36 , 191 (1982).
4 . A n tim ic ro b ia l re sis tan ce . B u ll W H O  61, 383 (1983).
5. C o n tro l o f a n tib io tic -re s is ta n t b a c te ria : m em o ran d u m  fro m  a W H O  m eeting . B u ll W H O

6 1 , 423 (1983).
6. S u rv e illa n ce  for th e  p re v e n tio n  an d  contro l of h e a l th  h a za rd s  due to  a n tib io tic -re s is ta n t

en te ro b ac te ria : re p o rt  o f  a  W H O  m eeting. W H O  T e c h  R ep  Ser No. 624, 1978.
7. L á n y i ,  В . (ed.): “ P u b lic  H e a l th  an d  Clinical B ac te rio lo g y . S tan d ard  M ethods”  (H u n g .) .

N a tio n a l In s t i tu te  o f  H y g ien e , B u dapest 1980.
8. F in la n d ,  M., Jo n es, W . F ., B a rn e s , M. W .: J  A m  M ed A ssoc 170, 2188 (1959).
9. F in la n d ,  M .: J  In fe c t D is 122 , 419 (1970).

10. M cG o w an , J .  E ., B a rn es , M. W ., F in lan d , M.: J  In f e c t  D is 132, 316 (1975).
11. O ’B r ie n , T . F ., A car, J .  F . ,  M edeiros, A. A ., N o r to n , R . A ., Goldstein, F ., K e n t , R . L .:

J  A m  M ed Assoc 239, 1518 (1978).
12. K a y s e r ,  F . H ., W ü st, J . ,  M u n z in g er, J . :  Schweiz M ed W sch r 112, 411 (1982).
13. K a y s e r ,  F . H ., W ü st, J . ,  M u n z in g er, J . :  Schweiz M ed W sch r 112, 417 (1982).
14 K rc m e ry ,  V ., Ja n o u sk o v a , J . ,  C alpas, S., M enkyna , R .:  E u r  J  Clin M icrobiol 3, 42 (1984). 
15_ M o u to n , R . P ., G lerum , J .  H ., v a n  Loenen, A. C.: J  A n tim ic ro b  C hem other 2 , 9 (1976).
16 V isc h e r, W . A., P ig u e t, J .  D ., P i t to n ,  J .  S., L ü th y , R .,  N ico le t, J . :  Schweiz M ed W sch r

1 1 2 , 404 (1982).
17. P a u l-E h rlich -G e se ilsch a ft fü r  C hem otherap ie  e. У ., A rbe itsg em ein sch aft R esis ten z : In fe c ­

t io n  10, 310 (1982).
18. G a r ro d , P . L ., L a m b e rt, H . P . ,  O’G rady, F ., W a te rw o r th ,  P . M. (eds): A n tib io tic  a n d

C h em o th e rap y . 5. ed. C h u rch ill L iv ingstone, E d in b u rg h -L o n d o n -M e lb o u rn e -N e w  Y o rk  
1981. p. 467.

19. S o o g a rd , H ., Z im m erm an -N ie lsen , C., Siboni, K .: J  In fe c t  D is 130, 646 (1974).
20. W e in s te in ,  R . A ., W a th a n , C., G reensfelder, R ., K a b in s , S.: J  In f  D is 141, 338 (1980).
21. S h a b e rg ,  D. R ., W ein ste in , R . A ., S tam m , W . E .:  J  In f e c t  D is 133, 363 (1976).
22. K a llin g s , I . ,  B engtsson , S., C hristensen , P ., H o lm , S. E .,  L ind , L ., K a lin , M .: S can d  J

I n f e c t  Dis (Suppl) 39, 100 (1983).
23. R a d e ts k y ,  M. S., Jo h a n se n , T . L .,  L auer, B. A ., I s t r e ,  G. R ., Parm elee , S. W ., W iesen th a l,

A . M ., Glode, M. P .: L a n c e t 2 , 771 (1981).
24. A p p e lb a u m , P . C., B h a m je e , A ., Scraggs, J . N ., H a lle t ,  A . F ., Bowen, A. J . ,  C ooper, R . C.:

L a n c e t  2, 995 (1977).
25. C a p u to ,  G. M., S a ttle r , F . R ., J a c o b s , M. R ., A p p e lb au m , P . C.: A nn In te rn  M ed 98, 416

(1983).

A cta  Aïicrobiologica Hungarica 33, 1986



BOOK RECEIVED

Je lja szew icz , J .  (ed .): T h e  S taphy lococci. P roceed ings o f th e  Y th  In te rn a tio n a l  Sym posium  
on S taphy lococci and S tap h y lo co cca l In fec tions. G u s ta v  F isch er V erlag, S tu t tg a r t  —N ew  Y ork. 
1985. pp . 706, 155 figures a n d  186 tab les .

T he in te rn a tio n al-reco g n ized  sym posia  on  stap h y lo co cc i an d  s tap h y lo co cca l infestions 
h a v e  b een  organized  since 20 y e a rs  in  W arsaw . A t th e  1985 sym posium , 250 sc ie n tis ts  p a r ti­
c ip a te d  fro m  all over th e  w orld . D a ta  p resen ted  a t  th e  sym posium  w ere la rg e ly  u n p u b lish ed . 
T h e  book  is a  u n ique  co llection  o f th e  papers d e liv e red  a t  th y  sy m posium , fro m  th e  m ost 
v a r ie d  top ics.

T h e  volum e is d iv id ed  in to  10 p a r ts . T he f ir s t  e ig h t p a p ers  o f th e  f irs t  p a r t  a re  ded ica ted  
— u n d e r  th e  t it le  o f m em oria l lec tu re s  — to  th e  m em o ry  o f th e  fo reru n n ers  o f  stap h y lo co ccu s- 
in v es tig a tio n . T hese p a p ers  a re  follow ed by  th e  p a p e r  o f T . K ereselidze (W H O ) a b o u t p rob­
lem s asso c ia ted  w ith  h o sp ita l in fec tio n s and  b y  f iv e  o th e r  p a p ers  on  to x ic  sh o ck  syndrom a. 
Fo llow ing  th is , th e  vo lum e co n sis ts  o f 9 ch ap te rs , e ach  tre a tin g  d iffe ren t to p ic s  o f  s tap h y lo ­
coccus research .

P ap e rs  o f C h ap te r 1 d ea l w ith  th e  tax o n o m y  o f Micrococcaceae, w ith  som e o f  th e  articles 
c en te r in g  on  th e  d iffe re n tia tio n  o f th e  genus M icrococcus from  Staphylococcus. T h e re  a re  a 
n u m b e r  o f s tu d ies h ere  on  d iffe re n t k in d s  o f stap h y lo co cc i iso la ted  from  a n im a ls  lik e  b irds 
o r  flie s; o th e rs  in tro d u ce  th e  m o st re ce n t m eth o d s fo r d e te rm in in g , ty p in g  a n d  te s tin g  th e  
stap h y lo co cc i. C hap ter 2 in c lu d es  essays on  d iffe ren t asp ec ts  o f  cell envelope, b in d in g  p ro ­
p e r tie s  o f d iffe ren t stap h y lo co ccu s s tra in s  (fib ro n ec tin , c lum ping  fa c to r e tc .) , a n d  in  general, 
i t  d eals w ith  th e  ch ara c te ris tic s  o f th e  surface co m p o n en ts  o f th e  b a c te riu m  a n d  w ith  th e  role 
o f  stap h y lo co cca l c ap su la r  m a te r ia l  in  th e  p a th o g e n ic ity . T h e  essays o f C h a p te r  3 d eal with 
b io log ically  active  su b stan ces s tap hy lococci m ay  p ro d u ce  (ex trace llu la r p ro d u c ts )  ra n g in g  from  
d iffe re n t staphy lococca l to x in s  (a lp h a -, en tero-, ex fo lia tiv e-, to x ic  shock to x in ,  e tc .)  to  the  
sev e ra l ex trace llu la r enzym es o f  v a ry in g  specificities. T h e  essays o f  C h ap te r 4 p re se n t  up-to- 
d a te  d a ta  on  th e  in  v itro  a c t iv ity  a n d  on th e  clinical efficacy  o f som e a n tib io tic s  in  th e  th e ra p y  
o f  stap h y lo co cca l in fections. C h a p te r  5 deals w ith  th e  d iffe ren t reac tio n s o f  th e  h o s t  organism  
to  stap h y lo co cca l in fec tion . T h e  p a p ers  include s tu d ies  o n  th e  a n tib io tic  re s is tan c e  o f  s ta p h y lo ­
cocci, cellu lar and  h u m o ra l im m u n e  response o f th e  h o st to  th e  s tap h y lo co cca l in fec tio n s  and 
o n  th e  tre a tm e n t o f specific  in fec tio n s due to  Staphylococcus aureus. C h ap te r 6 g iv es a n  insight 
in to  th e  increasing  p ro b lem  o f  coagulase-negative  s tap h y lococci, t re a tin g  th e  q u estio n s  of 
a n tib io tic  re sistance, ad h eren ce  to  sm o o th  surfaces an d  th e  v a ria b ility  in sp ec ies-v iru len ce , etc. 
P a p e rs  in  C hap ter 7 d eal m a in ly  w ith  ex p erim en ta l in fec tions, and  th e  p a th o g e n es is  and 
p a th o m e ch a n ism  of s tap h y lo co cca l in fections. T he re ad e r  g e ts  an  in sig h t fro m  C h a p te r  8 into 
th e  p ro b lem s of th e  g enetics a n d  m echanism  of a n tib io tic  re sis tan ce  to  s ta p h y lo c o cc a l stra ins. 
P a p e rs  here deal w ith  such  re fin ed  m ethods as gene fusion , expression  o f c lo n ed  genes and 
th e  lo ca lizatio n  o f a n tib io tic  re s is tan ce  genes. T he la s t  c h ap te r  deals w ith  ep id em io lo g y  and 
eco logy . T he pap ers  a re  h a n d lin g  such  p rob lem s as th e  epidem iology o f s ta p h y lo c o cc a l in ­
fe c tio n s  an d  food po ison ing  o u tb re a k s  in  d iffe ren t co u n tries , th e  m u tu a l t r a n s fe r  o f drug  
re s is tan ce  be tw een  s tap h y lo co ccu s s tra in s  from  h u m a n s  a n d  an im als, th e  ro le  a n d  usefulness 
o f  p h ag e  ty p in g  etc.

T h e  vo lum e e la b o ra te s  a  w ide range  of p ro b lem s connected  to  s tap h y lo co cc i, and 
th e re fo re  i t  can  be u sefu l to  a lm o st all sc ien tists  w o rk in g  in  th e  fields o f  m ic ro b io lo g y , epi­
dem io logy , a n tib io tic  re sea rch  a n d  d rug  p ro d u c tio n  an d  to  m edical p ra c t i t io n e rs  as well, 
a n d  th e  book w ould be a  fin e  ad d itio n  to  all m edical lib raries.

I. Nász

A e ta  M icrobiologica H u n g a r ic a  33, 1986 
A k a d é m ia i  K ia d ó ,  B u d a p est



RESEARCH ON DIETARY FIBRES
A Joint Study of Medicine, Nutrition and Industry
Symposium on the Possibilities of the Chemical Determinations 
of the Dietary Fibres and their Nutritional and Dietetic Roles 
September 23-24, 1983, Pécs, Hungary

Edited by
C s. R ú zsa , T . Jávor and G y. M ó zs ik

In English. 1986. XIV +  222 pages. 1 photos, 52 figures. 44 tables. 17 X  25 cm.
Hardcover $ 24.00/DM 58,—/£ 17.00 
ISBN 963 05 4254 4

The basic changes in the living conditions of the Hungarian population during the past three 
decades resulted in an unfavourable tendency in nutrition. Researchers have detected that the 
dietary fibre consumption is strikingly low in Hungary which favours the development the so- 
called civilization diseases like disorders of the colon, diabetes, hypertension, etc. The present 
state o f dietary fibre consumption in Hungary was the topic of the symposium held in Pécs 
where experts in medicine, nutrition and food industry discussed the role of dietary fibres in the 
development of different illnesses as well as their therapeutical effect. The round-table conference 
of the symposium has determined the main lines of research.
The book may be useful to specialists dealing with the problems of dietary fibre in the most 
different fields: medicine, industry and nutritional science.

1829.

7 Г 1 Я !
J A K A D É M I A I  KIADÓ B U D A P E S T

Distributors:
KULTURA Hungarian Foreign Trading Co. 
P. O. B. 149 
H-1389 Budapest 
Hungary



We recommend our medical periodicals:

ACTA CHIRURGICA HUNGARICA
E dito r-in -C hief: A. Babies 
E d ito r: S. C sata 
ISSN 0231-4614

ACTA MEDICA HUNGARICA
E dito r-in -C hief: E . S tark  
ISSN 0236-5286

ACTA MICROBIOLOGICA HUNGARICA
E dito r-in -C hief: I . Nász 
E d ito r: B. L ányi 
ISSN 0231-4622

ACTA MORPHOLOGICA HUNGARICA
E dito r-in -C h ief: K . Lapis 
ISSN 0236-5391

ACTA PAEDIATRICA HUNGARICA
E dito r-in -C h ief: P . Gegesi-K iss 
ISSN 0231-441X

ACTA PHYSIOLOGICA HUNGARICA
E dito r-in -C hief: P . B álin t 
ISSN 0231-424X

T h ese  p eriod ica ls o f  th e  H u n gar ian  A ca d em y  o f  S ciences p u b lish  orig in a l 
sc ien tific  tre a tises  in  E n glish , G erm an , F ren ch  an d  R u ssian . T h e p ap ers are 
w ritten  b y  o u ts ta n d in g  sp ec ia lists . T h e ed itor ia l b oard s con sist o f  H u n g a r ia n  
sc ien tis ts  o f  in tern a tio n a l rep u ta tio n . T h ese A cta s  h a v e  a favou rab le  recep tio n  
in  th e  in te rn a tio n a l sc ien tific  w orld , and are rev iew ed  regularly  b y  th e  in te r ­
n a tio n a l reference organs.

P ublication: quarterly, fo u r  issues make u p  a volum e o f  some 400 to 500 pages 
S ize :  1 7 X 2 5  cm
Subscrip tion  rale p e r  volum e S 44 .00 /D M  9 9 ,—

A K A D É M IA I K IA D Ó , B U D A P E S T

D istr ib u to rs :
K U L T U R A  H u n g a rian  Foreign  T rad in g  Co. 
P . O. B . 149 
H -1389 B u dapest 
H u n g a ry



TESTING METHODS IN FOOD 
MICROBIOLOGY

E d ite d  b y

I. K iss

I n  E n g lish . 1984. 447 pages, 78 f ig u re s , 58 tab les. 1 7 x 2 5  cm  
H a rd b a c k  IS B N  963 05 3224 7

T h is m a n u a l fo llow s a c o n s is te n t  and sy s te m a tic  approach  n ad  p rov id es a 
d e ta ile d  d escrip tion  o f  th e  e x a c t  m ethods o f  th e  q u a n tita t iv e  and q u a lita tiv e  
d eter m in a tio n s , in  order to  p rep are th e ground  for th e  u n ifica tio n  o f  th e  v a r ­
io u s m eth o d s used  in  th is  f ie ld  and to  render th e  com p arison  o f  d a ta  o r ig in a t­
in g  fro m  various sou rces p o ss ib le .
T h e m a in  chapters o f  th e  b o o k  discuss th e  e q u ip m e n t o f  th e  m icrob io log ica l 
la b o r a to r y , th e  v a r io u s  la b o ra to ry  procedu res, th e  m ost w id esp read  and  
d a n g ero u s p u trefy in g  o rg a n ism s en cou n tered  in  fo o d  in d u stry  and th e ir  m or­
p h o lo g ic a l and b io ch em ic a l id en tifica tio n , th e  m a th em a tica l p rin cip les  o f  
q u a lific a tio n  and d ec is io n  m a k in g , th e  ev a lu a tio n  an d  in terp re ta tio n  o f  m easu re­
m e n t resu lts , th e  in v e s t ig a t io n  o f  foods an d  a d d itiv e s , th e  en v iro n m en ta l 
fa c to rs  an d  th e  cu ltu re  m e d ia , all essen tia l for g e t t in g  reliab le and  gen era lly  
v a lid  resu lts . The b o o k  co n ce n tr a te s  upon  sim p le  an d  e ffec tiv e  m eth o d s, ea sy  
to  rea lize  in  an av era g e  ro u tin e  lab oratory  b u t  fu rn ish in g  th e  food  in d u stry  
w ith  a great q u a n tity  o f  u se fu l d ata  and u sed  w ith  ex c e llen t re su lts  b y  th e  
u th o r s  th em se lv es.
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INSTRUCTIONS TO AUTHORS

M an u scrip ts a re  accep ted  on th e  b asis  o f  sc ien tific  significance a n d  su ita b ility  for 
p u b lic a tio n  on th e  u n d e rs tan d in g  th a t  th e y  h a v e  n o t  been  pub lished , su b m itte d  or a ccep ted  for 
p u b lic a tio n  elsew here. A cceptance depends on  th e  o p in io n  of one or m ore referees a n d  th e  d eci­
sion  o f th e  E d ito ria l B o a rd . P ap ers  a cc ep te d  fo r p u b lica tio n  are  su b jec t to  ed ito ria l rev is io n .

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

M an u scrip ts  m u s t be  in E nglish  a n d  c lea rly  a n d  concisely w ritte n . T h e y  shou ld  be  ty p e d  
d o ub le  sp aced  w ith  w ide m arg ins. Two copies o f th e  m an u scrip t shou ld  be  su b m itte d .

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

T itle . T he tit le  sh o u ld  be  a clear a n d  concise  s ta te m e n t o f  th e  c o n te n ts  in  n o t m ore th a n  
14 w ords. A sh o rt ru n n in g  title  of n o t m o re  th a n  40 le tte rs  should  also be  supp lied . T h is  is 
follow ed b y  th e  a u th o rs ’ in itia ls  (full f irs t n a m e  o f  w om en) an d  su rn am e, a n d  th e  n am e o f th e  
in s t i tu t io n  w here th e  w o rk  w as done.

A b stract. T his sh o u ld  no t exceed 200 w ords a n d  shou ld  o u tline  b rie fly  th e  pu rp o se  o f th e  
s tu d y  a n d  de ta il im p o r ta n t  find ings a n d  th e  a u th o rs ’ p rincipal conclusions. R e d u n d a n t  
p h ra ses , genera lly  k n o w n  in fo rm atio n  a n d  r e p e tit io n  sh o u ld  be avoided.

In tro d u c tio n . T h is  p a r t  should s ta te  b rie fly  th e  n a tu re  an d  pu rp o se  o f th e  w ork  a n d  c ite  
re ce n t im p o r ta n t  w ork  b y  o thers .

M aterials and  m ethods. D escribe m ic ro o rg an ism s, m e th o d s, a p p a ra tu s ,  p ro ced u re  a n d  
s ta tis t ic a l  m eth o d s in  su ffic ien t deta il to  a llow  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  h a v e  su b h ead in g s like  “ B acteria l s tra in s ”  o r  “ C u ltu re  m edia” .

R esu lts . T he e x p erim en ta l d a ta  sh o u ld  be  p re sen te d  c learly  a n d  concisely . A void  re ­
p e a tin g  in fo rm a tio n  p re sen te d  in  tab les a n d  figu res.

D iscussion should  he focussed on th e  in te rp re ta tio n  of ex p erim en ta l find ings. Do n o t 
re p e a t l ite ra ry  d a ta  p re sen te d  in th e  In tro d u c tio n  o r in fo rm atio n  g iv en  in  R esu lts .

A cknow ledgem ent o f  g ra n ts  an d  tec h n ica l he lp .
R eferences. Cite o n ly  essential re fe ren ces. T h e y  should  he a rra n g e d  in  num erica l se­

q uence  a s  c ited  in  th e  te x t ,  where th e  n u m b ers  a p p e a r  (in pa ren th eses) w ith  o r w ith o u t th e  
a u th o r’s n am e. e.g. E d en  a n d  H ansson  [1 ], F ra n k e l [2]. G elbart e t a). [3] o r [1, 2]. T h e  
reference  lis t a t  th e  en d  o f th e  pap er sh o u ld  c o n ta in

— fo r jo u rn a ls : nam es a n d  in itials o f a ll a u th o rs ,  jo u rn a l t itle  a b b re v ia te d  acco rd ing  to  th e
s ty le  used  in  In d e x  M edicus, v o lu m e n u m b e r, p a g in a tio n , y ear.

— fo r books: n am es a n d  in itials o f  a u th o rs /e d ito rs , title , p u b lish er, p lace  a n d  y e a r  o f
p u b lica tio n , pag e  num b er.
A ddress o f  th e  a u th o rs . The (full) n a m e  a n d  m ailing  address o f th e  a u th o rs  sh o u ld  be 

g iven  a f te r  th e  reference lis t.
T ables. T hey  sh o u ld  be  ty p ed  on s e p a ra te  sh ee ts  a n d  have  a concise head in g  each. T ab les  

a re  to  b e  n u m b ered  seq u en tia lly  b y  R o m an  n u m b ers .
F igu res. G o o d -q u a lity  glossy p r in ts  o f  h a lf- to n e  illu s tra tio n s  a n d  c lear line d raw in g s in  

In d ia n  in k  a re  accep ted . T h e  num ber o f th e  f ig u re , th e  a u th o r’s n am e, a n d  th e  to p  of th e  f ig u re  
sh o u ld  be  in d ic a te d  l ig h tly  in  soft pencil on th e  b a ck . T h e  figures are  to  be  n u m b ered  se q u e n tia l­
ly  b y  A rab ic  n u m bers . C ap tions should  be  p ro v id e d  on  a  sep ara te  sh ee t. All figu res sh o u ld  be 
re fe rred  to  in  th e  te x t  a n d  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 titie s  sh o u ld  be  expressed  in S I u n its . All a b b re v ia tio n s  
shou ld  be spelled  o u t w hen  f ir s t  used in  th e  te x t .  P lease  id en tify  u n usual sy m b o ls in  th e  m arg in .

N o m enclatu re  o f m icroorganism s. B in o m ia l n am es should  conform  to  th e  In te rn a tio n a l  
R u les o f N o m en cla tu re  a n d  to  cu rren t te rm s  o f th e  In te rn a tio n a l C om m ittee  on  S y s te m a tic  
B acterio lo g y . N am es u sed  fo r v iruses sh o u ld  b e  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 (ICTV). G eneric a n d  specific  nam es of species sh o u ld  be w r i t te n  
in  fu ll in  th e  t itle  an d  th e  f irs t  tim e th e y  a p p e a r  in  th e  a b s tra c t a n d  in  th e  te x t .  S u b seq u e n tly  
th e y  sh o u ld  be  a b b rev ia te d . Generic a n d  spec ific  n am es should  be u n d e rlin ed  fo r ita lic s. No 
specific n am e  w ith o u t a cap ita lized  generic n a m e  sh o u ld  be  used.

P roofs and rep rin ts . Two sets o f  p ro o fs  will b e  p ro v id ed , w hich  a re  re q u es te d  to  be 
re tu rn e d  w ith in  48 h o u rs  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  a n d  should be a v o id ed . O ne h u n d re d  an d  f if ty  re p rin ts  o f  each  p a p e r  
a re  su p p lied  free o f charge . A dditiona l re p r in ts  can  he  o rd ered  a t  cost p rice  a t  th e  tim e  th e  p ag e  
p ro o f 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 
Box 4886, G.P.O., S y d n e y  N . S .  W . 2001  
COSMOS BOOKSHOP, 145 Ackland Street 
S t .  K ild a  ( M e lb o u rn e ) ,  V ic to r ia  3 1 8 2

AUSTRIA
GLOBUS, Höchstädtplatz 3, 1 2 0 6  W ie n  X X  

BELGIUM
OFFICE INTERNATIONAL DE LIBRAIRIF 
30 Avenue Marnix, 1 0 5 0  B r u x e l le s  
LIBRAIRIE DU MONDE ENTIER 
162 rue du Midi, 1 000  B r u x e l le s

BULGARIA
HEMUS, Bulvár Ruszki 6, S o f ia  

CANADA
PANNÓNIA BOOKS, P.O. Box 1017 
Postal Station “B”, T o r o n to , O n ta r io  M 5 T  2T 8

CHINA
CNPICOR, Periodical Department, P.O. Box 50 
P e k in g

CZECHOSLOVAKIA
MAD’ARSKÁ KULTÚRA, Národnl tïida 22 
1 1 5  6 6  P ra h a
PNS DOVOZ TISKU, Vinohradská 46, P ra h a  2  
PNS DOVOZ TLACE, B r a t i s la v a  2

DENMARK
EJNAR MUNKSGAARD, Norregade 6
1 1 6 5  C o p en h a g e n  К

FEDERAL REPUBLIC OF GERMANY 
KUNST UND WISSEN ERICH BIEBER 
Postfach 46, 7000 S tu t tg a r t  1 

FINLAND
AKATEEMINEN KIRJAKAUPPA, P.O. Box 128 
S F -0 0 1 Q 1  H e ls in k i  10

FRANCE
DAWSON-FRANCE S. А., В. P. 40, 911 i l  P a la isea u  
EUROPÉRIODIQUES S. A., 31 Avenue de Ver­
sailles, 7 8 1 7 0  L a  C e lle  S t .  C lo u d  
OFFICE INTERNATIONAL DE DOCUMENTA­
TION ET LIBRAIRIE, 48 rue Gay-Lussac 
7 5 2 4 0  P a r is  C e d e x  05

GERMAN DEMOCRATIC REPUBLIC 
HAUS DER UNGARISCHEN KULTUR 
Karl Liebknecht-Straße 9, D D R - 1 0 2  B e rlin  
DEUTSCHE POST ZEITUNGSVERTRIEBSAMT 
Sraße der Pariser Kommüne 3-4, D D R -1 0 4  B e r l in

GREAT BRITAIN
BLACKWELL’S PERIODICALS DIVISION
Hythe Bridge Street, O x fo r d  0 X 1  2 E T
BUMPUS, HALDANE AND MAXWELL LTD.
Cowper Works, O ln e y , B u c k s  M K 4 6  4 B N
COLLET’S HOLDINGS LTD,, Denington Estate
W e llin g b o ro u g h , N o r th a n ts  N N 8  2 Q T
WM. DAWSON AND SONS LTD., Cannon House
F o lk s to n e , K e n t C T 1 9  S E E
H. K. LEWIS AND СО., 136 Gower Street
L o n d o n  W C 1 E  6 B S

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL 
BOOKSELLERS, 2 Hippokratous Street, A th e n s -1 4 3  

HOLLAND
MEULENHOFF-BRUNA B.V., Beulingstraat 2, 
A m s te r d a m
MARTINUS NIJHOFF B.V.
Lange Voorhout 9-11, D e n  H a a g

SWETS SUBSCRIPTION SERVICE 
347b Heereweg, L is se

INDIA
ALLIED PUBLISHING PRIVATE LTD., 13/14 
Asaf Ali Road, N e w  D e lh i 110001  
150 B-6 Mount Road, M a d r a s  6 0 0 0 0 2  
INTERNATIONAL BOOK HOUSE PVT. LTD. 
Madame Cama Road, B o m b a y  4 0 0 0 3 9  
THE STATE TRADING CORPORATION OF 
INDIA LTD., Books Import Division, Chandralok 
36 Janpath, N e w  D e lh i  110001

ITALY
INTERSCIENTIA, Via Mazzé 28, 1 0 1 4 9  T o r in o  
LIBRERIA COMMISSIONARIA SANSONI, Via 
Lamarmora 45, 5 0 1 2 1  F ire n ze  
SANTO VANASIA, Via M. Macchi 58 
2 0 1 2 4  M ila n o
D. E. A., Via Lima 28, 0 0 1 9 8  R o m a  

JAPAN
KINO KUNI Y A BOOK-STORE CO. LTD.
17-7 Shinjuku 3 chôme, Shinjuku-ku, T o k y o  160 -9 1  
MARUZEN COMPANY LTD., Book Department, 
P.O. Box 5050 Tokyo International, T o k y o  1 0 0 -3 1  
NAUKA LTD. IMPORT DEPARTMENT 
2-30-19 Minami Ikebukuro, Toshima-ku, T o k y o  171

KOREA
CHULPANMUL, P h e n ja n  

NORWAY
TANUM-TIDSKRIFT-SENTRALEN A.S., Karl 
Johansgatan 41-43, 1 0 0 0  O slo

POLAND
WEGIERSKI INSTYTUT KULTURY, Marszal-
kowska 80, 0 0 -5 1 7  W a rsza w a
CKP I W, ul. Towarowa 28, 0 0 -9 5 8  W a rsza w a

ROUMANIA 
D. E. P., B u c u r e f t i
ILEXIM, Calea Grivitei 64-66, B u c u re ç ti 

SOVIET UNION
SOJUZPECHAT -  IMPORT, M o sc o w  
and the post offices in each town 
MEZHDUNARODNAYA KNIGA, M o s c o w  G -2 0 0

SPAIN
DIAZ DE SANTOS, Lagasca 95, M a d r id  6  

SWEDEN
ALMQVIST AND WIKSELL, Gamla Brogatan 26
1 0 1  2 0  S to c k h o lm
GUMPERTS UNIVERSITETSBOKHANDEL AB 
Box 346, 401 2 5  G ö te b o r g  1

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4 0 1 1  B a s e l  

USA
EBSCO SUBSCRIPTION SERVICES 
P.O. Box 1943, B irm in g h a m , A la b a m a  35201  
F. W. FAXON COMPANY, INC.
15 Southwest Park, W e s tw o o d  M a s s . 0 2 0 9 0  
THE MOORE-COTTRELL SUBSCRIPTION 
AGENCIES, N o r th  C o h o c to n , N .  Y . 14868  
READ-MORE PUBLICATIONS, INC.
140 Cedar Street, N e w  Y o r k ,  N .  Y . 10006  
STECHERT-MACMILLAN, INC.
7250 Westfield Avenue, P e n n sa u k e n  N .  J .  0 8 1 1 0

YUGOSLAVIA
JUGOSLOVENSKA KNJIGA, Terazije 27, B e o g r a d  
FORUM, Vojvode Milica 1, 2 1 0 0 0  N o v i  S a d

Index: 26.016



Acta
Microbiologica
Hungarica
VOLUME 33, NUMBER 3, 1986

EDITOR-IN-CHIEF 

I. NÁSZ

EDITOR 

B. LÁNYI

ASSOCIATE EDITOR 

ZS. BÁNOS

EDITORIAL BOARD

I. BÉLÁDI, I. DÖMÖK, E. FARKAS, L. FERENCZY, I. FÖLDES, 
I. KÉTYI, Z. KLEMENT, T. SZENT-IVÁNYI, L. VÁCZI



ACTA MICROBIOLOGICA HUNGARICA

A Q U A R T E R L Y  OF T H E  H U N G A R I A N  
AC AD EM Y OF SCIENCES

A cta  M icrobiologica  p u b lish es review s and  o rig in a l pap ers  on m icrobiological sub jects in  E n g lish .

A cta  M icrobiologica  is pub lish ed  in  y early  vo lu m 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 ouse of th e  H u n g a r ia n  A cadem y o f Sciences 
H-1054 B u d ap es t, A lk o tm án y  u . 21.

M an u sc rip ts  and  e d ito ria l correspondence sh o u ld  b e  addressed  to

A cta M icrobiologica
I n s t i tu te  o f M icrobiology, Sem m elw eis U n iversity  M edical School 

H-1445 B u d a p es t, P .O . B ox 370

Subscription inform ation
O rd e rs  should be ad d ressed  to

K U L T U R A  F o re ig n  T ra d in g  Com pany 
H-1389 B u d a p e s t P .O . B ox 149

o r  to  i ts  rep resen ta tiv es a b ro ad

A cta  M icrobiologica is indexed in Current Contents.



C O N TEN TS

C y to to x ic ity  o f H u m a n  P e rip h era l L eukocy tes on  A d en o v iru s-T ran sfo rm ed  Cell C u ltu re
Horváth, J . ,  K u lcsár, G., Dán, P ., N ász, I . ................................................................................. 173

S ta b ili ty  o f C efatriz ine  in  A queous Solu tion  an d  in  S e ra
U ri, J . V. ...............................................................................................................................................  177

C h a rac te riza tio n  of H o sp ita l an d  C o m m unity  S tra in s  o f  Staphylococcus aureus fo r  R e s is ­
ta n c e  to  A n tim ic ro b ia l D rugs, M etallic Io n s, D is in fe c ta n ts , T herm al I n ju r y  a n d  
S o lar R a d ia tio n
Utsalo, S . J .................................................................................................................................................. 183

E ffec t o f th e  V iru lence  A ssocia ted  47 M egadalton  P la sm id  o f  Y ersin ia  pestis on P e rm e a b il i ty  
to  G e n tia n  V iolet an d  S en sitiv ity  to  N ovobiocin
Salam ah, A . A .,  Charnetzky, IV .T ........................................................................................................  193

A P e rm e a b ili ty  M u ta n t  o f  Y ersinia pestis  w ith  In c re a se d  S u scep tib ility  to  P h a g o c y to s is  
w hich  R e ta in s  P o te n tia l  fo r In trap h a g o cy tic  G ro w th  a n d  Virulence 
Salam ah, A . A .,  Charnetzky, W. T ...................................................................................................  203

T he C alcium  D ep en d en ce  R egion of th e  47 M eg ad alto n  P la sm id  of Yersinia pestis  is R e ­
q u ired  fo r G ro w th  w ith in  M acrophages
Salam ah, A . A .,  Charnetzky, W. T ................................................................................................... 213

T he E ffec ts  o f  C an n ab isp iro  C om pounds an d  T e trah y d ro c a n n ab id io lic  Acid on th e  P la sm id  
T ran sfe r  a n d  M ain tenance  in  Escherichia coli
M olnár, J . ,  Csiszár, K .,  N ishioka, I . ,  Shoyam a, Y .  ............................................................  221

C hanges o f A d en o v iru s  H ex o n  A ssocia ted  w ith  D iffe ren t P assag e  H isto ry  of Ad h  1
Berencsi, Gy., Dhyachenko, N . S ., Tarassishin, L . A . ,  Vanlsak, N . P ., K o va lish in ,
G. G., K iseleva , E . K .,  Zhovnovataya, V. Z ., Á d á m , E ., N ász, I . .......................................  233

Im m u n o ch em ica l a n d  Im m uno log ica l S tu d y  of C ell-W all P ro te in s  of Pseudomonas aeru ­
ginosa
Stan islavsky, E . S ., Edvabnaya, L . S ., Zaidher, I . G., M akarenko, T. A ., B ulk , V . F ., 
Zhvanetskaya, M . I ., M ashilova, G. M . ........................................................................................ 245

E ffec t o f  H e a t  T re a tm e n t on  P hage  S uscep tib ility  o f a  M ycobacterium  smegmatis S tra in
Háber, К . J . ,  Földes, 1.............................................................................................................................  257

E ffec t o f M an n o zy m  on th e  C hem ilum inescence o f P h a g o c y te s
S ip k a , S ., Ábel, G., Csongor, J .,  N yirkos, P ., Fachet, J .......................................................... 263



P R IN T E D  IN  H U N G A R Y  

A k a d ém ia i K iadó és N y o m d a , B u d a p e s t



Acta Microbiologica Hungarica 33 (3 ) , pp . 173 — 176 (1986)

CYTOTOXICITY OF HUMAN PERIPHERAL 
LEUKOCYTES ON ADENOVIRUS-TRANSFORMED 

CELL CULTURE

J . H o r v á t h , G i z e l l a  K u l c s á r , P . D á n  and I. N á s z

Institu te  o f  M icrobiology,
Semmelweis U n iversity  M edical School, Budapest

(R ece iv ed  J u ly  2, 1984)

C y to to x ic ity  o f n a tu ra l a n d  ad en o v iru s-in fec ted  m on o n u clear leu k o cy tes o f  h e a lth y  
in d iv id u a ls  h as b een  ex am ined  on p re m a n e n t r a t  k id n e y  cell line tran sfo rm e d  b y  h u m an  
ad en o v iru s D N A  as ta rg e t.  M ononuclear leu k o cy tes  o f  h e a lth y  ind iv iduals a re  c y to to x ic  cells 
w h ich  induce  an  av erag e  24 .5%  g ro w th  in h ib itio n  on  ta r g e t  cells. T he cy to to x ic  a c t iv ity  o f 
cells is sig n ifican tly  increased  by  th e  h u m an  a d en o v iru s  in fec tio n  of effec to r m o n o n u clear 
leu k o cy tes , w hile th e  c y to to x ic  e ffec t is sig n ifican tly  d ecreased  b y  th e  s im u ltan eo u s  a p p lica ­
tio n  o f v irus in fec tio n  a n d  an ti-ad e n o v iru s  serum . T h e  a n ti-se ru m  applied  s im u lta n eo u s ly  w ith  
n on-in fec ted  e ffec to r cells produces a n  in ten siv e  c y to to x ic  effect on  th e  ta rg e t  cell cu ltu re . 
T h o u g h  c y to to x ic ity  o f th e  e ffec to r cells was in c reased  also b y  p h y to h ae m ag g lu tin in  and 
Haem ophilus influenzae  en d o to x in  t r e a tm e n t  o f m o n o n u c le a r leukocy tes, th is  e ffec t w as no t 
s ig n ifican t. T h e  e ffec to r cells w ere n o t  cy to to x ic  fo r c o n tro l p rim a ry  r a t  k id n e y  cell cu ltu re .

A ccord ing  to  la s t  y ea r ’s ex p er im en ta l resu lts su pp orted  b y  an im al 
exp er im en ts an d  ob serva tion s in  h um ans [1—9 ] , n atu ra l c y to to x ic ity  h as an 
im p ortan t role in  p ro tection  a g a in st  tu m ou rs an d  v irus in fection s.

N atu ra l k iller  cells (N K ) b elon g  to  n o n -a d h eren t, n o n -p h a g o cy tin g  ly m ­
p h o cy tes , th o u g h , accord ing to  som e d ata , m acrop h ages also p lay  an  im p o rta n t  
role in  th e c y to to x ic ity  [10—11]. S tu d ies on  c y to to x ic ity  again st ce lls in fected  
or tran sform ed  b y  ad en ov iru ses refer so far to  an im al exp erim en ts; o b serva ­
tio n s  in  h u m an s are o f  lim ited  n u m b er [7]. In  ou r exp erim en ts, th e  c y to to x ic ity  
o f  peripheral m on on u clear le u k o cy tes  o f  h e a lth y  in d iv id u a ls w as ex a m in ed  on 
rat k id n ey  p erm a n en t cell lin e tran sform ed  b y  ad en ov iru s ty p e  6 D N A  b elo n g ­
in g  to  th e su b g en u s C o f ad en ov iru ses.

M ateria ls  and  m eth o d s

Effector cells. B lood  an tic o ag u la te d  w ith  h e p a rin  w as ta k e n  from  h e a lth y  in d iv id u a ls  by  
v e in -p u n c tu re . M o nonuclear leukocy tes o f  th e  blood w ere se p a ra te d  on  F ico ll-U rom iro  g rad ien t 
[12]. T h e  cells w ere w ash ed  th ree  tim e s  in  H an k s so lu tio n , th e  cell n u m b er was se t to  5 X 106/ш1 
in  E ag le  MEM so lu tio n  co n ta in in g  10%  in a c tiv a te d  fe ta l  ca lf serum . One p a r t  o f th e  cells was 
c u ltiv a te d  u n tre a te d  fo r  72 h  as co n tro l, th e  o th er p a r t  w as in fec ted  w ith  a 104 C P D 50 a m o u n t of 
h u m an  ad en o v iru s ty p e  5, w hich se ro ty p e  belongs to  su b g en u s  C. A sm aller p a r t  o f  th e  ly m p h o ­
cy te  cu ltu res  w as t r e a te d  by  a 3000-fold fin a l d ilu tio n  o f  p h y to h ae m ag g lu tin in  (P H A ) Difco

J ó z s e f  H o r v á t h , G i z e l l a  K u l c s á r , P á l  D á n , I s t v á n  N á sz  

I n s t i tu te  o f  M icrob io logy , S em m elw eis U n iv e rs i ty  M ed ica l School 
H -1445  B u d a p e s t,  P . О . В . 3 70 , H u n g a ry
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P H  A — P , w hile  th e  o th e r p a r t  w as t r e a te d  an d  in cu b a ted  w ith  a  0.1 m g/m l a m o u n t o f  H aem o­
p h ilu s in fluenzae  endotox in .

T arget cells. R a t k id n ey  cell lin e  N-68 tran sfo rm ed  w ith  h u m an  ad en o v iru s ty p e  6 D N A  
w as c u ltu re d  in  te s t- tu b e s  o f  u n ifo rm  size an d  shape to  7 5 %  confluence. T he cell n u m b e r  w as 
4 -5  X 103/ tu b e ,  and  10%  in a c t iv a te d  fe ta l ca lf serum  in  E ag le  M EM  so lu tion  w as u se d  as a 
m ed iu m .

C ytotoxicity  reaction. H a l f  m l o f  th e  ly m p h o cy te  c u ltu re s  in cu b a ted  fo r 72 h  w as m easu red  
to  th e  t a r g e t  cell cu ltures, th e n  c u ltu re d  fo r 72 h  a t  37 °C. T h e  o p tim a l len g th  of th e  c y to to x i­
c ity  r e a c t io n  and  th e  idea l 100 : 1 e ffec to r : ta rg e t cell p ro p o r tio n  were d e te rm in ed  in  p re -e x ­
p e r im e n ts .  I n  case of each  te s t ,  a t  l e a s t  th re e  p a ralle l e x p e rim e n ts  were m ade . F o r  m easu rin g  
th e  c y to to x ic i ty  reac tion , a  p h o to m e tr ic  m eth o d  was a p p lied  [13]. A fter th e  72 h  in c u b a tio n  
p e rio d , t h e  cells were w ashed  in  0.01 M  p H  8 . 6  b o ra te  b u ffe r , th e n  th e y  w ere fix ed  in  5 %  fo r­
m a lin  o v e rn ig h t . A fter d ra in in g  o ff  th e  fo rm alin , cells w ere r in sed  in  th e  buffer m en tio n ed  above, 
th e n  th e y  w ere  sta ined  in  0.1 m l 1 %  m eth y len e  blue (0.1 N b o ra te  buffer, p H  8.6). S u p e rflu o u s  
s ta in  w a s  rem o v ed  w ith  b o ra te  b u ffe r  a n d  th e  tu b es w ere  d ried . T he s ta in  from  th e  cells w as 
e lu te d  w i th  0.2 ml 0.1 N  h y d ro c h lo ric  acid  a t  37 °C fo r  40 m in  an d  th e n  th e  su sp en s io n  w as 
d i lu te d  w ith  distilled w a te r  a t  1 : 6 p ro p o rtio n . A b so rp tio n  o f th e  s ta in  d ilu tio n  w as m easu red  
in  th e  U n ic a m  sp ec tro p h o to m ete r a t  660 nm . R esu lts w ere  c a lcu la ted  as follows:

In h ib it io n  in d ex : '‘ +  L ^  ~  L-~
Ata r

w h e re  (At a r  -f- Ly) is th e  a b so rb an c e  o f ta rg e t  cells t r e a te d  w ith  e ffector cells; AL y  is th e  
a b so rb a n c e  o f  m ononuclear cells; a n d  Ata r  is th e  a b so rb an ce  o f  u n tre a te d  ta rg e t  cell c u ltu res .

R e s u lts  were m a th e m a tic a lly  e v a lu a te d  w ith  th e  h e lp  o f  S tu d e n t’s t te s t.

R esu lts

A m o n g  m onon uclear le u k o c y te s  o f  h e a lth y  in d iv id u a ls th ere are c y to ­
to x ic  c e lls  w hich  cau se an  a v era g e  24.5%  g ro w th  in h ib ition  in  ta r g e t  cells  
tr a n s fo r m e d  b y  a d en o v iru ses . T he degree o f  c y to to x ic  effec t, o th erw ise , 
ra n g es  w ith in  w ide lim its  (— 5 and 95% ), i.e . th e re  w as a p a tien t w h o se  m o ­
n o n u c le a r  leu k ocy tes in cr ea se d  th e  grow th  o f  th e  ta rg e t cells. T he c y to to x ic  
a c t iv i t y  o f  th e  cells w as s ig n if ic a n tly  in creased  b y  th e  in fection  o f  th e  e ffec tor  
c e lls  w it h  adenovirus ty p e  5 d u rin g  th e  3 d a y  p rein cu b ation  period, as can  be  
se en  in  T ab le  I (p <  0 .0 1 ). W h en  serum  a g a in st ad en oviru s w as a p p lied  si-

Table I

Cytotoxic effect o f  differently treated and control effector 
cells on target cells

T r e a tm e n t  o f 
e f f e c to r  cells

T re a tm e n t o f 
ta rg e t  cells

C y to to x ic i ty  
( in h ib i t io n  in d e x )  

av erag e  SD
P

U n tr e a te d  contro l nil 24.4 9
P h y to h a em a g g lu tin in nil 27.8 7.2 NS
E n d o to x in nil 31.6 9.7 N S
A d e n o v iru s  ty p e  5 nil 35.1 12 <  0.01
A d e n o v iru s  ty p e  5 serum  a g a in s t adenovirus —  14.1 7.5* <  0.01
U n tre a te d serum  a g a in s t adenovirus 48.3 18 <  0.002
U n tre a te d p rim a ry  r a t  k idney  cell cu ltu re

co n tro l 2.2 0.9

* Inc reasin g  effect o f  ta rg e t  g ro w th
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m u ltan eou sly  w ith  th e  effector ce lls  in fected  b y  v iru s, th e  c y to to x ic  effec t o f  
th e  effector cells w as s ig n if ica n tly  decreased . W h en , h o w ev er , s im u lta n eo u sly  
w ith  ad din g  u n in fected  effec tor ce lls to  th e  ta rg e t ce lls , 1 : 5 d ilu ted  rabbit 
seru m  again st ad en ov iru s w as a d d ed , th e  c y to to x ic  a c t iv ity  o f  th e  cells was 
sig n ifica n tly  in creased  b y  th e  seru m  trea tm en t (p <  0 .002 ). T h e P H A  tre a t­
m en t o f  effector ce lls during p re-in cu b ation  in creased  th e  c y to to x ic  effec t o f  th e  
ce lls , th is  increase w a s, h ow ever, in s ig n if ica n t. S im ilarly , th e  c y to to x ic ity  o f  th e  
effec tor  cells w as n o t  s ig n if ica n tly  increased  b y  th e  0.1 m g/m l con cen tra tion  
o f  th e  H . influenzae  en d o to x in  tr e a tm e n t. N o n e o f  th e  e ffec tor  ce lls d isp layed  
c y to to x ic  a c t iv ity  for th e  p rim ary  rat k id n ey  ce ll cu ltu re ap p lied  as control. 
R esu lts  ob ta in ed  in  th e  d ifferen t sy stem s are sh ow n  in  T ab le  I.

D iscu ssion

Our exp er im en ts in d ica te  t h a t  th e  peripheral m on on u clear le u k o cy tes  o f  
h ea lth y  in d iv id u a ls d isp lay  c y to to x ic  a c t iv ity  an d , to  d e tec t  th is , ra t k id n ey  
cells transform ed  b y  hum an a d en o v iru s are su ita b le  ta rg e ts . T h e a ssu m p tion  
th a t  th e  effector b elon gs to  n a tu ra l k iller cell p o p u la tio n  seem s to  b e ver ified  
b y  th e  fa ct th a t th e  e ffic ien cy  o f  th e  ly sis  is n o t in flu en ced  s ig n if ica n tly  b y  
P H A . A ccord ing to  litera ry  d a ta , th e  a c t iv ity  o f  N K  ce lls  is in creased  b y  in ter­
feron  produced d u rin g  virus in fe c tio n , th ou gh  it  d id  n o t  p la y  a role in  our e x ­
p erim en ts, as, accord in g  to  our p resen t k ow led ge, in terferon  is p rod u ced  b y  
ad en ov iru ses o n ly  in  ch icken  em b ry o  cells. C y to to x ic ity  in creasin g  th e  effect  
o f  an tib od ies, w h ich  w as also m en tio n ed  b y  o th ers [14 ], seem s to  p rove th e  
fa c t  th a t  m acroph ages and c y to to x ic  secon d ary  T -ce lls  also p la y  a role in  th e  
rea ctio n . A ccord ing  to  several d a ta , N K  and К  ce lls , th o u g h  t h e y  are n ot 
id en tica l, b elon g  to  th e  sam e p o p u la tio n  as ly m p h o c y te s . T h e e ffec tor  cells 
in fec ted  b y  ad en ov iru s ty p e  5 carry  on th eir  su rface ad en o v iru s-sp ec ific  a n ti­
gen s, therefore th e  n eg a tiv e  e ffec t  o f  a d en ov iru s-an tib od ies is p resu m ab ly  th e  
resu lt o f  th e  to x ic  or ly t ic  effect on  effector cells [15].

T he effect o f  Escherichia coli en d o to x in  in creasin g  c y to to x ic ity  has a l­
rea d y  b een  know n, h ow ever , th a t  en d o to x in  re ce n tly  iso la ted  from  H . influen­
zae [16] exerts th e  sam e effec t, h as n o t y e t  b een  d escrib ed .

T he increased  c y to to x ic  e ffe c t  o f  effector cells in fe c ted  b y  ad en ov iru s is  
v e r y  in terestin g . A d en ov iru ses are n o t  m u ltip lied  b y  h u m an , n o n -stim u la ted  
ly m p h o cy tes , w hich  are n on -p erm issive; th e y  can , h ow ever , b eco m e v iru s-car­
riers and  th is s ta te  can  be p rolon ged  [1 7 -1 9 ]. I t  m a y b e  assu m ed  th a t  th e  n atu re  
o f  v irus carrier ly m p h o cy tes  ch an ges and th e y  p rod u ce c y to to x ic  m ed iators;  
or th a t  c y to to x ic  T -ly m p h o cy tes  are ev o lv ed  during p re-in cu b a tio n  a fter  v irus  
in fec tio n  or during th e  further 3 d a y s o f  th e  c y to to x ic  reaction  [20, 21 ]; th e  
tw o  p henom en a m a y  occur s im u lta n eo u sly .
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I n  our present e x p e r im e n t a m eth od  w as ap p lied  w h ich  is r e la t iv e ly  ex a c t, 
n e e d s  n o  iso top e and is s u ita b le  for  m easuring th e  c y to to x ic  rea ctio n  in  case o f  
th e  a d h e s iv e  target ce lls [1 3 ].
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C efatrizine (S K  & F  60771; B L — S640), like  m o st o th e r  p h en y lg ly c in e -ty p e  cep h a lo ­
sp o rin s, has a  te n d e n c y  to  lose p o te n c y  in  aqu eo u s so lu tio n s a n d  in  n o rm al se ra  e v en  a t  low  
te m p e ra tu re s . C efatriz ine  can  be s tab ilized  d u rin g  s to rag e  b y  sod ium  m e ta b isu lp h ite  (N a 2S 20 5), 
a  red u cin g  a g en t p a r tia l ly  in  ta p  w a te r , b e tte r  in  deion ized  w a te r , and  to  a  lesse r deg ree  in  
c itr ic  ac id -p h o sp h a te  b u ffe r  (p H  6). A lth o u g h  th is  p a r tia l  stab iliz in g  effect o f so d iu m  m e ta ­
b isu lp h ite  is te m p e ra tu re -d e p e n d e n t, s to ra g e  a t  4 °C g ives b e tte r  re su lts  t h a n  s to ra g e  in  th e  
fro zen  s ta te  (— 20 °C). I n  th ese  aq u eo u s so lu tions a n d  in  se ra , th e  p o ten cy  o f c e fa tr iz in e  can  be 
p reserv ed  even  a t  room  te m p e ra tu re  fo r u p  to  fo u r w eeks b y  th e  a d d itio n  of 0.1 m l o f  2 N  h y d ro ­
ch loric  acid to  each  2 m l o f  aqueous so lu tio n s o r sera.

C efatrizine (SK & F  60771; B L -S 640) is an  ora lly  absorbed  cep h a losp orin  
a n tib io tic . C hem ically , ce fa tr iz in e  is 7 -[D -a -a m in o -a -(4 h y d r o x y p h e n y l)  aceta - 
m id o ]-3 [( lH -l,2 ,3 ,-tr ia z o le -5 -y l) -th io ]m e th y l-3 -c e p h e m -4 -c a r b o x y lic  a c id . I t  
differs from  th e  o th er  m em bers o f  th e  ora lly  a c t iv e  am in o cep h a lo sp o r in s in  
th a t  it  con ta in s a t th e  3 -p o sitio n  a th io -tr ia zo le  m o ie ty  (F ig . 1). In  ad d ition , 
cefa tr iz in e has a b road er in  v itro  an tib a cter ia l sp ectru m  o f  a c t iv ity  th a n  o th er  
o ra lly  a ctiv e  am in ocep h alosp orin s [1 -9 ] . C efatrizine is w ater so lu b le , ca n  he 
ad m in istered  ora lly  an d  p a ren tera lly  and has favou rab le  p h a rm a co k in etic  
p rop erties [1 0 -1 3 ] .

H O C H —  C — NH

N H ,

"S\
S

CO OH

Fig. 1. S tru c tu re  o f cefa triz ine

C efatrizine grad u a lly  lo ses an tib a cter ia l a c t iv ity  in  so lu tio n s. T h e rate  
o f  lo ss  o f  p o ten cy  in  so lu tion s an d  sera is in flu en ced  b y  tim e , tem p era tu re , 
q u a lity  o f  w ater (presence o f  io n s), com p osition  o f  buffers and fo rem o st, th e  
a m b ie n t p H  ab ou t or b e lo w  4 .0 .
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T h e  present paper d escr ib es procedures b y  w h ic h  th e  a c t iv ity  o f  c e fa tr iz i-  
n e in  so lu tio n s  and sera  ca n  b e  stab ilized  an d  m a in ta in ed  for a lon ger p eriod  
o f  t im e ,  p erm ittin g  r e a lis tic  b io log ic  d eterm in a tio n  o f  p o te n c y  in  sam p lab le  
b io lo g ic a l flu id s and in  m a te r ia ls  for q u a lity  co n tro ls .

M ateria ls and  m eth o d s

C efatriz ine  (SK  & F  60771; B L — S640) used in  th e se  ex p erim e n ts  w as a 98%  p u re  p re ­
p a r a t io n  syn thesized  b y  m em b e rs  o f  th e  M edicinal C h em istry  D e p a rtm e n t, S m ith  K lin e  & 
F re n c h  L ab o ra to ries  [14]

I n  a ll experim en ts, s to c k  so lu tio n s o f cefa triz in e  w ere  fresh ly  p re p a re d  b y  d isso lv ing  
4  m g  o f  th e  com pound in  50 m l o f  deionized  w a ter a n d  s te rile  filte red .

I n  th e  experim en ts w i th  a q u eo u s  so lu tions, th e  f in a l d ilu tio n s [4 /ig /m l] o f cefa triz ine  
w ere  p re p a re d  in  ta p  w a te r , in  de io n ized  w a te r o r in  M c llv a in e ’s c itric  a c id -p h o sp h a te  b u ffer 
(p H  6). A liq u o ts  of th ese  so lu tio n s  w ere  tre a te d  w ith  2 N h y d ro ch lo ric  acid , a n d  o th e r  a liq u o ts  
w i th  2 %  fresh ly  p rep ared  so d iu m  m etab isu lp h ite  ( N a ,S 20 5) so lu tions). N o n -tre a te d  a liq u o ts  
o f  e a c h  aqueous so lu tion  se rv ed  as contro ls.

N e ith e r  th e  sod ium  m e ta b is u lp h ite  n o r th e  h y d ro c h lo ric  acid  co n ta in in g  so lu tio n s no r 
t h e  “ n a tu r a l”  sera (w ith o u t c e fa tr iz in e ) p roduced  in h ib itio n  zones p e r se. H y d ro ch lo ric  acid 
w as  u se d  fo r th e  te m p o ra ry  s ta b iliz a tio n  of s tre p to z o to c in  in  b lood  [15].

F o r  se ru m -stab ility  s tu d ie s , th e  s tock -so lu tion  w as fu r th e r  d ilu ted  w ith  poo led  sera 
(h u m a n , m ouse, dog) to  a  f in a l  c o n c e n tra tio n  of 4 /ig /m l. A t th is  c o n ce n tra tio n  (eq u als  to  a b o u t
0.1 /ig /d isc ) , selected on th e  b asis  o f  convenience, th e  m a jo r i ty  o f th e  p h en y lg ly c in e -ty p e  cep h a lo ­
sp o r in s  p ro d u ce  in h ib itio n  zones o f  ab o u t 20 m m , u s in g  th e  v e ry  sensitive  B acillu s subtilis  
A TC C  6633 s tra in  (spore su sp en s io n ) as in d ica to r.

A ll th e  final d ilu tio n s  w ere  d ispensed in  sm alle r a liq u o ts  in  sm all p la s tic  tu b e s  to  be 
k e p t  a t  va rio u s te m p e ra tu re s , i .e .,  37 °C, 30 °C, ro o m  te m p e ra tu re  (R T ), 4 °C a n d  frozen 
(— 20 °C). T he frozen a liq u o ts  w ere  d ispensed so t h a t  fo r  e ach  assay  th e re  w as a se p a ra te  tu b e  
to  b e  th a w e d  and  used  o n ly  fo r  one  occasion. D uring  d ilu tio n s  a n d  p lacing  th e  discs all so lu tions 
o f  c e fa tr iz in e  were k e p t in  ice. A f te r  tak in g  th e  zero t im e  sam ples fo r s a tu ra tio n  o f d iscs, th e  
tu b e s  co n ta in in g  th e  a liq u o t a m o u n ts  w ere k e p t a t  th e  te m p e ra tu re s  specified  ab o v e  or 
f ro z e n  im m ed ia te ly , an d  f u r th e r  sam ples w ere ta k e n  a t  3, 5 a n d  24 h  as well as a t  1, 2 a n d  4 
w eek s  a f te r  zero tim e.

T h e  sam ples w ere a ssa y ed  fo r  an tib io tic  a c t iv ity  (p o ten c y ) using  th e  d isc a g a r d iffusion 
m e th o d  w ith  B . subtilis A TTC  6633 as th e  in d ica to r o rg an ism , m ix ed  in  P e n a ssa y  seed agar. The 
s u s c e p tib i l ity  filte r p a p e r  d iscs w ith  a d iam ete r o f 6.35 m m  (Schleicher & Schuell, In c .)  were 
t r e a te d  w ith  30 fx1 of so lu tio n s  to  be  assayed. T he d isced  p la te s  w ere in cu b a ted  a t  30 °C o v er­
n ig h t  (a b o u t  18 h) an d  th e  d ia m e te rs  o f th e  in h ib itio n  zones re a d  an d  reco rded  [16, 17].

I n  all assays th re e  d iscs o n  d u p lica te  p la tes w ere  u se d  an d  th e  d a ta  g iven  in  th e  tab le s  
r e p re s e n t  th e  average v a lu e s  o f  th e  in h ib itio n  zone d iam e te rs  o f  th e  six discs.

R esults

Stability studies on cefatrizine in  aqueous environments. C efatrizine grad­
u a lly  loses p o ten cy  in  a q u eo u s m ilieu . In  ta p  w a te r  th e  d egrad ation  is  v ery  
r a p id  a t  37 and 30 °C an d  e v e n  at room  tem p era tu re  (R T ). L ow er tem p era tu res  
(4  °C and  — 20 °C) a id  in  m a in ta in in g  p o te n c y  for  a b o u t 24  h , b u t th erea fter  
t h e  p o te n c y  ten d s to  d im in ish , m ore ra p id ly  a t  4  °C th a n  a t th e  frozen  sta te . 
I n  d eion ized  w ater, th e  lo ss  o f  p o ten cy  is slow er  ev e n  a t h igher tem p eratu res  
w it h  low er tem p era tu res (4  °C and — 20 °C) h a v in g  a sta b iliz in g  effec t on  th e  
p o te n c y  for ab out 2 w e e k s . In  critic a c id -p h o sp h a te  buffer, th e  s ta b ility  at
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Table I

Loss o f activity o f  cefatrizine in  different aqueous solutions 
at various temperatures

S o lv en t T a p  w a te r  D eion ized  w a te r  B u ffe r  (p H  6)

T e m p era tu re 37° 30° R T 4° 20 ° 37° 30° R T 4° 20° 37° 30° R T 4° — 20°

Sam pling
O h 19* 19 19 19 19 19 19 19 19 19 20 20 2 0 20 20
3 h 0 9 17 19 — 19 19 19 20 — 19 20 20 20 —

5 h 0 0 12 17 — 19 19 19 19 — 18 19 19 20 —

24 h 0 0 0 17 17 16 17 18 19 19 ± 16 17 19 16
1 week 0 0 0 13 16 0 0 13 18 17 0 0 0 18 15
2 weeks 0 0 0 0 15 0 0 0 18 17 0 0 0 17 15
4 weeks 0 0 0 0 12 0 0 0 14 17 0 0 0 16 15

* N um bers deno te  d iam eters o f in h ib itio n  zones in  m m  
R T  =  R oom  tem p era tu re  
±  T race  o f a c tiv ity  
—  N o t done

h ig h er  tem p era tu res (37 °C, 30 ° C an d  RT) is n o t as good as in  d e io n ized  w a ter , 
a n d , in te re stin g ly  en ou gh, a t 4  °C th e  s ta b ility  is som ew h at b ette r  th a n  in  th e  
fro zen  sta te  w h en  k ep t a t lea st for  4 w eek s (T able I).

S od iu m  m etah isu lp liite  a t  th e  em p lo y ed  con cen tra tion  p ro v id es certa in  
sta b iliz in g  e ffec ts  on  cefatrizine in  aq u eou s so lu tion s h u t it  is n o t  d ram atic;  
a p p a ren tly  s ta b iliza tio n  is b e tte r  in  d eion ized  w ater th an  in  ta p  w a te r  or in  
c itr ic  ac id -p h osp h ate  buffer (T ab le I I ) .

D ilu ted  h ydroch loric acid  a d d ed  to  aq u eou s so lu tions o f  ce fa tr iz in e  p ro ­
v e d  to  be th e  m o st effec tive  m ea n s o f  m a in ta in in g  p o ten cy . H y d ro ch lo r ic  acid  
w a s clearly  e ffec tiv e  at each tem p era tu re  for th e  4 w eek  ex p er im en ta l p eriod

Table II

Partial stabilization o f cefatrizine in  different aqueous solutions at various temperatures 
by addition o f 0.1 m l o f  2 %  N a.,S ./Js to 2  ml o f  solutions

S o lv en t T a p  w a te r D eion ized  w a te r B u ffe r  (p H  6)

T e m p e ra tu re 37° 30° R T 4° -20° 37° 30° R T 4° - 2 0 ° 37° 30° R T 4 ° — 20°

S am pling  
0 h 19* 19 19 19 19 19 19 19 19 19 20 20 20 20 20
3 h 18 19 18 19 — 19 19 79 19 — 20 20 19 20 —

5 h 18 18 18 19 — 19 18 19 19 — 18 18 18 20 —

24 h 17 17 17 18 15 18 18 18 19 13 ± 15 17 19 16
1 week ± 12 13 16 ± 10 15 15 17 12 0 0 ± 17 16
2 weeks 0 0 10 16 0 0 12 12 17 ± 0 0 0 16 15
4 weeks 0 0 8 15 0 0 ± ± 14 0 0 0 0 14 14

* N um bers d en o te  d iam eters o f in h ib itio n  zones in  m m  
R T  =  R oom  tem p era tu re  

dh T race o f a c tiv ity  
— N o t done
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(T ab le  I II ) . A gain , s to ra g e  a t  4 °C produced  b e tte r  s ta b ility  resu lts th a n  th o se  
o b ta in e d  at th e  fro zen  c o n d itio n . B ecau se i t  is  ch eap er to  store so lu tion s at 
4  °C th a n  at th e  fro z en  s ta te ,  th is  p h en om en on  d eserves furth er exp lora tion . 
H ere again , th e h y d r o ch lo r ic  acid added to  th e  b u ffer  con ta in in g  p h osp h ate  
io n s , a t least at h ig h er  tem p era tu res (37 °, 30  °C an d  R T ), has less sta b iliz in g  
e ffe c t  th an  in d e ion ized  w a te r . The sam e p h e n o m en o n  can  be seen  in  th e  ex p er i­
m e n ts  w ith  th e a d d itio n  o f  sod iu m  m eta b isu lp h ite  (T able II) .

Table I I I

Stabilization o f activ ity  o f  cefatrizine in different aqueous solutions at various temperatures 
by addition  o f  0.1 ml o f  2 N  H Cl to 2  m l o f  solutions

S o lv e n t T a p  w a te r D e io n ized  w a te r B u ffer  (p H  6)

T e m p e ra tu re 37° 30° R T 4 ° - 2 0 ° 37° 30° R T 4 ° - 2 0 ° 37° 30° R T 4° - 2 0 °

S am p lin g
0 h 20* 20 20 20 20 20 20 20 20 20 21 21 21 21 21
3 h 20 20 20 20 — 20 20 20 20 — 21 21 21 20 —

5 h 19 19 20 20 — 20 19 20 20 — 20 20 20 20 20
24 h 19 19 19 20 18 20 19 19 20 17 20 20 20 20 20

1 w eek 19 20 19 20 17 20 20 20 20 17 16 19 22 21 19
2 weeks 17 18 18 19 15 15 19 19 20 13 8 16 19 20 17
4 weeks 20 17 18 18 16 18 18 19 19 ± 0 12 16 20 16

* N um bers den o te  d ia m e te rs  o f in h ib ition  zones in  m m  
R T  =  Room  te m p e ra tu re  
±  Trace of a c t iv ity  
—  N ot done

Stability studies o f  cefatrizine in  sera. T h ere is a tim e-re la ted  loss o f  p o ­
te n c y  o f  cefatrizine in  “ n o r m a l” sera (p H  ~  8 ); th is  loss depends on th e  te m p e ­
ra tu re  at w hich  th e  sera  are k ep t (Table IV ). T h e lo ss  o f  p o te n c y  seem s to  sta rt  
im m e d ia te ly  as th e  a n tib io t ic  is d issolved  in  or d ilu ted  w ith  th e  p ooled  sera. 
A t 37  °C, 30 °C an d  ro o m  tem p eratu re ( ~  1 8 -2 2  °C) all a c t iv ity  d isappears a f­
te r  24 h. A t 4 °C (co ld -r o o m  tem perature) th e  lo ss  o f  p o te n c y  is som ew h at slow er  
b u t after one w eek  o f  s to r a g e  th e  a c t iv ity  is d im in ish ed  or b arely  d em on strab le . 
T h e freezing (— 20 °C) o f  cefa tr izin e in  h u m an  sera  resu lts in  a loss o f  p o te n c y  
d e tec ta b le  at 24 h  a n d  fu r th er  loss is ob served  a t  4  w eek s. S im ilar resu lts are 
o b serv ed  in m ouse an d  d o g  sera, a lb eit m o u se  seru m  appears to  h a v e  less  
d egrad in g  effect on  c e fa tr iz in e  th an  h um an  or d o g  sera.

In  con trast to  th e  resu lts  obtained  w ith  “ n o rm a l” sera, w hen  cefa tr izin e  
w a s d issolved  in  a c id if ie d  sera w ith  a f in a l p H  o f  a b o u t 4 .0 , th e  p o te n c y  w as  
sta b ilize d , esp ecia lly  a t  ro o m  tem perature an d  b e lo w  (T able V).

Com paring th e  d a ta  in  T able IV  and T a b le  V  it  is ev id en t th a t  a c id ifica ­
t io n  o f  sera w ith  t h e  a d d it io n  o f  0.1 m l o f  th e  2 N hydroch loric acid  to  each  
2 m l o f  sera a lm ost c o m p le te ly  stabilizes th e  p o te n c y  o f  cefatrizine during sto r­
age an d  w hile p erform in g  th e  b ioassay  a t room  tem p era tu re  and b elow .
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T abic  IV

Loss o f  activity o f  ccfatrizine in sera fro m  d ifferent species at various tem peratures

S erum * P o o led  hu m an P o o led  m ouse P o o le d  dog

T e m p e ra tu re 37° 30° R T 4° - 2 0 ° 37° 30° R T 4° - 2 0 ° 37° 30° R T 4 ° - 2 0 °

Sam pling  
0 h 17** 17 17 17 17 18 18 18 18 18 19 19 19 19 19
3 h 15 17 17 18 — 17 18 18 18 — 16 18 18 19 —

5 h 13 15 16 17 — 15 17 18 18 — 14 16 17 18 —

24 h 0 ± ± 13 14 0 ± ± 16 16 0 0 0 16 15
1 w eek 0 0 0 ± 13 0 0 0 14 16 0 0 0 7 14
2 w eeks 0 0 0 0 12 0 0 0 12 12 0 0 0 0 12
4 w eeks 0 0 0 0 12 0 0 0 0 12 0 0 0 0 12

* p H  of sera =  ~  8 
** N um bers m ean  inhib ition zones in  m m

±  Trace of a c t iv i ty  
— N ot done

T able  V

Stabiliza tion  o f  activity o f  cefatrizine in  sera fro m  different species 
at various temperatures by addition  o f  0.1 m l o f  2 N  H C l per 2 m l o f  serum

S eru m * P o o led  h u m an P o o led  m ouse P o o le d  dog

T e m p e ra tu re 37° 30° R T 4° - 2 0 ° 37° 30° R T 4° - 2 0 ° 37° 30° R T 4 ° - 2 0 °

Sam pling
O h 19** 19 19 19 19 19 19 19 19 19 20 20 20 20 20
3 li 19 19 19 19 — 19 19 20 19 — 19 20 20 20 —

5 h 19 19 19 19 — 19 19 19 19 — 19 19 19 19 —

24 h 18 19 18 17 19 18 18 18 19 17 18 19 18 19 17
1 w eek 16 19 19 19 19 18 19 20 19 17 18 19 18 19 17
2 w eeks 12 16 19 19 19 14 19 20 19 17 14 19 19 18 17
4 weeks 0 14 18 18 18 ± 17 18 19 17 ± 18 19 20 17

* p H  of sera =  ~ 8  ±  T race of a c t iv ity
** N um bers m ean  inh ib ition  zones in  m m  —  N ot done

D isc u ss io n

C efatrizine b elon gs to  th e  grou p  o f  ora lly  a ctiv e  p h e n y lg ly c in e -ty p e  
cep h a losp orin s. M any m em bers o f  th is  grou p , esp ecia lly  cep h a lo g ly c in  [18], 
h u t to  a lesser d egree ceph alex in  an d  cep h rad in e, m ay  lose a c t iv i ty  during  
b io a ssa y  in  aq ueous so lu tion s as -well as in  frozen  sera [19]. C efatriz ine w a s also  
fo u n d  to  sh ow  a certa in  degree o f  in s ta b il ity  u nd er th e  sam e c ircu m sta n ces . 
T h is lo ss  o f  a c t iv ity  or d egrad ation  is in flu e n c ed  b y  th e su b st itu e n t  a t  th e  
3 -p o sitio n  o f  th e  cep h em  nucleus a n d  is , a m o n g  o ther factors, p H -d e p e n d e n t .  
T h e p h y sio ch em ica l b asis o f th is in s ta b il ity  o f  cefatrizine w as s tu d ied  b y  T suji 
et  al. [20 ].

O ’C allaghan [21] has d escribed  th a t  seru m  p rotein  can cause irreversib le  
d egrad in g  effec ts on  certain  b e ta -la c ta m  a n tib io tic s  and th a t th is  d e co m p o si­
t io n  is p H -d ep en d e n t and occurs m ore s lo w ly  a t  acid ic p H . I t  is k n o w n  th a t  th e  
p H  o f  th e  serum  (p lasm a) in creases. W ith in  tw o  hours after b e in g  sep a reted  
from  th e  b lood  c lo t, th e  serum  p H  reach es 8 -8 .5  due to  th e  lo ss  o f  carbon
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d io x id e  [22]. A t th is  a lk a lin e  p H , any a n tib io t ic s , in clu d ing  b eta -la c ta m s lik e  
ce fa tr iz in e , start to  d egrad e even  at low  tem p e ra tu r es . As described  in  th is  
p a p e r , ac id ify in g  th e  seru m  (plasm a) p reven ts th e  lo ss  o f  a c tiv ity  o f  ce fa tr iz in e  
e v e n  a t  room  tem p era tu re . B roughall et a l. [23 ] foun d  th a t th e  s ta b ility  o f  
ce fa tr iz in e  at 37 °C w as con sid erab ly  in creased  b y  adding sod ium  d o d ecy l 
su lp h a te  to  serum  to  a f in a l con centration  o f  1%  an d  ad ju sting  th e  p H  s im u l­
ta n e o u s ly  to  <  6.0. U sin g  th is  m ethod th e y  fo u n d  sig n ifica n tly  h igher seru m  
co n ce n tr a tio n s  and u rin a ry  recoveries th a n  rep o r ted  earlier [11]. T h is co m p lex  
p ro ced u re  is, h ow ever, recom m en d ed  on ly  for  p h arm acok in etic  stu d ies an d  n o t  
for  e v e r y d a y  assays for u n sta b le  ceph alosp orins. T h e  ap plication  o f  th e  s im p le  
m e th o d  described in th is  p ap er , i.e . acid ify in g  seru m s, urine sam ples or aq u eou s  
so lu t io n s  w ith  2 N h y d r o ch lo r ic  acid (p H  a b o u t 4 .0) m akes m icrob io log ica l 
a ssa y  o f  cefatrizine [2 4 , 2 5 ] , and  p robably  o th er  u n sta b le  b eta -lac tam  a n tib io ­
t ic s ,  m o r e  reliable an d  re a lis tic .
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CHARACTERIZATION OF HOSPITAL AND 
COMMUNITY STRAINS OF S T A P H Y L O C O C C U S  
A U R E U S  FOR RESISTANCE TO ANTIMICROBIAL 

DRUGS, METALLIC IONS, DISINFECTANTS, 
THERMAL INJURY AND SOLAR RADIATION

S. J . U t s a l o

D epartm ent o f  M edical M icrobiology and  Parasitology, 
U niversity  o f  Calabar, C alabar, N igeria

(R eceived  Ju n e  6, 1985)

O ne h u n d re d  a n d  s ix ty  s tra in s  o f  Staphylococcus aureus  iso lated  from  v a rio u s  c lin ical 
specim ens w ere c lassified  in to  g roups: h o sp ita l  s ta p h y lo c o cc i (H S) or co m m u n ity  s ta p h y lo ­
cocci (CS), based  on  th e  clinico-ecological c ircu m stan ces  o f iso la tion . F if ty  s tra in s  fro m  b o th  
g ro u p s w ere te s te d  fo r th e  m in im um  in h ib ito ry  c o n c e n tra t io n  (M IC) of penicillin  G, s t r e p to ­
m y cin , te trac y c lin e , ch lo ram phen ico l, m ercu ric  ch lo rid e , d isod ium  hydrogen  a rse n a te , silver 
n i tr a te  an d  sod ium  b isu lp h ite . F o u r re p re se n ta tiv e  s tra in s  from  each group w ere fu r th e r  
s tu d ied  fo r re s is tan ce  to  “ in -use”  d ilu tio n s o f 4 d is in fe c ta n ts  (D e tto l, Izai, S av ion  a n d  Chlo- 
h ex id in e ), h e a t  s tre ss  an d  th e  effect o f  so lar ra d ia tio n  in  sa n d  cu ltu res . All H S an d  3 1 .8 %  o f  CS 
w ere re s is ta n t to  pen ic illin  and  am picillin  and  p ro d u c ed  pen icillinase . H S had  h ig h er M IC s o f 
an tib io tic s  and  m eta llic  ions an d  longer b ac te ric id a l t im e s  w ith  d isin fec tan ts th a n  CS. R esis­
ta n c e  to  th e rm a l s tre ss  v a ried  w ith in  each  g ro u p  b u t  su rv iv a l in sand  cu ltu res u n d e r  so la r 
ra d ia tio n  ap p ea red  to  be in fluenced  b y  m u ltip le  fa c to rs  to  w hich  co m m unity  s tap h y lo co cc i 
w ere p ro b a b ly  b e tte r  ad ap ted .

Staphylococcus aureus is resp on sib le  for m a n y  o f  th e  com m on b a c ter ia l 
in fec tio n s o f  m an . In  th e  h osp ita l e n v ir o n m e n t, drug-resistant stra in s p ose  
serious p rob lem s o f  p o st-o p e ra tiv e  in fe c tio n s . M u ltip le drug resistan ce an d  
in creased  v iru len ce  are th e  u su a l p h e n o ty p ic  m arkers o f  h osp ita l s ta p h y lo ­
cocci [1 ].

C om m u n ity  strains o f  organ ism s are u su a lly  m ore su sceptib le to  m a n y  
a n tib io tics  th a n  h o sp ita l strains [2 ]. W id esp read  use o f  an tib io tics in  h o sp ita l  
p ractice has a se lec tiv e  effect on th e  em ergen ce o f  drug resistance in  b a cter ia  [3 ]. 
O ther se lec tiv e  pressures su ch  as en v ir o n m en ta l co n ta m in a tio n  b y  m eta ls  m a y  
also p rom ote resistan ce  to  m eta ls and m eta l-b a se d  d isin fectan ts in b a cter ia  [4 ]. 
In  th e  co m m u n ity , an tib io tics and  m eta l -b a sed  d isin fectan ts are n o t u sed  as 
e x te n s iv e ly  as in  h osp ita l practice.

In  th is , s tu d y , h osp ita l and co m m u n ity  stra in s o f  Staphylococcus aureus 
from  clin ica l sp ec im en s were characterized .
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M aterials and m eth od s

Staphylococcal stra ins. S . aureus  s tra in s  w ere c lin ica l iso lates from  p a tie n ts  seen  d u r in g  
J a n u a r y — M ay, 1984 a t  th e  U n iv e rs ity  o f C a lab ar M edical C en tre  and  th e  U n iv e rs ity  o f  C a la b a r  
T e a c h in g  H o sp ita l, C a lab ar, N igeria . O rganism s w ere  id e n tif ie d  according to  K loos a n d  S ch le i­
fe r  [5 ]. T h e  b asis o f ecological d e s ig n a tio n  of eac h  iso la te  w as p rim arily  on th e  c irc u m s tan c es  
o f  i ts  iso la t io n , an d  p a r t ly  on  th e  a n tim ic ro b ia l su sc e p tib il ity  p a tte rn . IIS  d e s ig n a tio n  w as u sed  
fo r s t r a in s  iso la te d  fro m  in -p a tie n ts  a f te r  3 w eeks o f  h o sp ita liza tio n , if  th e y  show ed  m u ltip le  
d ru g  re s is ta n c e . CS w as fo r s tra in s  iso la ted  fro m  in -p a tie n ts  w ith in  2 w eeks of h o sp ita liz a tio n  
o r f ro m  o u t-p a t ie n ts  w ho h a d  no h is to ry  of h o sp ita liz a tio n  an d  had  no t received c h e m o th e ra ­
p e u tic  a g e n ts  2 m o n th s  p receed in g  th e ir  v is it to  th e  h o sp ita l.

A n tim ic ro b ia l suscep tib ility  tests. T h e  se n s it iv ity  o f  staphy lococci to  a n tim ic ro b ia l d ru g s  
w as d e te rm in e d  b y  th e  d isk  d iffusion  m eth o d  u sin g  M u lto d isk s 1789E (O xid) on  se n s i t iv i ty  te s t  
a g a r  (G ib co  D iagnostics, M adison , W is.), w ith  O xfo rd  S. aureus  as th e  con tro l o rg an ism . S tra in s  
w ith  zo n es o f  in h ib itio n  5 m m  less th a n  t h a t  o f th e  co n tro l organism  w ere re g a rd e d  as sen ­
sitiv e . R e s is ta n c e  w as in d ic a te d  b y  a  zone of in h ib itio n  >  5 m m  sm aller th a n  t h a t  o f th e  co n tro l 
o rg a n ism .

T w e n ty  seven  H S  a n d  23 CS w ere ra n d o m ly  se lec ted  for tes ts  to  d e te rm in e  th e  M IC  of 
p e n ic ill in  G, s tre p to m y c in , te tra c y c lin e  an d  ch lo ram p h en ico l b y  th e  agar d ilu tio n  m e th o d  [6]. 
T e s t  p la te s  in o cu la te d  w ith  T ry p tic a se  Soy B ro th  (T S B ) sispensions of s tap h y lo co cc i (ca. 105 
c o lo n y -fo rm in g  u n its  c. f. u ./m l) w ere in cu b a ted  a t  37 °C fo r  48 h. The low est c o n c e n tra t io n  of 
a n tib io t ic  p ro d u c in g  colonies w as ta k e n  as th e  M IC.

P en icillin a se  test. O v e rn ig h t T SB  cu ltu res  w ere  te s te d  fo r penicillinase p ro d u c tio n  b y  th e  
ra p id  io d o m e tr ic  m eth o d  [7].

R esistance  to metalic ions and  bisulphite. T h e  M IC s of H gC l2, N a 2H A s 0 4, A g N O a a n d  
N a H S 0 3 w ere  d e te rm in ed  b y  th e  b ro th  d ilu tio n  m e th o d  in  T S B . A queous so lu tions o f  s a lts  w ere 
f i lte r -s te r iliz e d  (0.45 p m  f ilte r , M ilipore C orp., B ed fo rd , M ass.) and  d ilu ted  to  c o n ta in  th e  fo l­
lo w in g  c o n c e n tra tio n s  o f H g + + , H A s 0 4~, A g + a n d  H S 0 3~ : 0, 12.5, 25, 50, 100, 200, 300, 400, 
500 /<g/m l, a f te r  ad d itio n  of T SB  suspension  of s ta p h y lo c o cc i (ca. 105 c. f. u ./m l f in a l c o n c e n tra ­
t io n ) .  C u ltu re s  w ere in c u b a te d  a t  3 °C fo r 5 d ay s b e fo re  th e y  w ere exam ined  fo r g ro w th  ( tu rb i­
d ity ) .

R esistance  to germ icidal action o f  d isin fectants. F i f ty  ta n d o m ly  selected  H S  a n d  CS w ere 
sc ree n e d  to  d e te rm in e  th e  ste riliz ing  tim es fo r ,,in -u se ”  d ilu tio n s o f 4 d is in fec tan ts : D e tto l 
(ch lo ro x y len o l, R e c k it t  an d  C olem an L td ., U K ), 2 .5 % ; Iz a l (carbolic  acid, S te rlin g — Iz a l  L td . ,  
U K ), 1 /600; S av ion  (ch lo rhex id ine  -f- c e trim ed e , IC I  L td . ,  U K ), 1/200; a n d  ch lo rh ex id in e  
d ia c e ta te ,  (S igm a C hem ical Co., S t. L ouis, M o.), 0 .0 2 % . C hlorhexidine d ia c e ta te  w as d isso lved  
in  0.1 M  N aO A c buffer, p H  4.6. Suspensions o f  s tap h y lo co cc i in  saline an d  in  T S — E S  w ere 
te s te d  b y  a d d in g  0.2 m l (ca. 109 c. f. u ./m l) to  1 m l o f  d is in fe c ta n t in  sterile  1/2 —  oz sc rew -cap  
b o t t le s  a n d  shak ing . A t in te rv a ls  o f 1, 2.5, 5, 10, 15, 30, 45, 60, 70, 90 m in , a lo o p fu l (0.01 m l 
s ta n d a r d  loop) o f th e  in o cu la te d  d is in fec tan t w as su b -c u ltu re d  in to  10 m l o f ste rile  T S B  a n d  
sh a k e n . S u b -cu ltu re s  in cu b a te d  a t  37 °C fo r 5 d ay s  w ere  exam in ed  for tu rb id i ty . T h e  f i r s t  e x ­
p o su re  t im e  show ing no  g ro w th  w as th e  ste rilizing  tim e .

E stim a tio n  o f  therm al in ju ry .  T w o m l of T S B  su sp en s io n  of 8 re p re se n ta tiv e  s tra in s  (ca. 
108 c. f. u ./m l)  d ispensed  in to  5 s te rile  c o tto n -p lu g g ed  tu b e s  (1 0 0 x 1 3  m m ) w ere ex p o sed  in  a 
w a te r  b a th  a t  60 °C. T ubes w ere rem o v ed  a t  in te rv a ls  a n d  ra p id ly  cooled in  a n  ice b a th .  Serial 
te n fo ld  d i lu ta tio n  in  0.1 M p o tass iu m  p h o sp h a te  b u ffe r  (P B ; p H  7.2) were p la te d  on  t ry p tic a s e  
soy  a g a r  (TSA ) sp read  p la te s  u sin g  0.1 m l inocu lum . C olonies w ere co u n ted  a f te r  3 d a y s  in c u ­
b a tio n  a t  37 °C.

E ffe c ts  o f  solar rad ia tion  on sand cultures. C o tto n -p lu g g ed  tu b es (1 5 0 x 2 5  m m ) c o n ta in ­
in g  5 g o f  h o t-s ir-s te rilized  san d  w ere in o cu la ted  w ith  1 m l o f T SB  suspension o f s tap h y lo co cc i 
(ca . 108 c. f. u ./m l). C ontro l sam ples received  s te rile  T S B . P lu g s were screened w ith  a lu m in iu m  
foil a n d  sealed  w ith  m ask in g  ta p e . T ubes w ere w e ighed  a n d  in cu b a ted  in  th e  o p en  law n  fo r 
3 w eek s . D a ily  a tm o sp h e ric  te m p e ra tu re s  w ere ta k e n . P e rc en tag e  residual m o is tu re  in  c o n tro l 
tu b e s  w ere  d e te rm in ed  w eekly . T h e  p o p u la tio n s  o f v ia b le  su rv iv o rs  were d e te rm in ed  w eek ly  on 
T S A  s p re a d  p la tes . T enfo ld  serial d ilu tions w ere p re p a re d  from  sand  cu ltu res su sp en d e d  w ith  
45 m l o f  s te rile  P B . Colonies w ere co u n ted  a f te r  in c u b a tio n  a t  37 °C for 3 days.
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R esu lts

T h e c lin ica l sources and an tim icrob ia l re s is ta n ce  p a ttern  o f  160 S. aureus 
strains are sh ow n  in T ab le I . O f th is  n um ber, 94  (58 .7% ) were d esign ated  H S  
w h ile 66 (41 .3% ) w ere CS. For b o th  stra in s, th e  ob served  in cid en ce o f  a n t i­
m icrobial re sista n ce  w as h ighest w ith  s tre p to m y c in  and penicillin  for w h ich  
a com b in ed  to ta l  o f  124 (78% ) an d  115 (72% ) stra in s, resp ective ly , w ere re ­
s is ta n t. A ll 94  (100% ) H S  were p en icillin ase  p rod ucers and resistan t to  p e n i­
cillin  and s ter p to m y c in . R esistan ce to  am p ic illin  w as th e  sam e as to  p en ic illin . 
O f th e  CS, 21 (31 .8% ) w ere resistan t to  p en ic illin  and produced p en ic illin a se  
w hile s tre p to m y c in  resistan ce w as sh ow n  in 30 (4 5 .5 % ). A m on g th e 160 iso la te s  
ery th ro m y cin  an d  g en ta m ic in  resistan ce w as ob served  in  a to ta l o f  14 (8 .8 % )  
and 8 (5% ) stra in s, re sp ec tiv e ly . A ll s ta p h y lo c o cc i w ere u niform ly se n s it iv e  to  
c lo x a cillin  (d a ta  n o t sh ow n ) and clin d am ycin .

Table I

D istribution o f  antim icrobial resistance pattern in  hospital and com m unity strains o f  S . aureus  
according to source Total number o f  s tra in s: H S , 94; Cs, 66

Sources Strain
No. resistan t to

Pc Sm Tc Cm Em E m Cot F t Gm

U rinary  t r a c t  in fec tion HS 4 7 4 7 4 7 4 7 4 3 3 4 5 18 1 3 ( 2 8 ) 3
cs 9 4 4 5 3 1 0 5 ЦП) 0

W ound infections HS 2 2 2 2 2 2 2 2 17 16 2 14 N1) 1
cs 11 3 3 3 2 2 0 3 N D 0

E ye infections HS 7 7 7 7 5 5 0 2 N D 1
cs 12 5 5 6 4 0 0 3 N D 0

Blood cu ltu res HS 5 5 5 5 4 3 0 0 ND 0
cs 4 1 1 1 0 0 0 1 ND 0

M iscellaneous in fections HS 13 13 1 3 1 3 12 11 5 9 N D 1
cs 3 0 8 8 1 5 5 4 2 2 N D 2

** P en  =  penic illin  G; Sm  =  strep tom ycin , T c  =  te tracy c lin e , Cm =  ch loram phenico l, 
E m  =  e ry th ro m y cin , Cot =  co-trim oxazole, F t  =  n itro fu ran to in , Gm =  g en tam ic in , 
A ll s tra in s  w ere un ifo rm ly  sensitive to  cloxacillin  a n d  clindam ycin.

N D  =  N o t done

The M ICs o f  a n tib io tics , m eta llic  ions an d  b isu lp h ite  for H S and CS are  
sh ow n  in  T ab le  I I .  F or H S , th e  MIC va lu es w ere in  th e  h igher ran ges. F o r  
in sta n ce  M IC o f  p en ic illin , s trep tom ycin , te tr a c y c lin e  and ch loram p h en ico l 
for m ost stra in s w as 64 p g /m l w hile 22 o th ers h ad  a MIC o f 128 fig/m l for  
strep to m y c in . N o  stra in  h ad  MICs < [ 8 /tg /m l o f  a n y  an tib io tic . C on verse ly , 
for m ost CS th e  MIC o f  strep to m y c in , te tr a c y c lin e  an d  ch loram p h en ico l w a s  
4 p g /m l w h ile  th a t  o f  p en icillin  for 17 others w a s 0.25 p g /m l. F ew er stra in s  
had  MICs w ith in  8 -3 2  /ig /m l range.

H g ++  an d  A g + w ere m ore in h ib ito ry  th a n  H A s 0 4-  or b isu lp h ite . M ost  
H S  w ere in h ib ite d  b y  H g ++ and A g + a t co n cen tra tio n s  o f  100 to  200  yug/ml
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T ab le  П

The m in im a l inhibitory concentrations (fig /m l)  

T o ta l n u m b e r of

S t ra in P en ic illin  G S tre p to m y c in

0.1 0 .25 4 8 16 32 64 4 8 16 32 64 128

HS 0 0 0 0 2 7 18 0 0 0 2 3 2 2

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

S t r a in H g  + + H A sO (

12.5 25 50 100 200 12.5 25 50 100 200 400

HS 0 2 4 5 16 0 0 0 5 1 0 1 2

CS 8 1 0 5 0 0 — — 0 2 15 6 0 0

a n d  a t  200  /zg/m l or m ore o f  H A s 0 4_ an d  b isu lp h ite . M ost CS w ere in h ib ited  
b y  m e ta llic  ion s a t co n cen tra tio n  o f  50 p g /m l or le ss , and b isu lp h ite  a t  100 ^ g /m l 
or le ss .

T ab le  I I I  sh ow s th e  b acter ic id a l o f  d is in fec ta n ts  for saline an d  T S -B S  
su sp e n s io n s  o f  s ta p h y lo c o cc i. Iza l w as th e  le a s t  p o ten t and k illed  th e  b acter ia  
in  sa lin e  su spensions o f  3 stra in s (H S 44, H S  3101  and CS 166) in  15 m in  or less, 
a n d  T S -B S  su sp en sion s in  over 60 m in. B o th  suspensions o f  CS 3540  w ere  
k ille d  in  15 m in . D e tto l w as e ffec tiv e  in  m o st  sa lin e  su spensions in  5 m in  or less, 
a n d  in  Т А -B S in  15 m in  or le ss  ex cep t H S  31 0 1  an d  CS 166 w h ich  w ere k ille d  in

Time in minutes

F ig . 1. T he effect o f th e rm a l stress on  th e  v ia b i l i ty  o f HS and  CS cu ltu res  in  T S B
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o f  antibiotics, metallic ions and bisulphite on S . aureus 

s tra in s : H S , 27; CS, 23

T e tra c y c lin e

4

C hloram phenicol

2 4 8 16 32 64 8 16 32 64 128

0 0 0 2 5 2 0 0 0 4 3 2 0 0
0 12 7 4 0 0 l i 7 4 l 0 0

A g+ NaHSO,

12.5 25 50 100 200 12.5 50 100 200 300 40 0 500

0 0 6 18 3 0 0 2 3 15 4 3
0 l i 12 0 0 0 1 3 1 0 0 0 0 0

Table I I I

Bactericidal tim e in  m inutes by  “ in  use”  concentrations 
o f  disinfectants on S . aureus strains

D esig n a tio n  
o i  s tra in

S usp en d in g
m ed iu m

D e tto l
(2 .5% )

Iz a l
(1 /600)

Savion
(1/200)

C hlorhexid ine
(0 .02% )

H S 44 Saline 5 5 ND ND
TS-B S 15 90 5 15

H S 131 Saline 2.5 10 ND ND
TS-BS 5 30 <  1 <  1

H S 3101 Saline 5 15 ND ND
TS-BS 30 90 5 10

H S 2K Saline 2.5 15 ND ND
TS-BS 5 45 <  1 <  1

CS 166 Saline 5 5 ND ND
TS-BS 30 70 5 5

CS 3028 Saline <  1 5 ND ND
TS-BS 5 10 <  1 1

CS 3254 Saline <  1 15 ND ND
TS-BS 5 30 <  1 1

CS 3540 Saline <  1 15 ND ND
TS-BS 2.5 15 <  1 1

N D  =  N o t done

30 m in . F or S a v io n  and ch lorh exid in e, b a c ter ic id a l tim es were id e n tic a l for 
m o st s ta p h y lo c o cc i ex c ep t th a t  th e  form er k illed  H S  44 and H S 3101  fa ster  
th a n  th e  la tter .

T h e d ata  p resen ted  in  F ig . 1 sh ow  th e  resp on se o f  S. aureus s tra in s  to  
h ea t stress. A ll stra in s w ere k illed  a t c o n s ta n t  ex p o n en tia l rates. D e c im a l re­
d u c tio n  t im es (D -v a lu es) ranged  from  4 - 1 2 .5  m in . M ost CS h ad  D -v a lu e s  o f  
5 .4  or le ss , w hile  H S  had D -va lu es o f  7—12.5  m in . S u rv iva l curves w ere g en era lly  
b ip h a sic  in  n atu re.
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F ig . 2 . T h e  p a tte rn  o f su rv iv a l o f  H S  an d  CS in  san d  c u ltu re s  exposed to  solar r a d ia tio n

T h e  effect o f  exp osu re  to  solar rad ia tion  on  v ia b ility  o f  stra in s in  san d  
c u ltu r e s  are show n in F ig . 2 . A p p ro x im a te ly  0 .5  lo g  increases were d e te c te d  in  
CS in  w e e k . 1. S u b seq u en tly , th e  order o f  d e a th  through  w eek  3 w as e ith er  
g r a d u a l an d  linear (H S  44  a n d  H S  2K ) or a lm o st ex p o n en tia l (H S  131 an d  H S  
3 1 0 1 ) . F o r  CS, decreases o f  0 .1 — 1 log  occurred in  w eek  1. M ost stra in s d ec lin ed  
e q u a lly  th ro u g h  w eek  3 an d  h en ce  su rv iva l ra te s  w ere generally  h igher a m o n g  
CS ( F ig .  2 ).

Table IV

Changes in  the mean atm ospheric  
tem perature and percentage 

residual moisture content o f  sand  
cultures o f  staphylococci

W eek s M ean te m p e ra ­
tu re ,  °C

R e s id u a l  
m o is tu re  %

0 39.0 1 0 0 .
l 39.4 73.2
2 40.0 32.5
3 43.5 7.4

V a ria tio n s in  th e  a tm o sp h er ic  tem p era tu re an d  changes in  th e  p ercen ta g e  
r e s id u a l m oisture o f  san d  cu ltu res are sh ow n  in  T ab le  IV . T he overa ll te m p e r ­
a tu r e  in crea se  o f  5.5 °C o b serv ed  during in c u b a tio n  was m atched  b y  a to ta l  
m o is tu r e  lo ss  o f ab out 93% .
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D iscu ssio n

S. aureusis o fte n  in v o lv ed  in h o sp ita l-a cq u ired  in fection s and m a y  so m e­
tim es a ccou n t for 15 to  20%  o f n o so co m ia l in fection s [8]. M u ltip le drug  
resistan ce is an im p o r ta n t ch aracteristic o f  h o sp ita l stap h ylococci [1 ]. Sabra- 
m anyan  an d  A garw al [3] h ave observed  94%  in cid en ce  o f  pen icillin  an d  am p i-  
cillin  resistan ce  in  h o sp ita l stap h y lococci. T h is  s tu d y  show ed an in c id en ce  o f  
resistan ce to  p en ic illin  and am picillin  o f  100%  for h ospital stra in s. A lth o u g h  
i t  is v a lid  to  re la te  th e  h igh  in cid en ce o f  re s is ta n ce  to  th e se lection a l p ressures  
peculiar to  th e  e c o lo g y  o f  n osocom ial s tra in s , th e  observed p en ic illin  and  
am picillin  re sista n ce  o f  35%  for strains o f  n on -n osocom ia l a n teced en t ap p ears  
rem arkable. T h ese d a ta  su ggest th a t a b o u t on e-th ird  o f  in fection s d ue to  CS 
w ould  be resista n t to  th ese  drugs and h en ce  tre a tm en t failures in  c lin ica l in ­
fection s in v o lv in g  th e se  strains w ould  be p red ic ta b ly  high. E q u a lly  in te r e s t ­
in g  is th e  o b serv etio n  th a t  eryth rom ycin , g en ta m ic in , cloxacillin  and c lin d a m y ­
cin  appeared  to  b e th e  drugs o f  choice for m o st  S. aureus in fection s irresp ectiv e  
o f  th e  eco lo g ica l sou rce o f  th e  cau sa tive  s tra in . U nd er th e  present s itu a tio n  o f  
restricted  im p o r ta tio n  o f  p h arm aceu tica ls in  N igeria , it  is reassu rin g  th a t  
th is  p a ttern  o f  s e n s it iv ity  m akes a reason ab le  range o f  drugs a v a ila b le  for  in ­
fec tion s b y  e ith er o f  th e se  strains.

F u rth er , it  w as ob served  th a t H S  w a s re s is ta n t to  higher co n cen tra tio n s  
o f  m ore a n tib io tic s  an d  m eta llic  ions th a t  CS b u t th e  sign ificance o f  th e  re la ­
tion sh ip  b e tw e en  resistan ce  to  th ese  a g en ts  is  n o t clerar. Som e stu d ie s  h a v e  
n oted  th e  corre la tion  o f  drug resistance w ith  th a t  o f  m eta llic ions in  b a cter ia . 
N akah ara  e t  al. [9] h a v e  observed th a t  th e  freq u en cy  o f  m eta l r e s is ta n ce  in  
clin ical iso la te s  o f  Pseudomonas aeruginosa  w a s th e  sam e as, or h igh er th a n , 
a n tib io tic  resista n ce . R esistan ce  to  m eta llic  io n s or an tib io tics m a y  b e  m e­
d iated  b y  p lasm id s [1 0 ]. W eiss et al. [11 ] h a v e  observed  p la sm id -m ed ia ted  
resistan ce to  H g -b a sed  d isin fectan ts in  s ta p h y lo c o c c i. A lso, co -e lim in a tio n  o f  
resistan ce to  H g ++  an d  pen icillin  has b een  n o te d  in stap h y lococci [1 2 ]. T h e  
high  resistan ce o f  H S  to  m eta llic  ion s, e sp e c ia lly  H g + + , seem ed to  agree w ith  
th e  ob serva tion  [4] th a t  H g ++ resistan ce p ro b a b ly  resu lts from  th e  u se  o f  H g  
in  d is in fecta n ts  in  h o sp ita l practice. T h is re la tio n sh ip  m ight n ot e x is t  for A g  
or H A s0 4. B isu lp h ite  a t 5 0 0 -1 5 0 0  jUg/ml is  u sed  for preserving food  an d  h o sp i­
ta l m ed ica tion s [1 3 ]. T h e ob servation  th a t  3 H S  had MIC o f  b isu lp h ite  o f  
500 /xg/ml, p ro b a b ly  su ggested  th a t o n ly  m arg in a l increases in th e  resista n ce  
o f  such stra in s w ou ld  render b isu lp h ite p reserv a tio n  in effective  a t th e  low er  
p ractica l co n cen tra tio n .

N o read y  ex p la n a tio n  appeared a v a ila b le  for com parable ster iliz in g  t im e s  
o f  Iza l for T S -B S  and sa line suspensions o f  CS 3540; excep t th a t  th e  stra in  
u su a lly  form ed  g ra n u la tio n s in  saline w h ich  m ig h t th u s p revent rap id  p e n e tr a ­
tio n  o f  d is in fe c ta n t in to  cell aggregates. T h e p ro tec tiv e  effect o f  T S -B S  a g a in st
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d is in fe c ta n t  action  ap peared  sim ilar to  th a t  p ro v id ed  b y  organ ic m a tter  su ch  
as s lim e  for b acteria l organ ism s in  clin ica l sp ec im en s [14] and m ig h t b e  an  
im p o r ta n t  factor in  su rface d eco n ta m in a tio n  w h ere H S m ay  be p ro tec te d  b y  
se ro u s  e x u d a te s .

P re lim in a ry  stu d ies  w ith  “ in -u se”  d ilu tio n  o f  S a v io n  (1/60) sh o w e d  
b a c te r ic id a l tim es o f  <  1 m in  for sa line an d  T S -B S  suspensions. H e n c e , su b ­
s e q u e n t ly ,  S av ion  w as te s te d  a t  a h igh  a b u se  d ilu tio n  (1/200) th a t  m ig h t  s i ­
m u la te  p ra ctica l s itu a tio n s .

T h e  b iph asic su rv iv a l cu rves ob served  in  th is  s tu d y  are ty p ic a l o f  h e a t  
r e s is ta n c e  stu d ies on Salm onella arizonae [1 5 ], an d  represent cell p o p u la tio n s  
h e te r o g e n e o u s  for h ea t to lera n ce  [16]. H o w ev er , th e  v a ria b ility  o f  h ea t r e s is ta n ­
ce  a m o n g  th e  sam e eco lo g ica l strains seem ed  to  preclude gen era liza tion  w ith  
r e sp e c t  to  h ea t to ler a n c e .

I t  is  u n certa in  i f  v ia b il ity  o f  H S  and  CS in  san d  cu ltures w as re la te d  to  
th e  in it ia l  grow th  p a tter n s  ob served  early  in  th e  in cu b ation  period . A c t iv e ly  
m u lt ip ly in g  cells are m ore su scep tib le  to  h e a t  in ju ry  th an  d orm an t ce lls . 
H o w e v e r , th e  rapid d ie -o ff  ra te  o f  H S in sa n d  cu ltu res did n ot ap pear to  h a v e  
b e e n  in flu e n c e d  rem ark ab ly  b y  h ea t since o n ly  m argin al tem p eratu re in crea ses  
o cc u r re d . R ath er it  seem ed  lik e ly  th a t  a m o istu re  loss o f  about 25%  w a s m ore  
c r it ic a l an d  th a t d es icca tio n  p rob ab ly  h ad  grea ter  im p act on su r v iv a l th a n  
m in im a l tem p eratu re ch a n g es . P erhap s e q u a lly  im p ortan t w as th e  e f fe c t  o f  
su n lig h t  w h ose u ltr a -v io le t (U V ) rad ia tion  m ig h t h a v e  con trib uted  to  p o p u la ­
t io n  d ec lin e s . I t  m ay  be con clu d ed  th a t  su r v iv a l o f  sand cu ltures u nd er ra d ia n t  
su n lig h t  w a s p rob ab ly  in flu e n c e d  b y  m u ltip le  factors to  w hich  CS ap p eared  
b e t te r  a d a p ted  th an  H S .

T h e se  ob servation s p ro b a b ly  re flec ted  d ifferen ces in  th e  su b tle  a d a p t iv e  
c h a n g e s  in  tw o  stra in s o f  S . aureus as re la te d  to  th e  p ecu liarities o f  th e ir  
se p a r a te  eco log ica l p ressures.

A cknow ledgem ent. T h e  a u th o r  is in d eb te d  to  M r. S. L .  I d i o n g  of th e  U n iv e rs i ty  o f  
C a la b a r  M edical C entre, a n d  M iss I .  A sim  o f th e  D e p a r tm e n t  of M edical M icrob io logy  a n d  
P a ra s i to lo g y , U n iv e rsity  o f  C a lab ar, fo r th e ir  te c h n ica l a ssistan ce .
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EFFECT OF THE VIRULENCE ASSOCIATED 47 
MEGADALTON PLASMID OF YERSINIA PESTIS  ON 

PERMEABILITY TO GENTIAN VIOLET AND 
SENSITIVITY TO NOVOBIOCIN

A . A . S a l a m a h  a n d  W .  T .  C h a r n e t z k y

D epartm ent o f  Bacteriology and  P ub lic  Health,
W ashington State U niversity , P u llm a n , W ashington, U SA

(R eceived J u ly  12, 1985)

T h e  loss o f  th e  47 m eg ad a lto n  (M dal) p lasm id  o f  Y ersin ia  pestis re su lted  in  in creased  
g e n tia n  v io le t u p ta k e  an d  increased  sen sitiv ity  to  n o v o b io c in . T he addition  of c a lc iu m  cau sed  a 
d ecrease  in  g e n tia n  v io le t u p ta k e  an d  a decrease  in  n o v o b io c in  sensitiv ity  in d e p e n d e n t  o f th e  
p lasm id . D iffe re n tia tio n  of cells bearin g  an d  lac k in g  th e  p lasm id  was acco m p lish ed  using  
n o v o b io c in  in  th e  p resence o f calcium  a t  26 °C. T h e  n o v o b io c in  resistance levels o f  cells lack in g  
th e  47 M dal p lasm id  an d  cells w ith  th e  p lasm id , b u t  w ith  a n  insertion  in or a d e le tio n  in , or 
en co m p o sin g , th e  calcium  dependence  region of th is  p la sm id , ind icated  th a t  th e  re s is ta n c e  to 
n o v o b io c in  w as n o t associated  w ith  th e  calcium  d e p en d e n ce  region, b u t was a sso c ia ted  w ith  a 
se p a ra te  47 M dal p lasm id  region. E x a m in a tio n  o f Y e rs in ia  pseudituberculosis a n d  Y ersin ia  
enterocolitica  iso lates d e m o n s tra ted  th a t  fu n c tio n a lly  s im ila r  sites are p resen t on  th e  p lasm id s  
t h a t  encode fo r calcium  dependence  in  these  species.

Y ersin ia  pestis, th e  ca u sa tiv e  agen t o f  b u b o n ic  and pneum onic p la g u e , is 
a fa c u lta t iv e  in tracellu lar parasite  (for re v ie w  see  reference 1). V iru len t stra in s  
h arb or a 47 m egad a lton  (M dal) p lasm id  [ 2 - 4 ] ,  require Ca + + for g ro w th  at 
37 °C [5] and produce th e  V  and W  a n tig e n s  [6, 7 ]. A viru lent m u ta n ts  w h ich  
are o b ta in ed  b y  prolonged  grow th  a t 37 °C in  th e  absence o f C a+ +, e ith e r  lack  
th is  p lasm id  [3] or h a v e  a m u tation  in  or en co m p a ssin g  w hat has b e e n  term ed  
th e  ca lc iu m  d ep en d en ce region  o f  th is  p la sm id  [4 ]. In cu bation  te m p e ra tu r e  
an d  th is  p lasm id  b oth  in flu en ce  th e  ra te o f  p h a g o c y to s is  o f  Y . pestis  b y  m acro ­
p h a g e s  and th e  p lasm id  is  required for g ro w th  w ith in  m acrophages in  v iv o  and, 
u n d er  som e co n d itio n s, in  v itro  [8 -1 0 ] . T h e in cu b a tio n  tem perature in flu e n c e s  
th e  co m p o sitio n  o f  th e  lip op o lysacch ar id e (L P S ) and th e outer m em b ran e  
p ro te in  com p osition  o f  У. pestis  [11]. T h e 47  M dal p lasm id also in flu e n c e s  th e  
lip o p o ly sa cch a r id e  com p osition  at 37 °C [1 2 ]. S in ce  th ese  changes in  th e  Y . p e s ­
tis  ce ll en v elo p e  occur as a resu lt o f  a lter a tio n  in  param eters re f le c te d  in  th e
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h o st-p h a g o c y te  in te ra c tio n s , it  is im p ortan t to  d eterm in e how  th ese  ch a n g es  
a ffe c t  b a cter ia l cell fu n c tio n .

I n  o th er b acter ia , g o o d  correlations h a v e  b een  found b e tw e e n  th e  
s tr u c tu r e  o f  th e  cell en v e lo p e , th e  uptake o f  g e n t ia l v io le t [13, 14] an d  se n s i­
t i v i t y  to  n ovob ioc in  [15, 1 6 ]. Changes in  p h o sp h o lip id  con ten t and c h a n g es  in  
th e  lip o p o ly sa cch a r id e  s tru ctu re  h ave b een  r e la te d  to  changes in  r e s is ta n ce  to  
n o v o b io c in  [1 6 -1 8 ]. G en tia n  v io le t  and n o v o b io c in  are grouped w ith  o th e r  
h y d r o p h o b ic  su b stan ces w h ic h  som e b elieve p a ss  th rou gh  th e outer m em b ra n e  
v ia  n o n -p o r in  m ed ia ted  m ech an ism s, p erh ap s b y  d issolving in to  th e  h y d ro -  
p h o b ic  reg ion s o f  th e  ce ll en v e lo p e  [19, 20]. O ne m ig h t  suspect th a t  in  c o n ju n c ­
t io n  w ith  ch an ges in  th e  ce ll en v elo p e  w hich  r e su lt  from  changes in  tem p e ra tu r e , 
Ca + + a v a ila b ility  and p la sm id  con ten t in  Y . p e s tis ,  changes w ould  a lso  occu r  
in  c e ll p erm ea b ility . W e ex a m in ed  this p o ss ib ility .

H ere  w e w ill sh o w  t h a t  in cu b ation  te m p e r a tu r e  and calcium  in flu e n c e  
g e n t ia n  v io le t  u p tak e  an d  n o v o b io c in  s e n s it iv ity , an d  th a t cells b earin g  th e  47  
M d al p la sm id  tak e  up  g e n tia n  v io le t m ore s lo w ly  and  are resistan t to  h igh er  
le v e ls  o f  n ovob ioc in  th a n  ce lls  lack in g  th is p la sm id . Furtherm ore, w e s h o w  th e  
s ite  fo r  h igh  le v e l n o v o b io c in  resistance is  se p a r a te  from  th e reg ion  o f  th is  
p la sm id  in v o lv ed  in ca lc iu m  dep en dence, an d  t h a t  sim ilar relationship  b e tw e e n  
n o v o b io c in  resistan ce an d  th e  p lasm id  a sso c ia ted  w ith  calcium  d ep en d e n c e  are 
fo u n d  in  tw o  other h u m an  p a th o g en s in th is  g e n u s , Yersinia pseudotuberculosis 
an d  Y ersin ia  enterocolitica.

M aterials and m eth o d s

B acteria l strains a n d  culture  conditions. Y .  p e s tis  s t r a in s  E \ ; 76 and K IM  w ere o b ta in e d  
fro m  D r . R . R . B ru b a k e r (M ich igan  S ta te  U n iv ersity , E a s t  L an sin g , M ichigan). T h e  so u rces o f 
o th e r  s t r a in s  used  in  th is  s tu d y  a re  p rov ided  in  th e  fo o tn o te s  to  th e  app ro p ria te  tab le s . M u ta n s  
la c k in g  th e  6 and  th e  61 M dal p lasm id s, b u t  b e a r in g  th e  47 M dal plasm id (E V 76S11 a n d  
E V 7 6 S 1 3 ) w ere  o b ta in ed  fro m . Y .  pestis  s tra in  EV 76 fo llo w in g  a 2 d ay  in cu b a tio n  a t  37 °C on  
b lo o d  a g a r  base  p la tes  c o n ta in in g  2.5 mM Ca + + a n d  14 /rg /rn l gen tian  vio let (c ry s ta l  v io le t, 
A llied  C hem ical, M orristow n, N J ) .  S tra in  EV76C1, w h ic h  la c k s  th e  47 M dal p lasm id  b u t  re ta in s  
th e  6 a n d  61 M dal p lasm id s, w as se lected  from  EV 76 on  m ag n esiu m  oxala te  a g a r p la te s  [21] 
o th e r  s t r a in s  lack ing  th is  p la sm id  o r  th e  corresponding  p la sm id s  in  У. enterocolitica o r Y .  pseu d o ­
tubercu losis  w ere selected  u s in g  th e  sam e procedure. P la sm id  c o n te n t in each case w as d e te rm in ­
ed  b y  iso la tin g  th e  p lasm id s b y  th e  m eth o d  of H o lm es e t  a l. [22] and  analysing  th e m  b y  a g a ­
ro se  gel e lectrophoresis as d e sc rib e d  b y  Meyers e t a l. [23]. T h ese  gels are n o t p re se n te d  in  th is  
r e p o r t .  P la tin g  m edium  w as p re p a re d  in  all cases u s in g  40 g  b lo o d  ag ar base p e r l ite r  d e io n ized  
w a te r . G e n tia n  v io le t a n d  n o v o b io c in  (m onosodium  sa l t)  w ere  dissolved in w a ter, s te r il iz e d  b y  
f i l t r a t io n  a n d , if  in d ic a te d , a d d e d  to  sterilized b lood a g a r  b a se  m edium  im m e d ia te ly  p r io r  to  
d isp e n s in g . N ovobiocin  w as p re p a re d  on th e  day  u sed . P la te s  w ere scored a fte r 5 d a y s  in c u b a ­
t io n  a t  26 °C unless o th erw ise  specified . S tock c u ltu re s  w e re  k e p t as suspensions o f  cells a t  
— 20 °C in  4 0 %  glycerol 6 0 %  0.1 M p h o sp h a te  b u ffe r  p H  7 .0 . Cells were su b cu ltu red  o n  b lo o d  
a g a r  b a se  (B B L  M icrobiology S y s tem s) a t  26 °C befo re  in o c u la tio n  of liquid  m ed iu m . C u ltu re s  
w ere  g ro w n  w ith  a e ra tio n  in  E rle n m e y e r  flasks a t  1/10 th e  n o m in a l flask  volum e in  th e  m ed iu m  of 
H ig u c h i e t  al. [24] as m od ified  b y  B ru b a k e r [25]. T h e  o p tic a l  d en sity  was m o n ito red  a t  620 nm .

G entian  violet uptake. T o ta l  u p ta k e  of g en tian  v io le t  w a s  de term ined  by  m e th o d s  s im ila r 
to  th o s e  d escribed  b y  G u y m o n  a n d  Sparling  [14]. S am p le s (3 .8  m l) were rem oved fro m  c u ltu re s , 
f i l te re d  g e n tia n  v io le t (0 .2  m l) w a s  ad d ed  to  a f in a l c o n c e n tra t io n  of 10 p g /m l a n d  in c u b a tio n
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w as c o n tin u e d  fo r a n  a d d itio n a l 10 m in  a t  26 °C o r 37 °C  fo r th e  d e te rm in a tio n  of th e  t o ta l  u p ­
ta k e  or a t  0 °C fo r th e  d e te rm in a tio n  of th e  ty p e  I  u p ta k e  (b in d in g ). T he suspensions w ere  cooled 
q u ick ly  in  a n  ice b a th  to  p re v e n t fu r th e r  u p tak e  a n d  th e  cells w ere pelleted  b y  c e n tr ifu g a tio n  
a t  12 000 g  fo r  10 m in  a t  4 °C. T he am o u n t o f d y e  re m a in in g  in  th e  su p e rn a ta n t f lu id  w as  d e ­
te rm in ed  b y  m easu rin g  ab so rb an ce  a t  590 nm . T o  d e te rm in e  th e  k inetics o f g e n tio n  v io le t 
u p ta k e , th e  d y e  w as a d d e d  to  a c tiv e ly  grow ing c u ltu re s ,  sam ples w ere tran sfe rre d  to  ice-co ld  
tu b e s  a t  th e  t im e s  in d ic a te d  a n d  h a n d led  as d esc rib ed  ab o v e . W hen  cu ltu res w ere sh if te d  fro m  
26 °C to  37 °C, g e n tia n  v io le t w as ad d ed  10 m in a f te r  sh if t.

R esu lts

Gentian violet uptake by E V 76  and E V 76C I cells. C e llso f  b o th  th e  Е У 76  
and EY76C1 sta in s , grow n a t 26  °C or 37 °C in  e ith er  th e  presence or a b se n c e  o f  
ca lciu m , b ou n d  a p p r o x im a te ly  equal q u a n tit ie s  o f  gen tian  v io le t  a t  0  °C 
(1 5 -1 6 %  o f th e  to ta l d ye in  so lu tion ). B o th  Е У 76  and EV76C1 cells to o k  up  
g en tia n  v io le t  a t h igh er tem p eratu res (F ig . l a ,  lb ) .  T he rate o f  g en tia n  v io le t  
u p ta k e  w a s g rea ter  a t  37 °C th a n  a t 26 °C b o th  in  th e  presence and a b sen ce  o f  
ca lciu m . ЕУ76С1 ce lls  to o k  up gen tian  v io le t  m ore rap id ly  th an  Е У 76  ce lls  a t 
b o th  26 °C an d  37 °C. A t  b o th  tem p era tu res, Ca + + reduced  th e  ra te o f  u p ta k e  
b y  E V 76 an d  EV76C1 cells . I f  ce lls w ere w a sh e d  to  rem ove Ca + + , h o w e v er , 
th is  d ecrease in  th e  ra te  o f  gen tian  v io le t u p ta k e  w as n o t detected .

F ig. 1. U p ta k e  of g e n tia n  v io le t b y  У. pestis Е У 76  cells grow n w ith  (O )  an d  w ith o u t  ( в )  
Ca + +, a n d  E V 76 Cl g row n  w ith  ( □ )  a n d  w ith o u t ( ■ )  Ca + + a t  26 °C (a, c) and a t  37 °C (b , d). 
U p ta k e  is expressed  as %  d y e  rem oved  from  so lu tio n  p e r  o p tica l den sity  u n it o f b a c te r ia l  cells

Acta Microbiologica Hungarica 33, 1986



1 9 6 SALAMAH and CHARNETZKY

T h e  to ta l gen tian  v io le t  u p tak e b y  EY76C1 cells was greater th a n  t h a t  o f  
E Y 7 6  c e lls  under sim ilar  con d ition s. F u rth erm ore , th e  to ta l u p tak e o f  g en tia n  
v io le t  b y  E V 76 cells a t 37 °C in  th e  ab sen ce o f  Ca + + depended on  prior in c u b a ­
t io n  p er io d  at 37 °C (F ig . l c ,  Id ). A  red u ctio n  in  th e  ex ten t o f  g en tia n  v io le t  
u p ta k e  b egan  3 h after sh ift  to  37 °C and r e su lte d  in  a new  leve l o f  to ta l g en tia n  
v io le t  u p ta k e  (25% ) b y  7 h. T his varia tion  in  gen tian  v io le t u p ta k e  w a s n o t  
o b se r v e d  w ith  EV76C1 ce lls . T yp e I u p ta k e  (b in ding) did n o t ch a n g e w ith  
t im e .

F ig . 2. C olony fo rm a tio n  b y  cells o f У. pestis  on  p la te s  w i th  selected co n cen tra tio n  o f  n o v o ­
b io c in  in  th e  presence an d  ab sen ce  of added  2.5 т м  Ca + +. O pen sym bols s tra in  E V 76, c losed  
sy m b o ls  EV76C1, trian g les  37 °C w ith  Ca + + , circles 26 °C w ith  Ca + +, squares 26 °C no a d d e d  
C a + + . A  c u ltu re  grow n a t  26 °C w as d ilu ted  an d  a  v o lu m e  g iv ing 120 colony fo rm in g  u n i ts  on  
b lo o d  a g a r  base w ith o u t n o v o b io c in  (26 °C) w as p la te d  on  each  m edium  and  in c u b a te d  a t  th e  

in d ic a te d  tem p e ra tu re  fo r 5 d a y s

Novobiocin sensitiv ities o f  E V 76 and E V 76C I cells. The n o v o b io c in  s e n s i­
t iv i t ie s  o f  th ese  stra in s w ere d eterm in ed  u s in g  th e  sam e variations in  te m p e r a ­
tu r e  a n d  ca lciu m  a v a ila b ility  used  in  g en tia n  v io le t  u ptake stu d ies. E V 76  ce lls  
w ere  m ore resistan t to  n o v o b io c in  th an  EV76C1 cells at 26 °C (F ig . 2 ). In  th e  
p r e se n c e  o f  C a + + , 100%  reco v ery  o f  E V 76 c e lls  w as com m on a t 400  ^ g /m l o f  
n o v o b io c in , w hereas a ll EV76C1 cells w ere k ille d  a t 300 /tg/m l n o v o b io c in . In  
th e  a b se n c e  o f  C a + + , E V 76  an d  EV76C1 ce lls  w ere in hib ited  b y  250 /tg /m l an d  
125 fig /m l o f  n o v o b io c in , re sp ec tiv e ly . In  th e  presen ce o f  Ca + +, EV76C1 ce lls  
w ere m ore resistan t to  n o v o b io c in  at 37 °C th a n  a t 26 °C, w hereas th e  E V 7 6  
ce lls  w ere  m ore se n sitiv e  to  n ovob ioc in  a t 37  °C. N ovobiocin  resistan ce in  th e  
a b se n c e  o f  C a ++ at 37 °C w as n ot d eterm in ed  sin ce EV76 cells do n o t  grow
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u n d er th ese  con d ition s. T he ob v iou s d ifferen ces in resistance to  n o v o b io c in  o f  
E V 76 cells in  th e  presence and ab sen ce o f  ca lc iu m  at 26 °C su ggested  an  o p tim a l 
co n ce n tr a tio n  o f  Ca + + should  ex is t  for th e  n ovob ioc in  resistance o f  th e se  cells . 
T his o p tim u m  w as fou n d  to  be in  th e  ran ge o f  1 .5 -5  ш м (F ig . 3). T h e  o n ly  
k n o w n  g en etic  d ifference b etw een  stra in s E V 76  and EY76C1 is th e  a b sen ce  o f  
th e  47  M dal p lasm id  in strain  EV76C1 [3 ]. Cells o f  Y . pestis  (KIM)  w ith  and  
w ith o u t  th e  47 M dal p lasm id , sh ow ed  th e  sam e effect o f  th is p lasm id  o n  n o v o ­
b io c in  resista n ce , b u t a t a d ifferent n o v o b io c in  con cen tration s (450 /tg /m l). Loss 
o f  th e  6 and  61 M dal p lasm ids did n o t a lter  n o v o b io c in  resistance le v e ls  (T ab le  I)

Concentration of C a "(m M )

F ig . 3. E ffec t o f C a+ 1 co n cen tra tio n  on  th e  co lo n y  fo rm in g  ab ility  o f У. pestis EV 76 a t  26 °C 
on  m ed iu m  c o n ta in in g  400 /tg/m l of novob iocin  ( • )  a n d  on m edium  w ith o u t n o v o b io c in  ( O )

T able  I

Plating efficiency o f  derivatives o f  Y . pestis E V 7 6  on 
blood agar base plates contain ing 350 pg/m l novobiocin, 

and 2.5 m M  Ca + +

S tra in C a+ +
dependence

P la sm id
(M dal)

P la tin g  efficiency  
<%)

EV76 + 61; 4 7 ;6 100
EV76C11 — 61,6 0
EV 76S111 + 4 7 100
EV 76S121 — 0
EV76S131 + 47 100
EV 76S141 — 0
EV 7662 — 61; 6 0
EV76182 — 61; 163; 6 100
EV76212 — 61; 2 .53; 6 100
EV76512 — 61; 48 .S3; 6 100

1 S tra in s  d e riv ed  in  th is  la b o ra to ry  fro m  E V 7 6  (EV 76C1, EV76S11, an d  E V 76S 13) o r 
fro m  EV 76S11 (E V 76S12) o r EV76S13 (E V 76S14)

2 S tra in s  o b ta in e d  from  D .A . P o r tn o y , D e p a r tm e n t of M edical M icrobiology, S ta n fo rd  
U n v e rs ity , S ta n fo rd , CA 94304

3 P la sm id  b ea rin g  in se rtio n s in th e  ca lc iu m  d ep en d en ce  region of th e  47 M d al p lasm id  
(E V 7651) o r d e le tio n s in  o r encom passing  th e  c a lc iu m  dependence region (E Y 7618 , EV 7621)
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N ovobiocin sen sitiv ity  o f  cells with m utations in  the calcium dependence 
region o f  the 47 M dal p la sm id . To d eterm in e i f  th e  d ifference in  n o v o b io c in  
r e s is ta n c e  related  d irectly  to  th e  ca lciu m  d ep en d e n c e  region o f  th e  47  M dal 
p la sm id , w e exam in ed  a n u m b er o f  a d d ition a l d er iv a tiv es  o f  stra in  Е У 76. S om e  
la c k e d  th e  47 M dal p lasm id  an d  others had  in se r tio n s  in  or deletions in  or en co m ­
p a ss in g  th e  ca lciu m  d ep en d en ce  region o f  th is  p la sm id . Strains w hich  la ck ed  th e  
47  M d al p lasm id  h ad  lo st  h ig h  le v e l re sista n ce  to  n ovob ioc in , w hereas stra in s  
w ith  m u ta tio n s  in  or d e lec tio n s in  or en co m p a ssin g  th e  calcium  d ep en d en ce  
r e g io n  m a in ta in ed  h igh  le v e l n ovob ioc in  r e s is ta n ce . This in d icated  th a t  a s e ­
p a r a te  reg ion  o f  th e  p la sm id  w a s in v o lv ed  in  n o v o b io c in  resistan ce (T able I).

N ovobiocin resistance in  Y . pseudotuberculosis and Y . enterocolitica. 
R e p r e se n ta t iv e  Y . pseudotuberculosis and  Y . enterocolitica iso la tes an d  d irect  
c a lc iu m  in d ep en d en t d er iv a tiv es , w hich  in  ea ch  case  lacked  th e  p lasm id  a sso ­
c ia te d  w ith  ca lciu m  d ep en d en ce  [2, 4 , 26 , 2 7 ] , w ere exam in ed  to  d eterm in e i f  
th e s e  p la sm id s exerted  a sim ilar  in flu en ce on  n o v o b io c in  resistan ce in  th e se  
m icro o rg a n ism s. T h is w as fo u n d  to  be th e  ca se , a lth o u g h  th e leve ls  o f  n o v o b io ­
c in  d iscr im in a tin g  b e tw e en  p lasm id  b earing an d  p lasm id  lack in g  cells v a r ied  
(T a b le  I I ) .

Table II

Plating e fficiency o f  Y . pseudotuberculosis and  Y . enterocolitica 
isolates and derivatives o f  these isolates, in  the presence o f  novobiocin 

and 2 .5m M  Ca + +

S tra in
N ovobiocin

co n cen tra tio n
C"g/m l)

C a lc iu m  d e p e n ­
d e n c e  a sso c ia ted  

p la sm id

P la tin g
efficiency

(%)

Y. pseudotuberculosis
P B 1 750 + 100
P B  ICI3 750 — 20

Y. enterocolitica
82722 950 + 100
8272C13 950 0
80722 950 + 100
8072C13 950 0

1 S tra in  o b ta in ed  fro m  R .R . B ru b ak er, D e p a r tm e n t o f  M icrobiology and  P u b lic  H e a lth , 
M ic h ig a n  T ta ta  U n iv e rs ity , E a s t  L an sin g , M ichigan

2 S tra in  o b ta in ed  fro m  D r. T .F . W etzler, D e p a r tm e n t  of E n v iro n m en ta l H e a lth , 
U n iv e r s i ty  o f W ash in g to n , S e a ttle , W ash in g to n

3 S tra in s  derived  in  th is  la b o ra to ry  from  Y . pseudotuberculosis PB 1 (PB 1C 1) o r Y . 
enterocolitica  8272 (8272C1 o r 8072 (8072C1)

D iscussion

T h e  ap paren t u p ta k e  o f  gen tian  v io le t  b y  b acter ia  is th e  sum  o f a t  le a st  
tw o  p rocesses. T yp e I  u p ta k e , w hich  occurs a t  0 °C, is rapid, en ergy  in d e p e n ­
d e n t  a n d  p resu m ab ly  in v o lv e s  n on -sp ecific  io n  b in d in g  to  th e  n e g a t iv e ly
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charged  ce ll su rface [13 , 14 ]. T yp e I b in d in g  w as sim ilar w ith  E V 76  an d  
ЕУ76С1 ce lls grow n a t 26  °C or 37 °C and w a s in d ep en d en t o f  ca lc iu m . T h is  
is co n s is te n t w ith  earlier resu lts reported  for E . coli [13] and su ggests th a t  Е У 76  
and  EV76C1 ce ll en v e lo p e s  h a v e  sim ilar su rface ch arges. In  ad dition  to  t y p e  I 
u p ta k e , ty p e  I I  u p ta k e , w h ich  represents tra n sp o r t o f  th e  d ye to  th e c y to p la sm  
and ter m in a tes  w h en  cy to p la sm ic  sites are f i l le d  [1 3 , 14, 17, 28], occu red  in  
Y . pestis  a t  h igh er tem p era tu res (26 °C and 37 °C ). T he effects o f  tem p era tu re  
are co n sis te n t w ith  tem p era tu re  in du ced  p h a se  tra n sitio n  in  lip id  m em b ra n es  
p rev io u sly  rep orted  to  occu r in E . coli [13] a n d  are also con sisten t w ith  t e m ­
perature d ep en d e n t ch an ges w hich  occur in  Y . p e s tis  ou ter m em brane p ro te in s  
and L P S  [1 2 ]. C alcium , w h ich  reduces g en tia n  v io le t  u ptake in E . coli [2 8 ], 
also reduced  th e  u p ta k e  o f  th e  d ye b y  Y . p es tis . T y p e  I I  u ptake w as g rea ter  in  
cells la ck in g  th e  47  M dal p lasm id  th a n  in  ce lls b ea r in g  th is  p lasm id . T h is c lea r ly  
in d ica ted  th a t  th e  p erm ea b ility  to  th is  d ye is in flu e n c e d  b y  th e  47 M dal p la sm id .

E V 76 ce lls grow n  a t 26  °C, th en  tran sferred  to  37 °C in  th e  a b sen ce  o f  
calciu m , h ad  an  im m ed ia te  b u t sligh t in crease in  to ta l  d ye u ptake. H o w ev e r , 
to ta l d ye u p ta k e  decreased  from  th ree to  s e v e n  hours p ost sh ift. T h e d ecrease  
b egan  a t a p p r o x im a te ly  th e  tim e th ese  cells c e a se  g row th  under th ese  co n d itio n s  
[29], su g g estin g  th a t  h is red u ction  is a se co n d a ry  con sequ en ce o f  earlier e v e n ts .  
Since th e se  ce lls fa il to  d iv id e  b ut elon gate [3 0 ], on e exp lan ation  w ou ld  b e th a t  
ty p e  I u p ta k e  ch an ges b ecau se  th e  to ta l su rfa ce  ava ila b le  for d ye b in d in g  per  
o p tica l d e n s ity  u n it  ch an ges. H ow ever, no d ifferen ce  in  ty p e  I u p tak e (b in d in g )  
occu rs, th e  ch an ge, th erefore, is in  ty p e  I I  u p ta k e .

T h e n o v o b io c in  se n sitiv itie s  o f  strains Е У 7 6  and EV76C1 correlated  w ell 
w ith  th e  ra tes o f  g en tia n  v io le t  u p tak e u nd er ea c h  con d ition  exam in ed . N o v o ­
b iocin  se n s it iv it ie s  o f  E V 76  and EV76C1 cells w ere  sim ilar at 37 °C in th e  p resen ­
ce o f  ca lc iu m . S e n s it iv ity  in  th e  absence o f  ca lc iu m  at 37 °C w as n o t e x a m in ed  
sin ce E V 76 cells do n o t  co n tin u e  to  proliferate u n d er  th ese  con d ition s. EV76C1 
cells grow n a t 26  °C w ere m ore sen sitive  to  n o v o b io c in  th an  E V 76 ce lls a n d , a t  
26 °C, ca lc iu m  in creased  n ovob ioc in  resistan ce  m ore sign ifican tly  w ith  E V 76  
cells th a n  w ith  EV76C1 cells . O p tim al n o v o b io c in  resistan ce o f  E V 76  ce lls  
occurred a t  1 .5 -5  mM ca lciu m  and higher ca lc iu m  lev e ls  were in h ib ito ry  to  
grow th  in  th e  p resen ce or absence o f  n o v o b io c in . R elease  o f  p erip lasm ic e n z y ­
m es and  lip o p o ly sa cch a r id e  occurs at h igh  ca lc iu m  con centration s in  o th er  
b acter ia  [3 1 ]. T h is p o ss ib ility  w as n o t d ire c tly  ex a m in ed  w ith  Y . p estis , b u t  
cou ld  a cco u n t for th e  ob served  in h ib ito ry  e ffe c ts  o f  h igh ca lciu m  le v e ls .  
Y . pestis  s tra in  K IM  an d  a 47 M dal p lasm id  la c k in g , h u t otherw ise iso g e n ic , 
d er iv a tiv e  o f  stra in  K IM  sh ow ed  sim ilar co rre la tio n s o f  n ovobiocin  res is ta n ce  
w ith  th e  p resen ce o f  th e  p lasm id  (d ata  n o t sh o w n ). There w as no co rre la tio n  
b etw een  m u ta tio n s  in  th e  ca lciu m  d ep en d en ce reg ion  o f  th e 47 M dal p la sm id  
and  altered  s e n s it iv ity  to  n ovob ioc in . This su g g e sts  th a t  th e site  on th e  47  M dal 
p lasm id  w h ich  in flu en ces  n ovob ioc in  r e s is ta n ce , perhaps b y  a lter in g  per-
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m e a b ility ,  is d istin ct from  th e  ca lciu m  d ep en d en ce  region. The 47 M dal p la sm id  
h a s  b e e n  show n to  in flu e n c e  th e  L P S  stru ctu re  o f  У. pestis  [12] b u t w h eth er  
t h is  r e la te s  to  th e ca lc iu m  d ep en d en ce reg ion  or to  th e site(s) a ffe c tin g  n o v o ­
b io c in  resistan ce is u n k n o w n . W e are n ow  e x a m in in g  these p o ssib ilit ie s .

S in ce calcium  also a ffe c ts  gen tian  v io le t  u p tak e  b y  E. coli [28 ] i t  m a y  be 
c o in c id e n ta l th a t th e  u p ta k e  o f  gen tian  v io le t ,  and  presum ably n o v o b io c in , are 
a f fe c te d  b y  calcium  and are in flu en ced  b y  a s ite  on th e  sam e p la sm id  w h ich  
b ea rs  th e  calcium  d ep en d e n c e  region . T his ra ises th e  p ossib ility , h o w e v er , th a t  
m o re  th a n  one region  o f  th is  p lasm id  m a y  harbour sites w hich  in flu e n c e  the  
r e sp o n se  to  calcium , e v e n  th o u g h  on ly  on e su ch  region has been  id e n tif ie d  [4]. 
A  m u ta n t  w ith  a lesion  in  th e  site  in flu e n c in g  p erm eab ility , h ut w ith  a n  in ta c t  
c a lc iu m  dependence reg ion  w ill be requ ired  to  t e s t  th is p o ssib ility  an d  to  de­
te r m in e  i f  th e site in flu e n c in g  p erm ea b ility  a lso  in flu en ces v iru len ce. W e h ave  
b e e n  u n a b le  to  iso la te  th is  ty p e  o f  m u ta n t. W e con tin u e to  seek su ch  a m u ta n t ,  
b u t  i t  is possib le th a t  su ch  a m u ta n t is le th a l, or th a t th e s ite  in flu e n c in g  
p e r m e a b il ity  is in a reg ion  required  for th e  m a in ten an ce or rep lica tio n  o f  th is  
p la sm id .

T h e 47 Mdal p la sm id  o f  Y . pestis  an d  corresp ond ing  p lasm ids in  Y . p seu ­
dotuberculosis and Y . enterocolitica  a p p a r en tly  bear sim ilar fu n c tio n a l s ites . 
T h e  co n cen tra tio n  o f  n o v o b io c in  op tim al for d ifferen tiation  o f  ce lls w ith  and  
t h o s e  w ith o u t  th ese  p la sm id s  varies c o n sid er a b ly  am ong th e  stra in s te s te d .  
T h is  su g g ests , as on e m ig h t  ex p ec t, th a t  t h e  g en etic  background in  w h ic h  th e  
fu n c t io n  is expressed  a lso  in flu e n c es  th e f in a l p h en o ty p e .
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A PERMEABILITY MUTANT OF YERSINIA PESTIS  
WITH INCREASED SUSCEPTIBILITY TO 

PHAGOCYTOSIS WHICH RETAINS POTENTIAL FOR 
INTRAPHAGOCYTIC GROWTH AND VIRULENCE

A .  A .  S a l a m a h  an d  W .  T .  C h a r n e t z k y

Departm ent o f  Bacteriology and Public Health,
Washington State U niversity, P u llm an , Washington, U S A

(R eceived  J u ly  12, 1985)

G e n tia n  v io le t re sis tan ce  w as used to  se lec t m u ta n ts  o f Yersinia pestis  w ith  a lte re d  cell 
envelope  p e rm e a b ility . M u ta n ts  in  one class lac k ed  th e  6 an d  61 m eg ad alto n  (M d al) p lasm ids, 
b u t  re ta in e d  th e  47 M dal p lasm id  assoc ia ted  w ith  calc ium  dependence. M u ta n ts  in  a  second 
class re ta in e d  all th ree  p lasm ids. One m u ta n t  in  th e  l a t t e r  class, EV76S7, la c k e d  m a jo r  o u ter 
m em b ran e  p ro te in  J  an d  y ie lded  reduced  levels o f  m in o r o u te r  m em brane  p ro te in s  A  an d  C. 
P ro te in  J  is k n o w n  to  in te ra c t  d iffe ren tly  w ith  lip o p o ly sacch arid e  (L PS) fro m  cells bearing  
a n d  cells la ck in g  th e  47 M dal p lasm id  fo llow ing  g ro w th  a t  37 °C. The 47 M dal p la s m id  is know n 
to  in flu en ce  g e n tia n  v io le t u p ta k e , novob iocin  s e n s it iv ity , su scep tib ility  to  p h a g o cy to s is , th e  
g ro w th  in  m acro p h ag es an d  th e  v iru lence of Y . p estis . G en tian  violet u p ta k e  w as low er and 
n o v ob iocin  se n sitiv ity  h ig h e r in  th e  m u ta n t  th a n  in  th e  p a ren ta l s tra in , b u t  th e  u n d e rly in g  
effec ts o f  th e  47 M dal p lasm id  on th ese  p a ra m e te rs  h a d  n o t  changed. EV76S7 cells w ere  phago- 
cy tized  to  a  g re a te r  e x te n t  th a n  th e  p a re n ta l  cells fo llow ing  grow th a t  37 °C, b u t  su rv iv a l and 
g ro w th  w ith in  p e rito n ea l p h ag o cy tes  and  th e  L D s i’s o f cells w ith  and w ith o u t th e  47 M dal p las­
m id  w ere n o t  a lte red  b y  th e  loss o f  p ro te in  J ,  w e co n clu d e  t h a t  p ro te in  J — L P S  in te ra c t io n s  are 
n o t  re q u ire d  fo r v iru lence , an d  t h a t  th e  red u ced  v iru len ce  o f cells lacking th e  47 M dal p lasm id  
does n o t re su lt  from  th e  a lte re d  p ro te in  J — L P S  in te ra c tio n s  w hch are k n ow n to  re su lt  from  
loss o f th e  p lasm id .

T h e  o u ter  m em brane o f  G ra m -n eg a tiv e  b acter ia  acts as a p erm e a b ility  
barrier. In  ad d ition  to  in flu en c in g  th e  u p ta k e  o f  required su b stra te s  [1 , 2 ] the  
o u te r  m em b ran e con tr ib u tes to  re sista n ce  to  som e a n tib io tics , d y e s , and  
d eter g en ts  b y  regu la tin g  p assage o f  th e se  m o lecu les  [3, 4]. The o u ter  m em brane  
is in  d irect co n ta c t w ith  th e  h ost and  can  in flu e n c e  th e  rate o f  p h a g o c y to s is  and  
th e  a b ility  to  su rv ive in  p h a g o cy tic  cells [5, 6 ]. In  th e  la tter  case it  ca n  p rovid e  
th e  b a cter iu m  w ith  som e p ro tection  from  th e  ly sosom al en z y m e s  [7 ]. The  
lip o p o ly sa cch a r id e  ( L P S )  o f  th e  ou ter m em b ran e is to x ic  to  th e  h o s t  [ 8 ] ,  but 
r e la t iv e ly  l it t le  is k n ow n  ab ou t th e  role o f  th e  ou ter m em brane p ro te in s  in  
p a th o g en esis .
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B a c te r ia  are k n ow n  to  a lter  their m em b ran e p ro te in  [9, 10] an d  l ip o ­
p o ly sa cc h a r id e  [11, 12] co m p o sit io n  in  response to  en v iro n m en ta l ch an ges, b u t  
th e  m a n n ers  in  w hich  p a th o g e n ic  bacteria a lter th e  o u te r  m em brane in resp on se  
to  th e  en v iro n m en ts p ro v id ed  b y  th e  host are, in  gen era l, unknow n. T h e in ­
c u b a tio n  tem p eratu re o f  Y ersin ia  pestis  has b een  sh o w n  to  be an im p o r ta n t  
fa c to r  in  th e  exp ression  o f  se v er a l determ in ants o f  p a th o g en ic ity  [13], ce ll in ­
v a s iv e n e s s  [6, 14] and n u tr it io n a l requirem ents [15 , 16 ]. T hese properties m a y  
b e a sso c ia te d  w ith  ch an ges in  th e  outer m em brane [1 1 , 14, 17 -19] and a t  le a s t  
on e tem p e ra tu r e  d ep en d en t ch aracteristic  is in flu e n c e d  b y  a 47 M dal p la sm id . 
Y . p e s tis  ce lls w hich bear th is  p lasm id  differ from  th o se  w hich  lack  th is  p la sm id  

in  te r m s  o f  L PS co m p o sit io n  [11], gentian  v io le t  u p ta k e , n ovobiocin  se n s it i­
v i t y  [2 0 ], su scep tib ility  to  p h a g o cy to s is  fo llow in g  g ro w th  at 37 °C, a b ility  to  
grow  in  m acroph ages an d  L D 50 in m ice [2 1 ]. T h e  sp ecific  ch aracteristic(s)  
a sso c ia te d  w ith  th is p la sm id  w h ich  related d ire c tly  to  grow th  in m acrop h ages  
an d  to  v iru len ce has n o t  b e e n  estab lished . T o t e s t  th e  p ossib ility  th a t  th e  
su r v iv a l in  th e  m acroph ages re la tes  to  sp ecific  L P S -p ro te in  in teraction s w h ich  
m ig h t d ire c tly  after p e r m e a b ility  to  th e ly so so m a l co m p o n en ts  and acco rd in g ly  
to  th e  k illin g  b y  th e m a cro p h a g e [7], we se lec ted  m u ta n ts  from  a stra in  b ea rin g  
th e  4 7  M dal p lasm id  w h ich  h a d  altered (d ecreased ) perm eability  to  g en tia n  
v io le t ,  b y  u sing  th is d y e  as a se lec tiv e  agen t. N o n e  o f  th ese  m utants h ad  p er­
m e a b ility  ch anges id e n tic a l to  th o se  associated  w ith  lo ss  o f  th e  47 M dal p la sm id . 
S om e m u ta n ts  had lo s t  th e  6 and th e 61 M dal p la sm id s , whereas o th ers h ad  
r e ta in e d  th e  6, 47 and 61 M d al p lasm ids. One o f  th e  la tte r  m utants (E V 76S 7)  
la c k e d  th e  p ep tid o g ly ca n  a sso c ia ted  protein  J  an d  h a d  reduced levels o f  o u ter  
m em b ra n e  proteins A  an d  C. P rotein  J  is a m ajor o u te r  m em brane in  Y . pestis  
w h ich  is  k n ow n  to  in te ra c t d ifferen tly  w ith  th e  L P S  from  cells b earin g  an d  
th o se  la c k in g  th e 47 M dal p la sm id  fo llow ing g ro w h t a t  37 °C in th e ab sen ce  o f  
c a lc iu m  [11]. To d eterm in e  i f  th e  protein  J -L P S  in teraction s en h anced  v ir u ­
le n c e  in  47  M dal p lasm id  b ea r in g  cells or i f  su ch  in tera c tio n s  reduced th e  v ir u ­
le n c e  o f  cells lack in g  th is  p la sm id , w e com pared  th is  m u ta n t and a d irect d er i­
v a t iv e  o f  th is  m u tan t w h ich  lack ed  th e 47 M dal p la sm id  to  the p aren ta l stra in  
(E V 7 6 ) an d  to  an iso la te  iso g e n ic  to  the p arent e x c e p t  for a lack  o f  th e  47  M dal 
p la sm id  (EV76C1).

M aterials and m eth o d s

B acteria l strains and  cu lture  conditions. Y . pestis  E V 76  (P g m -  P u r+ F r a + Y w a + C a l+), 
w as o b ta in e d  from  Dr. R . R . B ru b a k e r  (M ichigan S ta te  U n iv e rs ity ) . EV76S7 w as se lec ted  
fro m  s t r a in  EY76 a t 37 °C u sin g  b lood  agar base (B B L  M icrob io logy  System s) c o n ta in in g  
2.5 т м  Ca + + and  8 fig /m l g e n tia n  v io le t. EV76C1 a n d  E C 76S71 (b o th  of w hich lack  th e  47 
M dal p la sm id ) were se lected  fro m  s tra in s  EV76 and  E V 76S7, resp ec tiv e ly , using  m ag n esiu m  
o x a la te  a g a r  a t  37 °C [16]. Cells w ere  grow n in an  e n ric h ed  casein  hy d ro ly sa te  m ed iu m  as 
d e sc rib e d  b y  D arveau  e t  a l [18] i f  th e y  were to  be u se d  fo r cell envelope iso la tion , o r in  a 
co m p le x  d e fin ed  m edium  [22] i f  t h e y  were to  be used fo r  d y e  u p ta k e ,  an tib io tic  s e n s it iv ity , o r 
a n im a l s tu d ies .
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Isolation o f  the cell walls and peptidoglycan fractions. Frozen cells, w e t w e ig h t be tw een  
3 a n d  4 g, w ere re su sp en d ed  in  20 m l o f 10 т м  T ris-h y d ro ch lo rid e  b u ffer (p H  8.0) c o n ta in in g  
1 m K  D L -d ith io th re ito l a n d  1 т м  E D T A . P a n c re a tic  R N ase  an d  D N ase w ere a d d e d  to  th e  sus­
p en sio n  w hich  w as th e n  passed  th re e  t im e s  th ro u g h  a F re n c h  pressure  cell a t  15 000 to  20 000 
lb /in '-. T h is and  all su b seq u e n t step s w ere carried  o u t a t  4 °C. A fter c en trifu g a tio n  o f  th e  ly sa te  
a t  1300 g  for 10 m in , th e  p e lle t o f u n b ro k e n  cells w as d iscarded . T he s u p e rn a ta n t  w as c en tri­
fu g ed  a t  45 000 g fo r 30 m in , and  th e  re su ltin g  s u p e rn a ta n t  was d iscarded  a n d  th e  p e lle t  was 
w ash ed  w ith  5 m l o f th e  b reak ag e  b u ffer, th e n  w ith  5 m l o f deionized w a te r. I f  th e  cell wall 
p re p a ra tio n  was to  be used  fo r th e  tw o-d im en sio n a l ana ly sis , sam ples w ere n o t  fro ze n  u n til 
th e y  h ad  been  p laced  in I E F  sam ple  b u ffer. I f  th e  cell w all p re p ara tio n  w as to  be  u se d  fo r S D S —• 
P A G E , i t  w as susp en d ed  in  de ionized  w a te r  a n d  s to re d  a t  — 20 °C. Cell w alls p re p a re d  b y  th is 
p ro ced u re  from  EV 76 cells y ielded  e lec tro p h o re tic  p ro te in  p a tte rn s  sim ilar to  th o se  o b ta in e d  
fro m  sucrose g ra d ie n t p u rified  o u te r  m em b ran es  [18]. P ep tid o g ly can  w as e x tr a c te d  fro m  u n ­
w ash ed  cell wall p re p a ra tio n s  w hich w ere re su sp en d ed  in  b reakage  buffer to  a p ro te in  c o n c e n tra ­
t io n  of 20 m g/m l as d e te rm in ed  by  th e  m eth o d  of L o w ry  e t al. [23] w ith  th e  m o d if ic a tio n s  of 
H e rb e r t  e t  al. [24]. A tw o-fo ld  co n ce n tra tio n  of th e  e x tra c tio n  buffer of M izuno a n d  K ag ey am a  
[25] was ad ded  to  give a f in a l p ro te in  c o n ce n tra tio n  o f 10 m g/m l in  th e  no rm al s t r e n g th  buffer. 
T h e  suspension  w as in cu b a te d  a t  35 °C fo r 30 m in  th e n  cen trifuged  a t  45 000 g  fo r  30 m in  a t 
10 °C. T he pe lle t o f  in so lub le  p ep tid o g ly ca n  w as w ashed  an d  sto red  a t  — 20 °C.

Electrophoretic analysis. Sodium  dodecy l su lp h a te -p o ly ac ry lam id e  gel e lec tro p h o re sis  
(S D S — PA G E ) w as carried  o u t as d escribed  by  H u i an d  H u rlh e rt [26]. T w o -d im en sio n al a n a ­
lysis w ith  isoelectric  focusing  ( IE F )  in  th e  f irs t  d im ension  and  SD S— P A G E  in  th e  second 
d im en sio n  w as pe rfo rm ed  u sin g  th e  m od ifica tio n s o f earlie r procedures [27, 28] d e sc rib ed  by  
D a rv ea u  e t al. [11] e x cep t t h a t  am ph o lin es (2 %  to ta l)  o f th e  p H  ranges o f 3 .5 -5 , 5 -8 ,  a n d  9-11 , 
w ere used  a t  a ra tio  o f 1 : 1 : 2, re sp ec tiv e ly . Gels (2 m m  X 11 cm ) were focused a t  0 .15  w a t t/ tu b e  
fo r 8 h , 60 /щ  o f p ro te in  w as app lied  to  each  gel. T he effec tive  p H  g rad ien t o b ta in e d  ra n g e d  from  
3 .8 -7 .4 .

Gentian violet uptake and sensitivity  to novobiocin and deoxycholate. T he u p ta k e  o f g en tian  
v io le t consists o f tw o  processes know n as ty p e  I an d  ty p e  I I  [29]. T ype I re p re se n ts  th e  b in d in g  
o f th e  dye  to  th e  cell envelope  a t  0 °C, w hereas ty p e  I I  rep resen ts  th e  tra n s p o r t  o f  th e  d y e  in to  
th e  cy to p la sm  a t  h ig h er te m p e ra tu re s . B o th  ty p es  o f  u p ta k e  were d e te rm in ed  as d esc rib ed  by  
G u y m o n  e t al. [30]. T he to ta l  c o n ce n tra tio n  o f g e n tia n  v io le t was 10 /ig/m l. To d e te rm in e  nov o ­
b iocin  o r d eo x y ch o la te  se n s itiv ity , cells w ere p la te d  on  blood ag ar base c o n ta in in g  d iffe ren t 
c o n ce n tra tio n s  o f n o v ob iocin  o r  d e o x y ch o la te  (sod ium  sa lt, S igm a Chem icals). C olony  fo rm a tio n  
w as o bserved  a f te r  5 d ay s  in cu b a tio n  a t  26 °C. In  each  case th e  low est c o n c e n tra tio n  w hich 
c o m p le te ly  in h ib ited  g ro w th  w as considered  th e  m in im u m  in h ib ito ry  c o n c e n tra tio n  (M IC ).

A nim al studies. O u tb re d  Swiss W eb s te r  m ice , 6 -8  weeks old, w ere o b ta in e d  from  
W ash in g to n  S ta te  U n iv e rs ity  m ouse colony. All m ice w ere in jec ted  in tra p e r i to n e a lly  w ith
0 .4 %  so lu tion  o f F e S 0 4 • 7 H - 0  in  0 .8 7 %  N aC l (40 /(g /m ouse) 30 m in p rio r to  in tra p e r i to n e a l  
in je c tio n  o f b ac teria . Saline suspensions o f  10 to  108 b a c te r ia  were in jec ted  in tra p e r i to n e a lly  and 
th e  n u m b ers  o f m ice dy in g  w ith in  14 d a y s  w ere n o ted . T he L D 50 was c a lcu la ted  acco rd in g  to  
R eed  an d  M uench [31]. F o r  q u a n ti ta t io n  o f in tra p e rito n e a l bac teria l su rv iv a l a n d  lo ca liza tio n  
sa lin e  suspensions o f b a c te r ia  (10° bac teria /0 .1  m l sa line) w ere in jec ted  in to  iro n  co m prom ised  
m ice. T he p e rito n ea l cav itie s  w ere lav ag ed  a t  th e  in d ic a te d  tim es w ith  6 m l o f  co ld  D u lbecco’s 
p h o sp h a te  bu ffered  sa lin e  (P B S ) p H  7 .3 -7 .4  an d  th e  p e rito n ea l lavage f lu id s e x a m in e d  to  de­
te rm in e  b ac teria l su rv iv a l an d  loca lization  as described  b y  C harn e tzk y  and  S h u fo rd  [21].

R esults

W e se lected  a n um ber o f  g en tia n  v io le t  resistan t m u ta n ts  o f  Y . pestis  
stra in  Е У 76, all o f  w h ich  had redu ced  g en tia n  v io le t u p tak e . S o m e o f  th ese  
m u ta n ts  lacked  th e  6 and th e  61 M dal p la sm id s, b u t reta in ed  th e  47  M dal 
p la sm id . O ther m u ta n ts  reta in ed  all 3 p lasm id s and were p resu m ed  to  h ave  
m u ta tio n s  resu ltin g  in  cell en v e lo p e  ch an ges. T he su bject o f  th ese  s tu d ie s  was 
on e m u ta n t w h ich  reta in ed  all 3 p la sm id s (E Y 76S7).

E V 76S 7  lacks outer membrane protein  J .  Tw o d im en sion a l a n a ly sis  
( I E F  X  S D S -P A G E ) o f  cell Avails from  E V 76 and EV 76S7 cells grow n  a t 37 °C
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F ig . 1. T w o-d im ensional a n a ly s is  o f  th e  cell wall p ro te in s  o f  Y .  pestis  s tra in  EV76 (panel/A ) an d  
E V 7 6 S 7  (p an el B). T he f i r s t  d im e n s io n  (horizon tal) w as iso e lec tr ic  focusing, th e  second d im e n ­
sio n  (v e rtic a l)  was SD S— P A G E . T h e  arrow  to  th e  r ig h t  o f  p a n e l  A in d ica tes  th e  positio n  o f  th e

u n h e a te d  form  of p ro te in  J
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(F ig . 1) revealed  th a t  p ro tein  J w as ab sen t, an d  p rotein s A  and  C b arely  de­
tec ta b le  in  E V 76S 7. P ro te in s A  and C are sy n th e s iz e d  o n ly  at 37 °C [18 ], pro­
te in  J , w hich  is p resen t a t 26 °C and 37 °C w as a lso  ab sen t in E Y 76S 7 a t 26  °C 
(d a ta  n ot p resen ted ). P ro te in  J . a p ep tid o g ly ca n  a ssoc ia ted  p rotein  in  Y . pestis, 
w as n o t ev id e n t in  th e  p ep tid o g ly ca n  fraction  o f  E Y 76S 7 cells grow n a t 26  °C 
(d a ta  n o t p resen ted ) or 37 °C (F ig . 2). S ince p ro te in  J  is one o f  th e  p rotein s  
w h ich  in tera cts  d ifferen tly  w ith  L P S from  ce lls  w ith  and cells w ith o u t th e  
47 M dal p lasm id , w e iso la te d  a d erivative  o f  E Y 76S 7  w hich  lacked  th e  47 M dal 
p lasm id  as w ell as p ro tein  J  (E V 76S71). W e com p ared  E V 76S7 and E V 76S71  
to  stra in  E V 76 and a d irect d eriva tive  o f  E V 76 w h ich  lacks th e  47 M dal p lasm id , 
EV76C1, to  d eterm in e th e  effec ts o f  th e  loss o f  p ro te in  J  on th e  u p ta k e  o f  gen ­
t ia n  v io le t , n o v o b io c in  an d  d eoxych o la te  se n s it iv it ie s  and viru lence.

1 2  3 4

F ig. 2. SD S— P A G E  analy sis  o f p ro te in s ob ta in ed  w ith  th e  inso lub le  p ep tid o g ly can  frac tio n  
from  EV76S7 cells (lanes 1 a n d  2) a n d  EV76 cells (lanes 3 a n d  4) g row n a t 37 °C w ith  calcium . 
S am ples were so lubilized  fo r 5 m in  a t  e ith e r 100 °C (lan es 2 an d  4) o r 24 °C (lanes 1 an d  3) in  
sam p le  b u ffer p rio r to  ana ly sis . E a c h  lane received 30 fxg o f p ro te in . T he a rro w  to  th e  le ft of 

lan e  3 in d ic a te s  th e  position  of p ro te in  J  in  u n h e a te d  sam ples
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T able  I

Gentian violet uptake, and sensitivity to novobiocin 
and deoxycholale by strains o f  Y . pestis

EV76 EV76C1 EV76S7 EV76S71

T y p e  I  g e n tia n  violet up tak e1', 26° or 37 °C 16 16 11.7 12
T o ta l g e n tia n  v io le t u p tak e1', 26 °C 24.6 30 12.2 12
T o ta l g e n tia n  vio let up tak e1* 37 °C 25— 32 62.5 12.0— 14.5 15
N o v o b io c in  (M IC a t 26 °C in //g /n il) 250 120 150 90
D e o x y ch o la te  (MOC a t 26 °C in/ig/m l) 4.000 3.600 2.800 2.300

“Cells w ere grown a t 26 °C, a n d  assayed  for gen tian  v io le t u p tak e  and  novobiocin  and 
d e o x y c h o la te  sensitivities as described  in  M aterials and  m ethods

b G e n tia n  v io le t u p tak e  expressed  as p e rcen t dye rem oved  from  so lu tion  p e r  op tica l 
d e n s ity  u n i t  o f bacteria l cells

G entian violet uptake an d  sensitiv ity  to novobiocin and deoxycholate. 
E V 7 6 S 7  an d  EY76S71 had ty p e  I g en tia n  v io le t  u p tak e  (b in d ing). E Y 7 6  and  
EV76C1 h a d  sign ifican t ty p e  I I  g en tia n  v io le t  u p ta k e , w hereas E V 7 6 S 7  and  
E V 7 6 S 7 1  d id  n ot (Table I ) . R es is ta n ce  to  n ovob ioc in  and d eo x y c h o la te  were 
g re a ter  in  th e  parental stra in  (E V 76) and  in  th e  47 M dal p lasm id  la c k in g  d eri­
v a t iv e  o f  th is  strain  (EV76C1) th a n  in  J -cou n terp arts (E V 76S7 and E V 76S 71 , 
r e s p e c t iv e ly ) .  EV 76S7, w h ich  la c k s  p ro tein  J , d id  n o t, accord in g ly , h a v e  e x a c t ly  
th e  sa m e  characteristics as EV76C1 w h ich  lacks th e  47  M dal p lasm id .

Intraperitoneal survival an d  localization. To d eterm in e th e  e ffec t o f  th e  
lo ss  o f  p ro te in  J  on p h a g o c y to s is  an d  p roliferation  in  m acroph ages, ce lls  were 
in je c te d  in to  th e  p eriton eal c a v it ie s  o f  m ice. T he p eriton ea l ca v itie s  w ere la- 
v a g e d  a t  se lec ted  tim es and  in tra ce llu la r , ex tracellu lar  and to ta l v ia b le  b acter ia  
w ere en u m era ted . Cells w ith  th e  47 M dal p lasm id , b u t n o t th o se  la c k in g  th is  
p la sm id , are know n to  acq u ire som e resistan ce to  p h a g o cy to sis  b y  m acrop h ages  
d u r in g  g ro w th  at 37 °C [21]. A cco rd in g ly , ce lls w ere grow n b o th  a t 26  °C and  
37 °C p rior  to  use. D uring th e  f ir s t  3 h after in jectio n  o f  cells grow n a t 37 °C, 
a h ig h e r  percen tage o f  E V 7 6 S 7  w ere p h a g o cy tized  th a n  E V 76 an d  a h igher  
p e r c e n ta g e  rem ained w ith in  th e  p h a g o cy tes  for th e  rem ainder o f  th e  ex p er i­
m e n t. T h e  portion  o f E V 76S 7  cells grow n a t 26  °C w hich  w ere in trace llu lar  
w a s s l ig h t ly  higher at each  sa m p lin g  tim e  th a n  w as seen  w ith  E V 76 ce lls  grow n  
a t th e  sa m e  tem perature. C ells o f  EV76C1 and E V 76S71 w ere e s se n tia lly  all 
p h a g o c y tiz e d  and were p rim a rily  in trace llu lar  th rou gh ou t th e  sa m p lin g  period  
in d e p e n d e n t  o f  th e tem p era tu re  o f  prior grow th  (F ig . 3). E V 76 an d  E V 76S 7  
ce lls  b o th  proliferated  w ith in  th e  p eriton eu m  fo llow in g  a ca. 6 h la g  i f  th e y  
h a d  b e e n  grow n at 37 °C an d  b o th  p roliferated  a fter  a ca. 6 h la g  i f  t h e y  had  
b een  g ro w n  at 26 °C (F ig . 4 ). N e ith er  E V 79S71 cells (F ig . 4) nor EV76C1 cells 
(n o t sh o w n ) were able to  p ro lifera te  in  th e  p eriton eu m  fo llow in g  g row th  at 
e ith e r  tem p era tu re . C om parison  o f  F ig s 3 and 4 in d ica tes th a t  b o th  E V 7 6  and
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F ig . 3. L o ca tio n  of v iable  cells o f У. pestis  s tra in s  E V 76 (sq u ares), EV76S7 (c irc les) andE V 76S 71  
( tr ia n g le s )  follow ing in je c tio n  in to  th e  p e rito n ea l c a v ity  o f  iro n  com prom ised  m ice . Cells were 
g ro w n  a t  e ith e r 26 °C (open  sym bols) o r 36 °C (closed sy m b o ls) th e n  w ashed a n d  re su sp e n d ed  in 
sa lin e  p r io r  to  in jec tion . P e r ito n e a l cav itie s were la v a g e d  an d  v iable  in tra c e l lu la r  a n d  e x tra ­
c e llu la r b a c te r ia  d e te rm in ed . V alues fo r EV76C1 cells (n o t show n) are id en tica l to  th o se  show n

for EV76S71 cells

F ig . 4. G ro w th  of Y . pestis  in  th e  p e rito n ea l c av ity  o f  iro n  com prom ised swing W e b s te r  m ice. 
Cells o f  s tra in  EV76 (sq u ares) EV76S7 (circles) an d  E V 76S71 (triang les) w ere  g ro w n  a t  e ith e r 
26 °C (o p en  sym bols) o r 36 °C (closed sym bols), th e n  w ash ed  an d  resuspended  in  sa line  p rio r  to  
in je c tio n . V alues fo r EV76C1 (n o t show n) w ere in d is tin g u ish ab le  from  th o se  p re se n te d  for

EV76S71
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E Y 7 6 S 7  cells grew w ith in  p er ito n ea l p h a g o c y te s , w hereas th e  d e r iv a tiv e  o f  
ea c h  s tr a in  w hich lack s th e  4 7  M dal p lasm id , EY76C1 and E V 76S71, re sp e c ti­
v e ly ,  d id  n o t. W e d e ter m in ed  th e  L D 50’s o f  th e se  stra in s to  d eterm in e i f  loss  
o f  p r o te in  J  affected  v ir u le n c e  a t another p o in t in  th e  in fection . M ouse (iron  
co m p ro m ised ) L D 50’s o f  le s s  th a n  10 b acteria  w ere fou n d  for b o th  E V 7 6  and  
E V 7 6 S 7 , w hereas th e  L D 50’s o f  th e ir  47 M dal p la sm id  lack in g  d e r iv a tiv es  
(E V 76C 1 and E V 76S71, r e sp e c tiv e ly )  were greater th a n  108.

D iscussion

G en tian  v io le t h as b e e n  u sed  as an in d ica to r  o f  p erm eab ility  b y  a n u m b er  
o f  a u th o r s  [3, 29, 30, 32 , 3 3 ] . W e used  th is  d y e  as a  se lec tiv e  a g en t for  th e  
is o la t io n  o f  p erm eab ility  m u ta n ts  o f  Y. pestis. I so la te s  in  one class o f  m u ta n ts  
la c k e d  th e  6 and th e  61 M d a l p lasm ids, b u t r e ta in e d  th e  47 M dal p la sm id . 
T h e 4 7  M dal p lasm id  h as b e e n  show n to  a ffec t th e  p erm eab ility  barrier [20], 
th is  o b serv a tio n  su g g ests  t h a t  th e  6 and/or 61 M d al p lasm ids also in flu e n c e  
t h e  b arrier  function  o f  th e  ce ll en velop e . The 6 M dal p la sm id  has b een  a sso c ia ted  
w ith  v iru len ce and w ith  th e  p rod u ction  o f  p e st ic in , coagu lase and fib r in o ly s in  
[3 4 ];  ce lls  lacking th is  p la sm id  should  be o f  red u ced  v iru lence. T he v iru len ce  
o f  t h e s e  iso la tes could  n o t  b e  te s te d  d irectly  s in ce  th e  p aren ta l stra in , -which is 
P g m - , is  v iru lent o n ly  in  ir o n  com prom ised  m ice an d  p estic in  n eg a tiv e  stra in s  
are a lso  v iru lent in  th is  a n im a l m odel. Iso la te s  in  th e  secon d  class o f  m u ta n ts  
r e ta in e d  all three o f th e se  p la sm id s . One o f  th e  la t te r  m u ta n ts  (E V 76S7) lack ed  
a m a jo r  p ep tid og lycan  a sso c ia te d  outer m em b ran e protein , J , and  h ad  re­
d u c e d  le v e ls  o f m inor o u te r  m em brane p ro te in s A  and C. The L P S  o f  cells 
b e a r in g  and  lacking th e  47  M d al p lasm id  d iffers a t  37  °C and p rotein  J  in tera c ts  
d iffe r e n t ly  w ith  th ese  L P S ’s fo llow in g  in cu b a tio n  a t  37 °C in th e  a b sen ce  o f  
C a + + [1 1 ]. G entian v io le t  u p ta k e  and n o v o b io c in  resistan ce are in flu e n c ed  b y  
t h is  p la sm id  [20], b u t a lth o u g h  b o th  ch aracter istics in  EV 76S7 d iffered  from  
th o s e  o f  E V 76, th e y  w ere n o t  id e n tic a l to  th o se  o f  EV76C1. A ccord in g ly , p ro tein  
J -L P S  in teraction s c a n n o t b e  en tire ly  resp on sib le  for  th e  changes in  th e se  p a ­
r a m e te r s  associated  writh  th e  lo ss  o f  th e 47 M dal p la sm id .

E V 76S 7 is fu n c t io n a lly  sim ilar to  sev era l c la sses  o f  E n v -  m u ta n ts  o f  
E . coli w h ich  lack s ig n if ic a n t  ty p e  I I  gen tian  v io le t  u p ta k e  [29]. J a n zer  e t  al. 
[32 ] iso la te d  E n v -  m u ta n ts  b y  selection  for g ro w th  on  hem in , all o f  w h ich  
h a d  in creased  p erm ea b ility  t o  gen tian  v io le t an d  n o v o b io c in . T h ey  con clu d ed  
t h a t  a sin gle m u tation  a lte r e d  th e  barrier a g a in st  gen tian  v io le t  an d  n o v o ­
b io c in . T h is m ay he tru e  fo r  on e ty p e  o f  m u ta n t  w h ich  decreases th e  e ffe c ti­
v e n e s s  o f  th e  outer m em b ra n e  barrier fu n ctio n , b u t  on e can  ap p a ren tly  reduce  
g e n t ia n  v io le t u p tak e , b u t  in crease  n ovob ioc in  (a n d  d eoxych o la te) se n s it iv ity  
as s e e n  w ith  E V 76S7. O ur re su lts  do n ot p ro v id e  an  exp lan ation  for th is  and
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i t  is n o t  ea s ily  exp la in ab le  in  term s o f  cu rren t h y p o th eses for th e  p a ssa g e  o f  
su ch  h yd rop h ob ic  com p ou n d s th ro u g h  th e  ce ll en velop e [3]. S an d erson  e t  al. 
[33] iso la te d  rough m u ta n ts  o f  Salmonella typhi-m urium , and fou n d  t h e y  w ere  
m ore se n sitiv e  to  n ovob ioc in  and d e o x y ch o la te  th a n  th e  sm ooth  p a r e n ts , in ­
d ica tin g  th e  “ 0 ” side ch ain s are im p o r ta n t in  restric tin g  in te r n a liz a tio n  o f  
th e se  com p ou n d s. T he se n s it iv ity  o f  E Y 76S 7 to  n ovob ioc in  and d e o x y c h o la te  
m ig h t b e in terp reted  as su g g estin g  th a t  E V 76S 7 is rough. The red u ced  ty p e  I 
g en tia n  v io le t  u p tak e (b in ding) su g g ests  a ch an ge in  th e  cell surface an d  E V 76S 7  
co lon ies  appear som ew h at rou gh  w h en  com p ared  to  E V 76 co lon ies. Y . pestis  
E Y 76, h ow ever , has b een  rep orted  to  h a v e  a rough  ty p e  L P S [11 ]. I f  th is  is 
th e  case, E V 76S7 m ay  h a v e  a sh orten ed  L P S  core region . W e h ave n o t  e x a m in ed  
th is  p o ss ib ility .

W e com pared  th e  effec ts  o f  th e  loss o f  p rotein  J on other p a ra m eters  
k n o w n  to  be a ffected  b y  th e  loss o f  th e  p la sm id . P h agocy tos is  o f  E V 7 6 S 7  cells 
w as m ore effic ien t th an  o f  E V 76 cells; th is  p rob ab ly  relates d irectly  to  th e  d if­
feren ce in  cell surfaces in d ica ted  h y  th e  g en tia n  v io le t  (typ e I) u p ta k e  stu d ie s . 
E V 76S 7 cells rem ained  d ep en d en t u p on  ca lc iu m  for grow th  a t 37 °C an d  th e  
ca lciu m  in d ep en d en t iso la te  la ck in g  th e  47 M dal p lasm id  (E V 76S 71) w a s as 
rea d ily  ob ta in ed  as th e  corresp on d in g  d er iv a tiv e  o f  E V 76. E V 7 6 S 7  cells , 
lik e  E V 76 cells , m u ltip lied  w ith in  th e  p h a g o c y te s  and had low , b u t co m p a ra b le , 
L D 50’s . T h e d er iva tives w h ich  lack ed  th e  47  M dal p lasm id  (E V 76S 71  and  
EV76C1) did n ot p roliferate in  th e  p h a g o c y te s  and had h igh L d 50’s. W e co n c lu d e  
th a t  p ro te in  J  n either en h an ces nor redu ces th e  a b ility  to  p ro lifera te  w ith in  
p h a g o c y te s  or th e  v iru len ce o f  Y . pestis  in  iron  com prom ised  m ice. T h e  4 7  M dal 
p lasm id  is  know n  to  a ffec t th e  ce ll en v e lo p e  ch aracteristics and  th e  v iru len ce  
o f  Y . p estis . T h ese m ay  be re la ted , b u t it  is clear th a t  th e  sp ec ific  p e r m e a b ility  
ch an ges seen  in  E V 76S7 and th e  sp ec ific  p rotein  J -L P S  in tera c tio n s  are n o t  
th e  im p o r ta n t factors in  v iru len ce.
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THE CALCIUM DEPENDENCE REGION OF THE 47 
MEGADALTON PLASMID OF YERSINIA PESTIS  IS 

REQUIRED FOR GROWTH WITHIN MACROPHAGES

A . A . S a l a m a h  and W . T . Ch a r n e t z k y

Departm ent o f  Bacteriology and Public H ealth,
W ashington State U niversity, P ullm an, Washington, U S A

(R eceived  Ju ly  12, 1985

Yersin ia  pestis  cells b e a rin g  th e  6,47 and 61 m eg a d a lto n  (M dal) p lasm id s h a v e  b een  show n 
p re v io u s ly  to  be m ore re s is ta n t  to  novobiocin  a n d  to  ta k e  u p  less g e n tia n  v io le t th a n  cells 
la c k in g  tb e  47 M dal p lasm id . M u ta n ts  w ith  lesions in  th e  calcium  dep en d en ce  reg io n  of th e  47 
M dal p lasm id , w hich are  k n o w n  to  hav e  resistan ce  to  h ig h  levels o f nov o b io c in , w ere  found to 
h a v e  ra te s  o f g en tian  v io le t a n d  d eoxycho late  se n sitiv itie s  iden tica l to  cells w ith  in ta c t  p las­
m id s . Cells bearing  th e  6, 47 a n d  61 M dal p lasm ids, b u t  n o t cells w ith o u t th e  47 M dal p lasm id, 
w ere  k n o w n  to  grow w ith in  p e rito n ea l m acrophages. Cells w ith  m u ta tio n s  in  th e  ca lc iu m  depen­
d en ce  reg ion  of th e  47 M dal p lasm id  h ad  g rea tly  red u ced  v iru lence  in  iron  co m p ro m ised  mice and 
w ere  u n ab le  to  p ro life ra te  in  th e  p e rito n ea l m acro p h ag es o f th ese  m ice. Cells la c k in g  b o th  th e  
6 a n d  61 M dal p lasm ids, se lec ted  in  th e  presence o f g e n tia n  v io le t, w ere fo u n d  to  h a v e  reduced  
g e n tia n  v io le t u p tak e  b u t  u n e x p ec te d ly  had  in creased  se n sitiv ity  to  n o v o b io c in  a n d  deoxy­
ch o la te . T hese cells h a d  an  L D 50 in iro n  com prom ised  m ice s im ilar to  t h a t  o f  cells w ith  all th ree  
p lasm id s  an d  p ro life ra ted  in  th e  p e rito n ea l m acrophages o f iro n  com prom ised  m ice .

V iru lent iso la te s  o f  Y ersinia pestis  require Ca + + for p ro lon ged  grow th  at 
37 °C [1, 2] and u p on  cu ltu r in g  on a m ed iu m  lack in g  C a++  y ie ld  av iru lent, 
ca lc iu m  in d ep en d en t m u ta n ts  [3]. B urrow s e t  al. [4] n o ted  th a t  aeration  at 
37 °C in  h igh ly  en rich ed  m ed iu m  favours th e  p rod u ction  o f  V  an d  W  an tigens  
b y  th e  calcium  d ep en d e n t, b u t n ot ca lciu m  in d ep en d en t stra in s. C alcium  in ­
d ep en d e n t iso la tes w h ich  st ill produce th e  V  and W  an tigen s, h o w e v er , h ave  
b een  iso la ted  [5]. O ther v iru len ce d eterm in a n ts, in clu d in g  th e  fra c tio n  1 an ti­
g en , p estic in  I, p ig m e n ta tio n , and th e a b ility  to  sy n th esize  p u rin es de n ovo  are 
in d ep en d en t o f ca lc iu m  d ep en d en ce [6]. C alcium  d ep en d en ce corre la tes  w ith  
th e  p resence o f  a 47 m eg a d a lto n  (M dal) p lasm id  [7, 8] and m ore sp ec ifica lly  
w ith  a lim ited , b u t n o t  p rec ise ly  d efin ed , region  o f  th is p la sm id  [9 ]. The 
47 M dal p lasm id  has b een  associated  w ith  th e  a b ility  to  grow  w ith in  m ouse 
p er ito n ea l m acroph ages [10. 11], w ith  a ch an ge in  th e  L P S o f  ce lls  grow n at 
37 °C [12], and w ith  in creased  resistan ce to  n ovob ioc in  and red u ced  rates o f  
g en tia n  v io le t u p ta k e  [13].
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N o v o b io c in  resista n ce  h a s  b een  corre la ted  to  a region  o f  th e  47 M dal 
p la s m id  separate from  t h a t  re la ted  to  ca lciu m  d ep en d e n c e  [13]. I t  w a s n o t  
c le a r , h o w ev er , w hich  r e g io n  o f  th e  p lasm id  w a s in v o lv e d  in  grow th  w ith in  
m a cr o p h a g es  or w hich  in f lu e n c e d  th e  rate o f  g e n t ia n  v io le t  u p ta k e . In  th is  
s t u d y  w e  exam ined  g e n t ia n  v io le t  uptake b y , a n d  n o v o b io c in  and  d eo x y -  
c h o la te  se n s itiv ity  of, s tr a in s  h a v in g  m utations in  or en co m p a ssin g  th e  ca lc iu m  
d e p e n d e n c e  region o f  th e  4 7  M dal p lasm id, an d  a stra in  b earing o n ly  th e  
47  M d a l p lasm id . W e a lso  e x a m in e d  th e L D 50’s o f  th e s e  stra in s and th e ir  g ro w th  
w ith in  p eriton ea l p h a g o c y te s  in  v iv o . T hese s tu d ie s  w ere design ed  to  d eterm in e  
i f  p e r m e a b ility  to  g en tia n  v io le t  an d  se n s it iv ity  to  d eo x y ch o la te  re la ted  to  th e  
s ite  in flu e n c in g  n o v o b io c in  res is ta n ce  or to  th e  s ite  in flu e n c in g  ca lc iu m  d e­
p e n d e n c e  and to  d eterm in e w h a t  in flu en ce, i f  a n y , a m u ta tio n  in  th e  ca lc iu m  
d e p e n d e n c e  region has o n  t h e  L D 50, th e tem p era tu re  d ep en d en t resista n ce  to  
p h a g o c y to s is  and th e  a b il ity  to  grow  w ith in  th e  p e r ito n e a l p h a g o cy tes .

M ateria ls and m ethods

B acteria l strains and cu ltu re  conditions. The strains used are listed in Table I. Strain 
EV76S10 was obtained from strain ЕУ76 using blood agar base (BBL Microbiology Systems, 
Cockeysville, MD) plates containing 14 p g  gentian violet per ml as previously described [11]. 
Stock cultures were maintained in 40% glycerol — 60% phosphate buffer (0.1 M, pH 7.0) at 
■—20 °C. Cells were subcultured on blood agar base plates at 26 °C then transferred to a defined 
medium [14, 15] and grown as described previously [13].

G entian  violet uptake, a n d  se n s tiv ily  to novobiocin and  deoxycholate. The initial (Type I) 
and total (Type II) uptake of gentian violet were determined at 26 ° or 37 °C as described by 
Guymon et al. [6] using 10 f ig /m l  of gentian violet. Novobiocin and deoxycholate sensitivities 
were determined using blood agar base plates containing different concentrations of novobiocin 
or deoxycholate (sodium salt, Sigma Chemical Company) as previously described [13]. The co­
lonies were scored after 5 days incubation at 26 °C.

A n im a l  studies. Outbred Swiss Webster mice (6-8 weeks old) obtained from Washington 
State University mouse colony were injected intrapritoneally with 40 pg iron 30 min prior to 
intraperitoneal injection of bacteria. The experiment was done 3 times and a total of 7 mice 
were injected per each bacterial dilution. The numbers of dead mice were scored after 14 days 
and the LDJ0’s calculated according to Reed and Muench [16]. Saline suspensions of bacteria 
(106 bacteria/0.1 ml) were injected into iron compromised mice and peritoneal lavage fluids 
taken at selected times after infection were used to determine the numbers of intracellular and 
extracellular bacteria as described previously [10].

R esults

Gentian violet uptake, and sensitivity to novobiocin and deoxycholate. 
S tr a in s  o f  Y . pestis  w ith  d iffe r e n t  p lasm id  c o n ten ts  w ere com pared  for se n s it ­
i v i t y  t o  novobiocin  and d e o x y c h o la te  and for th e  u p ta k e  o f  g en tia n  v io le t  
(T a b le  I I ) .  Cells w ith  m u ta tio n s  in  or en co m p a ssin g  th e  ca lciu m  d ep en d en ce  
r e g io n  w ere id en tia l to  o n e  a n o th er  and to  ce lls  b earin g  an in ta c t  47  M dal 
p la s m id , in  their in te r a c tio n s  w ith  these agen ts . C ells b earing th e  47 M dal, 
b u t  n o t  th e  6 or 61 M dal p la sm id s  (E Y 76S10), b o u n d  an d  to o k  up less g en tia n
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v io le t , b u t w ere m ore se n s itiv e  to  n o v o b io c in  and  d eoxych o la te  th a n  cells  
bearing  th e  6, 47 and 61 M dal p lasm ids. T h is  su ggests  th a t a s ite  or s ite s  on  
th e  6 or 61 M dal p la sm id s, as w ell as a s ite  o n  th e  47 Mdal p la sm id , in flu e n c e  
p erm ea b ility .

Table I

У. pestis strains used

S tra in C a + ♦
D ependence

P la sm id  size 
(M dal)

EV76S10“ + 47
EV7612» 61,48.5”,6
EV7618b — 61,16d,6
EV765111 — 61,48.5”, 6

a Strain derived in this laboratory from EV76
b Strains obtained from D. A. Portnoy, Department of Medical Microbiology, Stanford 

University, Stanford, CA 94304
c The 47 Mdal plasmid modified by a 2.2-Kb insertion into one of two adjacent fragments, 

Bam-5 (EV7612) and Bam-8 (EV7651), of the calcium dependence region
d The 47 Mdal plasmid modified by an extensive deletion encompassing the calcium de­

pendence region

Table II

Gentian violet uptake , sensitivity to novobiocin and deoxycholate, and L D S0 o f strains o f  Y .  pestis
with different p lasm id  contents

C h a ra c te ris tic
Strain®

E V 76S 10 EV7612 EV 7618 E V 7651

Type I gentian violet uptake1", 26 ° or 37 °C 11.5 15.9 16 15.6
Total gentian violet uptakeb: 26 °C 11.8 24.8 24.8 24.5
Total gentian violet uptake1’; 37 °C 11.6-13.8 31.9 31.9 31.5
Novobiocin (MIC at 26 °C in /ig/ml) 140 250 250 250
Deoxycholate (MIC at 26 °C in /ig/ml) 2.700 4.000 4.000 4.000
LDeo 10г >  108 >  108 >  10s

“ Cells were grown at 26 °C or 37 °C and assayed for gentian violet uptake and novobiocin 
and deoxycholate sensitivities, and LDS0 as described in Materials and methods

b Gentian violet uptake expressed as percent dye taken per optical density unit of bacterial
cells

L D 50. T o d eterm in e w h eth er th e  ca lc iu m  dependence reg ion  o f  th e  
47 M dal p lasm id  had a role in  v iru len ce, w e d eterm in ed  the L D 50 o f  th e  stra in s  
lis te d  in  T ab le  I. S trains h a v in g  an in sertion  (E V 7 6 1 2 , and Е У 7651) or d e le tio n  
in  or en com p assin g  (E V 7618) th e  ca lciu m  d ep en d en ce  region o f  th e  47  M dal 
p lasm id  h ad  L D 50’s o f  m ore th a n  108 b acter ia  an d  in  th is regard w ere  sim ilar  
to  EV76C1 [11] and K IM 1 [10], b oth  o f  w h ich  lack  th e 47 M dal p la sm id . 
S train  E Y 76S 10  had an  L D 50 o f  102, w hich  is  c lo se  to  th a t reported  fo r  E V 76  
[11] and K IM  [10] w h ich  bear th e  6, 47 an d  61 Mdal p lasm ids. T h is  d a ta  
c lear ly  in d ica ted  th a t  th e  ca lc iu m  d ep en d en ce reg ion  o f  th e  47 M dal p la sm id  
in flu en ces  v iru len ce.
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F i g .  1 . Phagocytosis of Y .  p e s t i s  strains having different plasmid contents by the peritoneal 
phagocytic cells of iron compromised swiss Webster mice. Closed symbols represent cells grown 
at 37 °C. Open symbols represent cells grown at 26 °C. The strains are (а) ЕУ7612, (b) EY7618,

(с) ЕУ7651, (d) EV76S10

Peritoneal survival an d  localization. E Y 7 6  ce lls , b u t n ot EV76C1 ce lls , 
d e v e lo p  a degree o f  r e s is ta n c e  to  p h a g o cy to sis  d u rin g  grow th a t 37 °C [11]. 
E V 7 6 1 2 , EY 7618, an d  E V 7 6 5 1  cells were id e n tic a l to  EV76C1, in  th a t  m ost  
w er e  ta k e n  up b y  th e  p h a g o c y tic  cells b y  3 h  p o s t  in fec tio n  and rem ain ed  in tr a ­
c e llu la r  through out th e  exp er im en t. A s w ith  E V 76C 1, these e v e n ts  w ere  
in d e p e n d e n t  o f th e  te m p e r a tu r e  at w hich t h e y  h a d  b een  grown prior to  in fe c ­
t io n  (F ig . la ,  b, and c, re sp ec tiv e ly ) . The su sc e p t ib ility  o f EV 76S10 to  p h a g o ­
c y t o s is  w as reduced in  ce lls  grow n at 37 °C (F ig . ad ). In  th is regard E V 76S 10  
w a s  sim ilar  to  E V 76 [1 1 ].

C om paring th e  in tra p er ito n ea l su rv iv a l an d  grow th  o f  these stra in s , we 
fo u n d  th a t  E V 7612, E V 7 6 1 8 , and EV7651 w ere id e n tic a l to  each o th er  an d  s i­
m ila r  to  EV76C1 [11] an d  K IM 1 [10]. T h e m a jo r ity  o f  these cells w ere k illed  
fo llo w in g  p h agocy tosis  a n d  th e  su rviv ing  ce lls  d id  n o t increase in  n u m b er  
d u r in g  th e  course o f  e x p e r im e n t (F ig. 2a , b a n d  c). As p rev iou sly  rep orted , 
E V 7 6 S 1 0  cells, lik e E Y 7 6  ce lls  [11], rem ain ed  p rim arily  extracellu lar i f  th e y  
h a d  b een  grown at 37 °C a n d  increased in  n u m b e r  b eg in n in g  3 h p ost in je c tio n , 
w h e r e a s  th e m ajority  o f  th e s e  cells grown a t 26  °C w ere p h agocytized  an d  k illed  
in i t ia l ly  and th e su r v iv in g  cells increased  in  n u m b er b y  6 h p o st in je c tio n  
(F ig .  2d ).
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F ig .  2 . Growth of У. p e s t i s  strains having different plasmid contents in the peritoneal cavity of 
iron compromised Swiss Webster mice. Closed symbols represent cells grown at 37 °C. Open 
symbols represent cells grown at 26 °C. The strains are: (a) EV7612, (b) EV7618, (c) EV7651,

(d) EV76S10

D iscu ssion

G en tia l v io le t , n o v o b io c in  and d eo x y ch o la te  are h yd rop h ob ic  com p ou n d s  
[1 7 -1 9 ]  h a v in g  th e ir  ta rg e ts  in sid e th e  ou ter  m em brane [18]. T h u s i t  is  reason ­
ab le to  u se  th em  as an in d ica tors o f  th e  p erm eab ility  ch an ges o f  th e  ce ll en ­
ve lo p e . T h e y  h ave sim ilar p a ttern s o f  e ffec ts  on m an y [18] b u t n o t  all [11], 
b acter ia . E V 76S 10 , lik e E Y 76S 7 w h ich  w as also se lected  in  th e  p resen ce  of  
gen tian  v io le t  [11], is  u n u su a l in  th a t  m u ta tio n , or m u ta tio n s, w h ich  reduce  
its  p erm ea b ility  to  g en tia n  v io le t , a llow  it  to  rem ain  p erm eable to  n o v o b io c in  
and d eo x y ch o la te . In  th is  resp ect it  d iffers from  b oth  strains b earin g  an d  strains  
lack in g  th e  47 M dal p lasm id . T his su ggests  th a t  a 6 or 61 M dal p la sm id  en cod ed  
factor a lso  in flu en ces p erm ea b ility . C on sisten t w ith  th is p o ss ib ility , ce lls  la ck ­
in g  th e  6 M dal p lasm id  h a v e  redu ced  p o te n tia l for p a lm itic  acid  u p ta k e  [20]. 
T h ose cells w ith  m u ta tio n s  in  or en com p assin g  th e  calcium  d ep en d en ce  region  
o f  th e  47 M dal p lasm id  w ere id en tica l to  cells bearing an in ta c t  47  M dal p las­
m id [11] in  their in tera c tio n  w ith  th e  th ree  agen ts lis ted . T h is p ro v id es  ad d i­
t io n a l ev id e n c e  th a t  a s ite  on  th e  47 M dal p lasm id  other th an  th a t  for ca lciu m  
d ep en d en ce in flu en ces th e  p erm ea b ility  o f  Y . pestis.
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S tra in s lacking th e  6 M d a l p lasm id, lik e  P g m -  m u ta n ts , should  be v iru ­
le n t  in  iron  com prom ised  m ic e  [8 ], but it is n o t  k n o w n  i f  a n y  61 M dal p lasm id  
e n c o d e d  factor is in v o lv e d  in  v iru len ce. E Y 76S 10 , w h ich  lack s b o th  th e  6 and  
61  M d a l p lasm ids, has an  L D S0 in  iron com prom ised  m ice  close to  th ose  reported  
fo r  s tr a in s  which p ossess t h e s e  p lasm ids [10, 11] an d  lik e  th ese  stra in s proli­
f e r a te s  w ith in  th e p er ito n ea l m acroph ages. I f  a 61 M dal p lasm id  en cod ed  factor  
is  in v o lv e d  in v iru len ce, t h e n  th is  factor, lik e  a n y  6 M dal p lasm id  en cod ed  
fa c to r ,  is  n ot required for  p a th o g e n ic ity  or g ro w th  w ith in  m acrophages in  th is  
s y s t e m .

M ore than one v ir u le n c e  determ in ant m ig h t b e carried  on  a g iven  p lasm id  
a n d  a m u tation  could  a lte r  t h e  phenotype w ith o u t  in flu e n c in g  viru lence. The  
o b se r v a tio n  th a t th e  47  M d a l p lasm id co n ta in s a reg ion  separate from  th e  
c a lc iu m  dependence reg io n  w h ic h  alters cell p e rm e a b ility  [13] raised th e  p o s­
s ib i l i t y  th a t  th is region , r a th e r  th a n  the region in v o lv e d  in  ca lciu m  d ep en d en ce, 
c o u ld  b e enhancing su r v iv a l in  m acrophages, an d  h en ce  v iru len ce, b y  redu cing  
p e r m e a b ility  to  m acrop h age p rod ucts. I f  th is  w ere th e  case , th e  ca lciu m  d e­
p e n d e n c e  region m igh t n o t  e n c o d e  for a factor in v o lv e d  in  th e  p a th o g en ic ity  o f  
t h is  organ ism . Cells w ith  u n a lter ed  p erm eab ility , b u t  w ith  m u ta tion s in  th e  
c a lc iu m  dependence r e g io n  o f  th e  47 M dal p la sm id  h ad  L D 50’s id en tica l to  
t h o s e  p rev iou sly  rep orted  fo r  cells o f  w hich  la ck  th e  47 M dal p lasm id  [10, 11] 
a n d  w ere  unable to  p r o life r a te  in  th e m acrop h ages, d em on stra tin g  th a t  th e  
c a lc iu m  dependence r e g io n  o f  th is  p lasm id is req u ired  for v iru lence and for 
g r o w th  in  the p eriton ea l m a cro p h a g e. W e cou ld  n o t  t e s t  th e  p o ssib ility  th a t  th e  
r e g io n  in fluencing  p e r m e a b ility  is in vo lved  in  su sc e p tib ility  to  p h a g o cy to sis , 
t h e  a b ility  to  grow in  m a cro p h a g es , or in  som e o th e r  m ann er in flu en ces th e  
v ir u le n c e  o f  Y. pestis. M u ta n ts  w ith  an in ta c t  ca lc iu m  d ep en dence region , b u t  
w ith  an  alteration in th is  s i t e ,  are required an d  n o  su ch  m u ta n t is ava ilab le  at 
t h is  t im e . Some o f our m u ta n ts  h ave altered  p erm e a b ility , b u t n one are id e n ti­
c a l  in  th is  regard to  m u ta n ts  la ck in g  the 47 M dal p la sm id .
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THE EFFECTS OF CANNABISPIRO COMPOUNDS 
AND TETRAHYDROCANNABIDIOLIC ACID ON THE  

PLASMID TRANSFER AND MAINTENANCE IN 
ESCHERICHIA COLI
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Some cannabispiro compounds and tetrahydrocannabidiolic acid were tested for anti­
bacterial plasmid curing activity and inhibition of plasmid transfer. MIC values of the compound 
were above 1500 /tg/ml. Cannabispirol and tetrahydrocannabidiolic acid eliminated the F’lac 
plasmid from E scherichia coli, but acetylcannabispirol, cannabispirone and cannabispirenone 
were ineffective as curing agents. Each compound, except acetyl-cannabispirol, selectively 
killed plasmid carrying bacteria. The compounds inhibited R144 plasmid transfer from E , coli 
into E . coli cells via inhibition of mating pair formation, zygotic killing and inhibition of trans­
conjugal DNA synthesis in a lesser extent. All of the cannabispiro compounds and tetrahydro­
cannabidiolic acid inhibited the transformation with pBR322 plasmid DNA when the bacteria 
were pretreated with the compounds, via inhibition of the DNA penetration or decreasing the 
synthesis of plasmid DNA during bacterial growth. Although each of the compounds, except 
acetyl-cannabispirol, h ad a weak antibacterial effect which was more definite on plasmid 
carrying bacteria than plasmidless ones, and inhibited intercellular plasmid transfer and trans­
forming activity of plasmid DNA, only two of them were able to cure F’lac plasmid showing 
that plasmid elimination is a complex process which strictly depends on the stereochemical 
configuration of curing agents.

The an tim icrob ia l a c t iv ity  o f  com p ou n d s iso la ted  from  Cannabis saliva  
h as been  k n ow n  for m an y  years [1, 2 ]. S om e tr icy c lic  p sych op h arm acon s, 
p h en o th ia zo n es, d ib en zoazep in es and d ib en zo cy c lo p en ten es also ex ert a n ti­
b acter ia l e ffec ts  [3 -5 ] . B esid es a n tib a cter ia l e ffec ts , su ch  d er iv a tiv es in h ib it  
b acter ia l p la sm id  rep lica tion  [4 -6 ] .

A m o n g st th e  can n ab in o id s, А8-ТН С , /Р -Т Н С , can n ab in o l, can n ab id io l, 
can n ab id io lic  acid  and tetrah yd rocan n ab id io lic  acid  h ave b een  te s te d  for 
in h ib ition  o f  p la sm id  rep lica tion  b u t on ly  can n ab id io lic  acid  d isp lays m oderate  
e ffec t, w h ile  te tra h y d ro ca n n a b id io lic  acid e lim in a tes  th e  F ’lac p lasm id  o f
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E scherichia coli a t a fa ir ly  h ig h  freq u en cy  [6 ]. T h e resu lts w ere in terestin g  
b e c a u se  th e  m ost e ffec tiv e  ca n n a b in o id  w as a pure sam p le o f  te tra h y d ro ca n -  
n a b id io lic  acid . This co m p o u n d  co n ta in s o n ly  on e arom atic  r in g  an d  i t  is 
s tr ik in g  t h a t  it  has no ca tio n ic  sid e-ch a in , w h ich  has b een  a ssu m ed  to  be 
im p o r ta n t  for th e p lasm id  cu r in g  effec ts  o f  o th er tr icy c lic  p sych op h arm a-  
co n s [7 ] .

S in c e  w e were in te re sted  in  th e  re la tion sh ip  b etw een  th e  ch em ica l 
s tr u c tu r e  o f  th e can n ab in o id s an d  th e ir  in h ib ito ry  effec ts  on  p lasm id  rep lica ­
t io n , i t  seem ed  to  b e w o rth w ile  to  an a lyse  te tra h y d ro ca n n a b id io lic  acid  for  
e f fe c t iv e  im p u rities and to  co m p a re  th e  effec ts  w ith  th o se  o f  som e n ew  d eri­
v a t iv e s .

I n  th is  report w e d escr ib e  resu lts o f  s tu d ie s  on  th e  ch em ica l stru ctu re-  
d e p e n d e n t  an tib acter ia l an d  p la sm id  curing  effec ts  o f  som e n e w ly  d iscovered  
ca n n a b isp ir o  com pounds, ca n n a b isp iren o n e , can n ab isp iro l, an d  a ce ty lca n n a -  
b isp ir o l [8 ], togeth er w ith  te tra h y d r o ca n n a b id io lic  acid  in  m od el ex p er im en ts .

M ateria ls and m ethod s

C om pounds. Cannabispirol, acetylcannabispirol, cannabispirone and cannabispirenone 
were prepared by the method of Shoyama and Nishioka [8]. Cannabidiolic acid was provided by 
Professor K. Watanabe, Narcotics Laboratory Section, United Nations Laboratories, Vienna, 
Austria. Tetrahydrocannabidiolic acid was produced by Alkaloida, Tiszavasvári, Hungary. The 
chemical structure of the compounds are shown in Fig. 1.

B a cteria l strains. Escherichia coli K12 LE140 F’lac, E . coli K12 HB101 or E . coli C600 
R144 drd-3-as donor, and E . coli K12 W1 azir as recipient in plasmid transfer experiments.

C ulture  media. MTY broth and MTY agar were prepared according to Alföldi et al. [9]. 
Eosin methylene blue agar was used for the detection of lac-  colonies resulting from curing of 
the F ’lac plasmid.

E lim in a tio n  o f  F 'lac p la sm id .  The procedure was carried out as described by Mândi et al.
[10]. In these experiments the effects of various cannabispiro compounds and tetrahydro­
cannabidiolic acid were tested. The applied concentrations were 0-1500 /ig/ml.

Gas chromatographic and spectrom etric analysis o f  tetrahydrocannabidiolic acid. The field- 
desorption mass spectrum (FD —MS) was taken with a JEOL JMS DX-300 instrument using 
a direct inlet system. The proton magnetic resonance (lH-NMR) spectrum was recorded on a 
JEOL FXX-100 spectrometer with tetramethyl- silane as internal standard. The gas chroma­
tographic and mass spectrometric (GC—MS) analysis was conducted under the following con­
ditions. GC conditions: Shimadzu GC—-MS 7000 instrument, column, 1.5% OV-17 on Shimalite 
W (80-100 mesh), 1 m X 5  3 mm glass column; carrier, He 30 ml/min; column temperature, 
230 °C; injection temperature, 250 °C. MS conditions: accelerating voltage, 3 kV; ionizing 
current, 60 /«A, ionizing energy, initial 20 eV, jump 70 eV; separator temperature 250 °C Tetra­
hydrocannabidiolic acid methyl ester was prepared as described by Shoyama et al. [11].

In h ib itio n  o f  R -p lasm id  tra nsfer. For mating experiments, E . coli K12 C600 was used as 
donor and E . coli K12 W1 azir served as recipient. Cultures of these two strains were prepared 
in MTY broth incubated at 37 °C for 18 h. From these cultures 100-fold dilutions were prepared 
in MTY broth and incubated at 37 °C for 6 h until an absorbance of 0.4 was reached at 620 nm. 
Donor and recipient cultures were diluted 10-fold in MTY broth, and equal volumes were mixed 
and incubated without shaking in the presence of different concentrations of the cannabis 
preparations. These experiments were designed to study the activities of the cannabinoids on 
conjugation.

In the experiments we added the cannabinoids to the donors 10 min prior to mating, in 
order to determine the effects of the drugs on the formation of mating pairs. In other experi­
ments the cannabinoids were added 10 min after the addition of donors to the recipients. This 
was done to determine the effects of these agents after mating pairs had been formed. All tubes 
were incubated at 37 °C for 120 min.
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F o llow ing  th e  in cu b a tio n , sam ples w ere d ilu te d  in  0 .9 8 %  saline and 0.1 m l d i lu t io n s  w ere 
p la te d  o n to  se lec tive  m edia . M TY ag ar co n ta in in g  50 p g  k a n a m y c in  and 600 fig  so d iu m  azide 
p e r ml w as u se d  fo r th e  d e te rm in a tio n  of tra n s c o n ju g a n ts . N e ith e r donor cells n o r r e c ip ie n t  cells 
h a d  th e  a b il i ty  to  grow  on th is  se lective  m ed iu m , w h e reas , th e  sodium  az id e -re s is ta n t re c ip ie n t 
w hich  a cq u ired  th e  k an am y cin -resis tan ce  p lasm id  fro m  th e  d o n o r would grow on  th is  se lec tive  
m edium . T h u s , th e  effects o f th e  can n ab is  a g en t u p o n  th is  R -p lasm id  transfer cou ld  b e  c o m p a red  
w ith  th o se  o f  th e  co n tro ls  an d  q u an tified . All p la te s  w7ere  in cu b a ted  a t 37 °C fo r  48  h  a n d  th e  
colonies w ere  co u n ted . F ro m  th ese  d a ta ,  th e  re la tiv e  in h ib itio n  of plasm id t r a n s f e r  b y  th e  
can n ab is  d ru g s  w as calcu la ted .

T ra n sfo rm a tio n  with pH C 6 2 4  p la sm id  D N A  in  the presence o f  various tricyclic com pounds. 
E . coli H B 101  s tra in  w as grow n in  M TE m ed iu m  a t  37 °C u n til  th e  sp e c tro p h o to m e tr ic  a b ­
so rbance  a t  620 n m  reach ed  0.5. F if ty  m l o f  th e  c u ltu re  w ere centrifuged a t  4000  rp m  for 
15 m in . T h e  sed im en t w as w ashed  in  0.1 M M gCl2, th e n  resu sp en d ed  in 3.0 m l 0.1 м  C aC l2 an d  
th e  su sp en sio n  w as d is tr ib u te d  in to  200 jtrl a liq u o ts . T h e  cells were p re tre a te d  w ith  100 pg  
c an n ab isp iro l, ace ty lcan n ab isp iro l, c an n ab isp iro n e , c an n ab isp iren o n e , can n ab id io lic  acid  or 
te tra h y d ro c a n n a b id io lic  acid  fo r 5 m in  a t  37 °C, a n d  1 p g  pH C 624 (which is a p B R  322 p lasm id  
d e r iv a tiv e  c a rry in g  am picillin  resistance) p lasm id  D N Á  w as th e n  added to  each  sa m p le . T he 
sam ples w ere  in cu b a te d  a t  4 °C fo r 60 m in , h e a t  sh o ck  w as th e n  applied a t  42 °C fo r  2 m in , 
a n d  a f u r th e r  60 m in  in cu b a tio n  w as carried  o u t  a t  37 °C. T he sam ples w ere c e n tr ifu g e d  a t  
4000 rp m  fo r  15 m in  and  th e  pe lle t w as th e n  re su sp e n d e d  in  200 p i MTE m ed iu m . F ro m  th e  
d iffe ren t d ilu tio n s  o f th e  sam ple  50-100 p i a liq u o ts  w e re  p la te d  onto 100 p g /m l am p ic illin - 
co n ta in in g  M T E  agar. T he p la te s  w ere in cu b a ted  a t  37 °C fo r 24 h  and the  n u m b ers  o f  am picil- 
lin -re s is ta n t tra n s fo rm a n ts  w ere  th e n  co u n ted  a n d  re co rd e d .

R esu lts

T h e m in im al in h ib ito ry  co n cen tra tio n s (M IC) o f  can n abisp iro l, a c e ty l­
can n ab isp iro l, can n abisp iren one and ca n n a b isp iro n e  were f ir st s tu d ie d . I t  
can  be se en  from  th e  n um ber o f  v ia b le  ce lls  grow n  in  th e p resen ce o f  th e se  
com p ou n d s th a t  all o f  th e m  h ave o n ly  a w e a k  antibacteria l e ffec t  an d  th e  
MIC v a lu e s  w ere fou n d  ab ove 1500 p g /m l, h o w e v er , th e y  could n o t  b e  d eter ­
m ined  e x a c t ly  b ecau se o f  their p rec ip ita tio n  ab ove these c o n c e n tr a tio n s  
(Table I). T h e can n abisp iro  com p oun ds an d  tetrah yd rocan n ab id io lic  a c id  did  
n o t cau se p la sm id  e lim in ation , i f  sto ck  so lu t io n s  w ere prepared in  T w e e n  80.

To ch eck  th e  effec t o f  th e  so lv e n t on  th e  b io log ica l effects o f  th e  co m ­
p ou n d s, th e  p rev io u sly  used  e th an o l-D M S O -w ater  so lven t w as a p p lie d . T he  
resu lts o b ta in ed  w ith  th is  so lv en t w ere b e tte r , sin ce on ly  one o f  th e  four  
com p ou n d s te s te d  p roved  e ffec tiv e  in  p la sm id  elim in ation . T e tr a h y d ro c a n n a ­
b id io lic  a c id , w h ich  served  as con tro l, w as a lso  a c tiv e  under th e  sa m e  co n d i­
t io n s . S u rp risin g ly , can n abisp iro l exerted  p la sm id  curing a ctiv ity  b u t  th e  o ther  
com p ou n d s ap art from  th e  te tra h y d ro ca n n a b id io lic  acid were in e f fe c t iv e .  
T h e can n ab isp iro l and te tra h y d ro ca n n a b id io lic  acid  preferentially  k ille d  p la s­
m id  carry in g  b acter ia  b u t p lasm id less cells w ere  less sensitive. A c e ty lc a n n a ­
b isp irol, can n ab isp iron e or can n ab isp iren on e w ere unsu itable to  d ist in g u ish  
b etw een  th e  p lasm id  con ta in in g  and p la sm id less  cells (Table II) .

C ann abisp iro l and te tra h y d ro ca n n a b id io lic  acid  on ly  had cu r in g  effec t  
w hich  d ecreased  th e  MIC va lu es o f  g en ta m ic in . T h e m inim al in h ib ito r y  co n ­
cen tra tio n  o f  gen tam ic in  w as 1.2 /Ug/ml in  M T Y  w h ich  decreased to  0 .9  ц g /m l 
in  th e  p resen ce o f  200 jUg/ml can n abisp iro l or te trah yd rocan n ab id io lic  a c id .
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Table I

E lim in a tio n  p f  F 'lac  p lasm id  o f  E . coli in  the presence 
o f  cannabispirol, acetylcannabispirol, cannabispirone, 

cannabispirenone or tetrahydrocannabidiolic acid

Compounds
/'g /m l

P lasm id
elim ination

о//о

No. of viable 
cells X 10

MIC
//g/ml

C annabispirol
0 0 29.2

100 0 27.0
200 0.2 22.5
400 0.01 6.3
800 63.0 0.34

1000
1500 1500 <

A cety lcannab isp iro l
0 0 54.2

100 0 40.0
200 0 45.0
400 0 45.1
800 0.1 42.4

1000
1500 1500 <

C annabispirone
0 0 43.0

100 0 40.5
200 0.1 41.4
400 0.0 19.6
800 0.0 15.9

1000
1500 1500 <

C annabi sp irenone
0 0 48.4

100 0 41.0
200 0.15 32.2
400 0.0 31.2
800 0.0 32.0

1000 0.0 30.0
1500 0.0 21.5 1500 <

T etrah y d ro can n ab id io lic  acid
0 0 38.6

100 0 32.0
200 4.2 27.5
400 23.0 25.6
800 0.5 20.5

1000
1500

0 14.2
1500 <

T e n  m g of th e  com pound  w ere dissolved in  0.2 m l e th an o l -f- 0.3 m l DM SO -f- 0.5 m l 
d is tilled  w a te r

A ll th e  com p ou n d s e x c e p t  te tra h y d ro ca n n a b id io lic  acid w ere ch rom a-  
to g r a p h ic a lly  pure. T h e im p u rities and th e  c h e m ic a l com position  o f  th is  b io lo ­
g ic a lly  e ffe c tiv e  com p ou n d  w ere d eterm in ed  as fo llow s. The F D -M S  o f  th is  
co m p o u n d  sh ow ed  m olecu lar ions at m /z 362  (100% ) and m /z 360  (1 3 % ),
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T able  II

Sensitiv ity  o f  p lasm id  carrying and plasmidless derivatives 
o f  E.coli K 12  L E  140 F 'lac  to some cannabispiro compounds 

and tetrahydrocannabidiolic acid

Compounds / 'g / m l
No of v ia b le  ce lls  x 10-

F ’lac l a c "

C annabispirol 0 2 6 2 0

4 0 0 1 2 2 2

1 0 0 0 0 . 2 5 . 0

A cety lcannabisp iro l 0 2 4 1 8

4 0 0 2 0 2 0

1 0 0 0 2 3 1 9

C annabispirone 0 2 1 2 4

4 0 0 2 2 2 0

1 0 0 0 1 8 1 5

C annabispirenonc 0 2 4 2 2

4 0 0 2 2 2 4

1 0 0 0 2 4 2 0

T etrah y d orcannab id io lic  acid 0 2 2 2 0
4 0 0 11 1 6

1 0 0 0 3 9

T he p lasm id  carry ing  (F ’lac) and  p lasm id less ( lac - ) stra ins were grow n in  M TY  b ro th  
o v e rn ig h t, th e  cu ltu res were cen trifuged  and  w ashed  in  0.98%  sodium  chloride a n d  resuspended  
w h e n  th e  n u m b er o f colony form ers w ere 2.0 X 108/m l. T he bacteria l suspensions w ere  d is tr ib u te d  
in to  1.0 m l a liq u o ts  and  th e  te s ted  com pounds w ere given to  th em  a t 0, 400 a n d  1000 p g /m l  
f in a l  co n cen tra tio n s . T he sam ples w ere in cu b a ted  a t  37 °C for 120 m in th en  th e  n u m b ers  o f  co lony  
fo rm ers w ere d e term ined  of each sam ple on EM B  a g a r p la tes

T able  I I I

E ffects o f  cannabispiro compounds on R 144  p lasm id  transfer after pretreatm ent 
o f  the donor E . coli stra in  prior to m ating w ith  E . coli K l 2 W1 azir as recip ient 

and treatment o f  preform ed mating pairs

Compounds T rea tm en t
No. of

transconjugants 
X 10«

N o. o f
donors x  10*

C annabispiro l donor p re tre a tm e n t 0.18 104
p a ir  t r e a tm e n t 0.22 135

A cety lcannabisp iro l donor p re tre a tm e n t 0.34 102
p a ir  t r e a tm e n t 0.38 128

C annabisp irone donor p re tre a tm e n t 0.23 84
p a ir t re a tm e n t 0.29 112

C annabispirenone d o n o r p re tre a tm e n t 0.19 127
p a ir t r e a tm e n t 0.29 82

T etrah y d ro can n ab id o lic  acid donor p re tre a tm e n t 0.06 96
pair t r e a tm e n t 0.069 120

C ontrol 0.93 116

E ac h  of th e  com pounds was used a t  100 /tg /m l fin a l concen tra tion  (10 m g of th e  com pound 
w as d issolved in  0.2 m l e thano l -f- 0.3 m l DMSO -f- 0.5 m l d istilled  w ater).
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OH O-Ac

Н3С

Cannabidiolic acid Telrahydrocannabidiolic acid

F ig . 1. C hem ical s t ru c tu re s  o f som e can n ab isp iro  c o m p o u n d s and  can nab ino ids

su g g e s t in g  th a t  it  m ig h t b e a m ixtu re o f  te tra h y d ro ca n n a b id io lic  acid  and  di- 
h y d ro ca n n a b id io lic  ac id . T rea tm en t w ith  d ia zo m eth a n e  in  ether afforded  th e  
co rresp o n d in g  m e th y l es ter . T he MS sp ectru m  (d u rin g  GC-MS an alysis) d e p ic t­
ed  in  F ig . 2 w as in  good  agreem en t w ith  th a t  o f  te trah yd rocan n ab id io lic  acid  
m e th y l ester. H o w ev er , th e  aH -N M R  sp ectru m  sh o w ed  th a t th is  m eth y l ester  
w a s a m ix tu re  o f  th ree  com p ou n d s, w ith  th r ee  arom atic  proton  sign als an d  
th r e e  ch e la ted  h y d r o x y l p ro to n  signals.

M ech oulam  an d  G aon i [12] d em on stra ted  th a t  th e  A8 double b on d  in  
ca n n a b id io l w as h y d r o g en a te d  in  preference to  t h e  A 1 double b ond , to  g iv e  
d ih y d ro ca n n a b id io l, an d  fu rth er h y d ro g en a tio n  occurred  p red o m in a n tly  to  
th e  te tra h y d ro ca n n a b id io l in  w hich  th e  m e th y l group  a t Cj is eq u atoria l. O n  
th e  b a s is  o f  th e  a b o v e  e v id e n c e , it  is sp ecu la ted  th a t  th e  m ajor com p ou n d  in  
th e  m ix tu re  m ay  b e th e  te tra h y d ro ca n n a b id io lic  acid  h av in g  an eq u a to r ia l 
m e th y l group a t Cx w h ile  th e  m inor co m p o n en t is  th e  isom er h av in g  an  a x ia l
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M-OCHj-C3H,

m/z 302

m /z 345 

OH

Cso* 
C5H,,

m/z 260

OH

m/z 219

F ig . 2. MS f ra g m e n ta tio n  p a t te rn  o f te tra h y d ro c a n n a b id io lic  acid m ethy l este r o r GC— MS

m e th y l group and th e  trace com p onent m a y  b e d ihyd rocann abid io lic  a c id , as 
sh o w n  in  F ig . 3.

T h e effec ts o f  th e  th ree  d ifferent d e r iv a t iv e s  were m easured  s im u lta ­
n e o u s ly  b ecau se w e  cou ld  n o t separate an y  o f  th e m  from  th e  m ixtu re . H o w e v e r , 
th is  q u estio n  is  o f  in te r e st  as concerns th e  r e la t io n  o f  structure an d  a c t iv i ty .  
T h e in d iv id u a l co m p o n en ts  sh ould  be se p a r a te d  an d  in v estig a ted  in  th e  near  
fu tu re .

COOH

CSH„

Tetrahydrocannabidiolic acid Dihydrocannabidiolic acid

major minor trace

F ig. 3. P ro b a b le  com p o n en ts  of te tra h y d ro c a n n a b id io lic  acid m ix tu re
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T a b le  I I I  sh ow s th a t  p retrea tm en t o f  th e  d onor cells w ith  th e  co m p o u n d s  
in h ib it e d  p lasm id  tran sfer. P la sm id  tran sfer w a s a lso  in hib ited  in th e  p reform ed  
m a tin g  p airs p artly  b ecau se  o f  th e  s e n s it iv ity  o f  donor cells and z y g o t ic  k illin g  
an d  p a r t ly  v ia  in h ib ition  it s e l f  tran scon ju ga l D N A  syn th esis, w hile th e  n u m b er  
o f  r e c ip ie n t  cells did n o t ch a n g e during th e  ex p er im en t (Table IV ). T h e  resu lts  
sh o w  t h a t  th e  in h ib ition  o f  pair form ation  a lso  h ad  som e im p ortan ce  in  th e

Tabic IV

The viability o f  m ating  pa irs, donors and recipient cells in the presence 
o f  some cannabispirol compounds and letrahydrocannabidiolic acid on 

E . coli conjugation system

C o m p o u n d s /fg /m l

N o . o f  
t ra n s c o n -  
ju g a n ts  

X  107

D onors 
X  107

R ecip ien ts 
X  107

C annabispirol 100 3 .9 12.9 28.4
A cetylcannabispiro l 100 7.8 26.0 29.1
C annabispirone 100 4.2 14.5 30.7
C annabispirenone 100 4.8 18.2 33.4
T etrah y d ro can n ab id io lic  acid 100 2.6 16.0 30
Control — 8.0 25.0 32

T h e  tran sco n ju g an t, donor an d  recip ient cells w ere  grow n in MTY b ro th  fo r 8 h , th e n  th e  
c u ltu re s  w ere  d is trib u ted  in to  2.0 m l aliquots and  th e  te s te d  com pounds were given to  th e m  a t 
th e  sa m e  co n cen tra tio n  w hich w as u sed  for in h ib ition  o f p lasm id  tran sfer (100 pg /m l);  th e  sam ples 
w ere in c u b a te d  a t  37 °C for 120 m in , th e  num ber o f co lony  form ers was determ ined on  M T Y  ag ar 
p la te s .

Table V

Transform ing capacity  o f  pH C 624 p la sm id  D N A  in  the presence 
o f  cannabispirol, acetylcannabispirol cannabispirenone, 

cannabispirone, cannabidiolic acid or tetrahydrocannabidiolic 
acid

C p o u o m n d s

N o . o f  t ra n s fo rm e d  b ac te ria l 
cells  X  10*

in  th e  p re se n c e  o f  
c o m p o u n d s

a fte r  D N A  
p re trea tm e n t 

X  10*

Control 43.5 44.8
C annabispiro l 3.3 40.5
A cety lcannab isp iro l 6.2 45.0
C annabispirenone 22.4 42.2
C annabispirone 28.4 45.6
C annabidiolic  acid 4.5 39.4
T e trah y d ro can n ab id io lic  acid 2.8 40.6

T e n  m g  of th e  com pound w ere dissolved in 0.2 m l e th an o l +  0.3 ml DM SO +  0.5 ml 
d is tilled  w a te r . E ach  com pound w as used a t 100 pg  p e r  200 p i  sam ple, w hich co n ta in ed  2 X 10® 
b a c te r ia l  cells. One pg  o f pH C 624 D N A  was tre a te d  w ith  100 pg  of cannabispiro c o m p o u n d s a t  
4 °C fo r  5 m in , th e n  DN A  w as e th a n o l p rec ip ita ted  a n d  cen trifuged . The pellet w as d isso lved  in 
50 p \  0.01 M M gCl2 th a n  th e  tran s fo rm a tio n  was carried  o u t  as described in th e  m eth o d s
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low erin g  o f  in terce llu la r  p lasm id  transfer. T h ere  w ere no large d ifferen ces b e ­
tw een  th e  effec ts  o f  th e  te s te d  can n ab isp iro l co m p o u n d s and te tra h y d r o ca n -  
n ab id io lic  acid .

In  o th er ex p er im en ts  th e  tran sform in g  c a p a c ity  o f pH C 624 p la sm id  
D N A  w as te s te d  on  E . coli cells w hich  h ad  b een  pretreated  w ith  can n ab isp iro  
com p oun ds or te trah yd rocan n ab id io lic  acid . T h e in h ib ition  o f  th e tra n sfo rm in g  
a c t iv ity  o f  p lasm id  D N A  w as m ore sp ec ific  in  rev ea lin g  differences b e tw e en  
th e  effects o f  th e  v a rio u s cannabisp iro d e r iv a tiv e s  an d  tetrah yd rocan n ab id io lic  
acid  (T able Y ). T etrah yd rocan n ab id io lic  ac id  an d  cannabisp irol in h ib ited  th is  
process m ore e f fe c tiv e ly  th a n  did ca n n a b isp iro n e  and can n ab isp iren on e. 
A cety lca n n a b isp iro l w as an  excep tion  in th is  re sp ec t sin ce it  m od erately  in h ib it ­
ed th e  tra n sfo rm a tio n , b u t w as in effec tiv e  in  cu rin g  exp erim en ts. T h is  c o m ­
pound m ay  p o ssib ly  be m ore easily  m eta b o lized  b y  bacteria th an  th e  o th ers, 
w h ich  cou ld  be th e  reason  for its  b ein g  in e ffe c t iv e  in  p lasm id e lim in a tio n .  
P retrea tm en t o f  tran sform in g  p lasm id  D N A  w ith  th e  cannabispiro co m p o u n d s  
or te tra h y d ro ca n n a b id io lic  acid  did n o t d ecrease  th e  transform ing a c t iv i ty  o f  
p lasm id  D N A  itse lf , in d ica tin g  th a t th e  co m p o u n d s are n ot able to  m ake  
com p lexes w ith  p la sm id  D N A , but rather t h e y  in h ib it  the sy n th esis  o f  n ew  
D N A  during th e  m u ltip lica tio n  process or in h ib it  th e  p en etration  o f  p la sm id  
D N A  in to  b acter ia .

D iscussion

A m on g th e  can n a b in o id s, can n ab id io lic  acid  and tetrah yd rocan n ab id io lic  
acid  are e ffec tiv e  in  th e  in h ib ition  o f  p la sm id  rep lica tio n  [6]. S everal ca n n a b i­
spiro com p ou n d s h a v e  b een  discovered  r e c e n tly  [8] and we h ave te s te d  th e m  
for an tib acter ia l and p lasm id  curing a c t iv ity . O n ly  on e o f them , can n ab isp iro l, 
has been  fou n d  to  be a c t iv e  in  the in h ib ition  o f  p la sm id  replication .

T he p lasm id  e lim in a tio n  b y  can n ab isp iro l an d  tetrah yd rocan n ab id io lic  
acid  correlates w ith  th e  in h ib ition  o f  th e  tra n sfo rm in g  a c tiv ity  o f  p lasm id  D N A  
in  E . coli stra in s. A cety lcan n ab isp iro l, ca n n a b id io lic  acid, can n ab isp iren on e  
and can n ab isp iron e w ere less e ffective  th a n  th e  tw o  previous com p ou n d s. M ore­
over, can n ab isp iro l an d  tetra h y d ro ca n n a b id io lic  acid  had a w eak  a n tib a c te ­
rial effec t, a t le a st  on  E . coli, w hich m eans t h a t  th e  tw o  com pounds a ffe c t  th e  
plasm id  rep lica tion  m ore sp ec ifica lly  th a n  re p lica tio n  o f  th e b acteria l ch ro m o ­
som e. On th e  o th er  h an d  p lasm id  carrying ce lls  w ere more sen sitive  to  a n ti­
b acter ia l effec t o f  can n ab isp iro l than  th e  p la sm id le ss  ones. P rob ably  th e  curing  
effec t o f  can n ab isp iro l an d  te tra h y d ro ca n n a b id io lic  acid sim ilar to  th e  w ell 
know n  se lec tio n  m ech an ism  o f  SD S. T he d iffer en t se n s itiv ity  o f  p lasm id  ca rry ­
in g  and p la sm id less b a cter ia  can exp lain  th e  in h ib it io n  o f  in tercellu lar p la sm id  
tran sfer, h ow ever , som e o f  th e  com pounds (can n ab isp iro l and te tra h y d ro ca n -
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n a b id io lic  acid) also can  sp ec ifica lly  ch a n g e  th e  perm eability  barrier o f  th e  
b a c te r ia l m em brane, in h ib it in g  tra n sfo rm a tio n . B ecau se o f th e  p o o r  w a te r-  
s o lu t ib i l ity  o f can n ab isp iro  com p oun ds, i t  w a s su p p osed  th a t th e y  a f fe c t  th e  
m em b ra n e-d ep en d en t p rocesses in  such  a w a y  t h a t  th e  h ydroph obic p o ly c y c lic  
s tr u c tu r e  o f  th e d er iv a tiv es  in teracts w ith  th e  h yd rop h ob ic  (proteins or lip id s)  
r e g io n  o f  th e  b acteria l m em b ran e. I t  is p o ssib le  th a t  th e  m ost a c tiv e  co m p o u n d s  
h a v e  a  sim ilar charge d istr ib u tio n  or co n fo rm a tio n , w hich  is im p o r ta n t  for  
b in d in g  or m any cau se sim ilar  p h y sico ch em ica l ch an ges in  th e p la sm id  re p lica ­
t io n  m ach in ery . I t  seem s p ossib le th a t  th e  h y d r o x y  group in th e  p a ra p o sitio n  
on  th e  cyc loh exan e ring  o f  can n abisp iro l m ig h t be im portan t for th e  p la sm id  
e lim in a t io n  a c t iv ity  o f  th e  drug; a m ore n e g a t iv e  a ce ty l or k eton e  su b st itu e n t  
ca n  d im in ish  th e  b io lo g ic a l effect. S ince tetrah yd rocan n ab id io lic  ac id  cau ses  
p la sm id  e lim in ation  in  th e  presence o f  m a g n esiu m  ions [6] w hich  a lso  en h a n ce  
th e  m em b ran e effec t o f  can n ab is on  m ito ch o n d ria , it  is p ossib le t h a t  th e  
a c t io n s  o f  cannabis are sim ilar to  can n ab isp iro l derivatives on  b a c te r ia  and  
m ito c h o n d r ia  [14]. S om e o f  th e  can n ab in o id s are know n  to  alter th e  s tru ctu re  
a n d  fu n ctio n  o f  b io lo g ica l m em branes [13 , 1 4 ]. T h e m ost e ffec tive  co m p o u n d , 
te tra h y d r o ca n n a b id io lic  ac id , ap p aren tly  c o n ta in e d  three d ifferent c o m p o n e n ts  
a n d  i t  is possib le th a t  o n ly  one o f  th em  is e ffe c tiv e .

B esid es th e  sim ilar ities  in  steric s tru ctu re  and charge d is tr ib u tio n , th e  
p o s s ib il ity  cannot b e ru led  ou t th a t  a co m m o n  m etab o lica lly  a c tiv e  co m p o u n d  
is  fo r m e d  in th e  b acter ia  from  th e  e ffe c tiv e  d er iv a tiv es , and th a t  th is  is  res­
p o n s ib le  for p lasm id  e lim in a tio n . A t a n y  ra te , th ere is at lea st on e co m m o n  
m e ta b o lite  o f m an y  te tra h y d ro ca n n a b in o ls , o n e  ep o x y -d io l p a th w a y  [16 ] b u t-  
w e  h a v e  n o  such d a ta  regard in g  th e  can n ab isp iro ls. F urther com m on  p rop erties  
o f  t h e  com p oun ds a c t iv e  in  p lasm id  re p lica tio n  are th e rath er h ig h  lip id  
s o lu b i l ity ,  togeth er  w ith  som e degree o f  w a te r  so lu b ility , and th e  p a rtia l a n a es­
t h e t ic  a c tio n  on ce ll m em b ran es. The ca n n a b in o id s reduce th e  order w ith in  
th e  m em b ran e b ilayer a n d  th is  effect is co rre la ted  w ith  th e  p sy ch o tr o p ic  p o ­
t e n c y .  I n  ad d ition , som e in a c t iv e  can n ab id io ls increase th e order p a ra m eters  
w ith in  th e  artific ia l m em b ran e b ilayers [14 , 16 ]. The b ioch em ica l b a s is  o f  
p la sm id  curing is ra th er co m p lex  and st ill n o t  clear in  details.

S om e tr icyclic  drugs are k n ow n  to  ca u se  m em brane dam age su ch  as lip id  
or p r o te in  ox id ation  an d  A T P ase in h ib itio n  [5, 1 7 -1 9 ] . In  b acteria l ce lls , o x id a ­
t iv e  p h osp h ory la tion  is carried  ou t in  th e  ce ll m em brane.

I t  is b elieved  th a t  th e  su p crh elic ity  o f  p la sm id  D N A  in th e  ce ll is m a in ­
ta in e d  b y  th e  eq u ilib riu m  b etw een  th e  su p erco ilin g  a c t iv ity  o f D N A -g y ra se  [20] 
a n d  th e  relax in g  a c t iv i ty  o f  D N A  to p o iso m era ses [21]. A TP is req u ired  and  
h y d r o ly se d  in th e  su p erco ilin g  reaction  o f  D N A -gyrase, b u t i t  is n o t  re­
q u ired  in  th e  re la x a tio n  reaction s o f  th ese  D N A  topoisom erases; i t  is th erefo re  
p r e su m e d  th a t th e  A T P  con cen tra tion  in  th e  ce lls  considerably  a ffe c ts  m a in te ­
n a n c e  o f  th e  eq u ilib riu m  o f  th e  a c tiv itie s  o f  th e se  enzym es. T h u s, th e re  are
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som e p o ss ib ilit ie s  w h ich  can  exp la in  th e  in h ib it io n  o f  rep lication  o f  p la sm id  
D N A , b u t in  case o f  can n ab in o id s th e  m o st p o ssib le  exp lan ation  o f  p la sm id  
curing  effec t is th e  se lec tiv e  a ction  on  p ili or o u ter  m em brane o f  p lasm id  ca rry ­
in g  b acter ia .
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CHANGES OF ADENOVIRUS HEXON ASSOCIATED 
WITH DIFFERENT PASSAGE HISTORY OF Ad h 1

G y . B e r e n c s i , N a t a l y a  S. D y a c h e n k o , L . A . T a r a s s i s h i n , 

N a t a l y a  P . Y a n t s a k ,  G. G . K o v a l i s h i n , E . K . K i s e l e v a ,

V .  Z .  Z h o v n o v a t a y a , É v a  Á d á m  a n d  I .  N á s z

In s itu te  o f  M icrobiology, Sem m elw eis U niversity  M ed ica l School, B udapest, H u n g a ry , and  
D epartm ent o f  M olecular Biology o f  V iruses, Zabolotny In s titu te  o f  Microbiology a n d  V irology, 

U kra in ian  A cadem y o f  Science, K iev , U S S R

(R eceived  S e p tem b e r 4, 1985)

T w o d escen d an ts  of th e  p ro to ty p e  s tra in  A D 7 1 -W ash in g to n  D. C. w ere o b ta in e d  by  
in d e p e n d e n t p assag ing  fo r a t  least 18 years in  K iev , a n d  in  B u d ap es t (Ad h 1«, a n d  A d h  Iß , 
re sp ec tiv e ly ). B y  re s tr ic tio n  endonuclease  m ap p in g , th e  D N A  was identical co rre sp o n d in g  to  
th e  p a tte rn s  o f h u m an  ad en o v iru s ty p e  1. In  sp ite  o f  th is ,  SD S-polyacry lam ide gel e le c tro ­
phoresis rev ea led  th a t  th e  p u rified  h exon  o f Ad h  1|^ w as o f low er M r th a n  th e  s u b u n i t  o f A d h 
lg .  In  c o n tra s t  to  th is , th e  n a tiv e  capsom er (h exon) o f  A d  h 1« exh ib ited  lower e le c tro p h o re tic  
m o b ility  in  agarose  gel e lectrophoresis th a n  th e  n a tiv e  h e x o n  o f Ad h  I ß .  O ligopep tide  m ap p in g  
o f  th e  m ain  h ex o n  b an d s  from  S D S -po lyacry lam ide  gels rev ea led  th e  presence o f u n iq u e  sp o ts  
am o n g  th e  c h y m o try p tic  o ligopeptides o f Ad h lß ,  to o . T h u s , th e  differences in  th e  se n s iv ity  to  
p ro teo ly tic  c leavage du rin g  p u rific a tio n  seem  to  h a v e  a s tru c tu ra l  basis. A ntigen ic  a n a ly s is  of 
th e  n a tiv e  h ex o n  capsom ers was p e rfo rm ed  using  p o ly c lo n a l an tih ex o n  im m u n sera . Im m u n o ­
d iffusion , im m u n o electrophoresis, an d  c o m p e te tiv e  R IA  w ere used for com parison . T h e  re su lts  
in d ic a te  t h a t  n a tiv e  hexon capsom ers o f Ad h  Ц  a n d  A d h a  lß  possess an tig en ic  d ifferences 
w ith in  th e  ty p e-sp ec ific  regions, n ev ertheless, th e ir  g e n e tic  b ackground  could n o t  be  d e te c te d  
b y  th e  re s tr ic tio n  endonucleases app lied . I t  c an n o t be  exc lu d ed  th a t  the  d ifferen ces w ere  re ­
su lts  o f a lte re d  assem bly  of v irions u n d e r d iffe ren t p a ssag e  conditions.

A d en ov iru ses h ave b een  show n to  be v a r ia b le  in nature even  w ith in  one  
sp ecies [1 ]. N ev erth e less , restic tion  en d o n u c le a se  cleavage p a tter n s  o f  th e  
vira l D N A , and an tigen ic  properties o f  th e  v ir io n  w ere found to  be s ta b le  u pon  
p ro lon ged  p assage in  p erm issive cells [1 ]. M inor g en etic  changes p ro v e d  to  be 
su ffic ien t to  cau se d ram atic a ltera tion  in  th e  h o st  range o f ad en o v iru s-S im ia n  
virus 40  h y b r id s  [2, 3], and th e  ad a p ta tio n  o f  ad en ov iru ses to  grow th  in  sem i-, 
or n on -p erm issive  cells also produced  v e r y  sm a ll differences in  th e  g en o m es  
[ 3 -8 ] .  In  co n tra st to  a d eta iled  ex a m in a tio n  o f  g en etic  d ifferences, th e  c o n ­
se c u tiv e  or a ssoc ia ted  an tigen ic  m o d ifica tio n s  h a v e  n o t y e t  been reg istered .

T h e p ro to ty p e  strain  A D 71  o f  h u m an  ad en ov iru s typ e  1 (A d  h  1) w as  
iso la ted  in  1954, W ash in gton , D . C. [8, 9 ]. T w o  d escen dan t stra in s o f  A D 71  
b ecam e r e ce n tly  ava ilab le; th e y  had b een  p a ssa g ed  in d ep en d en tly  a t  le a s t  for
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25 y e a r s . E x p er im en ta l a n a ly s is  o f  purified  h e x o n  preparations revea led  b o th  
a n tig e n ic  and b io ch em ica l d ifferences b e tw e en  th e m . A  variation  o f  s im ilar  
n a tu r e  h as b een  p u b lish ed  re ce n tly  in  a sso c ia tio n  w ith  large-plaque m u ta n ts  
o f  s im ia n  aden oviru s ty p e  7 [10].

M aterials and m eth o d s

V iruses and tissue cultures. T h e  “ Ad h  1ц”  d e s c e n d a n t  o f  s tra in  A D 7 1 -W ash in g to n  D . C 
w as k in d ly  supplied  b y  U . H . K re ch , Sw itzerland in  1967, a n d  passaged co n tin u o u sly  a t  th e  
I n s t i tu te  o f M icrobiology, Sem m elw eis U niversity  M edical School, B udapest, H u n g a ry . H e L a , 
D e tro it-6  a n d  p rim a ry  h u m a n  a m n io tic  cells w ere u se d  to  su p p o rt th e  g row th  of th e  v iru s . 
F ro m  th e  y e a r  1960 H E p -2  m o n o la y e r cu ltu res [11] a n d  th e  “ C incinnati line”  o f  H E p -2  cells 
a d a p te d  to  g ro w th  in  su sp en s io n  cu ltu re  [11] w ere u se d  con tin u o u sly . P a rk e r’s 199 su p p le ­
m e n te d  w ith  0.1 p a r t  o f  a d u lt  b o v in e  serum  was u sed  fo r m o n o lay e r cultures. D u lbecco’s m o ­
d if ic a tio n  o f E ag le’s C a-free M E M  w ith  penicillin o r d e r iv a tiv e s  and s trep to m y c in  o r o th e r  
am in o g ly co sid e  ad d itiv es , 100 mg/1 each, su p p lem en ted  w ith  0.09 p a r t  bovine serum  w as u sed  
fo r su sp en s io n  cu ltu res . D u rin g  th e  la s t 10 years o n ly  su sp en s io n  cultures w ere u sed  a t  v e ry  
h ig h  m u ltip lic ity  o f in fec tio n  b e tw ee n  0.1 to  10.

T h e  o th e r d e sc en d a n t s tr a in  o f A D 7 1 -W a sh in g to n  D . C. is specified as “ A d  h  1r ”  
a n d  w as  o b ta in e d  fro m  th e  co llec tio n  of H . G. P e re ira , U K  in  1964. I t  was su s ta in ed  in  H e L a  
cells fo r  3 y ears  in  B u d a p e s t,  b u t  h a s  n o t been used  fo r  e x p e rim e n ta l purposes. In  1967 i t  w as 
fo rew ard e d  to  K iev , U S S R  a n d  passaged reg u la rly  in  H e L a  cells betw een 1974 a n d  1981 
(a b o u t  20 passages). T h e  m o n o la y e r cu ltu res o f H e L a  cells w ere grown in  th e  m ix tu re  o f 
P a rk e r ’s 199 an d  E ag le ’s M E M  (1 : 1) su p p lem en ted  w ith  0.1 p a r t  o f ad u lt bov ine  se ru m , p e ­
n ic illin  a n d  s trep to m y c in  (100 m g/1 each). F o r large-scale  v iru s  p roduction  of A d h  1 ц su sp en ­
sion  c u ltu re s  w ere used  in  c o n tr a s t  to  Ad h  1«, w h ich  w a s  p ro p a g a ted  in serum -free  P a r k e r ’s 
199 o r E ag le ’s M EM  m a in te n a n c e  m edium . T he m .o .i. w a s  ab o u t 20 du ring  p ro d u c tio n  of 
v iru se s  as m easu red  b y  in c lu s io n  body-form ing  u n its  [12 ].

A ll A d h  Iß  p re p a ra tio n s ,  purified  hexon a n d  a n tis e ra  were produced  in  B u d a p e s t.  
T h e  co rre sp o n d in g  sam p les o f  A d  h  1^ were p re p a re d  in  K ie v  in  order to  avo id  c ro ss -c o n ta ­
m in a tio n s .

P urifica tio n  o f  hexon , v ir io n  and viral D N A .  V iru s-in fec ted  cells were p e lle ted  b y  low  
sp eed  e n trifu g a tio n  a n d  d is ru p te d  b y  6 cycles o f freez in g  a n d  thaw ing , or b y  t r e a tm e n t  w ith  
5 m g /c m 3 T rito n  X100 a f te r  th e  a d d itio n  of 0.4 м  N aC l a n d  0.01 м  T ris-H C l, p H  7.5 Cell d eb ris  
w as re m o v e d  b y  low sp eed  c e n tr ifu g a tio n  a t  5000 g  a t  + 4  °C fo r 20 m in. V irus p a r tic le s  w ere 
p u r if ie d  b y  equ ilib rium  g ra d ie n t  c en trifu g a tio n  u sing  p re fo rm e d  CsCl g rad ien ts (1.1 to  1.4 g /cm 3) 
in  0.01 M T ris -H C l, o r N a -p h o sp h a te  buffers of p H  7.5 a n d  7 .0 , respectively  [11].

H e x o n  w as p u rified  fro m  low -density  frac tio n s o f  th e  CsCl grad ien ts free o f p a r tic u la te d  
m a te r ia l  b y  tech n iq u es d esc rib e d  p rev io u sly  [12-14]. C ru d e  e x tra c ts  o f sim ian a d en o v iru s  ty p e  
7 free  o f  v iru s p a rtic les w ere  k in d ly  supplied  b y  R . S. D re iz in , Moscow, U S SR  [10, 14]. Som e 
h e x o n  p re p a ra tio n s  w ere fu r th e r  pu rified  by  sucrose g ra d ie n t  cen trifu g a tio n  or b y  c ry s ta l l iz a ­
t io n  in  0.5 M sodium  a c e ta te  b u ffe r , p H  4.5 [13, 14].

T h e  v ira l D N A  w as p u r if ie d  from  dialysed f ra c t io n s  o f  CsCl g rad ien ts, c o n ta in in g  v iru s  
p a r tic le s . Sam ples w ere d ig es te d  w ith  p red igested  p ro n a se  (1.0 m g/cm 3, C alb iochem , S an  
D iego , C aliform ia, U SA ; В  g ra d e , free o f nucleases) in  th e  presence of 10 m g/cm 3 S D S  a n d  
20 т м  T ris—HCl, p H  7.5 a t  37 °C fo r 60 m in. D e p ro te in iz a tio n  w as done w ith  w a te r - s a tu ra te d  
p h e n o l a n d  ch lo rophorm  : isoam y la lco h o l according to  s t a n d a r d  protocols [10, 11].

Polyacrylam ide gel electrophoresis. H exon  p re p a ra t io n s  w ere com pared an d  fu r th e r  p u r i­
f ied  u s in g  S D S -p o ly acry lam id e  s la b  gels according to  th e  p ro c ed u re  described b y  L aem m li [15]. 
Gels o f  80 m g to  150 m g /cm 3 co n cen tra tio n s  were u se d  a t  1 : 40 ra tio  o f b isacry lam id e  to  a c ry ­
la m id e  (5 tim es  c ry sta lliz ed ; M erck , D a rm stad t, G F R ). S ta n d a rs  from  Mr d e te rm in a tio n  h a v e  
b e en  p u rc h ase d  from  S e rv a , H e id e lb erg , G FR .

Oligopeptide m a p p in g  o f  hexon preparations. H e x o n  b a n d s  were re iso la ted  fro m  SD S- 
p o ly a c ry la m id e  gels a n d  p ro cessed  fo r oligopeptide m a p p in g  according to  th e  p ro c e d u re  d e ­
sc rib ed  b y  E ld e r e t  al. [16]. L ab e llin g  of p o ly p ep tid es  w as  perfo rm ed  following th e  seco n d  re ­
iso la tio n  o f b an d s fro m  th e  p o ly ac ry lam id e  gels w ith  125I  u s in g  chloram ine T . C h y m o try p s in  
(W o rth in g to n  B iochem icals, F re e h o ld , New Je rsey , U S A ) w a s  applied  a t  0.1 m g/cm 3 c o n c e n tra ­
t io n  fo r  d igestion , an d  th e  sam p le s were sep a ra ted  o n  t h in  lay e rs  of cellulose p u rc h a se d  from  
M erck , D a rm s ta d t, G F R  [14, 16].

A cta  Microbiologica Hungarica 33, 1986



CHANGES OF ADENOVIRUS HEXON 235

Agarose slab gel electrophoresis. DN A  was d ig es te d  w ith  re s tr ic tio n  endonucleases K p n l ,  
P s lI , S a il  a n d  i / i n d l l l  [17], an d  th e  frag m en ts  w ere  se p a ra te d  in  horizon tal slab  gels o f  9 to  
11 m g/cm 3  agarose  (A g arose-H G T (P ), SeaK em , M arine  C olloids, Inc ., R ockland , M aine, U SA ) 
using  th e  b u ffer sy s tem  desc rib ed  b y  H elling e t  al. [18].

Serological techniques. A gar gel diffusion a n d  im m une-e lec tro p h o resis  w ere p e rfo rm ed  
in  10 m g/cm 3  agarose  gels (K o ch -L ig h t or Sigm a C h em ., Co., S t. Louis, Mo., U SA ) in  so d iu m  
p h o sp h a te  b u ffer o f 0.05 M, p H  7.2 o r sodium  a c e ta te  b u ffe r  o f 10 т м  added  to  50 т м  T ris- 
a c e ta te , p H  7.8 [12, 13, 19]. E lectrophoresis w as p e rfo rm e d  u sing  th e  L abor M IM  (E sz te rg o m , 
H u n g a ry ) eq u ip m e n t w ith  60 X  90 m m  p lates a t  4 V /cm  fo r 5 h  a t  room  te m p e ra tu re .  T he 
im m u n o p ré c ip ita tio n  w as co n tin u ed  a t  25 or 37 °C fo r 48 o r  96 h. N aN 3  was used as b a c te r ic id a l 
ad d itiv e .

R adioim m unoassay and competitive R IA .  H e x o n  p re p a ra tio n s  purified  b y  ion  ex ch an g e  
c h ro m a to g ra p h y  a n d  gel f i l t r a tio n  [13, 14] w ere lab e lle d  in  v itro  by  12SI using  ch lo ram in e  T 
[20]. Low m olecu lar m ass co m p o n en ts  were se p a ra te d  b y  f i l t r a tio n  th ro u g h  S ep h ad ex  G-25 gel 
a n d  th e  m acro m o lecu la r frac tio n s  w ere used  fo r ra d io im m u n o a ssa y  (R IA ) in a b u ffe r  sy s te m  
consisting  o f 0.02 M T ris—H Cl, p H  7.4, 1.0 т м  E D T A , 0.1 м  N aC l, 2 m g/cm 3  b ov ine  se ru m  a l­
bu m in e , an d  2 m g/cm 3  T r ito n  X 100 [20]. H om o g en eity  o f  th e  labe lled  m ate ria l a n d  a n tig e n ic ity  
o f  th e  sam ples w ere te s te d  in  SD S-acry lam ide  gels a n d  a g a r  gel d iffusion te s t  p rio r  to  th e  use 
o f  3 X  104  to  5 X  104  cp m  a c tiv itie s  fo r th e  in d iv id u a l se ru m  d ilu tio n s tes ted  [20].

In  th e  case o f c o m p e titiv e  R IA  unlabelled  se ra  a n d  h ex o n  sam ples d ilu ted  acco rd in g ly  
w ere p re in cu b a ted  a t  ro o m  te m p e ra tu re  for 30 m in  in  th e  p resence of 0.1 d ilu tio n  o f n o rm a l 
ra b b it  se rum , and  th e n  c o m p e ted  w ith  104  to  2 X  10 4  cp m  o f 1 2 5 I-labelled  h exon  sa m p le s  a t  
37 °C for 90 m in. S e ru m  d ilu tio n s  se lected  fo r th e  t e s t s  p re c ip ita te d  ab o u t 0.5 p a r t  o f  th e  
I2SI a c t iv ity  in  th e  ab sen ce  o f  co m peting  an tigen . T h e  d eg ree  o f com petition  C w as c a lc u la te d  
acco rd ing  to  th e  e q u a tio n

w here  A is th e  ra d io a c tiv ity  p re c ip ita te d  in th e  p resen ce  o f co m p etin g  an tigen , В  is th e  a m o u n t 
o f ra d io a c tiv ity  p re c ip ita te d  in  th e  absence of c o m p e tin g  a n tig en , and a is th e  ra d io a c tiv ity  
p re c ip ita te d  b y  n o rm al r a b b it  serum  w ith o u t th e  a d d it io n  o f specific com ponents [2 0 ].

Preparation o f  antisera. R a b b its  were im m u n ized  in tra m u sc u la r ly  w ith  3 o r 4 in je c tio n s  
o f purified  h exon  p re p a ra tio n s , an d  v irion  su spensions hom ogenized  w ith  eq u al a m o u n ts  of 
F re u n d ’s com ple te  a d ju v a n t  (D ifco L abs., D e tro it, M ich ig an , USA). IgG  was p re p a re d  from  
th e  sera ag a in s t Ad h  1« h ex o n , SA 7 hexon an d  A d h i ß  com p le te  v irion  an tig en s  b y  D E A E  
sep h ad ex  c h ro m a to g ra p h y  (P h a rm ac ia  T echnical B u lle tin , Io n  exchange c h ro m a to g ra p h y ).

R esults

The f irst o b ser v a tio n  in d ica tin g  d ifferen ces in  th e  properties o f  th e  tw o  
A d h 1 su b stra in s w as m ade w hen  com p arin g  p u r ified  h exon  p rep aration s b y  
S D S -p o lyacry lam id e  g e l electroph oresis. F ig u re  1 sh ow s th a t th e  m a jo r ity  o f  
h ex o n  purified  from  in fe c ted  H E p-2  cells w a s o f  th e  sam e M r (lanes a, an d  b) 
as th a t  o f  th e  h ex o n  o f  purified  virions (la n e  e). In  con trast to  th is , h e x o n  
p reparation  o f  A d h 1 K from  in fected  H eL a  c e lls  h ad  an apparent M r o n ly  o f  
105 (lane c, and d). B reak d ow n  products o f  h e x o n  su b u n its, or co n ta m in a n ts  
o f  M r low er th a n  120 000  also were v isib le  in  th e  preparation  from  A d h 1B 
(lanes a, and  b), h o w e v er , th ese  were com p riz in g  u su a lly  on ly  less th a n  0.1 p art  
o f  th e  m aterial.

Oligopeptide m apping o f the main bands o f  hexon preparations. T h e p o s ­
s ib ility , w h eth er th e  n a tiv e  h exon  p urified  fro m  A d  h l K-in fected  H eL a  ce lls  
w as im paired  to  a h igh er e x te n t  b y  p ro teases th a n  th e  h exon  from  A d  h  1B 
seem ed  to  be e a s ily  d etec ta b le  using o lig o p ep tid e  m apping. The resu lts  are
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a b o d e

II

V

VII
F ig . 1 . SD S -po lyacry lam ide  gel e lectrophoresis o f p u rif ie d  h exons of Ad h  l g  (lan es a  a n d  b), 
a n d  A d  h  1«  (lanes c an d  d). Gel co n cen tra tio n , 0 .16; ac ry lam id e  : b isacry lam ide  r a t io ,  40 : 1; 
C oom assie  B rillian t B lue s ta in . A d  h  I 3  p re p a ra tio n s  w ere  used  for M g  contro l (lan e  e). R o m a n  
n u m e ra ls  in d ic a te  th e  p o s itio n  o f  h ex o n  (II) , a n d  th e  p ositions o f  core p ro te in s  (У ; V II)

sh o w n  in  F ig . 2. S ix  u n iq u e  sp o ts  were d e te c te d  in  th e  ch y m o tr y p sin -m a p  o f  
A d  h  1B h ex o n  (F ig . 2a ). N ev e rth e less , as in d ic a te d  b y  arrow heads in  F ig . 2b , 
2 u n iq u e  sp ots becam e v is ib le  also am ong th e  ch y m o try p tic  o lig o p ep tid es o f  th e  
m a in  b a n d  o f  Ad h 1 K o f  10s M r.

A tte m p ts  w ith o u t su ccess  h a v e  b een  m a d e  to  com pare 92 K  a n d  100K  
m in o r  b a n d s from  th e  p rep a ra tio n  o f  A d  h  1B h ex o n  w ith  th e m ain  b a n d  o f  A d  h 
1 K p rep ara tion . F igu re 2 c  sh ow s th e  ch y m o tr y p tic  o ligop ep tid es o f  th e  
m ix tu r e  o f  Ad ha 1 K an d  A d  h a  1B h ex o n s. I t  m a y  be seen  th a t sp o ts  la b e lled  
b y  a rro w  in F ig. 2a an d  2 b , and in d ica ted  in  th e  in sert are n o t a m p lifie d . T he  
a p p e a ren ce  o f  u niq ue o lig o p ep tid e s  in  th e  m a p s o f  b o th  h exon s sh ow s t h a t  th e  
d iffer en ce s  are n ot cau sed  s im p ly  b y  p ro teo ly tic  cleavage during p u r ific a t io n , 
b u t  su g g e s ts  th e ex iste n c e  o f  tru e b ioch em ica l d ifferences.

Com parison o f native hexon by immunoelectrophoresis. S u b u n its o f  n a t iv e  
h e x o n  m a y  be a ffected  b y  p ro teases during sto ra g e  or p u r ifica tion , b u t  th e ir  
t e r t ia r y  structure rem ain s u n affected . T h erefore , b oth  purified  p rep a ra tio n s  
o f  A d  h  1 g and Ad h  1 K h e x o n , crude ex tr a c ts  o f  v irus in fected  H eL a  (A d  h  1 K) 
a n d  H E p -2  (Ad h 1 B) ce lls  w ere com p ared  b y  im m u n oelectrop h oresis u s in g  a 
se r ie s  o f  h om ologous an d  h etero logou s an tisera .

T h e  e lectroph oretic  m o b ility  o f  th e  tw o  h ex o n  preparations in  th e  n a tiv e  
fo rm  p ro v ed  to  be d ifferen t, to o  (F ig . 3). T ren ch  1 con ta ined  A d h l B-sp e c if ic
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F ig . 2. C h y m o try p tic  o ligopeptides o f hexon  p o ly p e p tid e s  purified  from  S D S -p o ly ac ry lam id e  
gels. M ain  b a n d  of A d h i ß  (a); m ain  b and  of A d  h  1ц  h e x o n  (b); m ix tu re  o f th e  tw o  (c) h exon  
p re p a ra tio n s  d igested  as described  in  th e  te x t ,  a n d  b y  E ld e r  e t al. [16]. A rrow s in d ic a te  u n iq u e  
sp o ts  in  th e  sam ples a a n d  b , w hich are also sh o w n  in  th e  in sert (b lack  sp o ts  a n d  crossed 
circles). D irection  o f ch ro m a to g ra p h y  is in d ic a te d  b y  th e  v e rtica l arrow , +  a n d  —  sym bols 

show  th e  loca tion  o f th e  a n o d e  an d  cathode

1 2 3

a b e d
F ig . 3. Im m u n o e lec tro p h o re sis  o f p u rified  h ex o n s  o f  A d  h 1« (well a) an d  A d  h  I ß  (well b) 
u s in g  an tih e x o n  sera  p re p are d  w ith  Ad h 1B h e x o n  in  ra b b its  (trenches 1 a n d  3) a n d  w ith  
h e x o n  of ad  h  1ц ( tren c h  2  and  unlabelled  tr e n c h  to  th e  left). The m ix tu re  o f  h e x o n s  ( 1 : 1 )  
w as p ip e tte d  in to  well c. W ell d con ta ined  tis su e  c u ltu re  su p e rn a ta n t from  A d  h  1 ц -infected 
H e L a  cells. See te x t  fo r o th e r  details . U n d er th e  co n d itio n s used th e  h exon  ru n s  to w a rd  th e

anode (u p w a rd )
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d  e

F ig . 4. C o m p ariso n  of a n ti-h ex o n  a n tib o d ie s  p re p ara d  a g a in s t  h ex o n s of ad  h  1 «  (2), A d  h  l g  
(4) a n d  s im ia n  adenov irus ty p e  16 (SA 7, 6 ) in  im m u n o d iffu s io n  te s ts . The wells c o n ta in in g  
p u rif ie d  h e x o n s  are  labelled  as fo llow s: A d h  1« (1); A d h  lg (3 ); s im ian  adenovirus ty p e  16 (5). 
N one o f  th e  a n tise ra  revea led  d ifferences betw een  th e  p u rif ie d  h ex o n s  of Ad h  1«, an d  A d h  lg, 
th e re fo re  th e  re su lts  are on ly  sc h e m a tic a lly  illu s tra te d  (a , b , a n d  c). In se rt d is th e  o rig in a l 
p h o to g ra p h  co rrespond ing  to  sc h e m a tic  illu s tra tio n  e, sh o w in g  re su lts  w ith  th e  h exon  o f  s im ia n  

adenov irus ty p e  16 (SA 7, 5). See te x t  fo r  f u r th e r  details

a n t i-h e x o n  serum . T his r e a c ted  b etter  w ith  th e  h om ologou s an tigen , w h ich  
m ig r a te d  fa ste r  th an  th e  h ex o n  o f  A d h l «  (w ell a ). T h e neighbouring tren ch es  
(u n la b e lle d , and 2) co n ta in ed  A d  h 1 « -sp ec ific  a n ti-h e x o n  IgG , and re a c ted  
b e tte r  w it h  th e  s low -m igra tin g  h om ologou s h e x o n  in  w ell a th an  w ith  th e  h e ­
te r o lo g o u s  p rep aration  in w ell b . W ells c and d w ere f ille d  w ith  th e  m ix tu re  o f  
th e  t w o  h e x o n  prep aration  in  order to  see w h e th e r  elongated  p rec ip ita tio n  
arcs a p p e a r  w ith  A d h 1 « -sp e c if ic  a n tih ex o n  Ig G  a n d  sim ian  ad en ov iru s sp e ­
c ific  a n tih e x o n  IgG  (tren ch  3). T h e resu lts in d ica te  t h a t  th e  m ixture o f  th e  tw o  
h e x o n  p rep a ra tio n s form ed  p rec ip ita tio n  arcs m u c h  lon ger than  th e  co n tro ls  
in  w e ll  a an d  b overlap p in g  w ith  b o th  sep arate sa m p le s . The d ifference in  e le c ­
tr o p h o r e t ic  m o b ility  is n o t an  a rtifa c t , sin ce th e  a n tih e x o n  IgG  directed  a g a in st  
A d  h a  1 «  rea cted  w ith  b o th  k in d s  o f  th e  a n tig e n . T h e  an tih exon  IgG  p ro d u ced  
a g a in s t  S A 7  (trench  3) rea cted  s ig n if ica n tly  b e tte r  w ith  th e  slower p o p u la tio n  o f  
th e  h e x o n  th a n  w ith  th a t  m ore tow ard s th e  a n o d e . A  su bsequ en t series o f  e x ­
p e r im e n ts  re v ea led , h ow ever , t h a t  antisera d irected  a g a in st Ad bos 2, A d  h  10  
and c o m p le te  v ir io n s o f  A d  h 1 do n o t react d iffe r e n tly  w ith  the tw o  h e x o n  p o ­
p u la t io n s . D ifferen t d ilu tio n s  o f  fresh ly  p rep ared  cru d e ex tracts o f  in fe c te d  
cells a lso  w ere com pared  in  im m u n o elec tro p h o resis  u s in g  antisera ev en  a g a in s t  
g u a n id in e -H C l-tr ea ted , an d  S D S -tr ea ted  h ex o n  o f  A d  h  1 B in a d d ition  to  th e  
a n tib o d ie s  m en tion ed  b efore . T h e resu lts in d ica te  t h a t  th e  d ifferences in  th e  
e le c tr o p h o r e tic  m ob ilities o f  A d  h I g and A d h l «  h ex o n  p opu lations m a y  be  
o b se r v e d  in  n a tiv e  crude e x tr a c ts , too  (e x p e r im e n ts  n o t  show n).
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Differences in antigenic com position o f  hexon preparations. I t  h a s  been  
fou n d  th a t  certa in  h etero logou s a n tib o d ies  m ig h t reveal a n tig en ic  d ifferen ces  
b etw e en  A d  Ii I b and A d h 1 K h exon s (F ig . 3). R esu lts o f  sy s te m a tic  screen ing  
b y  im m u n o d iffu sio n  te s ts  for su ch  d ifferen ces are su m m arized  in  F ig . 4. 
A n tih e x o n  an tib od ies are lab elled  w ith  e v e n  num bers. A ll th r ee  an tib o d ies  
a g a in st A d  h 1 K (F ig . 4a; w ell 2), A d h 1B (F ig . 4b; w ell 4) and S A 7  (F ig . 4c; 
w ell 6) g a v e  com p lete  h o m o lo g y  i f  t e s te d  w ith  purified  h ex o n s o f  A d  h 1 K 
(w ell 1) and Ad h 1B (w ell 3). W h en  th e  p u r ified  h exon  o f  sim ia n  ad en ov iru s  
7 w a s a lso  in clu d ed  (F ig . 4e; w ell 5) th e  h om ologou s com b in ation s w ere  show n  
to  re v ea l p artia l id e n tity  (spures p h o to g ra p h ed  and drawn in  F ig s  4d  an d  4e). 
A n y  o th er  com b in ation  o f  A d h 1 K and A d  h  1 B failed  to  revea l d ifferen ces in  
com p arison  to  th e  h exon  o f  SA 7. T h ese resu lts  show  th a t A d  h  l K-sp ecific  
a n tih e x o n  serum  con ta in s an tib od ies d irected  to  ep itopes a b sen t in  b o th  other 
h ex o n s. A d  h l B-sp ecific  an tiseru m  also h as ep itop es absent from  th e  tw o  other  
p rep ara tion s. T hus, b o th  A d h 1 h ex o n s seem  to  carry unique e p ito p e s , w hich  
are a b sen t from  th e  h ex o n  o f  SA 7, to o .

Competitive radioim m unoassay ( R I A )  system s were com p osed  in  order to  
d e te c t  p ossib le  furth er an tigen ic  d ifferen ces o f  Ad h 1K and A d  h  1 B. The 
h ex o n  o f  A d  h 1B w as lab elled  in  v itro  w ith  125I , and p rec ip ita ted  u s in g  a n ti­
sera d irected  to  A d h 1 B, A d h 1 K, A d  h  2 , A d  h 10, and SA 7. T h e r e su lts  are 
sh ow n  in  F ig . 5. U n lab elled  h exon s o f  A d  h a  1 B (continuous lin es) a n d  A d  h 1 K 
(d o tte d  lin es) w ere used  as com p etin g  a n tig e n . H ex o n  preparations o f  A d  ha 1 K 
co m p eted  w ith  th e  lab elled  A d  h 1 B h ex o n  a t  a le v e l o f  0.8 to  0 .9  in  th e  case o f  
h etero lo g o u s sy stem s (F igs 5a, 5b, 5c; a n tih e x o n  sera to  a d en o v iru s ty p e s  2, 
10 an d  S A 7, re sp ectiv e ly ). T he sam e le v e l o f  co m p etitio n  w as o b ta in e d  for  the  
a n tib o d ies  p resen t in  th e  serum  sp ec ific  for  A d  h  1 K (F ig . 5e). F rom  th e s e  resu lts  
it  m a y  be con clu d ed , th a t  th e  gen u s- an d  su b gen u s-sp ecific  ep ito p e s  o f  A d h 
1 K an d  A d h  1 B h exon s are sim ilar. T h e o n ly  s ig n ifica n t d ifferen ce in  th e  leve l 
o f  co m p etit io n  w as m easured  w hen  th e  h o m o lo g o u s system  w as u se d  (F ig . 5d). 
In  th e  p resen ce o f  A d h l B-sp ecific  a n tih e x o n  serum , u n lab elled  A d  h  1 K a n ti­
gen  g a v e  o n ly  a 0.5 le v e l o f  co m p etitio n . T h u s, A d  ha 1B h ex o n  w a s ab le to  
in d u ce  an tib od ies aga in st ep itop es, w h ich  are ab sen t or very  w ea k  a n tig e n s  in  
A d h 1 K.

Restriction endonuclease analysis o f  the D N A  had to  be in c lu d e d  since  
agar g e l d iffu sion , im m u n oelectrop h oresis an d  R IA  resu lts m ig h t b e d u e  to  a 
c o n ta m in a tio n  o f  ad  h 1 K or A d h 1B stra in s w ith  other a d en o v iru s species. 
T h e a im  o f  th ese  exp er im en ts w as to  ex c lu d e  cross-con tam in ation  w ith  other  
ty p e s , an d  revea l p ossib le m ajor g en etic  d ifferen ces in  th e gen om e o f  th e  tw o  
d escen d a n t A d  h 1 stra in s. P artia l and c o m p le te  h yd ro lysates w ere  prepared  
w ith  B sp I  (m ore th a n  50 fragm en ts), I f m d I I I  (13 fragm ents), K p n l  (11  frag­
m en ts) , P s i l  (29 sp ecific  fragm en ts), an d  S a il  (5 fragm ents). T h e e lec tro p h o re­
t ic  p a tter n  o f  each  h y d ro ly sa te  a llow s th e  d ifferen tia tion  o f  A d  h a  1 D N A
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F ig . 5. C o m p etitio n  of p u rif ie d  h ex o n s  of Ad h  1K ( O ------- O )  a n d  o f  Ad h  1b ( • -------- • )  fo r
a n tih e x o n  an tib o d ies  p re p a re d  a g a in s t  hexons of A d h  2 (a ), A d  h  10 (b); sim ian  a d en o v iru s  
ty p e  16 (SA 7, c); Ad h  Iß  (d ), a n d  A d  h  1«  (e) w ith  ra d io io d in a te d  hexon  of Ad h  I ß  lab e lled  
in  v i tro ,  a s  described in  th e  t e x t ,  a n d  by  T arassish in , e t  al. [20]. A rabic n u m era ls (ab sc issa) 
in d ic a te  th e  log 10 ra tio s  o f  lab e lle d  an d  unlabelled  a n tig e n  (h ex o n ). The level o f c o m p e titio n  
is sh o w n  o n  th e  o rd in a te  (fro m  1.0 to  0.0). T he differences a re  o n ly  considered to  he  s ig n ific a n t, 

if  th e  u n lab e lled  h e x o n  can  p rev en t th e  p re c ip ita tio n  of m ore th a n
0.5 p a r t  of 1 2 5 I-labelled  p ro b es

from  t h a t  o f  other a d en o v iru s  ty p es . N o d ifferen ce  cou ld  be foun d  b e tw e e n  
th e  e lec tro p h o re tic  p a tte r n s  o f  A d h 1 K and A d  h 1 b - F igure 6 is in c lu d ed  for  
d em o n stra tio n . P artia l d ig e s t  o f  Ad h 1 K (a an d  c) and Ad h 1B (b an d  d) 
w ith  S a i l  (a and b) an d  K p n l  (c and d) w ere electrop h oresed  in agarose slab  
gel o f  7 m g /cm 3 c o n ce n tr a tio n . F in al fragm en ts o f  th e  p h ysica l m aps are la b e l­
led  b y  c a p ita l le tters, an d  sh o w n  in  th e  in serts . F ra g m en ts  S a il-D , K p n I -A  an d  
K p n l-D  are unique w ith in  th e  p hysica l m aps o f  A d  h  1 D N A  in  co m p a riso n  
to  th o s e  o f  subgenus “ C”  ad en ov iru ses [11].
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D iscu ss io n

T w o  d escen d an t v iruses o f  th e  p r o to ty p e  stra in  A D 7 1 -W a sh in g to n  D . C. 
[8 , 9 ] w h ich  h ad  been  p assaged  in d e p e n d e n tly  during 25 years w ere ex a m in ed . 
A d  h 1 K (K iev ) m a y  be ch aracterized  as p assage  m aterial from  H e L a  cells, 
an d  A d  h 1b (B u d ap est) as th e  p rod u ct o f  su sp en sion  cultures o f  H E p -2  cells, 
m a in ta in ed  in  th is  w a y  sin ce th e  y ea r  197 5 . T h ere w as a 3-year p er io d  b etw een  
1964 an d  1967, w hen  b o th  v iru ses w ere sto red  and m aintained  in d e p e n d e n tly  
in  th e  sam e lab oratory , w here p ro b a b ly  id e n tic a l serum  lo ts  an d  t is su e  cu l­
tu res w ere u sed . P assage le v e ls  h a v e  b een  reg istered  from  tim e t o  t im e , b u t  
th e  p resen t passage lev e ls  cou ld  n o t b e fo llo w ed  up  u n eq u ivoca lly .

E x p er im en ts  u sin g  restr ic tion  en d o n u clea ses  and im m u n o d iffu sio n  te s ts  
u sin g  p u r ified  h exon  prep aration s an d  sp ec ific  an tisera provided  e v id e n c e  th a t  
b o th  v iru ses are aden oviru s ty p e  1, w ith o u t  cross-con tam in ation . N e v e r th e le s s ,  
d ifferen ces w ere revealed  during p u r ifica tio n  and  an tigen ic a n a ly sis  o f  h ex o n s.  
H e x o n  su b u n its  were reprodu cib ly  fo u n d  to  b e  o f  low er M r (p rob ab ly  d egrad ed  
d uring  p u rifica tion ) as m easured  b y  S D S -a cry la m id e  gel elec trop h oresis o f  A d  
h 1 K. S uch  d egrad ation  occurred p ro b a b ly  a lso  in  th e  case o f  A d  h  1 b b u t  
a ffe c ted  o n ly  a sm all p roportion  o f  th e  su b u n its . O ligopeptide m a p p in g  o f  th e  
h ex o n  su b u n its  provid ed  ev id en ce  tb a t  th e  d egrad ation  does in  fa c t  occur, 
sin ce  a t  lea st s ix  o ligop ep tid es w ere fo u n d  to  be ab sen t from  th e  m ap  o f  A d  h 
1 K su b u n it.

In  con trast to  th ese  a series o f  ex p e r im e n ta l resu lts support th e  a ssu m p ­
t io n  th a t  th e  ab ove su sce p tib ility  o f  h e x o n  o f  A d h 1 K origin is th e  co n se q u en ce  
o f  ch an ges w ith in  th e  p o ly p ep tid e  co m p o sit io n  or processing o f  th e  h ex o n . 
Im m u n o d iffu sio n  te s ts  revea led  th a t  b o th  p rep aration s o f  n a tive  h e x o n s  p ossess  
ep ito p es  a b sen t from  th e  o ther v iru s (F ig . 4 d ). T he resu lts in d ic a te  t h a t  the  
d ifferen ces m a y  be in  th e  ty p e  sp ec ific  e p ito p e s , since certain  ep ito p e s  u n iq u e  
fo rb o th  A d h  1 K and A d h  1b w ere a b se n t  from  th e  h exon  o f  S A 7 . U n iq u e  
o lig o p ep tid es (a t lea st tw o ; F ig . 2) cou ld  b e  id en tifie d  w ith in  th e  c h y m o tr y p t ic  
m ap o f  A d h  1 K h ex o n  su b u n it. T h is is  a s tro n g  in d ication  to  th e  fa c t  t h a t  d if­
feren ces in  h ex o n  su b u n its  are co n seq u en ces o f  tru e structural or seq u en ce-  
a ltera tio n s, resu ltin g  in  in creased  su sc e p tib ility  to  cellu lar p ro tea ses as w ell 
as con form ation a l ch an ges w h ich  cau sed  red u ctio n  o f  th e e lec tro p h o re tic  m o­
b ility  o f  th e  n a tiv e , u n d en atu red  h ex o n  o f  A d  h  1 K (F ig . 3). S im ilar r e su lts  h ave  
b een  o b ta in ed  w hen  th e  e lec trop h oretic  m o b ilitie s  o f  u npurified  h e x o n  p re­
p a ra tio n s w ere com pared , u sin g  h e x o n -sp e c if ic  p o lyclon al sera fo r  p rec ip ita ­
t io n  (ex p er im en ts n ot sh ow n ). The ex p er im en ts  in  R IA  system s p ro v id ed  d irect 
ev id e n c e , th a t  n a tiv e , u n d en atu red  h ex o n  cap som ers o f  A d h Iß  are carry in g  
u n iq u e ep itop es in  com p arison  to  n a tiv e  A d  h  1 K (F ig . 5d).

P re lim in ary  resu lts in d ica te  th a t  th e  y ie ld  o f  A d  h 1^ is lo w er  in  H E p -2  
ce lls th a n  th a t  o f  A d  h 1B. A d  h 1B w a s sh o w n  to  possess tw o  d is t in c t  p op u la -
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F ig . 6. C om parison  of D N A  fra g m e n ts  o f Ad h  1« (a, c) a n d  A d  h  lg  (lanes b, an d  d) g enom es 
p re p a re d  b y  use of S a il,  a n d  K p n l  re stric tio n  en d o n u clea se s. E lectrophoresis ru n  from  le f t  
to  r ig h t  a t  1 У/cm  fo r 36 h  in  agarose  gel (7 m g /cm 3). C o m p le te ly  d igested frag m e n ts  a re  
lab e lle d  b y  c ap ita l le tte rs . P a r t ia l  d igestion  w ith  S a i l  ( lan es  a , a n d  b) allowes th e  d e m o n s tra ­
t io n  o f  th e  sm allest E  f ra g m e n t (see th e  physical m ap  d ra w n  below  th e  p h o to g rap h s) since  a  
f a in t  b a n d  of S a ll-B  -f- E  m a y  b e  v isualized to  th e  le f t  o f  S a l l-B  in  b o th  sam ples. K p n l  
d ig e s tio n  w as a p p ro x im a te ly  co m p le te , therefore  sm a lle r  f ra g m e n ts  (ind icated  b y  th in  lin e  
th e  p h y s ic a l m ap) ru n  o u t f ro m  th e  gel. The visible f ra g m e n ts  K p n I-A  to  E  re p re se n t a b o u t  

0.8 p a r t  o f  th e  u n it leng th  g en o m e o f  36 kb

t io n s  o f  “ em p ty ” p a rtic les  in  CsCl gradients [1 9 ]. T h e  particles in th e  lig h t CsC l 
fr a c tio n s  o f  eq u ilib riu m  g ra d ien ts  were foun d  to  b e  also d ifferent in  th e  ca se  
o f  A d  h  1 K and Ad h i ß  p rep a ra tio n s. E x p er im en ts  are in  progress to  com p are  
p a rtic le  sta b ility , and  p o ss ib le  d ifferences in  th e  v ir u s  cycles.

R esu lts  p resen ted  h ere do n o t alow  th e  q u a n tita tio n  o f  d ifferen ces in  
p rim a ry  structure o f  h e x o n s . N o data  are a v a ila b le  concerning p o ssib le  d if ­
fer en ces  o f  other s tru ctu ra l p rotein s. E p itop es o f  h ex o n s  have b een  sh o w n  to  
be o f  d ifferen t degree o f  sp e c if ic ity  [2 1 -2 4 ]. R e su lts  o f  agar gel d iffu sion , a n d  
c o m p e t it iv e  R IA  e x p e r im e n ts  su ggest th a t h e x o n s  o f  A d h 1 K and A d  h  1 b 
d iffer  o n ly  in  th e  ty p e -sp e c if ic  region o f th e ca p so m er s , w hich are coded  for  b y  
th e  r ig h t  su bterm inal reg io n  o f  th e  stru ctural g en e  [2 5 -2 8 ] . There is ev id e n c e  
th a t  su c h  m inor d ifferen ces m a y  be d etec ted  b y  th e  use o f  restr ic tion  e n d o ­
n u c le a se s  [10, 11, 2 9 ]. U n fo r tu n a te ly  th is d id  n o t  a ccou n t for th e  d ifferen ces  
d esc r ib ed  ab ove (F ig . 6 ).
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Crude aqueous extract was obtained from acetone-dried cells of P s e u d o m o n a s  a e r u g in o s a  
strain 8 6 8  (serogroup 02, Lányi and Bergan’s schema) and subjected to ultracentrifugation 
(105 000 g ,  3 h); the lipopolysaccharide (LPS)-containing precipitate was discarded and the 
supernatant containing water-soluble cell proteins was subjected to further fractionation. 
From a partially purified aqueous extract two fractions were obtained by step-wise precipita­
tion with ammonium sulphate, namely, FI (by 50% saturation), and F2 (by 80% saturation). 
By gel and ion-exchange chromatography from both fractions 9 subfractions were isolated 
differing in molecular weight, protein content, and LPS contamination. Subfractions 4 and 
7 were practically free from LPS, and gave one precipitation line with antisera for strain 8 6 8 . 
By immunoelectrophoresis subfraction 4 contained 2 cathodic and 1 anodic, whereas subraction 
7 mainly 1 anodic component. These subfractions were antigenically identical. With ELISA 
these subfractions were less active as compared to other subfractions, in particular to those of 
high molecular weight. The anti-subfraction 4 and anti-subfraction 7 sera were found to protect 
passively mice against intraperitoneal challenge by P .  a e r u g in o s a  strain 8 (serogroup 02). 
These data support the authors’ opinion that subfraction SF-4 and SF-7 are protective protein 
antigens (mol wt about 40 000 and 30 000, respectively), that are localized in the outer mem­
brane of P .  a e r u g in o s a  cell envelope.

A n tig en s o f  th e  b acter ia l cell surface are k n o w n  to  be o f  ex tr em e im p o r­
ta n c e  for th e  stim u la tio n  o f  sp ec ific  and, p erh ap s, n on -sp ecific  re sista n ce  o f  th e  
h o st  aga in st in fection  [1 ]. A m on g  th e  su rface a n tig e n s  particular a t te n t io n  is 
p a id  to  som e p oorly  stu d ied  cell p rotein s, e sp e c ia lly  th e  proteins o f  th e  o u ter  
m em b ran e (OM) o f  th e  ce ll en velop e [2 -5 ] . T h ese  p rotein s are a ssu m ed  to  p o s ­
sess p ro tec tiv e  a c t iv ity . T h u s, exp er im en ts w ith  Salmonella typh i-m u riu m  
as a m od el [3] sh ow ed  th a t  a fraction  o f  u n p u r ified  OM proteins (p orin s) w ere  
p r o te c tiv e  for m ice. H ow ever, OM p rotein s p u r ified  from  LPS, d isp la y ed  n o  or 
v e r y  w eak  p ro tec tiv e  a c t iv ity .

F rom  Pseudomonas aeruginosa b acter ia  [4, 5] a protein co m p o n e n t o f  
e n d o to x in  w as iso la ted , a sp ec ies-sp ec ific  p r o te c tiv e  an tigen  (O E P) w h ic h  w as  
p r a c tic a lly  free from  L P S . T h is an tigen  w as p ro p o sed  as one o f the c o m p o n e n ts  
o f  P . aeruginosa  vacc in e  (PV ) [6]. O ther w ork ers [8] also a ttem p ted  to  iso la te  
p ro te in  an tigen s from  P . aeruginosa.

P rev io u sly  w e h ave sh ow n  [9, 10] th a t  from  a ce ll ly sa te  o f  P . aeruginosa  
tw o  ty p e s  o f  p ro tec tiv e  p rotein  an tigen s can  b e iso la ted , protein  A  (m o l w t

E v g e n y  S. S t a n i s l a v s k y ,  L i l iy a  S. E d v a b n a y a , I r in a  G. Z s i d i i e r , T a t y a n a  A . M a k a r e n k o , V ik t o r  F . B u l k ,  M a r t a  I . 
Z h v a n e t s k a y a , G a l in a  M . M a s h il o v a  

M ech n ik o v  R e sea rch  I n s t i tu te  fo r  V acc ines a n d  S era  
P e r .  M ech n ik o v a  5a , 105064 M oscow , U S S R
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120 0 0 0 -1 4 0  000) an d  p ro te in  B (m ol w t 37 0 0 0  or 11 000, d ep en d in g  on  th e  
stra in ). C ross-im m un oelectrop horesis sh ow ed  th e s e  com p onents to  b e h ig h ly  
h etero g en eo u s and to  co n ta in  L PS [10].

In  th e  p resen t p ap er  w e report on th e  re su lts  o f  further in v e s t ig a t io n s  
p erform ed  to  iso la te  in d iv id u a l protein  a n tig e n s  from  P . aeruginosa, an d  to  
d eterm in e  their m o lecu la r  w eigh t and p r o te c tiv e  p rop erties.

M aterials and m eth o d s

Bacterial strains and cultivation. P. aeruginosa strains 8 6 8  and 8 were isolated from the 
wound of burn patients in the Vishnevsky Institute of Surgery, Academy of Medical Sciences, 
Moscow; they belonged to serogroup 02 (Lányi and Bergan’s serogrouping system [11]). 
Earlier we used these organisms as experimental vaccine strains [12, 13].

Strain 86 8  was sultivated in agar medium containing tryptose casein, at 37 °C for 18 h 
in a Shesterenko device for cultivating microorganisms with aeration [14].

Strain 8 was used for the challenge of animals. It was initially cultivated in Hottinger 
broth (pH 7.2-7.4) at 37 °C for 3 h, and then it was transferred onto Hottinger agar medium 
(pH 7.2-7.4) in tubes. The tubes were incubated at 37 °C for 16-18 h, then used for tbe challenge 
of immunized mice (see passive protection of mice).

Preparation o f  bacterial extracts. Cells of strain 8 6 8  were washed off the agar surface 
with sterile isotonic saline and centrifuged at 1000 g for 1 h. The sedimented bacteria were 
washed three times with acetone and dried. A 10% cell suspension in distilled water was 
extracted three times in a homogenizer at 8000 rpm for 5 min as described elsewhere [13, 14]. 
The crude atueous extract (AE) was centrifuged at 105 000 g for 3 h (Beckman centrifuge, 
model 5-75, rotor 35). The LPS-containing precipitate was discarded. The supernatant con­
taining water-soluble proteins (porins) is hereafter referred to as partially purified AE (PPAE).

Preparation o f L P S .  LPS was obtained from acetone-killed bacteria of P. aeruginosa 
strain 8 6 8  by phenol-water extraction [15], and purified by ultracentrifugation at 105 000 g 
for 3 h [16].

Salt fractionation. PPAE was subjected to salt fractionation [9]: 50% saturation with 
ammonium sulphate resulted in a precipitate which was separated by centrifugation (1 0 0 0  g, 
30 min) and redissolved in distilled water to give fraction 1 (FI); to the supernatant the salt 
was added to a 80% saturation, and the precipitate formed w as separated by centrifugation to 
give fraction 2 (F2).

Gel-chromatography. Gel-chromatography was performed on a column (85 X 2.8 cm) 
with Sephadex G-100 (Pharmacia, Sweden). The material (FI and F2) was eluted with distilled 
water (pH 6 .5-6.8); sampling was performed with an automatic collector HKOV-1 (Frunze, 
USSR), and optical density of samples at 280 nm was determined with a SF-26 spectrophoto­
meter (LOMO, Leningrad, USSR).

The column was calibrated with blue dextran (mol wt 2 X 106, Pharmacia, Sweden), 
bovine serum albumin (mol wt 6.7 X 104, Koch-Light, Great Britain), pepsin (mol wt 3.6 X , 
X 104, Serva, FRG), trypsin (mol wt 2.38 X 104, Serva, FRG), and lysozyme (mol wt 1.7 X Ю4 
Reanal, Budapest, Hungary).

Desalting of fractions (FI and F2) was carried out on a column (85 X 2.8 cm) with 
Sephadex G-25 (Pharmacia, Sweden); sampling was performed with an automatic collector, 
and optical density at 280 nm was determined with a spectrophotometer. The presence of am­
monium sulphate in samples was determined qualitatively with 5% CaCl2 solution.

Ion-exchange chromatography was carried out on a column (24 X 1.8 cm) with DEAE- 
cellulose (Merck, FRG). The column was equilibrated by a starting buffer (1/15 M phosphate, 
pH 7.3). A sample introduced into a column was dissolved in the same buffer. Step-wise elution 
was performed successively with the starting buffer and with saline added (from 0.05 to 0.5 m ) .  
Sampling was performed with an automatic collector. Elution rate was 20 ml/h.

Im m unodiffusion  in an agar gel (Difco agar) was carried out by the method of Ouchter- 
lony [17].

Immunoelectrophoresis in an agar gel (Difco agar) was carried out by the macrometh­
od [18].

Chemical analysis. Protein was assayed using the Folin reagent [19], carbohydrates 
were analyzed with the anthrone reagent [20], and LPS was determined by ELISA [21].
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Analytical centrifugation was made in a Beckman ultracentrifuge model E, rotor AN-D. 
Sedimentation coefficients were calculated in Svedberg (S) units [22].

E L IS A .  Enzyme-linked immunosorbent assay of preparations was carried out by use 
of an anti-rabbit IgG goat serum conjugate labeled with peroxidase (Human Institute for 
Serobacteriological Production and Research, Budapest, Hungary). The procedure was as fol­
lows. (1) The studied subfractions SF, see Results) were adsorbed to a polystyrene plate at 
100 f i l  volumes in concentrations from 1 mg to 0.1 p g  in 0.5 м carbonate buffer (pH 9.6), and 
incubated at room temperature. (2) The plate was washed with a working solution (isotonic 
saline with 0.5% of Tween 20), and serum, diluted with a 1/15 M phosphate buffer (pH 7.3) 
with 0.5% of Tween 20, was applied on the plate, and then incubated at room temperature for 
3 h. (3) The plate was washed with a working solution, and the conjugate diluted with phos­
phate buffer (l : 1 0 0 0 ) was applied on the plate, and then incubated at room temperature for 
20 h. (4) The plate was washed with a working solution, and the substrate (0.04% o-phenylene- 
diamine with 0.003% H 20 2 in 0.05 м phosphate-citrate buffer, pH 5.8) was applied on the 
plate, and then incubated at room temperature for 30 min. (5) Spectrophotometric analysis 
was carried out at 410 nm using an ELISA reader spectrophotometer (Dynatech, FRG).

Anim als. Experiments were carried out with outbred Swiss mice weighing 18-20 g, 
and rabbits (chinchilla) weighing 2—3 kg.

Im m unization o f rabbits. Prior to immunization blood samples were taken. Sera obtained 
from several rabbits were pooled and used as a preimmunization pool. Animals were immunized 
with a suspension of acetone-dried and live P. aeruginosa bacteria according to the following 
schedule: 1st immunization, 1 mg of dry bacteria in complete Freund adjuvant (Difco) subcuta­
neously; 2nd immunization, 2 mg; and 3rd immunization, 3 mg of dry bacteria intravenously. 
Intervals between immunizations were 3—4 days; after 4 weeks the animals were immunized 
twice with killed cells (4 and 6  mg of dry bacteria, respectively) and simultaneously with live 
bacteria (7 X 10“ bacteria) intravenously with the same intervals between immunizations. 
Immunization with protein preparations was performed as follows: 1st immunization — 1 mg 
of lyophilized material, 2nd — 2 mg of protein in complete Freund adjuvant (Difco) subcu­
taneously with an one-week interval; after 2 weeks the animals were immunized intravenously 
three times (4, 4 and 6 mg) at the same intervals. Seven days after the last immunization the 
rabbits were exsanguinated, antisera obtained were distributed in ampoules and kept at —30 °C 
or lyophilized.

Passive protection o f mice. The animals received antiserum intraperitoneally, and after 
2 h they were challenged intraperitoneally with a 16-18-hour agar culture of strain 8  suspended 
in isotonic saline. Experiments were carried using two methods: (a) titration of the challenge 
dose (LDS0) of the culture, and (b) titration of the immunizing dose (EDS0) of serum.

(a) Titration of the challenge dose of the culture: mice (50 animals) were inoculated 
intraperitoneally with 1 ml of antiserum diluted 1 : 50 (i.e. 0.02 ml of the starting antiserum); 
control animals (50 mice) received a similar dose of preimmunization serum (control 1); in both 
immunized groups and a non-immunized group (50 animals) (control 2) determination of the 
LD50 of the P. aeruginosa live culture was performed (10 mice/dose). (b) Titration of the immu­
nizing dose (EDS0) of antiserum: mice received intraperitoneally antisera and preimmunization 
serum (control 1) diluted 1 : 50, 1 : 250, 1 : 1250, or 1 : 6250 (10 mice per dilution). Immunized 
mice were infected with 3.6 or 7.1 LD60 of live culture. Simultaneously, LD60 of non-immunized 
mice was determined (control 2 ).

After challenge the animals were observed for 3-4 days, and the death of animals was 
recorded. LDS0 and ED50 were calculated by Van der Varden’s method [23], significance of 
the difference between mean values was determined by the Student’s t criterion [23]. The 
viable germ count of the challenge dose was determined from colony counts (colony-forming 
units) obtained by the pour-plate technique.

R esu lts

Chemical and physico-chem ical characterization o f isolated cell components. 
G el-ch rom atograp h y  o f  FI an d  F 2 on  a co lum n  -with S cp h a d ex  G -100  (F ig . 1) 
y ie ld e d  th e  fo llow in g  su b fraction s (S F ):S F -1  and S F -2  from  F I  (th e  th ird  
p eak  con ta in ed  am m on iu m  su lp h a te  on ly , an d  h en ce w as d iscard ed ), and  
S F -3  and  S F -4  from  F 2 . R ech rom atograp h y  o f  S F -3  on  a co lu m n  w ith  S epha-
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Eluate volume

F i g .  1 . Gel-chromatography on SephadexG-100 column (85 X 2.8 cm). Elution with distilled 
water. A, elution profile for Fl; B, elution profile for F2; C, rechromatography of SF-3

d e x  G -100  gave S F -5 , S F -6  an d  SF-7. S F -4  w a s d esa lted  on  a co lu m n  w ith  
S e p lia d e x  G-25.

S F -1  was ch ro m a to g ra p h ed  on a co lum n  w ith  D E A E -ce llu lo se  (F ig . 2) to  
g iv e  S F -8  and SF-9.

T ab le I show s th e  ch aracter istics o f  th e  iso la te d  S F s. T h e h ig h est y ie ld  
w a s  ob ta in ed  from  S F -6  a n d  S F -3 , w hile th e  lo w e s t  on e from  S F -4 , S F -7  and  
S F - 8 .  T h e high m olecu lar w e ig h t  o f  SF-1, as w e ll as th e  in it ia l p rep aration  o f  
P P A E ,  proved to  be h eter o g en eo u s as ju d ged  b y  th e  d a ta  on  a n a ly tica l cen tr i­
fu g a t io n . SF-2 and S F -3  a lso  w ere h eterogen ou s. A ccord in g ly , th e  se d im en ta ­
t io n  coeffic ien t cou ld  n o t  b e  ca lcu la ted  for th e se  su b fraction s. B e in g  m ore or 
le s s  hom ogeneous, th e  se d im e n ta tio n  co effic ien ts  cou ld  b e ca lcu la ted  for S F-1, 
S F - 5 ,  S F -6 , and S F-7 ( 2 - 3  S ). T he re la tively  lo w  m olecu lar w eig h t su b fraction s  
S F - 4  and SF-7 (m ol w t  a b o u t  40.000 and  30 000 , r e sp ec tiv e ly ) , as w ell as
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Fig. 2. Ion-exchange chromatography on DEAE-cellulose column (24 X 1.8 cm). Elution 
profile for SF-1 (obtained by gel-chromatography of FI, see Fig. 1)

S F-5 and S F -6  (m o lw t 60 000 and 80 000, re sp ec tiv e ly )  p roved  to  be h o m o ­
gen eou s as ju d ged  b y  th e  d a ta  on  an a ly tica l cen tr ifu g a tio n . The resu lts  o f  th e  
d eterm in ation  o f  th e  L P S  co n ten t in  SF s b y  E L IS A  (F ig . 3) sh ow  th a t  S F-4  
and  S F -7  are p ra ctic a lly  free from  L P S co n ta m in a tio n , th e  p ro te in /L P S  ratio  
for S F -4  is 560 w h ile  for S F -7  th is  ratio  is 714 , i.e . th ese  S F s co n sist  o f  a lm ost  
pure p rotein .

Serological activ ity  o f  components according to E L IS A .  T h e h igh  m olecu ­
lar  w e ig h t su b fraction s S F -1  and S F-2 (F ig . 4) w ere m ost a c tiv e  w h ile  th e  rela­
t iv e ly  low  m olecular w e ig h t S F -4  and S F -7  w ere th e  le a st  a c tiv e . O ther S F s  
d isp layed  in term ed ia te  a c t iv ity  b y  E L IS A . T h e resu lts o f  sero log ica l an a lysis

Table I

Physico-chemical, and chemical characterization, and yields o f isolated 
proteins from  P. aeruginosa

P re p a ra tio n Y ie ld
(% p ro te in )

M ol
w t

S ed im en ta tio n  coef­
f ic ien t (S vedberg  

u n its)

P ro te in
<%)

L P S
(%)

P ro te in /L P S
ra t io

PPAE 100 9 heterogeneous 38 0.3 126
SF-1 5.6* >  150 000 heterogeneous 39 8 4.8
SF-2 4.3 9 heterogeneous 41 4 10
SF-3 9.2 9 heterogeneous 37 0.1 370
SF-4 0.7 ~  40 000 2 28 0.05 560
SF-5 1.62 ~  80 00 0 ~  3 55 2 27.5
SF-6 14.8 60 00 0 3 75 1 75
SF-7 0.89 ~  30 000 2 50 0.07 714
SF-8 0.27 NS NS 40 0.08 500
SF-9 0 .8 6 NS NS 74 1 .2 61.6

* The yield of SF with respect to РРЛЕ 
NS =  Not studied
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^ 4 1 0  nr1 rï

F ig . 3. D e te rm in a tio n  o f th e  L P S  c o n te n t  in  p ro te in  p re p a ra tio n s  o b ta in ed  fro m  P P A E  o- 
P . aerug inosa . A n tiserum  to  P . aeruginosa  L P S  in  1 : 1000 d ilu tio n . C o n cen tra tio n  o f p ré p a ra i  

tio n s , 100 fig /m l.  N os 1— 9, co rresp o n d in g  su b fractions

sh o w  d ir e c t  correlation  b e tw e e n  th e  va lu e o f  th e  m olecu lar w eig h t o f  th e  iso ­
la te d  p ro te in  com p on en ts a n d  th e ir  a c t iv ity  in  v itro .

Im m unodiffusion. Im m u n o d iffu s io n  a n a ly sis  (F ig . 5) sh ow ed  th a t  S F -4  
a n d  S F -7  g ave  one p rec ip ita tio n  lin e  each , an d  th e se  su bfractions p ro v ed  to  be 
a n t ig e n ic a lly  id en tica l. O th er S F s . gave 2 - 4  p rec ip ita tio n  lin es each , i.e .  th ese  
w ere h eterogen eou s. T h u s, im m u n o p r éc ip ita tio n  an d  an a ly tica l u ltra cen tr ifu ­
g a t io n  sh o w ed  SF-4 and  S F -7  to  b e h o m o g en eo u s p ro tein  p rep aration s.

F ig . 4 . C o m p ara tiv e  c h a ra c te r iz a t io n  o f p ro te in  p re p a ra tio n  a c tiv ity  (d iffe ren t S F s) w ith  
a n t i s e r u m  to  P . aeruginosa  cells. A n tise ru m  d ilu tio n  1 : 1000. Nos 1— 9 are  th e  co rrespond ing

SFs
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a

b

F ig . 5. Im m u n o d iffu sio n  in  a n  a g a r gel. (A) T ro u g h : a n tise ru m  to  P . aeruginosa  cells. Holes’ 
1 a n d  6 , S F - 6 ; 2 an d  8 , SF -3 ; 3, SF-5; 4, SF-4; 7 a n d  10, SF -2 ; 9, SF-1; 5, S F -7 . (B ) Cen­

tra l  hole: an tise ru m  to  P. aeruginosa  cells. H oles 11 a n d  12, FI; 13, S F - 8 ; 14, SF -9

S F -8  and  S F -9 , ob ta in ed  from  S F-1 b y  io n -ex ch a n g e  ch ro m a to g ra p h y , 
tu rn ed  ou t to  be h eterogen eou s, (particu larly  S F -8 ). T hese su b fra c tio n s  are, 
p erhaps, id en tica l to  one an oth er in  th e  a n tig e n ic  sense. H ow ever, for S F -8  
th e  p rec ip ita tion  lin e  w h ich  is located  nearer to  th e  h ole w ith  serum  is , p erh ap s, 
n o t id en tica l to  one or tw o  p rec ip ita tion  lin es o f  th e  in itia l S F-1.

Immunoelectrophoresis. Im m u n oelectrop h oresis (F ig . 6) in d ic a te d  th a t  
a lm ost all su b fraction s h ad  b o th  ca th od ic  and an od ic  com p on en ts. F or S F -7  
th e  an odic com p on en ts w as q u ite  pronounced , w h ereas th e  ca th od ic  co m p o n en t  
v er y  w eak . A  th o ro u g h ly  purified  SF-4 sh ow ed  b o th  anodic an d  ca th od ic  
com p on en ts; in  ad d ition , a second  ca th od ic  co m p o n e n t located  n earer to  th e  
s ta rt w as d etec ted . O ther su bfractions p roved  to  b e rather h eterogen eou s.

Passive protection o f  mice. S ince S F -4  an d  S F -7  were th e  m o st h o m o g e­
n eou s and p ractica lly  free from  LPS c o n ta m in a tio n , rabbits w ere im m u n ized  
w ith  th em  to  ob ta in  an tisera  (see M aterials an d  m eth od s). P a ssiv e  p ro tectio n
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F ig . 6. Im m un o e lec tro p h o resis . T ro u g h s : an tise ru m  to  P . aeruginosa  bac teria . H o les: 1, SF -1 ; 
2, SF -2 ; 3, S F -3 ; 4, SF-4; 5, S F - 6 ; 6 , S F -5 ; 7, P P A E

e x p e r im e n ts  w ith  m ice (T a b les  I I  and II I )  sh o w ed  th a t  a n ti-S F -4  a n d  an ti-  
S F -7  sera  possessed w e ll-d e f in e d  p ro tective  p rop erties. Their a c t iv ity  w as p rac­
t ic a l ly  id en tica l, and c o n sid er a b ly  h igher th a n  t h a t  o f  a preim m une seru m .

D iscussion

U sin g  step -w ise sa lt  fra ctio n a tio n , fo llo w ed  b y  gel and io n -e x ch a n g e  
ch ro m a to g ra p h y , n in e su b fra c tio n s  (SF ) w ere iso la te d  from  a p a r tia lly  p urified  
a q u e o u s  ex tract (P P A E ) o b ta in ed  from  a ce to n e -tre a te d  P . aeruginosa b acter ia .
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Table I I

Passive protection o f  mice im m unized  ivith a n ti-S F -4  arui an ti-SF -7  sera 
D eterm ination  o f  L D  values fo r  the challenge strain  

P. aeruginosa 8

Im m u n iz a tio n  
w i th  s e ru m

R a tio  o f  th e  n u m b er  o f  k illed  m ice to  th e  to ta l  n u m b er  
o f  in o cu la te d  an im als ; ch a llen g e  «lose x  10® b a c te r ia

L D M and  c o n fid en ce
in te rv a ls ]  E l* *

( x  10* b a c te r ia )

A nti-SF-4
800 400 

30/30 30/30
2 0 0

14/30
1 0 0

3/30
50
1/30

25
1/30

12.5 6.25
182 (155-214) 7

A nti-SF-7 30/30 24/30 14/30 4/30 1/30 0/30 — — 214(177-259) 8 . 2

(con tro l 1 ) 30/30 30/30 29/30 28/30 17/30 10/30 — — 41 ( 34-49) 1 . 6

N on-im m unized  
m ice (con tro l 2 ) — — 29/30 30/30 24/30 14/30 7/30 0/30 26 ( 19-34) 1

* C onfidence in te rv a ls  for p =  0.05 
E l  (efficiency index) =  L D 6 0  in experim en t 

L D 5 0  in con tro l 2

T w o o f  th e  su b fraction s, S F -4  and  S F -7 , co n ta in e d  b u t trace a m o u n ts o f  L P S  
(0 .05  a n d  0 .07% , resp ective ly ) and co n sis ted  a lm o st ex c lu siv e ly  o f  ce ll p ro te in s, 
p resu m a b ly  th o se  o f  th e  ou ter m em brane (O M ). T he m olecular w e ig h ts  o f

Table I I I

Passive protection o f mice im m unized  w ith a n ti-S F -4  and an ti-SF -7  sera 
D etermination o f  the E D 60 values fo r  the sera

Im m u n iz a tio n  
w i th  se ra

R a tio  o f  th e  n u m b er  o f  su rv iv e d  
o f  ch a llen g ed  an im a ls ; challenge dose

m ice to  th e  to ta l  n u m b er 
200 x  10« b a c te r ia  (7.1 L D M)

E D j, a n d  c o n fid en ce  
in te rv a ls

D ilu tion  o f sera 
A nti-SF-4

1 : 50 
17/20

1  : 250 1  

1 2 / 2 0

: 1250 
3/20

1 : 6250 
2 / 2 0 1 : 377

A nti-SF-7 25/30 18/28 3/28 1 / 2 0

(1 : 155-1  : 776) 
1 : 372

N orm al 4/28 3/28 1/28 1 / 2 0

(1 : 309-1  : 448) 
<  1 : 50

Im m u n iz a tio n  R a tio  o f  th e  n u m b er  o f  su rv iv e d  m ice to  th e  to ta l  n u m b er
w ith  se ra  o f  challenged  an im a ls ; challenge dose 100 x  10® b a c te r ia  (3.6 L D S0)

D ilu tio n  o f sera 1 : 50 1 : 250 1 : 1250 1 : 6250
A nti-S F -4 19/20 15/20 15/20 5/20 1 : 1738

(1 : 776-1  : 3890)
A nti-SF-7 28/28 24/28 19/20 1 0 / 2 0 1 : 4625

(1520-1 : 10 409)
N orm al 5/28 2/28 3/28 6/28 <  1 : 50

C hallenge c o n tro l 
(n o n im m u n ized  m ice)

R a tio  o f  th e  n u m b er  o f  k illed  m ice to  th e  t o ta l  n u m b er 
o f  challenged  an im als ; ch a llen g e  d o se  ХЮ® b ac te r ia

L D 50
( X 10® b a c te r ia )

200 100 50 25 12.5
20/20 25/25 17/25 11/25 5/25

6.25
1 / 2 0 28 (2 2 -3 5 )
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p r o te in s  in  S F -4  w ere n o t  h igher than  30 000  ( S 20m =  2), w hereas in  S F -5  
t h e y  w ere in  th e  ran ge o f  80 0 0 0 -150  000 . T h u s , OM con ta ins p ro te in s o f  a 
m o lec u la r  w eigh t o f  a t  le a s t  30 000 to  150 000  an d  h igher. P rev iou sly  w e iso la te d  
p ro te in s  w ith  m olecu lar w eig h ts  o f  11 000  an d  33 000 and also o f  120 0 0 0 — 
140 0 0 0  w h ich  d isp la y ed  p ro tec tiv e  p rop erties in  d irect and cro ss-p ro tectio n t  
ex p e r im e n ts  in  m ice [1 0 ]. U sin g  a som ew h at m o d ified  procedure, in  th e  p resen t  
w o rk  w e  iso la ted  p ro te in s o f  p ractica lly  th e  sa m e ran ge o f  th e m olecu lar w e ig h t. 
H o w e v e r , th e  p ro te in s stu d ied  earlier c o n ta in e d  L P S  con tam in ation  rev ea led  
b y  im m u n o electro p h o resis  [10]. I t  m ay  b e a ssu m e d  th a t th e  L P S  co n ta m in a ­
t io n  m a k es m ore sp ec ific  or enhances as a n  a d ju v a n t  th e  im m une p r o te c tiv e  
re sp o n se  in  m ice.

F ro m  P . aeruginosa  en d o to x in  an L P S -free  p ro tein  was iso la ted , th e  c o m ­
m o n  p ro tec tiv e  a n tig e n  (O E P ) o f  w hich  d isp la y e d  th e  ch aracteristics o f  a 
sp ec ies-sp ec ific  a n tig e n  [4—6 ]. In  th is w ork  i t  w a s sh ow n  th a t iso la ted  p ro te in s  
w ith  m olecu lar w eig h ts  o f  30 000 and 40  000  stim u la te  rab b its to  p rod u ce  
p r o te c t iv e  an tib od ies a g a in st  P . aeruginosa. T h u s , OM contains severa l p ro te in s  
d isp la y in g  p ro tec tiv e  a c t iv ity .

E x p er im en ts w ith  th e  S . typh i-m urium  m o d e l h ave show n th a t  p orin s  
c o n ta m in a te d  w ith  L P S  p ossessed  p ron ou n ced  p ro tectiv e  a c t iv ity , w h ereas  
IM p ro te in s  w ith o u t L P S  lo s t  p ro tective  a c t iv i ty  p ractica lly  co m p le te ly  [3 ]. 
O ur exp er im en ts w ith  th e  P.aeruginosa  m o d e l ev id en ce , how ever, th a t  L P S -  
free  p ro te in s  o f  OM p o ssess  p ro tec tive  p ro p erties  (Table II  and I I I ) ,  a lth o u g h  
th e ir  sero log ica l a c t iv i ty  (E L IS A ) is re la t iv e ly  lo w  (F ig . 4).

I t  w ould  ap p ear t h a t  OM o f  G ram -n egative  bacteria  con ta in s, to g e th e r  
w ith  t h e  ty p e -sp ec if ic  0 a n tig en  (L P S), a lso  sp ec ies-sp ec ific  an tigen s. T a k in g  
in to  a cc o u n t th e  d a ta  on  th e  ab ility  o f  OM p ro te in s  to  stim u late  p ro tec tio n  
a g a in s t  in fection  in  m ice w ith  tox igen ic  s tra in  P A -1 0 3  (9, 10, 13, 14), th e  OM  
p ro te in s  can  b e con sid ered  to  be te n ta t iv e  ca n d id a tes  for a P . aeruginosa  
v a c c in e .

O ur in v estig a tio n s  on  iso la ted  ex tra ce llu la r  slim e [24] and ce ll p ro te in s  
[9 , 10] carried ou t p rev io u sly , and the resu lts  o f  th e  present s tu d y  sh o w  th a t  
se v e r a l sp ecies- (or grou p s-) sp ec ific  p ro tec tiv e  a n tig e n s  are loca ted  on  th e  su r­
fa ce  o f  P.aeruginosa, n a m e ly , g lycop rote in  (cap su le-lik e  slim e) an d  p ro te in  
(O M  p ro tein s) a n tig en s , as w ell as a ty p e -sp e c if ic  О an tigen  (L P S ). H o w ev e r , 
L P S  e x e r ted  in  som e cases also a cro ss-p ro tectiv e  a c t iv ity  [24].

B esid es th e  a n tig e n s  from  th e  o u ter  m em b ran e described  a b o v e , a 
p r o te c t iv e  an tigen  (or an tigen s) m ay , p erh a p s, b e  found  w ith in  th e  ce ll, in  
p a rticu la r  in  its  cy to p la sm a . F rom  th e w a te r-so lu b le  ex tracts (cy to p la sm ic  
fr a c tio n  o f  d isin tegra ted  b acteria) o f  P. aeruginosa  th e  com m on p ro tein  a n tig e n  
(C A ) co n sis tin g  o f  p o ly p e p tid e  subu nits w ith  a m olecular w eig h t o f  a b o u t  
62 0 0 0  w as iso la ted , w h ile  th e  in itia l p ro te in  in  our opinion  h ad  a m o lecu lar  
w e ig h t  ranging 665 0 0 0 -9 0 0  000 [7, 8]. W e b e lie v e  th a t from  th e se  d a ta  [7]
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on e can  h ard ly  con clu d e th a t  th e  iso la ted  CA is a cy top lasm ic  a n tig e n , since 
d isin tegra tion  o f  b acter ia  seem s to  be accom p an ied  w ith  e x tr a c t io n  o f  proteins  
o f  th e  cell en velop ed . F ro m  th e  p resen t ex p er im en ts it  m a y  o n ly  b e  assum ed  
th a t  th e  iso la ted  p rotein s are OM on es, sin ce  th e  cy top lasm ic  fr a c tio n  o f  en­
terob acter ia  has b een  sh o w n  to  p ossess a w ea k  p rotective  a c t iv i ty  [1 ].
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EFFECT OF HEAT TREATMENT ON PHAGE 
SUSCEPTIBILITY OF A M Y C O B A C T E R I U M  

S M E G M A T I S  STRAIN

K a t a l i n  J . H a b e r  and I . F ö l d e s

M icrobiological Research Group o f  the N a tiona l In stitu te  o f  H ygiene, B u d a p est 

(R eceived O c to b er 19, 1985)

P la tin g  effic ien cy  o f m y co b acteriophage  b u ty r ic u m  (B y) p ro v ed  to  be  1 0 - 4- 1 0 ~ 3  on 
M ycobacterium  sm eg m a tis  s t ra in  R ab in o w itz  (M. sm . R .) cells being  in  th e  lo g a rith m ic  phase. 
T h is increased  to  1 0 -2-1 0  ~ 1 w hen  th e  cells w ere held  a t  5 0 -57  °C for 2 h  before  in fec tio n . A fter 
rep lacin g  th e  cells to  37 °C, p la tin g  efficiency of th e  p h ag es re tu rn e d  to  th e  s ta r t in g  values. 
T h is phenom enon  cou ld  b e  in h ib ited  by  n a lid ix ic  acid  (150 //g rill) a n d  ch lo ram phen ico l 
(10 p g/m l) b u t n o t  b y  m ito m y cin  C (0.05 /(g/m l). No r e tu rn  to  th e  s ta r t in g  p la t in g  efficiency 
va lues w ere obse rv ed , i f  in c u b a tio n  of cells a t  37 °C a f te r  h e a t  t r e a tm e n t  h a s  b een  perform ed 
in  buffer. The d a ta  su g g est t h a t  B y  phage p ro p a g a tio n  in  M. sm . R . cells  is in h ib ite d  by  a 
th erm o sen sitiv e  p ro te in .

P hag es o f  M ycobacterium  smegmatis stra in  b u ty ricu m  p ra c tic a lly  do n ot  
form  plaques on  ce lls o f  M ycobacterium sm egm atis stra in  R a b in o w itz , a lthou gh  
th e ir  D N A  p en etra te  in to  M. sm . R. cells [1 ].

I t  was p u b lish ed  th a t  in cu b ation  o f  M ycobacterium avium  ce lls  a t  42 °C 
prior to  exp osu re to  p h ages a ffected  their su sc e p tib ility  to  ly s is :  ce lls  in cu b ated  
at 37 °C were p h age  r e s is ta n t, b u t after in cu b a tio n  a t 42 °C s ix  o f  n in e  strains  
p roved  to  be p h a g e -se n s itiv e  [2].

In  th is p ap er w e describe exp er im en ts sh ow in g  th a t  th ere is a th erm o­
se n sitiv e  p rotein  in  M. sm . R . cells, w h ich  in h ib its  th e  ly t ic  p ro p a g a tio n  cycle  
o f  m y co b a cter io p h a g e  b u ty ricu m  in th ese  cells .

M aterials and m ethod s

Bacterial and  bacteriophage strains. T he b a c te r ia  and  b ac terio p h ag es u sed  w ere  M . smeg­
m atis  s t ra in  R ab in o w itz  (M. sm . R .), an d  its  p h ag e  R ab in o w itz  (d esig n ated  V 72), an d  phage of 
th e  M . sm egm atis s t ra in  b u ty r ic u m  (designated  B y).

M edia , b u ffe r a n d  chemicals. B ac teria  w ere m a in ta in e d  on  n u tr ie n t  a g a r  s la n ts , and 
Y R P  m ed ium  w as used  fo r th e  ex p erim en ts [3]. T o s to re  an d  d ilu te  ph ag es 0.05 м  trish y d ro x y - 
m e th y lam in o m e th a n e  b u ffe r  (p H  7.4) co n ta in in g  0.004 м CaCl2 w as a p p lied . N a lid ix ic  acid 
(C hino in), m ito m y cin  C (S igm a) an d  ch loram phenico l (S igm a) w ere u sed  to  in h ib i t  th e  m e ta ­
bo lism  of h e a t- tre a te d  cells.

A ssa y  o f  phage titres. P h ag e  t it re s  were a ssay ed  b y  th e  d o ub le  a g a r la y e r  m eth o d  of 
A dam s [4]. P la te s  a n d  so ft a g a r  o v erlay er co n ta in in g  1.5 a n d  0 .6%  a g a r (D ifco), re sp ec tiv e ly , 
w ere p rep ared  fro m  Y R P  m ed ium .

E xperim en ta l conditions. In  th e  f irs t scries o f e x p erim en ts  b a c te r ia  g ro w n  ov ern ig h t 
w ere  cen trifuged , re su sp en d ed  in  fresh  m edium  to  re ac h  an  a b so rb an cy  of 0 .2 - 0 .4 m easu red  a t
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660 n m . A f te r  in cu b a tin g  a t  37 °C fo r  2 h  th e  cells were cen trifu g e d  a n d  re su sp en d ed  in  m ed iu m  
or in  T r is  b u f fe r  to  reach  ag a in  a n  a b so rb a n c y  o f 0 .2-0 .4  a t  660 n m . A liq u o ts  o f  th e  suspension  
w ere in c u b a te d  a t  50, 53, 55 a n d  57 °C , fo r 120 m in. S am ples w ere  ta k e n  a t  10-15 m in  in te r ­
va ls , a n d  in fe c te d  w ith  phages B y  o r  V 72. P la te s  p rep ared  w ere  in c u b a te d  a t  37 °C fo r 24 h  
a n d  th e  p la q u e s  developed w ere c o u n te d .

I n  t h e  second series o f  e x p e r im e n ts  M. sm . R . cells w ere in c u b a te d  a t  50 °C fo r 120 m in , 
th e n  q u ic k ly  cooled to  37 °C a n d  in c u b a te d  fo r  5 h . Sam ples w ere  t a k e n  a t  30 m in  in te rv a ls  an  
a f te r  in fe c tio n  w ith  phages B y  o r  У 72  p laq u e -fo rm a tio n  w as a ssa y ed  as in  th e  f ir s t  series o f  
e x p e r im e n ts .

I n  t h e  th ird  series o f e x p e r im e n ts  d iffe ren t q u a n titie s  o f n a lid ix ic  acid , m ito m y c in  C or 
c h lo ra m p h e n ic o l were ad ded  to  th e  cells cooled from  50 to  37 °C , th e n  th e  sam e p ro c ed u re  w as 
c a rr ied  o u t  a s  in  th e  second series o f  e x p e rim e n ts . N alid ix ic  acid , m ito m y cin  C or c h lo ra m p h e n i­
col w ere  re m o v e d  b y  c en trifu g a tio n  b e fo re  p h age  in fection .

R e su lts  and d iscussion

T h e  e ffec t  o f  h ea t tr e a tm e n t  on  th e  p laqu e fo rm in g  a b ility  o f  p hage B y  
on  M . s m . R . cells is sh o w n  in  F ig . 1. The n u m b er o f  p la q u es in creased  w ith  
th e  t im e  o f  h ea t trea tm en t a n d  th e  increase p roved  to  b e th e  q u ick er  th e  h igher

F ig . 1. E f fe c t  o f h ea t t r e a tm e n t  o f  M. sm . R . cells on  th e  p la tin g  efficiency (eop) o f  p h ag e  
B y . T i t r e  o n  th e  original h o s t  (M . sm . b ) cells w as ta k e n  a s  th e  u n it.  T em p era tu re  o f h e a t  

t r e a tm e n t:  •  50 °C ; Д  53 °C; A 55 °C ; О  57 °C
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F ig . 2. P laq u e  fo rm a tio n  (pfu ) o f p h ag e  B y  on  M. sm . R . cells held  a t  50 °C fo r 2 h  a n d  th en  
rep laced  to  37 °C. •  M. sm . R . cells in  Y R P  m ed ium ; О  M. sm . R . 

cells in  T ris b u ffe r

tem p era tu re h ad  b een  ap plied . H e a t tr e a tm e n t o f  cells in  m ed ium  or in  buffer  
resu lted  in  sim ilar in crease o f  p la tin g  e ff ic ie n c y . Control t itra tio n  o f  p hage  
V 72 on  h ea t-trea ted  M. sm . R . cells revea led  n o  in flu en ce  o f  h eat tr e a tm e n t on  
p la tin g  e ffic ien cy .

In  th e  secon d  series o f  exp er im en ts h e a t  trea tm en t w as carried  o u t at 
50 °C w hich  is  n o t  le th a l to  th e  cells. A ll M . sm . R . cells su rv ived  a tw o -h o u r  
h ea t tre a tm en t. F igu re 2 sh ow s th a t  i f  p laq u e-form in g  a b ility  o f  B y  p h ages  
w as a ssayed  on  M. sm . R . cells treated  f ir s t  a t 50  °C th en  in cu b ated  fu rth er  at 
37 °C, th e  n u m b er o f  p laq u es approached  th e  sam e va lu es as on M. sm . R . cells  
n o t exp osed  to  h ea t. T h is p hen om en on  co u ld  n o t  he ob served  w hen  T ris b uffer  
w as u sed  in stea d  o f  cu ltu re m ed ium .

On th e  b asis o f  th ese  resu lts w e su g g e ste d  th e  presence o f  a h e a t  lab ile  
factor  in  M. sm . R . cells in h ib itin g  ly t ic  p ro p a g a tio n  o f  phage B y .

T o s tu d y  th is  h y p o th esized  th e rm o sen s it iv e  factor, in  th e  th ird  series o f  
ex p er im en ts th e  e ffec t o f  n a lid ix ic  acid , a n  in h ib ito r  o f  D N A  g yrase  [5 -7 ] ,  
m ito m y c in  C, an  in h ib ito r  o f  D N A  sy n th esis , or ch loram phenicol, an  in h ib ito r  
o f  p ro tein  sy n th es is , w as an a lysed . S u b b a c te r io ly tic  con cen tration s o f  th ese  
com p ou n d s d eterm in ed  in  p relim inary ex p er im en ts  were used.
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F ig . 3. E f fe c t  o f nalid ix ic  acid  o n  th e  p laq u e  fo rm a tio n  (p fu ) o f  B y  phages on M. sm . R . cells 
h e ld  a t  50 °C a n d  th e n  rep laced  to  37 °C; в  in c u b a tio n  a t  37 °C in  th e  absence of, a n d  О  in  

th e  p re sen ce  o f n a lid ix ic  acid  (150 f ig /ml)

F ig . 4 . E f fe c t  o f m itom ycin  C on  th e  p laq u e  fo rm a tio n  (p fu ) o f  B y  phages on  M. sm . R . cells 
h e ld  a t  50 °C  an d  rep laced  to  37 °C ; •  in cu b a tio n  a t  37 °C in  th e  absence of, a n d  О  in  th e

p re sen ce  o f m ito m y cin  C (0.05 fig /m l)
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F ig . 5. E ffec t o f  ch lo ram phen ico l on th e  p la q u e  fo rm a tio n  (pfu) of B y  p h ag es o n  M. sm . R . 
cells he ld  a t  50 °C a n d  rep laced  to  37 °C; in c u b a tio n  a t  37 °C in th e  a b sen ce  ( • ) ,  a n d in  

th e  p resence  of 5.0 /tg/m l. (a ) a n d  10 /ig /m l (O )  ch loram phenicol

N a lid ix ic  acid  (150 /ig /m l) in h ib ited  “ regen eration ” o f  th e  th e rm o sen s it iv e  
fa cto r , as th e  n u m b er o f  p laques rem ain ed  u n ch an ged , w hen t itr a te d  on  M. sm . 
R . ce lls rep laced  from  50 °C to  37 °C (F ig . 3).

F igu re 4  sh ow s th a t m ito m y c in  C h a d  no effect, as a fte r  a d d in g  o f  
0 .0 0 5 -0 .0 5  jtig/ml m ito m y c in  C, th e  d ecrease  in  th e  num ber o f  p la q u es  a t  37 °C 
w as sim ilar as in  th e  absence o f  th is  D N A  sy n th esis  in h ib itor. A cco rd in g ly , 
D N A  sy n th esis  is n o t required for re -e s ta b lish in g  th e phage re s tr ic tin g  a b ility  
o f  M. sm . R . ce lls .

T o in h ib it  p rotein  sy n th esis , 2 .5 —10 /ig /m l ch loram phenicol w a s ad ded  
to  th e  m ed iu m . F igu re 5 show s th a t  th e  h ig h er  th e  ch loram p henico l co n ce n tr a ­
tio n s  w ere, th e  decrease in  th e  n u m b er o f  p laq u es was th e  s low er, in d ic a tin g  
th a t  for “ reg en era tio n ” o f  th e  h y p o th e s iz e d  th erm osen sitive  fa c to r  p ro te in  
sy n th esis  de n o v o  is n ecessary . T h ese d a ta  p rove th a t th e  h ea t la b ile  factor  
in h ib it in g  ly t ic  p rop agation  o f  p hage B y  is o f  p rotein  nature.

I t  w ou ld  he o n ly  too  n atu ra l to  s a y  t h a t  th is  protein  is  a r e s tr ic tio n  en ­
d o n u clea se , as d a ta  in  th e  literature sh o w  for d ifferent b a cter iu m -p h a g e  sy s ­
tem s th a t  h ea t-tre a tm en t o f  b acter ia  d estro y s  th is  en zym e th u s  a llo w in g  
p rop agation  o f  p h ages o therw ise re str ic ted  [8 -1 0 ] .  Our earlier re su lts , h ow ever , 
co n tra d ic t to  th is  exp lan ation : w e iso la te d  an  M. sm . R. stra in  ly so g e n iz e d  b y  
p hage B y  an d  p h ages lib erated  from  th is  s tr a in  proved  to  be n o t m o d if ie d  [1]. 
T h us, fu rth er ex p er im en ts are n eed ed  for  s tu d y in g  the n atu re a n d  b io lo g ica l 
role o f  th e  h ea t la b il p rotein  d escribed .

Acknow ledgem ent. O ur th a n k s  are  due  to  M rs A g n e s  Z a t h u r e c k y  fo r sk illed  tec h n ica l 
assistance .
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EFFECT OF MANNOZYM ON THE 
CHEMILUMINESCENCE OF PHAGOCYTES

S. Sipka , G. Á b e l , J . Csongor, P . N yirkos and J . F achet

Institu te  o f  P athophysio logy, and Central Research Laboratory 
U n iversity  M edical School, Debrecen

(R ece iv ed  N ovem ber 26, 1985)

M annozym  (zym osan) in d u ces  chem ilum inescence (CL) in  h u m an  n e u tro p h ils , m o n o ­
c y te s  a n d  in  th e  cells o f C4 MiJ9 m u rin e  m acro p h ag e  cell line. T h e  CL en h an c in g  e ffe c t o f  M an­
n o zy m  opsonized in  h u m an  se ru m  is h ig h er th a n  th a t  o f non-opsonized m a te ria l. T h is  m ay  
b e  due  to  th e  cap a c ity  o f M an n o zy m  to  b in d  co m plem en t co m ponen ts an d  im m u n o g lo b u lin s  
fro m  se ru m  an d  to  a c tiv a te  th e  p h a g o c y te s  v ia  th e ir  C3b a n d  F c  recep to rs . B esides, M annozym  
can  be p h ag ocy tozed  b o th  in  opson ized  an d  non-opsonized form s.

M an n ozym 1* is a g lu co m a n n a n  cell ■wall d er iv a tiv e  o f  Saccharom yces 
cerevisiae and a “ z y m o sa n -ty p e ”  p rod u ct o f  th e  H u m an  In s t itu te  for  Sero- 
b acter io log ica l P rod u ction  an d  R esearch  (H u n gary ). T h is m ateria l is  in d ic a te d  
for en h an cem en t o f  n o n -sp e c ific  im m u n ity  and to  p reven t ra d io d er m a titis  in  
X -r a y  th era p y  o f  tu m ou rs an d  to  decrease tu m o u r cell d issem in a tio n  [1—3]. 
F a c h e t  and h is cow orkers h a v e  d em on stra ted  th a t  M an n ozym  in crea ses b o th  
th e  cellu lar and h um oral im m u n e resp onses a g a in st a sy n th e tic  a n tig e n  an d  
m o d u la tes  th e  d efen ce a g a in st  tu m o u r  in  in bred  m ice [4].

I t  is k n ow n  th a t  zy m o sa n  p a rtic les , e .g . Z ym osan -A  (S igm a) ca n  in d u ce  
ch em ilu m in escen ce  in  b o th  n eu tro p h ils  and m acroph ages [5 -7 ]  an d  ca n  a c t i­
v a te  th e  a ltern ative  p a th w a y  o f  com p lem en t a c t iv a t io n  [8].

T h e presen t s tu d y  w as d esign ed  to  in v estig a te  th e  effec ts o f  M a n n o zy m  
on th e  ch em ilu m in escen ce in d u ce d  in  hum an n eu trop h ils , m o n o c y te s  an d  in  th e  
ce lls o f  th e  C4Mç> m acroph age ce ll lin e . A  p articu lar a tte n tio n  w as p a id  to  s tu d y  
th e  d ifferen ce in  th e  CL in d u c in g  effec t o f  M an n ozym  in  op son ized  an d  n o n -  
op son ized  form s.

M ateria ls and m ethods

M aterials. Z ym osan-A  (S igm a) a n d  superox ide d ism u ta se  (SO D, S igm a) w ere  u sed . T h e  
o rig ina l am pou les co n ta in  1 m g o f M an n o zy m  suspended  in  1 m l o f physio log ical sa lin e . I n  th e  
e x p e rim e n ts  we used M annozym  in  p h e n o l red -free  H a n k s  ba lan ced  sa lt so lu tio n  (H B S S ).

M easurem ent o f  com plem ent consum ption  by M a n n o zym . M annozym  w as su sp en d e d  a t  
d iffe ren t co n cen tra tio n s in  H B S S  a n d  w ere m ixed w ith  eq u al volum es of h u m a n  se ra . A fte r

SAn d o r  S i p k a , G y ö r g y  A b e l ,  P é t e r  N y i r k o s ,  J ó z s e f  Р а с п е т  
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a n  in c u b a tio n  for 30 m in  a t  37 °C , th e  m ix tu res w ere c e n trifu g e d  fo r 10 m in  a t  1000 g . M an- 
n o z y m  sed im en ted  to  th e  b o t to m  o f  th e  tu b es  and  th e  s u p e rn a ta n ts  w ere collected. T h e  pelle ts 
o f  M an n o zy m  were d isso lved  in  H B S S  and  were used  as “ opson ized  M annozym ”  (OM).

T h e  su p e rn a ta n ts  w ere  te s te d  fo r th e ir  re m a in in g  to ta l  co m plem en t a c tiv itie s  using  
e q u a l v o lu m es of th e  2 %  su sp en s io n s  o f sheep red  b lo o d  cells sensitized  w ith  specific  ra b b it  
a n tib o d y  (haem olysin). T h e  e x te n t  o f com plem ent c o n su m p tio n  du rin g  th e  opso n iza tio n  of 
M a n n o z y m  w as calcu la ted  as a  d ifferen ce  betw een th e  to ta l  a n d  resid u al com p lem en t activ ities , 
e x p re ssed  in  pe r cen t. T h e  e ffe c t o f  M annozym  of th e  a lte rn a tiv e  co m plem en t p a th w a y  was 
m e a su re d  according to  R ich es  a n d  S tan w o rth  [9].

P reparation o f  h u m a n  n eu troph il granulocytes. H e p a rin ize d  h u m an  blood w as d ilu te d  in  
6 %  d e x tr a n  in  saline (M acro d ex / m .w ., P h a rm ac ia , S w eden). T he cells w ere allow ed to  sedi­
m e n t  fo r  45 m in  a t  room  te m p e ra tu re .  T he leu k o c y te -rich  p la sm a  w as rem o v ed , cen trifuged , 
a n d  th e  p e lle t was t r e a te d  w ith  0 .8 3 %  am m onium  ch lo rid e  in  o rd e r to  lyse red  cells. T he re ­
m a in in g  leukocy tes w ere n e u tro p h ils  in  65-83 an d  v iab le  in  9 9 -1 0 0 % . T he cells w ere w ashed 
a n d  re su sp e n d ed  in  H B S S  [6 ].

T o  prepare hum a n  m onocytes, 8  X 106  m o n o n u c le a r cells (lym p h o cy tes , m onocytes) 
d e r iv e d  fro m  heparin ized  h u m a n  b lo o d  a fte r  a g ra d ie n t c e n tr ifu g a tio n  on  F ico ll-U rom iro , were 
a llow ed  to  adhere  in  P a rk e r ’s 199 m ed iu m  in  P e tr i  d ish es a t  37 °C fo r 4 h. T he n o n -ad h erin g  
cells w e re  rem oved  b y  w ash in g  th re e  tim es w ith  H B S S . T h e  m o n o cy tes  were co llected  from  th e  
g lass su rface  b y  ru b b e r. T h e  ra tio  o f  m onocytes w as a b o v e  8 0 %  [10].

M u rin e  macrophage cell lin e  (C4M<p). The e s ta b lish m e n t o f a  con tin u o u s m u rin e  m acro ­
p h a g e  cell line  coded as C4Mç> h a s  been  rep o rted  p re v io u s ly  b y  Z ák á n y  e t  al. [11]. T hese  cells 
w ere  ro u tin e ly  grow n as m o n o la y e rs  in  R P M I 1640 w ith  1 0 %  fe ta l ca lf se rum  (F low  L ab o ra ­
to r ie s , I rv in e , Sco tland). T h e  cells w ere rem oved  fro m  th e  g lass surface  w ith  ru b b e r. T rypsin i- 
z a t io n  a n d  th e  use o f c h e la tin g  a g e n ts  w ere avo ided  th ro u g h o u t  th e  p rocedure . T h e  cells were 
w a sh e d  th re e  tim es w ith  H B S S  a n d  th e  d en sity  w as a d ju s te d  to  4 X 1 0 6/m l. T he v ia b ility  was 
a b o v e  9 5 %  tes ted  b y  t ry p a n -b lu e  exclusion.

M easurem ent o f  chem ilum inescence. In  a fin a l v o lu m e  o f 2 m l, 2 X 106  cells o f neu tro p h ils , 
m o n o c y te s  and  C4Mç> m ac ro p h ag e s  w ere in cu b a ted  w ith  1 m g /m l dose of M annozym  o r opsoni­
zed  M an n o zy m  in p las tic  tu b e s  a t  37 °C for 10 m in . T h e n  th e  CL was m easu red  in  g lass vials 
(p re h e a te d  a t  37 °C) u sing  th e  N u c lea r Chicago Iso co p /3 0 0  liq u id  sc in tilla tio n  c o u n te r  (Searle 
In d u s tr ie s ,  Des P la ins, U SA ) in  th e  o ff coincidence m o d e  [12, 13]. T h e  to ta l  n u m b er o f p h o to n s 
in  е р ш , m easu red  five  t im e s  re p e a te d ly  a t  5 m in  in te rv a ls  w as reg ard ed  as a  c h a rac te ris tic  
v a lu e  fo r  a sam ple. T h e  in h e re n t,  n o n  am plified (lu m in o l-free ) CL w as m easured .

R esu lts

O psonization  o f  M an n ozym  at v ariou s co n cen tra tio n s in  h u m an  sera 
r e su lts  in  a d o se-d ep en d en t decrease o f  th e  re s id u a l to ta l co m p lem en t a c tiv i­
t ie s .  N a m e ly , a d o se -d e p e n d en t increase in  th e  t o ta l  com p lem en t con su m p tion  
a n d  in  th e  con su m p tion  o f  th e  factors o f  a lte r n a tiv e  com p lem en t a c tiv a tio n  
ca n  b e  ob served , as it  is  d em on stra ted  in  T ab le  I .

Table I

C om plem ent consumption by M a n n o zym  
in  hum an serum

C o n c e n tra t io n  of 
M an n o zy m  

(m g /m l)

C o m p lem en t co n su m p tio n  
(%)

in  a l te rn a t iv e  
p a th w a y

in  to ta l  
a c t iv i ty

0 0 0

0.25 45 24
0.50 82 62
1 . 0 0 85 90
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C om paring th e  tim e d ep en d en ce o f CL in d u ced  b y  1 m g/m l o f  op son ized  
M annozym  in  h u m an  n eu trop h ils , m on ocy tes an d  in  С4М<р m acroph ages, th e  
h ig h est peak  o f  CL cu rve ca n  be m easured  in  th e  n eu tro p h ils , th e  sm allest one  
in  th e  C4M<p cells . I t  is com m on  in  all th e  three sy s te m s  th a t  th e  peaks o f  CL 
are fou n d  w ith in  th e  10th  and 30th  m in o f  th e  st im u la t io n . T hese d ata  are 
sh ow n  in F ig . 1.

O psonized  M an n ozym  in d u ces a s ign ifican t CL in  a ll th e  three ty p e s  o f  
cells a lread y a t th e  q u a n tity  o f  0 .25 m g/m l. In crea sin g  th e  dose o f  op son ized  
M an n ozym  up  to  1 m g/m l. a p la teau  can he o b serv ed  in  th e  CL. T herefore, 
w e u sed  th is  dose o f  op son ized  M annozym  in th e  fu rth er  stu d ies . Z ym osan -A  
(S igm a) op son ized  in  h u m an  sera increases th e  CL o f  n eu trop h ils  m ore in te n ­
s iv e ly  th a n  th e  sam e q u a n tity  o f  op sonized  M an n ozym . In a c tiv a tio n  o f  th e  
co m p lem en t sy ste m  a t 56 °C for 45 m in in  h um an  sera u sed  for op son iza tion  o f  
M annozym  ex p ress iv e ly  decreases its  CL in d u cin g  e ffec t  in  n eu troph ils. T h ese  
d a ta  are sh ow n  in  F ig  .2.

B oth  op son ized  and n on-opson ized  form s o f  M an n ozym  in d u ce CL in  all 
th e  th ree ty p e s  o f  cells . H ow ever , CL provoked  b y  n o n -o p so n ized  M annozym  
is  m uch  less th a n  th a t  e lic ited  b y  th e  op sonized  on e (F ig . 3). O p son ization  o f  
M an n ozym  w ith  h u m an  IgG  d ose-d ep en d en tly  in creases th e  CL o f h u m an  
n eu trop h ils  (F ig . 4).

H u m an  IgG  ad ded  sim u lta n eo u sly  w ith  M a n n o zy m  op son ized  w ith  h u ­
m an  IgG , d o se-d e p e n d en tly  in h ib its  th e  p rod u ction  o f  CL b y  n eu trop h ils. 
H u m a n  IgG  a t th e  dose o f  50 /ig /m l induces a s lig h t in crease in  CL o f n eu tro ­
ph ils. T hese d a ta  are sh ow n  in F ig . 5.

F ig . 1. T im e depen d en ce  o f chem ilum inescence of h u m an  n e u tro p h ils  (PM N ), m onocy tes (M<p) 
a n d  m u rin e  m acro p h ag e  cell line  (C4Mç>) b y  M annozym  o p so n ized  in  h u m an  serum  (OM).

M eans ±  SD , n  =  4
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F ig . 2 . D ose  dependence o f ch em ilu m in escen ce  o f  h u m a n  n eu tro p h ils  (P M N ), m o n o cy te s  (Mip) 
a n d  m u r in e  m acrophage cell lin e  (C4Mrp) b y  M annozym  opsonized in  h u m a n  se ru m  (OM) and  

Zym osan-A  o p so n ized  in  h u m a n  se ru m  (O Zy). M eans ±  SD , n  =  5

C hem ilum in escen ce p ro d u ced  b y  h u m an  n eu trop h ils can  b e  p a r tly  in ­
h ib ite d  b y  superoxide d ism u ta se  (SO D ). T h ese d ata  are d em o n stra ted  in  F ig . 6 .

M an n ozym  eith er o p so n iz ed  in  serum  (F ig . 7) or in  n o n -o p so n ized  form  
(F ig . 8) can  be p h a g o c y tiz e d  b y  h u m an  n eu trop h ils . T he p a rtic les  o f  M an­
n o z y m  h a v e  a d iam eter o f  2 - 4  pim.

F ig . 3 . E ffe c t of M annozym  o p so n ized  a n d  non-opson ized  in  h u m an  se ru m  o n  th e  chem ilu­
m in e sc e n c e  of h u m an  n e u tro p h ils  (P M N ), m o n o cy tes  (Mç>) a n d  m u rin e  m ac ro p h ag e  cell line

(C4Mç>). M eans ±  SD , n  =  6
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Concentration of IgG used for opsonization 
of Mannozym (mg/ml)

F ig . 4. E ffec t o f  M annozym  opsonized w ith  h u m a n  Ig G  (ОМ -IgG ) on th e  c h em ilu m in esc e n c  
of h u m an  n eu tro p h ils  (PM N ). M eans ±  SD, n =  5

0
—I------------------ г-------------------------------------------- 1—

25 50 100
IgG concentration (pg/ml)

F ig . 5. E ffec t o f  h u m a n  IgG  on  th e  ch em ilum inescence  in d u ced  b y  M annozym  o p so n iz ed  w ith  
h u m a n  IgG  (ОМ -IgG ) in  h u m an  n e u tro p h ils  (PM N ). M eans ±  SD , n  =  3
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F ig . 6. E ffec t o f su p ero x id e  d ism u ta se  (SOD) on th e  ch em ilum inescence  induced b y  M annozym  
opsonized w ith  h u m a n  se ru m  in  hum an  n e u tro p h ils  (PM N ). M eans ±  SD, n  =  3

F ig . 7. P hag o cy to s is  o f th e  p a r tic le s  of M annozym  (e m p ty  spheru les) opsonized w ith  h u m a n  
se ru m  b y  a h um an  n e u tro p h il g ra n u lo c y te
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F ig . 8. P hagocytosis o f th e  p a rtic le s  o f non-opsonized M annozym  (e m p ty  sp h e ru les )  by  a
h u m a n  neu tro p h il g ran u lo cy te

D iscussion

I t  is a lready k n ow n  th a t  opsonized  zy m o sa n  stim u la tes  th e  p rod u ction  
o f  CL in n eu troph ils an d  m acrophages [7], a c t iv a te s  th e  a lte r n a tiv e  p a th w a y  
o f  th e  com p lem en t a c t iv a t io n  [14], and h ind s co m p lem en t factors a n d  IgG  [5].

Our resu lts sh ow  th a t  M annozym , th is  zym osan  p rod u ct rep resen ts  all 
th e se  characteristic  fea tu res: stim u lates th e  CL o f  h u m an  n eu tr o p h ils , m on o­
c y te s  and C4M<p cells in  b o th  op sonized  and n on -op son ized  form s (th e  p rod uc­
t io n  o f  CL b y  th e  ce lls is m u ch  h igher in  op son ized  form  th a n  in  n o n -o p so n ized  
on e); a c tiv a tes  th e  a lte r n a tiv e  p a th w a y  o f  com p lem en t a c t iv a t io n ;  b inds 
co m p lem en t factors an d  IgG . In  con trast to  Z ym osan -A  (S igm a) w h ich  has a 
d ia m eter  o f  0.1 цтп, th e  d ia m eter  o f  M an n ozym  is ab ou t 3 fim . B e s id es , the  
CL in d u cin g  effect o f  Z y m o sa n -A  opsonized  in  h um an  sera is h igh er  th a n  th a t  
o f  M an n ozym  resp resen tin g  th e  sam e q u a n tity  (1 m g/m l). T h e CL decreasing  
e ffec t  o f  SO D  su ggests  th a t  su peroxid e an ion s are gen erated  d u r in g  th e  s t i­
m u la tio n  o f  n eu trop h ils an d  m acrophages b y  op son ized  M an n ozym . H ow ever, 
o th er  o x y g en  d er iv a tiv es , e .g . s in g let m olecular o x y g en  and h y d r o x y l radicals  
can  also be prod uced , b eca u se  SO D  —  ev e n  a t h igh  co n ce n tr a tio n s  —  is not 
ab le  to  abolish  c o m p le te ly  th e  increase o f  CL in th e  n eu trop h ils  s t im u la te d  by  
op son ized  M annozym .
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T h e  p h agocytosis o f  p a r tic le s  —  b oth  in  o p so n iz ed  an d  n on -op son ized  
fo r m s  —  can  be v er y  im p o r ta n t  factor in  th e  c o m p le x  in  v iv o  effects o f  M an- 
n o z y m . I t  seem s lik e ly  t h a t  op son ized  M an n ozym  (b in d in g  C3b and IgG ) can  
b e  p h a g o c y to z e d  v er y  e a s ily  a n d  fa st b y  th e C3b an d  F c  receptors o f  p h a g o cy tes  
in d u c in g  an in ten sive  CL, t o o ;  m eanw hile th e  n o n -o p so n iz ed  p articles a lso  can  
b e  e n d o c y to z e d  b y  th e se  c e lls  b u t  at a less e x te n t .

F in a lly , b oth  w a y s  o f  t h e  p h agocytosis o f  M a n n o zy m  particles lea d  to  a 
r a th e r  p erm anent lo a d in g  a n d  activation  o f  th e  p h a g o c y tic  sy stem . T h ese  
p o s s ib il it ie s  m ay be in v o lv e d  in  th e  im m u n o m o d u la tin g  and an titu m ou r effec ts  
o f  M a n n o zy m  [1 -4 ] .

B e sid es , the m e a su r e m e n t o f  ch em ilu m in escen ce in d u ced  b y  M an n ozym  
o p so n iz e d  w ith  h um an Ig G  se e m s to  be a ra th er  s e n s it iv e  and sim p le m eth od  
for  t h e  d etection  o f  F c  r e c e p to r  a ctiv ity  o f  n eu tr o p h ils  or o ther F c  receptor-  
b e a r in g  p hagocytes.

W e  tested  th e C4Mq? m u r in e  m acrophage ce ll lin e  from  th e  a sp ect o f  th e  
C L -in d u c in g  effect o f  M a n n o z y m  because th e se  ce lls  are h om ogen eou s and  
s ta n d a r d iz e d  in co n tra st t o  th e  suspensions o f  n eu tro p h ils  and m o n o cy tes  
p r e p a r e d  from  d ifferent d o n o r s . H ow ever, it  is a lso  o b v io u s th a t  th e  C4M<p 
m a cr o p h a g es  do n ot p ro d u ce  su ch  an in ten s iv e ly  in h e r e n t  CL as h um an  n eu tr o ­
p h ils  an d  m onocytes. T h er e fo re , w hen C4Mq? m acrop h ages are u sed  for CL 
s tu d ie s ,  th e  ap plication  o f  lu m in o l is also a d v ised .
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In tro d u c tio n

D esertom ycin  is a stable, c r y sta llin e  n on -p o lyen e  m acrolide a n tib io t ic  o f  
Streptomyces origin  w ith  an ap p aren t m olecu lar form ula o f CeiH l09N O 21. I t  lias 
in  v itro  broad an tib acter ia l and se le c tiv e  a n tifu n g a l a c tiv ity  as w ell as co n sid er­
ab le c y to to x ic /c y to ly t ic  effect. I t  in d u ces m orp h olog ica l changes on f ila m e n to u s  
fu n g i. P resen tly  ava ilab le ex p er im en ta l d a ta  su ggest th a t th e m ec h a n ism  of 
a ctio n  o f  d esertom ycin , prim arily  in v o lv e s  a ltera tion  o f m em brane p erm e a b ility  
or d irect dam age to  th e cell m em b ran es. T h e acu te to x ic ity  o f  d eserto m y c in  
in  m ice is d ep en d en t on th e rou te o f  a d m in istra tio n . This rev iew  w ill p resen t, 
organ ize and in terp ret th e p u b lish ed  d a ta  re la ted  to  the ch em istry  and b io logy  
o f d esertom ycin , and speculates on  fu rth er stu d ies  and p ossib ilitie s.
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P roduc ing  m icro o rg an ism s

D escrtom ycin  w as f ir s t  described in 1959  as a coproduct o f fla v o fu n g in  
p ro d u ced  b y  Streptomyces f lavofungini  [1] w h ich  w a s iso la ted  from  a soil sam p le  
co lle c te d  in th e S ah ara  d esert [2 -5 ]. I co in ed  th e  nam e “ d eserto m y c in ” . 
T h e f irst h a lf o f  th e n a m e , “ d esert” denotes th e  orig in  o f  the producing stra in , 
w h ile  th e  second h a lf  o f  th e  w ord “ m ycin” ex p re sse s  th a t  th e an tib io tic  is b io ­
sy n th es ize d  b y  a Streptomyces  strain. S. f lavofungin i  w as classified  as a n o v u m  
sp ec ie s , n o t know n b efore , o n  th e basis o f its  m orp h o log ica l, p h ysio log ica l and  
b io ch em ic a l properties [3—5 ]. The culture a p p ea ra n ce  o f  S. flavofungini  is 
h ig h ly  ch aracteristic . O n C zap ek -D ox agar, c o n ta in in g  an inorganic n itro g en  
sou rce and sucrose, S. f lavofungini  produces sn o w -w h ite  aerial m y ce lia  and  
sp o res. O n com p lex -organ ic  m edia  esp ecia lly  w ith  h igh  (up to  4% ) g lu cose  
c o n te n t , it  d evelops green ish -y e llo w , w rin k led , cru m b ly , asporogenic co lon ies  
sim ila r  to  those o f M ycobacterium  and Nocardia  [6 , 7 ]. These dual cu lture form s  
o f  S. flavofungini  are sh o w n  in  Fig. 1.

O n th e basis o f  th e se  characteristic cu ltu ra l-m orp h o log ica l fea tu res I re­
iso la te d  th e  organism  in  1970  from  a soil sam p le co llec te d  in  the cactu s sec tio n  
o f  th e  D esert Garden in  H u n tin g to n  Park, P a sa d e n a , California. T his stra in  is 
id e n tic a l to  th e orig inal S. flavofungini  strain  b a sed  n o t on ly  on ap pearan ce in  
cu ltu r e  b u t also on a n tib io t ic  production. I t  w a s  d ep osited  in the SK & F  C ul­
tu re  C ollection  under th e  d esign ation  o f B C -2031  (S .  f lavofungini).  I t  is an  
in te r e s t in g  co incidence th a t  b o th  cultures w ere iso la te d  from desert soil. T o d a y  
th e se  are th e tw o stra in s k n o w n  to have the a b ility  to  co-produce f la v o fu n g in  
an d  d esertom ycin . T h e o th e r  described Streptomyces  strains produce e ith er  
so le ly  flavo fu n g in  [8 ], or o n ly  desertom ycin  [9 ].

R ec en tly  a n ew  Streptomyces  strain w as re p o r ted  to  produce d eserto m y cin
[9 ]. T h e  iso lation  o f  th is  s tra in  resulted from  a sy s te m a tic  soil screening s tu d y  
for a n tib io tic  p rod u cin g  m icroorganism s. T h e stra in  produced an a n tib io tic  
id e n tic a l to  d esertom ycin  b y  direct com parison  o f  d a ta  and was d esign ated  as 
Streptomyces macronensis D ie tz  sp. nov. UC 8271  (N R R L  12566).

Iso la tion  and p u rif ic a tio n

D esertom ycin  can  b e iso la ted  either from  th e  m yce lia l m ass or from  th e  
fer m e n ta tio n  m edium . In  b o th  cases the fer m e n ta tio n  m edium  m ust he a rich, 
c o m p le x  organic cu ltu re m ed iu m . In  the case o f  S. flavofungini  ferm en ta tio n  
m ore a n tib io tics  ( f la v o fu n g in  and d esertom ycin ) w ere contained  in th e m y ce lia  
th a n  in  th e  ferm en ta tion  b ro th ; therefore, it  w as m ore practical to iso la te  th em  
from  th e  m ycelia l m ass o b ta in ed  in lab oratory  a n d /o r  pilot p lant fer in en tors  
and sep arated  from  th e  b roth  b y  con ven tional te c h n iq u e s . The iso lation  m eth od
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Fig. 1. T he two c u ltu re  form s of S. fla v o fu n g in i.  On C zapek-D ox agar co n ta in in g  in o rgan ic  
n itro g en  and sucrose, i t  form s sm ooth  g ro w th  covered  w ith  snow -w hite aerial m ycelia  and 
spores (left) and  p roduces only dese rto in y cin . On com plex-organic  m edia  w ith  4 %  glucose it 
develops greenish-yellow , w rinkled, c ru m b ly  asporogenic  colonies (rig h t) and p roduces b o th

flav o fu n g in  an d  dese rto m y cin

w as, in  sum m arized  form , as fo llow s [1, 8, 10, 11]. A fter ex tra ctio n  o f  f la v o fu n ­
gin  from  the b iom ass w ith  hot e th y l a ce ta te , d esertom ycin  w as e x tr a c ted  b y  
b oilin g  th e  w et m yce lia l mass u n d er  re flu x  w ith  n -b u tan o l. E va p o ra tio n  o f  th e  
b u ta n o l resu lted  in a dark b row n ish  pow d er. T he coloured  im p u rities w ere  
grad u ally  rem oved  b y  repeated tr e a tm e n t w ith  a ctiv a ted  charcoal in b o ilin g  
b u tan o l. From  th e  purified  y e llo w ish  p rod u ct, th e d esertom ycin  w as c r y s ta l­
lized  from  b oiling w ater-sa tu rated  n -b u ta n o l con ta in in g  10 -3 0 %  m eth a n o l. 
A fter  cooling  at room  tem p era tu re, d esertom ycin  separates ou t in  g litter in g  
sn o w -w h ite  h ex a g o n a l crystals (F ig . 2). I t  can  also be ob ta in ed  in q u ad ratic ,

Fig. 2. H ex ag o n a l c ry s ta ls  o f desertom ycin

A d a  Microbiologica Hungarica 33 , 1986
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co lu m n a r  and even  n eed le -lik e  crysta ls (w ith  id en tica l p h ysicoch em ica l d ata )  
d ep en d in g  on th e  degree o f  p u r ity  o f  th e  s ta r tin g  am orphous m ateria ls, th e  
c o n ce n tr a tio n  o f  th e  m eth a n o l in  th e  cr y sta lliz a tio n  m ix tu re , and also th e  
p resen ce  o f  p ossib le isom er(s).

S. macronensis , in  con trast to  S. f lavofungini  does n o t produce fla v o fu n -  
gin  an d  it  secretes th e  d esertom ycin  in to  th e  cu ltu re m edia  under su bm erged  
c o n d itio n s  in  shaken  fla sk s  [9 ]. D esertom ycin  w as p referab ly  iso la ted  from  th e  
f ilte r e d  cu lture b roth  a t th e  peak  a n tib io tic  t itre  (1 —2 d ays sh aken  in cu b ation  
at 28  °C) b y  ad sorp tion  to  X A D -2  resin in co lu m n . A fter w ash in g  th e  co lu m n , 
th e  d eserto m y c in  w a s e lu ted  w ith  w a ter-a ce to n e  (1 : 1), and ly o p h ilized . 
T h e dark  solid  th u s o b ta in ed  w as d isso lved  in m eth a n o l-w a ter  (2 : 1), and p er­
c o la te d  over an L H -2 0  S ep h a d ex  bed . M eth an ol w as evap ora ted  and th e  
a q u e o u s so lu tion  w as trea ted  w ith  D E A E  ce llu lo se  to  rem ove th e  coloured  
im p u r ity . The co lou rless so lu tion  ob ta in ed  w as ly o p h ilized  and y ie ld ed  v ir tu a lly  
pure d esertom ycin . S evera l m ethod s were u sed  for further p u rifica tion  to  re­
m o v e traces o f co loured  im p u rities. The b est p rod u ct w as a w h ite , f lu ffy , am or­
p h o u s solid  w hich  d id  n ot crysta llize .

D u rin g  th e  iso la tio n  and p u r ifica tion  d eserto m y cin  w as d etec ted  e ith er  
b y  m icrob io log ica l agar d iffu sion  assay  ( Bacillus subtilis  ATCC 6633 or M icro­
coccus luteus  UC 130 as in d ica tor  b acteria) or b y  ch rom atograp h y  (pap er or 
TL C  on silicagel p la tes; m icrobiological or ch em ica l v isu a liza tion ).

C hem ical and physica l reaction s

B efore th e  ch em ica l stru cture o f d eserto m y c in  has b een  p ub lish ed , co n ­
sid erab le  am ou n ts o f  in form ation  h ave b een  accu m u lated  related  to  its  ch ar­
a c te r is t ic  ch em ical and p h ysica l reactions as w ell as id en tifica tion  o f  its  h y ­
d ro ly sis  p rod ucts [9 -1 1 ] .

D eserto m y cin  is o n ly  sp arin gly  so lu b le  in  d istilled  w ater a t room  te m ­
p era tu re , b u t w arm in g in creases th e  so lu b ility . T h e aqueous so lu tion  is v er y  
s ta b le  and show s cap illar a c t iv ity . I t  is m ore so lu b le  in  w ater-con ta in in g  p olar  
so lv e n ts , in  aqueous a ceto n e  and acetic  acid . I t  is a lm ost co m p lete ly  in so lu b le  
in  e th y l a ce ta te . T h e m eltin g  p o in t o f cr y sta llin e  d esertom ycin  is 1 8 5 -1 8 6  °C 
w ith  d ecom p osition . I t  has ch aracteristic  in frared  and 13C N M R  sp ectra  and  
an U Y  ab sorp tion  m a x im u m  at 225 nm  in  w a ter  and also in  p H  7.2 p h osp h ate  
b u ffer  (F ig . 3). D ese rto m y cin  b eh aves lik e  a w eek  base (p o ten tiom etr ic  t itr a ­
t io n );  it  also ex h ib its  am p h oteric b eh av ior w h ich  is re flected  in its  p H -p aper  
ch rom atogram  (F ig . 4). U sin g  w ater as th e  d ev e lo p in g  so lv en t it  runs far a t low  
p H  v a lu es  (2.2, 3) on th e  b uffered  (M cllv a in e  [12] and p h osp h ate  buffers) paper  
str ip s w ith  h igh R f v a lu es (1 .0  and 0.5, re sp ec tiv e ly ) , does n o t m ove at p H  6 
an d  7, and starts m o v in g  again  w ith  in creasing  (8, 9, 10) p H  va lu es. F igure 4 is
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nm

Fig. 3. UV a b so rp tio n  sp e c tru m  o f  desertom ycin

Fig. 4. p H -P ap e r-ch ro m a to g ra in  of d esertom ycin . T h e  W h a tm a n  No. 1 p ap er s tr ip s  w ere 
im p reg n ated  w ith  th e  b u ffer solutions. T he n u m b ers on th e  p a p e r  strips ind icate  th e  p H  v alues. 
P a p e r s trip s  w ere developed  in distilled w a ter. D e se rto m y c in  a c tiv ity  (inh ib ition  zones) was 

in d ic a te d  on agar p lates seeded  w ith  B . sub tilis  ATCC 6633 spores

a b ioau tograp h y  u sin g  an agar p la te  seed ed  w ith  sp ores o f B. subtilis ATCC 6633  
as th e  in d ica tor m icrobe for d etec tio n  o f  d ese r to m y c in  a ctiv ity  (darker in h ib i­
tion  sp ots, n o  b acter ia l grow th).

D eserto m y cin  g ives p ositive  E h rlich , M olisch  and M alaprade te s ts .  
The v io le t-b lu e  E h rlich  colour reaction  is sp e c ific , as is its  colour rea ctio n  w ith  
p henol. T h ese reaction s can be used  for its  q u a n tita t iv e  estim ation . W ith  v a n il­
lin , d esertom ycin  in  con centrated  h yd roch loric  acid  develops a v io le t  co lou r  
w hich  darkens on stan d in g  at room  tem p era tu re .
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S tru c tu ra l investiga tions/considera tions

Mild acid hydrolysis o f desertoniycin y ie ld s mannose, but not glutam ic  
acid , as reported earlier. Desertom ycin is th e  first known antib iotic which  
con ta in s D-mannose as the on ly  carbohydrate m oiety , probably bound 0 -g ly co -  
sid ica lly .

1 CM li, C 1  ̂ c

F ig . 5. C hem ical form ula o f d e se rto m y c in  (Ref. 13)

T h e m olecular com p osition  o f d ese r to m y c in  was determ ined  r e c e n tly  
w ith  th e  con clusion  th a t  th e  m olecular fo rm u la  is  CoiH i()9N 0 21 (m ol w t  1192). 
In  th e  sam e paper th e  stru ctu ra l formvda o f  d esertom ycin  w as p u b lish ed  [13]. 
I t  is  a large ring m acro lid e (Fig. 5) sim ilar  to  aza lom ycin  F4a, m o n a zo m y -  
c in , n ip h ith r ic in s A  and  B . prim ycin  and  scop afu n g in  [9].

T h e u n iq ueness o f  desertom ycin  w as a lso  dem onstrated  b y  sa lt in g -o u t  
p a p er  ch rom atograp h y  [1 4 ], th e m ethod  f ir s t  p u b lish ed  in 1953 [1 5 ], an d  a c­
c e p te d  as a useful tec h n iq u e  for cla ssifica tion  o f  an tib io tics [16]. In  th is  m eth o d  
a n tib io t ic s  are ex a m in ed  b y  ascending p ap er chrom atograp hy u sin g  aq u eou s  
so lu t io n s  o f  am m on iu m  ch loride at seven  in crea sin g  con centration s (0 .5 -2 0 %  
an d  sa tu ra ted  so lu tion ) and  d istilled  w ater , as d evelop in g  so lven ts. In  th is  sy s ­
te m  d esertom ycin  w as th e  o n ly  an tib iotic  w h ich  produced  a unique p ic tu r e  [17].

A cta  Microbiologica Hungarica 33, 1986
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I ts  Rf va lu es are О in d istilled  w a te r  and sa tu ra ted  am m onium  ch lorid e so lu ­
tion. The Rf v a lu e  is m axim al (a p p ro x im a te ly  1) in 5% salt so lu tion  an d , th e  
Rf va lu es grad u a lly  decrease b o th  d irection s to  form  a com plete p arab o lo id  
curve [14], as sh ow n  in Fig. 6. T h is  ty p e  o f  p ap er chrom atogram  is ty p ic a l for 
th e m acrolides su ch  as o lean d om ycin , ery th ro m y c in  and carhom ycin , b u t th e ir  
curves can b e considered  as tru n ca ted  p arab olas. The descending p art o f  th e  
cu rves, as exp ressed  h y  the Rf v a lu e s  in sa tu ra ted  am m onium  chloride so lu tio n , 
are prop ortional to  th e m olecular w eigh t o f  th ese  large cyclic m acrolid e a n ti­
b io tics. F ig . 7 d em on strates th a t th e  Rf v a lu e  in  sa tu rated  am m onium  ch lorid e

Fig. 6 . S a ltin g -o u t p ap er ch rom atogram  o f  d ese rto m y cin . D eveloping solvents a re  fro m  le f t to 
r ig h t: 1. d istilled  w a te r; 2. th rough  8  am m o n iu m  ch lo rid e  so lu tions as follows: 0.5, 1.0, 2.0, 3.0, 
5.0, 10.0, 2 0 .0 % ; a n d  9. sa tu ra ted  a m m o n iu m  ch lo ride  so lu tions. D esertom ycin  a c t iv ity  was

d e te c te d  as in  F ig . 4

Water • Ammonium
chloride

Fig. 7. Curves o f sa ltin g -o u t paper ch ro m a to g ram s o f fo u r m acrolide an tib io tics. T h e  values 
in sa tu ra te d  a m m o n iu m  chloride so lu tio n  are in v ersely  re la te d  to the  m olecular w e ig h t o f  the  
an tib io tics. ------- o leandom ycin ; • • • e ry th ro m y c in ; —. • — carhom ycin ; — d e se rto m y cin
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s o lu t io n  for o lea n d o m y c in  is 0.82 and its  m o lecu lar  w eight is 689; an d  th a t  
th e se  v a lu es  (RfS and m ol w ts) are for er y th r o m y c in  0.59, 733; for carh om ycin  
0 .4 2 , 844  and for d eserto m y c in  0, 1191, r e sp e c tiv e ly . The greater th e  m olecu lar  
w e ig h t , th e  low er is th e  corresponding R f v a lu e .

A d d ition a l d ata  on  th e  ch em istry  o f  d esertom ycin  can he foun d  in the  
in d iv id u a l re levan t p u b lic a tio n s  (see re feren ces).

A ntibaeteria l ac tiv ity

T h e an tib acter ia l a c t iv i ty  o f th e  cr y sta llin e  desertom ycin  w as ex a m in ed  
a g a in s t  a num ber o f  b a cter ia l iso lates in  liq u id  m ed ia  using th e serial d ilu tion  
m e th o d  [1]. It w as fo u n d  th a t  d esertom ycin  h as a broad an tib acteria l sp ectru m  
w ith  m in im u m  in h ib ito ry  con cen tration s o f  1 -2 5  /ig/m l against m ost stra in s. 
S o m e stra in s, in clu d in g  Pseudomonas aeruginosa , needed  h igher co n cen tra tio n s  
th a n  25 /fg/m l d eserto m y c in . T able I d em o n stra tes  these find ings.

Table I

A n tib a c te r ia l  a c t iv i ty  o f  d e s e r to m y c in

In h ib ito ry
S tra in s  con cen tratio n s

(/'g /m l)

B a c illu s  s u b t i l i s  (ATCC 6633) 1-5

B a c illu s  s u b t i l i s  (strep tom ycin  re s is tan t)  1-5

B a c illu s  s u b t i l i s  (penicillinase p roducing) 1—5

B a c illu s  m e g a th e r iu m  1-5

S ta p h y lo c o c c u s  a u r e u s  (D uncan) 10-25

S ta p h y lo c o c c u s  a u r e u s  (penicillin re s is tan t)  10

B a c illu s  c e r e u s  569 10

E sc h e r ic h ia  c o li 111 10-25

E sc h e r ic h ia  co li S. (mouse pathogen) 10-25

S ta p h y lo c o c c u s  a u r e u s  (mouse pa thogen) 25

S ta p h y lo c o c c u s  a u r e u s  25

S ta p h y lo c o c c u s  a u r e u s  (po lyresistan t) 25

M icro co cc u s  u re a e  25

S tre p to c o ccu s  D group  > 2 5

S a lm o n e lla  t y p h i  > 2 5

E sc h e r ic h ia  c o li > 2 5

K le b s ie lla  p n e u m o n ia e  > 2 5

P s e u d o m o n a s  a e r u g in o s a  > 5 0
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A ntifun gal spectrum

The in v itr o  an tifu n gal a c t iv ity  o f  d eserto m y c in  w as stu d ied  aga in st a 
large num ber o f  filam en tou s (p h y to p a th o g en ic  and sap rop h ytic) fungi, derm a­
to p h y te s  and stra in s producing system ic  deep m ycoses in  m an, as w ell as aga in st  
y ea sts  and y e a s t- lik e  fungi u sin g  broth [6] and agar d ilu tion  [7] m eth od o logy  
co n v en tio n a lly  em p loyed  in th e  m yco logy .

D eserto m y cin  was foun d  to  have a se lec tiv e  an tifu n ga l a c t iv ity  [6, 7]. 
I t  in h ib ited  th e  grow th  (MIC 10 -5 0  //g /m l) o f  th e  overw helm ing m ajority  
o f  th e sap rop h ytic  and p h ytop ath ogen ic  fun gi (T able II). H ow ever, w ith  th e  
excep tion  o f  Cryptococcus neoformans (10 //g /m l), Nocardia asteroides (25 p g/m l) 
and Achorion quinckeanum  (50  //g /m l), d esertom ycin  does n ot in flu en ce  th e  
grow th  o f th e  h u m a n -p a th o g en ic  fungi, y e a s ts  and y ea st-lik e  fungi. In  th is  
resp ect it resem b les th e a c t iv ity  o f  actid ion e (cy c lo h ex a m id e  [18]), and can be 
u sed , sim ilarly , for th e  se lec tive  iso la tion  o f  h u m a n -p a th o g en ic  fun gi and y ea sts  
from  clinical sp ec im en s [6, 19 ]. D esertom ycin  has several ad van tages over  
actid ion e: (a) it  is h eat stable and can be a u to c la v ed  w ith in  cu lture m edia w ith ­
o u t any loss o f  a c t iv ity ;  (b) it rem ains stab le in  m ed ia  for long periods o f  tim e;
(c) it has ad d ition a l an tib acter ia l a c t iv ity  to  su p p ress overgrow th  b y  co n ta m in ­
a tin g  bacterial stra in s (actid ion e does n ot h a v e  a n y  an tib acter ia l a c tiv ity );
(d) it  is more a c t iv e  again st p o te n tia l co n ta m in a tin g  fu n g i than  actid ion e and  
therefore can b e ad d ed  to  th e m ed ium  at ab ou t o n e -te n th  o f  th e  con cen tration  
n eed ed  to o b ta in  th e  sam e a n tifu n g a l a c t iv ity  as actid ion e; and (e) unlike a c t i­
d ione it does n o t irrita te or d am age th e sk in  and therefore does n ot require 
sp ecia l precaution s d uring h an d lin g . T able III  illu stra tes  th e  success rates w hich  
are a tta in ab le  in  th e  iso lation  o f  th e  p ath ogen ic  d erm a to p h y tes and/or y ea sts  
in pure culture from  h um an sp ec im en s sent to  th e  lab ora tory  on d esertom ycin  
con ta in in g  S ab ou rau d-agar m ed iu m  in com p arison  w ith  con tro l m edium .

I t  is in terestin g , a lthou gh  n o t  u n ex p ected , th a t  d esertom ycin  stron g ly  
in h ib its  the grow th  o f  Streptomyces strains (w h ich  are c la ssified  as b acteria). 
T ab le IV  shows th a t  m ost o f th e  Streptomyces stra in s te s te d  are in h ib ited  b y  
1 //g /m l (a few  b y  10 //g/m l) o f  d esertom ycin . T h e o u tsta n d in g  excep tion  is 
S. flavofungini,  th e  d esertom ycin -p rod u cin g  stra in  w h ich  is n ot in h ib ited  even  
b y  500 //g/m l co n cen tra tio n s [6]. T h is is an im p o rta n t p h en om en on  b y  w hich  
th e  a n tib io tic -p rod u cin g  organ ism s, b y  poorly u n d erstood  m echan ism s, rem ain  
in sen s it iv e  or res is ta n t to  their ow n m etab o lite (s) and th u s avo id  “ su icid e” or 
“ a u to to x ic ity ” [2 0 -2 2 ] . S. flavofungini  is such a stra in . I t  is a useful m echanism  
b y  w hich  the y ie ld  o f  an tib io tic  (d esertom ycin  in th is  case) can  increase during  
th e  producing (b io sy n th e tic )  period .
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Table I I

I n  vitro activity o f  deserlomycin against saprophytic and phytopathogenic fu n g i

S tra in s
In h ib ito ry

c o n cen tra tio n s
M mX)

Pénicillium  notatum 1 0

Pénicillium  chrysogenum 25

P énicillium  expansum 25

P énicillium  glaucum 25

Pénicillium  n o v u m  hybrid 50
P enicilliиm janczew skii 50
Pénicillium  roqueforti 50
Pénicillium  fu n icu lo su m 25
Pénicillium  m onoverticillatum 25

Botrytis allii 1 0

Botrytis cinerea 25

H elm inthosporum  sativum 1 0

Rhisoctonia solani 10-25
F usarium  monoliforme 25

F usarium  oxysporum 25

Fusarium  culm orum 50
Alternaria solani 25

Alternaria d ian thy 25
Alternaria cincinata > 1 0 0

Scopulariopsis brevicaulis 10-25

Cladosporium  sp. 1 0

Colletotrichum Uni 25

Phyllosticta betae 50
M onilia  stiophyla 10-25

Trichotecium roseum 50
Aspergillus niger 50

Aspergillus f la v u s > 1 0 0

Aspergillus fu m ig a tu s 1 0 0

Aspergillus oryzae > 1 0 0

Aspergillus clavatus 1 0 0

Actinom ucor repens 1 0 0

Synchitrium  racemosum 1 0 0

Gibberella fu jik u ro i > 1 0 0

Neurospora sitophyla > 1 0 0

Rhizomucor sp. > 1 0 0

R hizopus nigricans > 1 0 0

Circinella m inor > 1 0 0

Cunningham ella echinulata 1 0 0

Stem phyllium  spp. 25-50
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Table III

The effect o f  the addition o f deserlomycin to culture m edium  in  obtaining pure (positive) 
cultures fro m  clinical specimens

T o ta l  N o. o f
specimens

T ótu l N o. o f  
iso la tes

P o s itiv e  on 
b o th  agars

P o sitiv e  on 
deserto m y cin  
a g a r, n eg a tiv e  
on S ab o u rau d  

agar

308 172 57 115

ТаЫ«- IV

Anli-streptomycetes activity o f  desertomycin

S tra in s
In h ib ito ry

c o n c en tra tio n s
( « g /" '1)

A ntinom yces hominis l

Streptom yces ipomoe l

Streptom yces gelaticus l

Streptom yces gibsoni l

Streptom yces griseus l

Streptom yces griseus 1 0

Streptom yces erythreus 1 0

Streptom yces coelicolor 1 0

Streptom yces 1854 1

Streptom yces 1483 1

Streptom yces A F -2 1

Streptom yces BA-50 1

Streptom yces BA-64 < 1

Streptomyces BA-65 < 1

Streptomyces fla vo fung in i > 5 0 0

Cytotoxic ac tiv ity

In  p relim inary exp er im en ts d eserto m y c in  w as fou n d  to ex h ib it  con sid er­
ab le cy to to x ic  a c t iv ity  [1 ]. In  th e m eth y le n e  b lu e-cell d eh yd rogen ase in h ib itio n  
sy stem  [23] to  d etec t c y to s ta tic  an d  c y to to x ic  e ffec ts , d esertom ycin  in  low  
con cen tration s (1 0 -3 0  p g /1 0 6 cells) in h ib ited  th e  life -a c tiv ity  o f  w h ite  b lood  
ce lls o f  h ea lth y  h u m an s and  rats as w ell as th o se  ob ta in ed  from  h u m an  acu te  
and chronic leu k aem ias as w ell as E h rlich  a sc ites tu m o u r  cells o f  m ice [24, 25 ]. 
S om e c y to to x ic ity  a g a in st K B  cells in  agar has a lso  b een  d em on stra ted  [26]. 
In  t issu e  cu ltures, d esertom ycin  w as fou n d  to  he c y to s ta t ic  (10 p g/m l) an d  in  
h igh er con cen tration s (5 0 -1 0 0  pg/m l) c y to ly t ic  on  fib r o b la st, H eL a and Crocker
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Table V

A cute  toxic ity  o f  deserlomycin in  mice

R o u te  o f  a d m in istra tio n i  n,,, (m t/k » )

In trav e n o u s 1.35

In trap e rito n e a l 2 . 6

S u b cu tan eo u s 5.3

O ral 12.5

c e lls  [2 7 ]. A dditional d e ta ile d  stu d ies are cu rren tly  b ein g  carried o u t u sin g  th e  
m o st d evelop ed  b a ttery  o f  a n ti-n eo p la stic  te s ts , to  ev a lu a te  th is  k in d  o f  a c t iv ity  
o f  d eserto m y c in  [28].

Toxicity da ta

A t present on ly  a cu te  to x ic ity  d ata  in  th e  m ouse are ava ilab le  [1]. T able  
V  sh o w s  th a t the L D 50 v a lu e s  in m g/kg  are d ep en d en t on th e rou te o f  ad m in is­
t r a t io n . D esertom ycin  is a b o u t  ten  tim es m ore to x ic  w hen in jected  in tr a v en o u s­
ly  th a n  w hen given  ora lly . O nce th e ch em ica l stru ctu re is k n ow n , ch em ical 
m o d if ic a tio n s  m ay be e m p lo y ed  to  increase th e  desired  effect and decrease the  
t o x ic i ty .

Possib le m ode of ac tion

O n th e basis o f  th e  cu rren tly  availab le ex p er im en ta l d ata  th e  p rim ary site  
o f  a c t io n  o f d esertom ycin  is th e  cell m em brane. L ike p o lyen e an tib io tics , 
d ese r to m y c in  induces b ra n ch in g  o f  th e h y p h a e  o f  Botrytis cinerea [29] and like  
g r ise o fu lv in  it produces s tu n te d  form s o f  th e  y o u n g  h yp h ae as w ell as b ran ch ing  
a n d  cu rlin g  of th e m y ce lia  o f  Botrytis allii  [30 ]. T h ese p h en om en a  re flec t drug- 
in d u c e d  alterations o f  th e  cell m em brane. D eserto m y cin , lik e p rim ycin , in ­
f lu e n c e s  th e electric p ro p erties  o f th e m em brane o f cells and th a t o f  the T- 
tu b u le s  o f  th e str ia ted  m u sc les  o f  th e frog [31].

I t  has also been  d em o n stra ted  [29] th a t  d esertom ycin , lik e  am p h oth eric in  
B , e x e r ts  direct d am age in  lo w  con cen tration s (2 -2 0  pg/m l) on  th e  ce ll m em ­
b ra n es  o f  hum an e r y th r o c y te s , red b eet and m yce lia  o f  Eremothecium ashbyi. 
T h e  dam age caused b y  d esertom ycin  on cell m em branes resu lted  in ly s is  o f  th e  
c e lls  and leakage o f  cy to p la sm ic  m aterials; h aem og lob in , a n th o cy a n in  and ribo­
f la v in ,  resp ective ly . In  ad d itio n  to  th e cell m em brane p erm ea b ility  ch an ges  
in d u c e d  b y  d esertom ycin , o th er  y e t  u n k now n  m echan ism s m ay  also be in v o lv ed  
in  th e  m ode o f a ction  o f  d esertom ycin .
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A lth o u g h  after th e  orig inal p u b lica tion s in th e  la te  50s and ea r ly  60s m ost 
o f th e  m ajor tex tb o o k s o f  a n tib io tic s  [17, 3 2 -3 5 ]  in clu d ed  a sh ort a cc o u n t on 
th e  p rop erties o f d esertom ycin , o n ly  recen tly , after a “ period o f  la te n c y ”  this 
a n tib io tic  started  to  en joy  a resurgence o f  in terest.

Acknowledgement. T he a u th o r  w ishes to express his a p p rec ia tio n  an d  th a n k s  to  B iogal 
P h a rm a c e u tic a l W orks (H u n g a ry ) for th e  in d u str ia l p ilo t p la n t  p ro d u c tio n  of d e se rto m y cin  
th a t  m ade  th e  research  sam ples av a ilab le  for th e  s tu d ies on  w hich  th is  rev iew  is  based .

R E F E R E N C E S

1. U ri, J . ,  B og n ár, R ., Békési, I . ,  V a rg a , B .: N a tu re  182, 401 (1958).
2. U ri, .1.: P h a rm az ie  12, 194 (1957).
3. U ri, .1., B ékési, I .: Na t u r e  181, 908 (1958).
4. U ri, J . ,  S á rd y , L ., Békési, I .:  H u n g a ria n  P a te n t  146, 496 (O ct. 3, 1957); G erm . P a t .  1, 090,

379 (O ct. 6 ., 1960).
5. Szabó , G ., P reo b razh en sk ay a , T . P .: A n tib io tik i 7, 312 (1962).
6 . U ri, J . ,  H e rp ay , Zs.: M ykosen 4, 128 (1961); MTA Biol O szt K özi 13, 85 (1962).
7. F eren czy , L ., Z solt, J . ,  Ű ri, J . :  A c ta  M icrobiol A cad Sei H u n g  9, 183 (1962).
8 . U ri, J . ;  A c ta  M icrobiol H u n g  33, 305 (1986).
9. D o lak , L. A ., R eusser, F ., B aczy n sk y j, L ., M izsak, S. A ., H an n o n , B. R ., C astle , T . M.:

J  A n tib io t 36, 13 (1983).
10. S z ta ric sk a i, F ., Ú ri, J . :  M icroch im ica A cta  1963, 431 (1963).
11. B og n ár, R ., Sztaricskai, F ., Som ogyi, L ., P u skás, M., M ak iéit, S.: A cta  C him ica H u n g  56

53 (1968).
12. M c llv a in e , T . C.: J  Biol Chem  49, 183 (1921).
13. B ax , A ., Aszalós, A ., D inya , Z ., Sudo , K .: J  Am  C hem  Soc 1 08 , 8056 (1986).
14. U ri, .1.: N a tu re  183, 1188 (1959).
15. M iy azak i, J . ,  O m achi, K ., K a m a ta ,  T .: J  A n tib io t 6 , 6  (1953).
16. B e tin a , V .: A n tim icrob  A g en ts  C hem other — 1966, 637 (1966).
17. W ag m an , G. H ., W einstein , M. J . :  C h ro m ato g rap h y  of A n tib io tics , 2nd ed ., E lsev ie r, A m ­

s te rd a m  1984. pp. 3 an d  138.
18. W hiffen , A. J . ,  B ohonos, N .,  E m erso n , R. L . : J  B acterio l 52, 610 (1946).
19. U ri, J . ,  H e rp ay , Zs.: N a tu re  191, 1015 (1961).
20. D em ain , A. !.. : A nn NY A cad  Sei 235, 601 (1974).
21. V in ing , L . C.: A dv  Appl M icrobiol 25, 147 (1979).
22. O g aw ara , H .: M icrobiol R ev  45 , 591 (1981).
23. M iy am u ra , S.: A n tib io t C h em o th er 6 , 280 (1956).
24. B assle r, G ., H ernád i, F ., J e n e y , A .; M agyar O nkológia 4, 108 (1960).
25. V á ly i-N ag y , T ., H ernád i, F .,  Szabó , G ., Jen e y , A .: A n tib io t C hem other 11, 238 (1961).
26. Savage, G. M.: Personal c o m m u n ica tio n  (1962).
27. K e in er, B .: Personal co m m u n ica tio n  (1958).
28. Jo h n so n , R .: Personal c o m m u n ica tio n  (1986).
29. B e tin a , V ., B a ra th o v a , H .,  N em ec , P .,  B a rá th , Z.: J  A n tib io t 22, 129 (1969).
30. U ri, J . :  U npub lished  d a ta .
31. K eresztes, T ., G esztelyi, I .,  B ékési, I .,  K övér, A.: MTA Biol O szt Közi 25, 169 (1982).
32. U m ezaw a , H . (E dito r-in -C h ief): In d e x  of A n tib io tics fro m  A ctinom ycètes . U n iv e rs ity  of

T ok y o  Press, T okyo 1967. p p . 18 an d  248.
33. K o rzy b sk i, T ., K ow szyk-G indifer, Z ., K urylow icz, W .: A n tib io tics , O rigin, N a tu re  and

P ro p e rtie s . Vol. I. P e rg am o n  P ress , O xford 1967. p. 1120.
34. V o n d racek , M.: C h ro m ato g rap h y  of A n tib io tics . In  H e ftm a n n , E . (ed.): C h ro m ato g rap h y .

V an  N o s tran d , New Y o rk  1975. P . 820.
35. B é rd y , J . ,  Aszalós, A., B o stian , M ., M cN itt, K . L .: CRC H an d b o o k  of A n tib io tic  Com­

p o u n d s. Vol. V II. CRC P ress , B oca R a to n  1981. p. 80.

-tela Microbiolcgica H ungarica 33, 1986





Acta Microbiologica Hungarica 33 (4 ) , pp. 285 -2 9 4  (1986)

PHAGE TYPES, ANTIBIOGRAMS AND 
R-PLASMIDS OF KLEBSIELLA AND 

ENTEROBACTER ISOLATED FROM HOSPITAL 
ENVIRONMENT AND FOOD

J u d i t  H o r v á t h , J u d i t  L a n t o s , J u d i t  F e k e t e  a n d  E r z s é b e t  M a r j a i

P u b lid  Health Station, Szeged

(R eceived  Ju n e  3, 1985)

F o u rh u n d red  and  tw e n ty - tw o  Klebsiella  s tra in s  an d  294 Enterobacter s tra in s  were 
iso la ted  (i) from  d irec t o r in d ire c t en v iro n m en t o f  hosp ita lized  p a tie n ts , (ii) fro m  foodstuffs, 
foods, cu lin a ry  u tensils and  s ta f f  in  h o sp ita l and (iii) in  ca terin g  estab lish m en ts . O f Klebsiella, 
th e  species K . aerogenes (7 6 .5 % ) o f Enterobacter, th e  species E. cloacae (7 7 .6 % ) o ccurred  the  
m o st f req u en tly  in  all specim ens. K lebsiella  s tra in s  w ere ty p ab le  in 68 .5 % ; 53 .1%  o f th e  Entero­
bacter s tra in s  were sensitive to  phage. M ost of th e  u n ty p a b le  Klebsiella  an d  Enterobacter s tra in s  
an d  th e  m u ltiré s is tan t s tra in s  o rig in a ted  from  screening in  hosp itals. S ensitive  b a c te r ia  as well 
as th o se  re s is tan t to  one or tw o a n tib io tic s  m ay be p o ten tia lly  dangerous for th e  p a tie n t  con­
su m in g  th em , since th ey  m ay  becom e m u ltiré s is ta n t due to  R -p lasm id  tran sfer.

A n tib io tic-resistan t stra in s b elon g in g  to  th e  Enterobacteriaceae fa m ily  and  
carrying  R  p lasm id  h ave p ro v ed  to  be th e  m ost dangerous am on g  n osocom ial 
b acter ia . The special en v iro n m en t in  h osp ita ls, n am ely , th e  co n sta n t presence  
and in ad eq u ate a d m in istra tion  o f  an tib io tics [1], carriers a m on g  th e  h os­
p ita l personnel [2 -4 ] , in stru m e n ta tio n , and tran sference o f  th e b acter ia  from  pa­
t ie n t  to  p a tien t [5 -9 ]  p la y  an  im p ortan t role in  th e  w ide spread  o f  ca u sa tiv e  
a g en ts  resistan t to  a n tib io tic s . More recen tly  th e  p o ssib ility  o f  sp readin g  
th ro u g h  th e  a lim entary  ro u te  has com e in to  prom inence.

R esu lts ob ta in ed  in  th e  la st  few  decades h ave been  rev iew ed  b y  L inton
[10]. I t  is w ell-know n th a t  in  an im al breeding an tib io tics  h ave b een  ad m in is­
tered  n o t on ly  for th erap eu tic  p u rposes hut also, in low  con cen tra tion s in  th e  feed, 
for stim u la tin g  w eigh t gain . F or th e  la tter  reason , th e  freq u en cy  o f  resistan t  
b acter ia  in  food stu ffs o f  an im al origin  has su d d en ly  increased. F rom  stu d ies  
perform ed  in E n glan d , it  b eca m e clear th a t, ow in g  to th e  a lim e n ta ry  chain , 
resista n t bacteria  m ay  th rea ten  m an. T herefore, th e  use o f  a n tib io tic s  in an im al 
feed  has been  reduced f irst in  E n glan d  and su b seq u en tly  in  cou n tr ies o f  the  
E u rop ean  Com m on M arket. H o w ev er , a strik in g  se lection  o f  re s is ta n t strains  
had a lread y  occurred b y  th a t  tim e  in  factories d ealin g  w ith  slau gh tered  an im als  
and ev e n  in th e w orkers o f  th o se  factories. H a rtley  et al. [11] com p ared  th e  
d istr ib u tio n  o f  th e R  p lasm id  in  Escherichia coli iso la ted  from  h e a lth y  peop le  
and th o se  iso la ted  from  v ariou s an im als (p ou ltry , sw ine and c a ttle ) . T h e fre-

J u d it  H o r v á t h , J u d it  L a n t o s , J u d it  F e k e t e , E r z s é b e t  M a r j a i  

P u b lic  H e a l th  S ta tio n
D e rk o v its  fa so r  7 — 11, 6725 S zeged, H u n g a ry

9 A k a d é m i a i  K i a d ó ,  B u d a p e s t  

A c t a  M i c r o b i o l o g i c a  H u n g a r i c a  3 3 ,  1 9 8 6
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q u e n c y  o f  strains carrying R  p la sm id  was 0.02%  a m o n g  stra in s o f  h um an  origin  
in  c o n tr a s t  to  the 60%  a m o n g  th o se  iso lated  from  an im als. T he sam e authors  
d em o n str a te d  th a t E. coli s tra in s  present in  m ea t p rep aration s m ay  co lonize  
in  m a n  w ith in  10 d ays a fter  con su m p tion .

In  H ungary, M ilch e t  a l. [12] com pared stra in s iso la ted  from  p a tien ts , 
su rfa ce  w aters and fo o d stu ffs  as regards se n s it iv ity  to  a n tib io tics , serogroup  
an d  p h a g e  sen sitiv ity . T h e y , to o , showed th a t  stra in s carrying th e R factor  
w ere m o st frequent in  m ea t p rod ucts.

C onsidering th ese  r e su lts  it  occurred th a t Klebsiella  and Enterobacter o ften  
is o la te d  in  th e course o f  h o sp ita l screening in v e st ig a t io n s , am ong o ther p a th o ­
g e n s , m ig h t  be con veyed  in to  h osp ita l w ards w ith  food . In  th is  paper w e d e­
sc r ib e  th e  properties o f  422  Klebsiella  and 294  Enterobacter strains iso la ted  in  
th is  s tu d y .

M ateria ls and m ethod s

S tra in s  and sources. P a r t  o f  th e  sam ples (H o) w ere  ta k e n  in  h o sp ita l w ards, fro m  the  
su rfa c e  o f hosp ital eq u ip m en t (b e d s , tex tile s , bed tab les, m ed ic ine  boxes, m edicine, nailb rushes) 
o r  in  th e  m ore rem ote e n v iro n m e n t (corridor, w o u n d -d ress in g  room , o p e ra tin g  th ea tre ). 
T h e  re m a in in g  sam ples o r ig in a ted  fro m  food-stuffs, food, c u lin a ry  u ten sils  and from  th e  s ta ff; 
p a r t  o f  th e se  (H oF  sam ples) w ere  ta k e n  in  hosp ital k itch en s , th e  o th ers  (F  sam ples) from  food­
s tu f f  ta k e n  in catering  e s ta b lish m e n ts  (outside h o sp ita l). T he sam p lin g  las ted  fro m  J a n u a ry  
1983 to  F e b ru a ry  1984. T he H o  s t r a in s  were cu ltu red  a n d  id en tif ie d  as described in  [13], th e  
s t r a in s  o f  foodstu ff origin a cc o rd in g  to  th e  H u n g arian  S ta n d a rd  for Fo o d  M icrobiology.

T h e  biochem ical te s ts  re co m m e n d e d  by  Ke and M ilch [14J w ere carried  o u t to  d is tingu ish  
K leb sie lla  an d  Enterobacter s t ra in s  b y  species.

I n  the test fo r  R  p la sm id  a n  E . coli H fr la c -  n a lr s tra in  w as used  as recip ien t.
Resistance to antibiotics a n d  p la sm id  transfer w ere d e te rm in e d  as pu b lish ed  earlie r [15]. 

T h e  fo llo w in g  an tib io tics w ere u se d : am picillin  (Ap), ch lo ram p h en ico l (Cm ), s trep to m y c in  (Sm ), 
te tra c y c lin e  (Tc), kan am y cin  (K m ) a n d  nalid ix ic acid (N al).

I n  phage typ ing  th e  K lebsie lla  phages I-X V  desc rib ed  b y  Slopek e t  al. [16] and  th ree  
a cc esso ry  phages [4; 7; 35] as w ell as th e  Enterobacter p h ag e  C14 [17] were used.

Results

Distribution and incidence o f  Klebsiella and  Enterobacter species. O ut o f  the  
7 1 6  iso la te s  422 (58.9% ) b e lo n g ed  to Klebsiella and  294 (41.1% ) to  Enterobacter 
T a b le  I  show s the sp ecies d istr ib u tio n  o f th e stra in s accord in g  to  source. K . aero- 
genes  stra in s occurred th e  m o s t  freq u en tly , irresp ectiv e  o f  origin. In  h osp ita l 
sc r e e n in g  sam ples K . oxytoca  sh ow ed  a re la tiv e ly  h igh  freq u en cy  (6 .7% ), a lm ost 
t e n  t im e  as high as sh ow n  b y  K e and Milch [14] in  p a tie n ts . The sam e species  
o ccu rred  frequently  a lso  in  food  sam ples o f  e ith er  h osp ita l or o ther origin. 
A m o n g  Enterobacter s tra in s , E. cloacae w as th e  m o st frequ en t, in d ep en d en tly  
o f  th e ir  origin.

Phage type distribution.  T ab le II presen ts th e  p hage ty p e  d istr ib u tion  of  
Klebsiella  and Enterobacter stra in s according to  th e  source o f  iso la tion . O f th e

A cta  Microbiologica Hungarica 33, 1986
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Table I

D istribution o f  Klebsiella and Enterobacter strains according to source and species

Source

K l e b s i e l l a  species, °o E n l e r o b a d e r  specie 5 . °„
K l e b s i e l l a

and
E n t e r o b a c t e r

T o ta lT o ta l K .  a e r o -  

g e n e s

K .  a t -  

l a n t a e

K .  e d -

u a r d s i i

K .  o x y -  

t o c a

K .  o z a e -  

n a e

K .  p n e u ­

m o n ia e

K .  r h i n o - T o ta l E .  a e r o - E .  c l o a ­

c a e

E .  l i q u e -  

f a c i e n s
N o. О//о m a t i s N o. о/ g e n e s

No. Of

Ho 164 38.9 89.6 0 . 6 — 6.7 1.3 1 . 2 0 . 6 159 54.1 14.5 82.4 3.1 323 45.1

H o F 78 18.5 67.9 — 1.3 28.2 — — 2 . 6 76 25.8 30.3 68.4 1.3 154 21.5
F 180 42.6 68.3 0 . 6 0 . 6 27.2 3.3 — — 59 2 0 . 1 20.3 76.3 3.4 239 33.4
T o ta l 422 58.9 76.5 0.5 0.5 19.4 1.9 0.5 0.7 294 41.1 19.7 77.6 2.7 716 1 0 0 . 0

Ho =  stra in s  isolated from  d irec t or in d irect env ironm en t o f hospitalized p a tien ts ; H o F  =  stra in s  iso lated  from  food in hosp ita l k itchens 
F  =  stra ins isolated from  public  catering  estab lishm ents

Table I I

D istribution o f  Klebsiella and Enterobacter strains according to source and phage type

T o ta l T v p a b le  N o t ty p a b le  P h ag e  ty p e , %
S tra in s  S o u r c e ------------------------ ----------------------------------------------------------------------------------------------------------------- ----------------- ----- -—

N o. No. О/
. О N o. О IA , IB i I IA , I I B , I I I A , IV A j V IIA , V I I IA , X A , X I I IA , K l4 K l7 K lss O th e r Cl4

Ho 164 99 60.4 65 39.6 3.7 6.7 1 2 . 2 1 . 2 1 . 8 2.4 4.3 2.4 3.1 3.7 4.3 5.5 1 . 2 7.9
K leb si­

ella H oF 78 52 66.7 26 33.3 5.1 7.7 10.3 9.0 5.1 — — 2 . 6 — 6.4 3.8 3.8 1.3 11.5 —

F 180 139 77.2 41 2 2 . 8 10.5 1 0 . 0 19.4 1 . 1 3.3 4.4 0 . 6 2 . 2 l . i 1 . 1 3.9 1.7 1.7 16.1 ~

T o ta l 422 289 68.5 133 31.5 6.9 8.3 14.9 2 . 6 3.1 2 . 8 1.9 2.4 1 . 6 3.1 4.0 3.5 1.4 1 2 . 0 —

Ho 159 80 50.3 79 49.7 _ _ _ _ _ _ 5.7 3.1 44.0
Entero­

bacter H oF 76 44 57.9 32 42.1 57.9
F 59 32 54.2 27 45.8 1 0 . 2 1.7 52.5

T o ta l 294 156 53.1 138 46.9 - - - — - - — - 3.1 - - — 3.7 0.3 49.3

F o r abbrev ia tion  see Table I
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Table Illa

P h a g e  ty p e  d is tr ib u t io n  o f  th e  tw o

T o ta l  T y p a b le  N o t ty p a b le
S p ec ie s  S ource — ---------------------------------- -------------------------------------------------------- ------------------------------------

N o. % No. % No. %

Ho 147 45.5 89 60.5 58 39.5
K . aerogenes H oF 53 16.4 27 50.9 26 49.1

F 123 38.1 87 70.7 36 29.3

T o ta l 323 1 0 0 . 0 203 62.8 1 2 0 37.2

Ho 1 1 13.4 9 81.8 2 18.2

K . oxytoca H oF 2 2 26.8 2 2 1 0 0 . 0 _ _
F 49 59.8 46 93.9 3 6 . 1

T o ta l 82 1 0 0 . 0 77 93.9 5 6 . 1

F o r a b b rev ia tio n s  see Table I

Enterobacter strains 53.1%  sh ow ed  ly sis , 7 .1%  o f  w hich  occurred w ith  Klebsiella  
p h a g e s . T h e greatest part o f  b o th  th e n o n ty p a b le  Enterobacter and Klebsiella 
stra in s  w ere H o iso la tes .

T y p a b le  Klebsiella  stra in s fell in to  38 p h age ty p es; in T able II  d eta iled  
d a ta  are p resen ted  for th o se  w ith  m ore th a n  1%  o f  strains; th e  in c id en ce  o f  
th e  le s s  freq u en t p hage ty p e s  is sum m arized  as “ oth er phage ty p e s” . P h age ty p e  
IIA]^ occurred  th e m ost freq u en tly , in d e p e n d en tly  o f  th e origin o f  th e  iso la te . 
T h is p h a g e  ty p e  is fo llow ed  b y  1 B L in H o iso la te s , b y  I I B 2 in H o F  iso la te s  and  
b y  IA j  in  F  iso la tes . P hage C14 ly sed  49 .3%  o f th e  Enterobacter stra in s, hut none  
o f  th e  Klebsiella  stra in s.

T a b les  111a and I l l b  sh ow  th e d istr ib u tion  o f  th e m ost freq u en tly  occu r­
r in g  p h a g e  ty p e s  o f  th e  Klebsiella  and Enterobacter species, re sp ec tiv e ly . T h e pre­
d o m in a n t p hage ty p e  for K . aerogenes w as I I A ,,  irrespective o f  th e  origin  o f  
th e  iso la te . A m on g  K . oxytoca stra in s, p h age  ty p e  IA t was th e  co m m on est  
a m o n g  H o iso la tes, w hereas IB , am ong H o F  and  F  iso la tes. P ara llel ly s is  o f  
E. cloacae strains b y  b o th  th e  d iagn ostic  p h age C 14 and phage K 35 occurred  
fr e q u e n tly , w hereas p hage ty p e s  X A t and th e  VIIIBj^ were iso la ted  le ss  fre­
q u e n t ly . E. aerogenes stra in s u n iform ly  b elo n g ed  to  phage ty p e  X A x.

Antibiotic  sensitivity.  T he d istr ib u tion  o f  Klebsiella  and Enterobacter 
stra in s  b y  resistan ce to  a n tib io tics  and origin  is  sh ow n  in F ig . 1. On th e  average  
12 .7%  o f  th e  Klebsiella  and Enterobacter stra in s o f  H o origin (n =  323), 38 .5%  
o f  th e  H o F  strains (n =  154) and 24.3%  o f  th e  F  stra in s (n =  239) p roved  to  he 
se n s it iv e . T he resistan ce to  A p w as th e m o st freq u en t in  all groups esp e c ia lly  
a m o n g  H o strains. A s to  th e  o ther a n tib io tics , H o F  and F  strains w ere co n ­
s id e r a b ly  less freq u en tly  resistan t than  H o iso la te s . The in cidence o f  resistan ce  
to  ce r ta in  an tib io tics  (Tc, K m , N a l)  was h igher in  th e F  than  in th e  H o F  group.

A cta  Microbiologica Hungarica 33, 1986
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m o s t f r e q u e n t  K leb s ie lla  sp e c ie s

M ost f re q u e n t phage ty p es O ther

ty p e % type % ty p e %

Ho 11 A , 12.9 K L , 6 . 1 IB, 5.4 36.1
K . aerogenes HoK 11 A , 9.4 II B. 9.4 XIII A . 9.4 22.7

F II A , 2 1 . 1 1 A , 7.3 I B, 5.7 30.9

T o ta l

Ho I A , 45.4 I B, 18.2 II A , 9.1

K .  o xy to ca H oF I B, 27.3 I A , 13.6
III A ,  
H A , 13.6 45.5

F 1 B, 22.4 I A , 16.3 11 A , 14.3 40.9
T o ta l

In  Tabló IV  th e  p ercen t d istr ib u tion  o f  a n tib io tic  resistan ce o f  th e  m ost 
freq u en tly  iso lated  Klebsiella  and  Enterobacter sp ecies is su m m arized . S ince 96%  
o f  th e  Klebsiella  stra in s p roved  to  be K . aerogens or K . oxytoca, and  97%  o f the  
Enterobacter strains w ere E. cloacae or E. aerogenes, th e  p ercen t d istrib u tion s  
w ere ap p rox im ately  th e  sam e as show n b y  th e  co lum n  d iagram s in  F ig . 1. 
T he percen tage o f  m u ltir é s is ta n t iso la tes was the h igh est am on g  K . aerogenes 
and E. cloacae stra in s iso la te d  from  h osp ita l en v iron m en t (44 .2  and  33.6% , 
resp ec tiv e ly ).

Table Illb

P hage ty p e  d is t r ib u t io n  o f  th e  tw o  m o s t f r e q u e n t  E n te ro b a c te r  sp e c ie s

P h a g e  ty p es

О  « -ь  3
с- о

С Л  С Л

V II I B i X A, K l 3 5 c 14

N o .
%

N o .
% N o . % N o . % N o . % N o . % N o . 0/

« о

О )

С  Т  I

&  Н о
23 39.7 и 47.8 1 2 52.2 2 8.7 9 39.1

£  H o F 23 39.7 15 65.2 8 34.8 — — — — — — 15 65.2
ё F  

bi
1 2 2 0 . 6 6 50.0 6 50.0 6 50.0

T o t a l 58 1 0 0 . 0 32 55.2 26 44.8 - -
2 3.5 - - 30 51.7

г н о 131 57.5 67 51.1 64 48.9 7 5.3 5 3.8 59 45.0
. 2  H o F 52 2 2 . 8 29 55.8 23 44.2 — — — — — — 29 55.8

"  F  

b j

45 19.7 26 57.8 19 42.2 l 2 . 2 — — 6 13.3 25 55.6

T o ta l 228 1 0 0 . 0 1 2 2 53.5 106 46.5 l 0.4 7 3.1 1 1 4.8 113 49.6

F o r abbrev iations see T ab le  I
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Table IV

P ercen t d i s t r ib u t io n  o f  th e  m ost f r e q u e n t ly  iso la te d  K le b s ie lla  a n d  
E n te r o b a c te r  sp e c ie s  by  a n tib io tic  re s is ta n c e

S p ec ie s Source N o.
S e n s i­

t iv e
R e s is ta n t,  % M ultip le

re s is ta n t

/о Ap Cm Sm T c K m N al No. 0//о

Ho 147 5.4 91.2 46.3 40.8 44.2 25.1 6 . 1 65 44.2
K .  a e r o g e n e s H oF 53 9.4 92.1 15.1 11.3 3.8 1.9 — 2 3.8

F 123 15.4 85.4 8.9 4.1 1 2 . 2 — 2.4 8 6.5

T o ta l 323 74

Ho 1 1 81.8 18.2 18.2 9.1 18.2 9.1 2 18.2
K .  o x y to c a H oF 2 2 54.5 36.4 9.1 4.5 — 9.1 — — —

F 49 28.6 67.3 2 . 0 — 6 . 1 14.3 — 1 2 . 0

T o ta l 82 3

Ho 23 21.7 73.9 8.7 13.0 8.7 8.7 _ 2 8.7
E .  a e r o g e n e s H oF 23 73.9 30.4 — — — — — — —

F 1 2 75.0 25.0 8.3 — 8.3 — 8.3 1 8.3

T o ta l 58 3

Ho 131 18.3 75.6 37.4 35.9 33.6 1 2 . 2 44 33.6
E .  c lo a c a e H oF 52 42.3 55.8 3.8 1.9 — — — — —

F 45 26.7 64.4 2 . 2 2 . 2 4.4 — 6 . 6 1 2 . 2

T o ta l 228 45

F o r  abbreviations see T ab le  I

Table V

T h e  m o s t c o m m o n  a n t ib io t ic  re s is ta n c e  p a t te r n s

Ap Cm Sm Tc K m N a l

K leb siella

Ho HoF F T o ta l

No. 0//о No. о/ No. /о No. Of

_ _ _ и 6.7 19 24.4 37 20.5 67 15.9
+ — — — — — 6 6 40.2 42 53.8 1 0 2 56.7 2 1 0 49.8
+ + — — — — 5 3.0 6 7.7 5 2 . 8 16 3.8
+ 4- — — — 3 1 . 8 6 7.7 3 1.7 1 2 2 . 8

+ — 4- — — 4 2.4 — — 9 5.0 13 3.1
+ — — — 4- — 1 0 . 6 2 2.5 8 4.4 1 1 2 . 6

+ + — 4- — 9 5.4 — — 4 2 . 2 13 3.1
+ + + 4- — — 14 8.5 1 1.3 3 1.7 18 4.2
+ + + 4- 4- — 31 18.9 1 1.3 — — 32 7.6
O th e r 2 0 1 2 . 1 1 1.3 9 5.0 30 7.1

T o ta l 164 1 0 0 . 0 78 1 0 0 . 0 180 1 0 0 . 0 422 1 0 0 . 0

F o r  abbreviations see T ab le  I
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Но
Klebsiella Enterobacter

tn  = 164] [n  = 1593

HoF
Klebsiella E nterobacter

[n = 78J [n=76J

F
Klebsiella E n te ro b ac te r

[n =180 J [ n = 59 ]

Fig. 1. D is tr ib u tio n  of K lebsiella  and  Enterobacter s tra in s  b y  resistance to six a n tib io tic s . H o =  
s tra in s  iso la ted  from  d irec t o r in d irec t e n v iro n m en t o f  hosp italized  p a tie n ts ; H o F  =  s tra in s  
iso la ted  from  food in  h o sp ita l k itch en s; F  — s tra in s  iso la ted  from  public  c a te r in g  e s ta b lish ­
m en ts. P e rcen tag e  of s tra in s  in circle d iag ram s: sen sitiv e  (open sectors), re s is tan t to  one (solid 
sec to rs); tw o (h a tch ed  sec to rs); th ree  o r m ore (sh ad ed  sectors) antib io tics. P e rc en tag e  o f s tra in s  
re s is ta n t  to  in d iv id u a l an tib io tic s: Klebsiella  (open co lum ns) and  Enterobacter (sh a d ed  co lum ns)

T he m ost freq u en t resistan ce p a ttern s are show n in T able У . R esista n ce  
o n ly  to  Ap ch aracterized  m ost Klebsiella  and  Enterobacter stra in s from  all 
sou rces. T h is w as fo llow ed  in order b y  th e  sim u ltan eou s presence o f  resistan ce  
to  A p , Cm, Sm , T c, and K m  in H o Klebsiella  strains (18.9% ) and to  A p , Cm ,

o f  Klebsiella and Enterobacter strains

E n te ro b a c te r

Ap Cm Sm T c K m N al H o H o F F T o ta l

N o. % N o. % No. % N o. %

_ _ _ _ _ _ 29 18.2 40 52.7 2 1 35.5 90 30.6
+ — — — — — 69 43.4 32 42.1 28 47.5 129 43.9
+ + — — — — 3 1.9 1 1.3 1 1.7 5 1.7
+ — + — — — 5 3.1 1 1.3 — — 6 2 . 0

+ — — + — — — — — — — — —

+ — — + — — — — — 9 3.4 2 0.7
+ + — + — — — — — — 1 1.7 1 0.3
+ + + + — — 26 16.4 — — — — 26 8.9

O th er
+ + + — 13

14
8 .2
8 .8 2 2 . 6 6 1 0 . 2

13
2 2

4.4
7.5

T o ta l 159 1 0 0 . 0 76 1 0 0 . 0 59 1 0 0 . 0 294 1 0 0 . 0
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S m , an d  T e in H o Enterobacter strains (16 .4% ). T h e strains from  food (F  iso la tes)  
sh o w e d  resistan ce to  tw o  a n tib io tics  (Ap and Cm ; Ap and Sm ; Ap and T c; Ap  
an d  K m ) at a re la tiv e ly  h ig h  frequency.

Correlation between antibiotic resistance a n d  phage type. N o sp ec ific  a n ti­
b io t ic  p attern  лгав ch a ra c ter istic  for an y  d e f in ite  phage ty p e  o f  Klebsiella. 
T h e m u ltirésista n t stra in s w ere, in general u n ty p a b le .

Frequency of R  p la s m id  in Klebsiella and Enterobacter strains. T ab le  V I  
d em o n stra tes  th e re la tio n sh ip  b etw een  ty p a b il ity , m ultiresistan ce and R  p la s­
m id  tran sfer  o f Klebsiella  an d  Enterobacter s tra in s . R  p lasm id  w as d em on strab le  
in  6 6 .7 %  o f  the H o iso la te s  o f  m ultip le r e s is ta n t Klebsiella  strains. O f th e  ty p -  
a b le  Klebsiella  stra in s 4 5 .7 % , o f  th e u n ty p a b le  on es 90.3%  con ta in ed  p la sm id  
a n d  96%  o f these stra in s w ere m u ltirésistan t. T h e p resence o f R  p lasm id  in  th e  
H  o F  an d  F  iso lates o f  Klebsiella  was co n sid era b ly  low er and p lasm id  tran sfer  
fa ile d  b etw een  such Enterobacter strains. T he H o  stra in s o f  Enterobacter carried  
tra n sfe ra b le  R p lasm id  in 76 .5%  (46.2%  and 8 6 .8%  o f the ty p a h le  stra in s, 
r e sp e c tiv e ly ) .

Table VI

R elationship  betu een typ a b ility , multiresistance and R -p la sm ic  transfer o f  Klebsiella and
Enterobacter strains

O rig in K le b s ie lla E n te ro b a c te r
o f

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

ty p a b le to ta l ty p ab le
n o t

ty p a b le to ta l

No. o f stra ins tes ted  for p h ag e  type 99 65 164 80 79 159

No. o f m ultiple re s is ta n t s tra in s 32 36 68 8 38 46

H o No. o f stra ins tested  for p lasm id  transfer 35 31 66 13 38 51

N o. o f R + strains 16 28 44 6 33 39

R  + stra ins in per cen t o f s tra in s  tested 
for transfer 45.7 90.3 66.7 46.2 86.8 76.5

N o. of stra ins tested  for p h ag e  type 52 26 78 44 32 76

N o. o f m ultip le re s is ta n t s tra in s 1 1 2 — — —

IIo F N o. o f stra ins tes ted  fo r p lasm id  transfer 13 4 17 — 1 1
N o. o f R + strains 1 — 1 — — —
R + stra in s in per cen t o f s tra in s  tested 

for transfer 7.7 0 5.9 0 0 0

N o. o f stra ins tested  for p h ag e  type 139 41 180 32 27 59
N o. o f m ultiple re s is ta n t s tra in s 6 3 9 — 2 2

F N o. of stra ins tes ted  fo r p lasm id  transfer 33 13 46 1 5 6
N o. of R + stra ins 4 1 5 — — —

R + stra in s in per cen t o f s tra in s  tested  
fo r transfer 12.1 7.7 10.9 0 0 0
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KLEBSIELLA AND ENTEROBACTEK

T he resistan ce to  A p, Sm  and K m  w as transferred b y  R p lasm id  in 32%  
o f  th e  m u ltirésistan t (A p , Cm, Sm , Tc, K m ) H o Klebsiella iso la te s  te s te d  for 
p lasm id  transfer. A m on g  A p, Cm, Sm  and Tc resistan t and A p, Cm , S m , Tc and 
K m  resistan t H o iso la tes  o f  Enterobacter resistan ce could he tran sferred  h y  R 
p lasm id  in 31.4  and 11.8% , resp ec tiv e ly .

293

D iscussion

W e h ave show n th a t  in all groups o f  sam ples ex a m in ed , K .  aerogenes 
(76 .5% ) and E. cloacae (77 .6% ) w ere th e  p red om in atin g  Klebsiella  and  Entero­
bacter sp ecies. The sam e sp ecies d istr ib u tion  v  as observed  b y  K e and M ilch [14] 
am on g  strains iso la ted  in H u n gary  from  p a tien ts , excep t K . oxytoca, w h ich  was 
ten  tim es frequent in our H o sam p les. In  food  sam ples orig in a tin g  e ith er  from  
h o sp ita l or elsew here K . oxytoca w as still m ore freq u en t (ab ou t 2 8 % ). A ccord­
in g  to  recen t literary  d a ta  K . oxytoca is o f  special im portance in  h o sp ita l in fec­
tio n s , for th is  species has p roved  to  be m ore v iru len t th an  К . aerogenes, the  
m o st com m on Klebsiella  sp ecies [18].

In  agreem en t w ith  literary  d a ta  [14, 19], 68 .5%  o f th e  Klebsiella  strains 
cou ld  be ty p ed . M ost o f  th e  u n ty p a b le  stra in s, e ith er Klebsiella or Enterobacter, 
d erive from  stud ies perform ed in h osp ita l en v iron m en t. D ue to  th e  se lective  
e ffec t o f  th e  an tib io tics used  in h o sp ita ls , u su a lly  th e sam e stra in s are th e  m ost 
re ista n t [20], o ften  m u ltirésista n t. Our Klebsiella  and Enterobacter s tra in s iso la t­
ed  from  food sam ples ta k en  o u tsid e  h osp ita l were m ore fre q u en tly  resistan t 
to  a n tib io tics  th an  th e iso la tes  o f  h o sp ita l origin. T h is is ex p la n a b le  b y  th e  fact 
th a t  o f  th e  la tter  sam ples 4% , w hereas o f  the form er ones 27%  w ere ta k en  from  
raw  food stu ff, raw  m eal and d airy  p rod u cts. The ab un dan ce o f  raw  p rod u cts o f 
an im al origin in resista n t b acteria  m igh t be due to  feed in g  th e  an im als  w ith  
a n tib io tics .

T w o-th irds o f  th e  resista n t H o iso la tes o f  Klebsiella  s tra in s carried R 
p lasm id  in agreem ent w ith  th e  fin d in g  o f  M ilch and K e [21].

I t  has been  show n th a t  b acter ia  in trodu ced  in raw fo o d stu ffs  in to  the  
k itc h e n  freq u en tly  gain  access v ia  con tam in ated  k itch en  u te n sils  in to  ready  
m eals because o f  h yg ien ic  irregu larities. Cooke et al. [22] d escr ib ed  in testin a l 
co lon iza tion  in tw o  p a tie n ts  b y  Klebsiella  o f  th e  sam e phage ty p e  an d  bacterio- 
cin  ty p e  cu ltured  from  sa lad s and cold  m eals. C asewcll and P h illip s  [23] showed  
th a t  raw , unw ash ed  sa lad  w as co n ta m in a ted  b y  Klebsiella  in  o n ly  8% , w hile 
th e  organism  was iso la ted  from  45%  o f  th e  sam ples tak en  after w a sh in g . Cooke 
et al. [24] iso la ted  Klebsiella  stra in s o f th e  sam e serological and b a cter io c in  typ e  
from  w ound and in te stin e  in 50%  o f th e ir  p a tien ts.

W e failed  to u n e q u iv o ca lly  d em on strate  a chain  o f  co n ta m in a tio n  or in ­
fec tion  from  food to  p a tie n t. N ev erth e less , sen sitive  b acteria  co n su m ed  b y  the
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p a t ie n t s  m ay be d an gerou s b ecau se , tak ing in to  a cc o u n t th a t  R p lasm id  was 
carried  b y  75% of our m u lt ir é s is ta n t  iso lates, th e y  m a y  acquire m u ltiresistan ce  
b y  R  p lasm id  transfer.
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AGE OF THE CELL CULTURE: A FACTOR 
INFLUENCING HORMONAL IMP HINTING OF 

T E T R A H Y M E N A

L. K Ő H i D A i ,  M a g d o l n a  T h o m k a  and G .  C s a b a  

Department o f  B iology, Sem m elw eis U niversity  Medical School, B udapest

(R eceived  S ep tem b er 5. 1985)

In su lin  im p rin tin g  of Tetrahym ena p yr ifo rm is  in  d ifferen t grow th p h ases h a d  been  in ­
v e s tig a ted . Cells form ed in  th e  early  lo g arith m ic  ph ase  (1 8 -hour culture) show ed e n h a n c e d  h o r­
m one b in d in g  a t the  second e n co u n te r  w ith  the  ho rm o n e  prov ing  th a t im p rin tin g  h a d  developed. 
This p h en om enon  was n o t obse rv ed  in cells fo rm ed in  th e  la te  logarithm ic p h ase  (4 2 -h o u r cul­
tu re )  o r in  the  s ta tio n a ry  ph ase  ( 6 6 -h o u r cu ltu re). L ip id  transfo rm ation  processes, a lte ra tio n  of 
th e  g u a n y l cyclase a c tiv ity  an d  en h anced  cell d iv is ion  m a y  be responsible fo r th is  e ffec t. Cell- 
g ro w th  ph ase  G, was especially  fa v o u rab le  for d ev e lo p m en t of im prin ting .

Tetrahymena  is a w ild  liv in g  c ilia ted  u n icellu lar organism  g r e a tly  d ep en d ­
en t on  its  en viron m en t. T h e shape o f  th e  g row th  curve o f its ce ll cu ltu re  is in­
flu en ced  b y  changes o f  th e  en v iro n m en t, som e o f  which being d e ter m in ed  by  
th e  u n icellu lar itself.

T h e m u ltip lica tion  cu rve o f  Tetrahymena  can be d iv id ed  in to  several 
p h a ses, sim ilarly  to  th e  grow th  cu rve o f  b a cter ia  or other u n icellu lar m ass cu l­
tu r es . T here is an in itia l or lag  p h ase sh o w in g  no increase in ce ll n u m b er  and  
o cca sio n a lly  even  a d ecrease can  b e o b serv ed . Sub seq uently  th e  acce lera tion  
and ex p o n en tia l (logarith m ic) p h ases fo llo w : th e  increase o f th e  ce ll num ber  
can  be d elin eated  lo g a r ith m ica lly  b y  a steep  stra ig h t line that in d ic a te s  a rather  
q u ick  m u ltip lica tion . A m od erate  cell grow th  p reva ils  in the n ex t p er io d  fo llow ed  
b y  th e  sta tion ary  p hase w ith  a re la tiv e  co n sta n c y  o f the m a x im a l exet gsible 
ce ll n u m b er. In th is p hase m u ltip lica tio n  and ce ll death are in  b a la n c e . F in a lly  
th e  cu ltu re  reaches a d eclin in g  p eriod  w here ce ll lysis exceeds th e  g ro w th  rate  
o f n ew  cells [1].

T h is process cau ses a ltera tion s in  th e  ce ll as well in th e m ed iu m . A s the  
ce ll n u m b er increases, th e  a m ou n t o f  th e  n u tr ien t m aterials d ecrea ses and  
d egrad ation  products accu m u la te  p aralle l w ith  the aging o f  th e  cu lture. 
T h e a m o u n t o f the a ccu m u la ted  “ a lien ”  m ater ia ls is further in crea sed  b y  the  
d egrad ation  m aterial o f  th e  ly s in g  cells in  cou rse o f the life cy c le , an d  a shift 
in th e  proportion  o f  th e  resp iratory  b ases en su es in the lo g a r ith m ic  phase. 
T h ese ch an ges m ay also be resp onsib le for th e  rise o f th e p H  [2] an d  for the
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g ro w in g  am ount o f  n e u tr a l lip ids [1]. T he q u a n tity  o f  the free f a t ty  acids  
d e r iv in g  from  the tr ig ly cer id e  deposits red ou b les in  th e  stationary  p h ase co m ­
p a red  to  th a t in th e  lo g a r ith m ic  phase [3]. S u b se q u e n tly  it falls sh a rp ly , in ­
d ic a te d  b y  the grad u a lly  accu m u la tin g  lip id  d rop s. T h ese changes are a cc o m ­
p a n ie d  b y  sim u ltan eou s a ltera tio n s of th e in tr a ce llu la r  enzym e a c t iv ity :  th e  
acid  p h osp h atase a c t iv i ty  d ecreases in the lo g a r ith m ic  phase and rises to  th e  
m a x im u m  in the s ta tio n a r y  p h ase [4]. A reversed  ch a n g e is shown in th e  a c t iv ­
i t y  o f  gu an y l cyclase e x e r t in g  th e highest a c t iv ity  in  th e  logarithm ic p h ase  and  
a g ra d u a lly  decreasing a c t iv i ty  in  the sta tio n a r y  p h ase  [5].

T h ese changes m a y  b e  accom pan ied  b y  a lter a tio n s  in  the m em brane le v e l. 
A n  en zy m e  system  is k n o w n  to  transform  p h o sp h o lip id s  to  fa tty  acids. I t s  a c t iv ­
i t y  is  m ore in tense in  th e  sta tio n a r y  phase th a n  in  th e  preceding lo g a r ith m ic  
p h a se  [6, 7 ]. A t th e sam e t im e  production  o f  p h o sp h o lip id s  undergoes a ch an ge, 
to o . A  large am ount o f  p a lm itic  acid is in c o r p o r a te d  into the p h osp h olip id  
in  th e  logarithm ic phase, w h ile  in the sta tio n a ry  p h a se  it is involved  in p ro d u c­
tio n  o f  glycerides and n on -p h osp h o lip id s [8]. T h ese  ob servation s su g g est th a t  
m em b ran e structure and in trace llu lar  p aram eters are different in each grow th  
Ph ase  o f  these cell cu ltu r es .

H orm onal im p r in tin g  is  a phenom enon d e v e lo p in g  at the first en co u n ter  
w ith  th e  horm one: th e  ce ll sh ow s an altered, u su a lly  enhanced  resp on siven ess  
at th e  n e x t  encounter, as a con seq u en ce , and is ca p a b le  o f  an increased h o rm o n e­
b in d in g  [9—11]. E v o lu tio n  o f  an im printing is a co m p lica ted  process in flu e n c ed  
b y  se v er a l factors, in v o lv in g  m om entary stru ctu ra l and functional s ta te  o f  th e  
m em b ra n e  [12, 13], as w e ll as th e a ctiv ity  o f  a sso c ia ted  intracellu lar sy stem s  
a n d  en zy m e groups [1 4 ]. T h e  phases of th e g ro w th  cy c le  potentiate th e  rise o f  
an im p rin tin g  d ifferen tly . P h a se  Gj, a period  a fte r  th e  “ birth” o f  th e  cell, 
y ie ld s  a m uch easier d e v e lo p m e n t o f im prin tin g  th a n  p h ase S or G2 [15]. T h is  is 
d u e to  changes o f th e  m em b ran e structure in  th e  d ifferent grow th p h ases. 
In  v ie w  o f these d ata  it m a y  b e  assum ed th a t s in ce  th e  cells o f d ifferent g row th  
p h a se s  differ in severa l a sp e c ts  from  each o th e r , t h e y  can not be regard ed  
e q u iv a le n t  concerning th e  d evelop m en t o f h o rm o n a l im printing eith er .

In  th e  present ex p e r im e n t horm onal im p r in ta b ility  was in v e st ig a te d  
in  th e  d ifferent grow th  p h a se s  o f Tetrahymena pyr ifo rm is  cultures.

M aterials and m eth o d s

Cells o f T. p y r ifo rm is  G L  s tra in  were in v es tig a te d  in  th re e  different g ro w th  ph ases 
in  a  m ed iu m  contain ing  0 .1 %  y e a s t  e x tra c t and 1%  B a c to  T ry p to n e  (Difco) a t 28 °C: (i) e a rly  
lo g a r ith m ic  phase (18-hour c u ltu re ) ;  (ii) la te  logarithm ic p h a se  (42 -h o u r culture); (iii) s ta tio n a ry  
p h a se  ( 6 6 -h o u r culture).

A ll cu ltu res were d iv id e d  in to  tw o p a rts ; one w as le f t  u n tre a te d  for control, th e  o th e r  
w as t r e a te d  w ith  10 ~ 6  M in su lin  (S em ilen te  Novo, C openhagen  D en m ark ) for 1 h. A re p re se n ta ­
t iv e  sa m p le  of cells was in c u b a te d  in  norm al m ed iu m  fo r  24 h. Sam ples of th e  six  g ro u p s 
w ere  f ix e d  in  4%  fo rm alin  a n d  w ash ed  in  PBS. A fte r o n e -h o u r  in cu b a tio n  w ith  fluo resce in -
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iso th io cy an a te  (F IT C -B H D  C hem icals L td ., Poole, E n g la n d ) labelled  insulin  (Sem ilen te  N ovo, 
C openhagen, D en m ark ) th e  cells w ere w ashed in PB S  tw ice  an d  dropped on slide. B in d in g  oi 
labelled  in su lin  was d e te rm in ed  cy to flu o rim etrica lly  in  a Zeiss F luoval c y to flu o rim e te r  com ­
bined  w ith  a H P  41C c o m p u te r used  also for analysis o f v a rian ce . In su lin -b ind ing  o f 20 cells 
from  each  g ro u p  was m easu red . Since th e  ex p erim en t w as re p e a te d  5 tim es th e  re su lts  o f  each 
ex p erim en ta l group  re p re se n ted  th e  b in d in g  cap acity  o f 100 cells. A t th e  tim e of sam p lin g  th e  
cells w ere exam in ed  w ith  S u d a n  red  sta in in g  for th e  a m o u n t o f lip id  drops a cc u m u la te d  in 
th e  cy to p lasm  [16].

R esu lts and d iscu ssion

H orm on al im p rin tin g  varied  in the d ifferen t grow th  p hases o f  Tetra- 
hymena. T h e grow th  p h ases w ere d istin gu ish ed  on  th e  hasis o f tw o  in d ices:  
th e  cell n um ber o f th e  cu ltu res (F ig . 1) and th e  accu m u lation  o f c y to p la sm ic  
lip id  drops (F ig . 2). T h e am o u n t o f  lipid in creased  parallel w ith  th e  a g in g  of 
th e  cu lture [17].

T he a ssay  o f  in su lin  im p rin tin g  revea led  a str ik in g  d ifference b e tw e en  
th e  im p r in ta b ility  o f  th e  18-hour and the tw o  o ld er (42- and 66-hour) cu ltu res  
(F ig . 3). W hile cells in th e  early  logarithm ic p hase d evelop ed  a strong im p r in tin g  
(120% ), th ose  in th e  la ter  p hases show ed no s ig n if ic a n t difference o f  im p rin t-  
a b ility  as com pared  to  th e  control.

T he d ev elo p m en t o f  horm onal im p rin tin g  is a com p licated  process 118]. 
R eaction s on th e occasion  o f  th e  first en cou n ter  w ith  a p o lyp ep tid e h orm on e  
cap ab le o f  b ind in g  to  th e  cell m em brane, such as in su lin , induce th e cell in d if­
feren t w ays to  “ rem em b er”  th e  p revious en co u n te r  at th e n ex t one [1 9 ], and  
th e  cell reacts b y  an en h an ced  response, e.g . b y  h orm on e binding. T h e s ta te  of 
th e cell m em brane p la y s an im p ortan t role in th e  d evelop m en t o f th is process  
lin e. M em brane receptors are th e  first to  m eet th e  horm one and b ind  it .  S u b ­
seq u en t processes m a y  d iverge. T he m em brane it s e l f  is capable o f  p reserv in g  
such  in form ation s b y  its  p la s t ic ity  [20], b ut ce r ta in  en zym es o f  th e  m em b ran e  
m ay also b e a ctiv e  in  th e  d ev e lo p m en t o f th e m em b ran e-b ou n d  m em ory  [14]. 
An im p ortan t tran sferrin g  fu n ction  is a ttr ib u ted  to th e  p henom en on  o f  m em -

200-

100

P//

01 _L
0  8  18 42 6 6  h '

Fig. 1. N u m b ers o f  T. pyrifo rm is  cells in  d iffe re n t g row th  phases
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Ъ гапс-flo w , th a t es ta b lish es  a con tinu ous co n n ectio n  b etw een  th e  m em brane, 
c o v e r in g  th e cell su rface an d  th e in trace llu lar  m em brane sy stem  [13 , 21]. 
I t  a lso  perm its h orm on e-in d u ced  b ioch em ical stru ctu ra l a lterations in  th e  outer  
m e m b r a n e  to be tran sferred  as an in form ation  carrier to  the n u c leu s, or facili­
t a te s  th e  intracellu lar, e n d o c y to tic  processes a sso c ia ted  a ctiv ity  o f  th e  h orm one  
i t s e lf .  T h u s, state o f th e  ce ll-coverin g  m em b ran e m ay  be o f prim ary im p ortan ce

F ig . 2 . C hange of lipid c o n te n ts  o f  T . pyrifo rm is  cells s ta in e d  w ith  S udan  red . (a ) 18-hour,
(b )  42-hour, (c) 6 6 -h o u r cu ltu re
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for th e  d ev elo p m en t and e ffec tiv e n e ss  o f  th e  im p rin tin g . The va r ia b le  re sp o n ­
siv en ess  o f  th e  d ifferent grow th  p hases foun d  in th is stu d y  m ay a lso  b e p a rtly  
a ttr ib u ted  to  th ese  ch an ges in  th e  m em brane structure.

C hanges in th e m em brane stru ctu re m ay  be reflected  b y  th e  tw o -fo ld  
in crea se  o f  th e  am ount o f  th e  free fa tty  acids in th e  stationary  p h ase com p ared  
to th a t o f  th e  logarithm ic p hase [3 ]. O ther d a ta  in d icate an 8-fold  in crea se  o f

F ig. 3. Im p r in ta b ili ty  of T. p yrifo rm is  cells by  in su lin  (con tro l =  100%  in te n s i ty  o f f lu o res­
cence)

th e  tr ig lycer id e  level in 2 4 -7 2 -h o u r  cu ltu res [2 2 J. T hese changes m a y  b e p artly  
due to  a c t iv e  tran sform ation  processes o f  th e  m em brane. The e n z y m e  sy stem  
cap ab le  o f  d egradation  o f  p h osp h o lip id s to  f a t ty  acid, fun ction s w ith  a m uch  
greater  a c t iv ity  in th e sta tio n a ry  p hase th an  in the preceding lo g a r ith m ic  phase  
[6 , 7 ]. T h ese ch anges m ay  in d ica te  an essen tia l structural tra n sfo rm a tio n  o f  the  
m em b ran e and, as a con seu q n ce , a m o d ifica tio n  o f the h orm on e b in d in g  
ca p a c ity  m a y  ensue.

A n im p ortan t d eterm in an t o f  th e  m em b ran e’s structure and fu n c tio n  is 
its  s ta te  o f  f lu id ity . It has been  d em on stra ted  th a t the am ount o f  sa tu ra ted  
f a t t y  acid  grow s and th e lip id  co m p o sitio n  ch an ges parallel w ith  th e  a g in g  of 
th e  cu ltu res: the con sequ en ce on m em brane le v e l is the form ation  o f  a m ore 
rigid  m em brane stru cture |1 ] .

A fter  th e estab lish m en t o f  th e  h orm on e-recep tor con n ection , a d en y la te -  
cy c la se  is th e  en zym e th a t p lays an essen tia l role in transferring in fo rm a tio n  
to  th e  in trace llu lar  space. G u an y la te  cy c la se  is an oth er, sim ilar en zy m e  d etec ted  
in Tetrahymena  in in so lu b le and in so lu b le  form  [23]. Its  m em brane a ssoc ia ted  
form  to g eth e r  w ith  the regu la tory  ca lm o d u lin -C a + + com plex is an  im p o r ta n t  
fa c to r  in  tran sform ation  o f  the m em brane a ssoc ia ted  processes [2 4 ]. T h e  a c t iv ­
i t y  o f  th e  g u an y l cyclase varies in th e  d ifferen t grow th phases o f  th e  cu ltu res
[5 ]. I t  is th e  greatest in th e  early  lo g a r ith m ic  p h ase , in a period w h e n  th e  cells 
seem ed  to  be th e m ost sen sitiv e  to in su lin . T h is fin d in g  su ggests th e  p resu m p ­
tio n  th a t  th is  en zym e also p lays a role in  th e  d evelop m en t o f im p r in tin g .

F in a lly  a ty p e  o f insu lin  effec t sh ould  be m en tion ed  in w h ich  in su lin  is 
b ou n d  to  th e m em brane and p erm eates in to  th e  cell b y  en d ocy tosis  an d  evok es

Acta Microbiologica Hungarica 33, 1986



3 0 0 KÔIIIDAI et al.

th e r e  sp ecific  a ltera tion s. T h e  ein locytotic  p ro cesses  in  the m odel cells are at 
th e ir  m axim u m  in th e  p re-d iv is io n  period [2 5 ]. In  tissu e culture th e grea test  
n u m b e r  o f  su bsequ en t d iv is io n s  takes p lace in  th e  early logarithm ic p hase. 
S h o u ld  insulin  h ave an  im p r in tin g  effect in  th is  p h a se , im p rin tab ility  o f  th ese  
c e lls  is expected  to  b e th e  greatest. C onsiderin g, h ow ever, th e resu lts o f  our 
ea r lier  stud ies [15] g iv in g  ev id en ce  for th e g r e a te s t  im p rin tab ility  o f  th e  “ n ew ­
b o rn ” , ju st  divided ce lls , it  m a y  be assum ed th a t  ce ll-form ation  is a favou rab le  
s t a te  for horm onal im p r in tin g , for the d ev e lo p m e n t o f  receptor m em ory , but 
in  v ie w  o f the p articu lar ro le  o f  phase Gl5 n o t  n ece ssa r ily  by en d ocy tosis .
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THE EFFECT OF BACTERIAL ENDOTOXIN 
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(R eceived O ctober 7, 1985)

E n d o to x in  in h ib ited  th e  phagocytosis of Telrahym ena pyrifo rm is  a f te r  a sh o r t  ex p o su re  
and , to  a  lesser degree, a f te r  rep ea ted  tre a tm e n ts  d u rin g  one week (ab o u t 35 g en era tio n s). 
E n d o to x in  also p re v en ted  th e  d ev elopm en t o f se ro to n in  im p rin ting . D e tox ified  e n d o to x in  
(Tolerin® ) affec ted  th e  phagocy tosis o f Telrahym ena  m u ch  less, ind ica ting  th a t  th e  lip id -A  p a r t  
o f th e  m olecule m ay  acco u n t for the  m em b ran e-to x ic  effect.

E n d o to x in s  are h eterogen ic lip o p o ly sa cch a r id es con ta in in g  lip id -A  as a 
p art resp onsib le for to x ic ity  [1 -4 ] . The b asic  d am ag in g  action  o f  th e  en d o to x in  
resu lts p rob ab ly  in  m em brane d estru ctio n , a ffectin g  the p lasm a m em b ran e  
as w ell as th e  ly so so m a l and m icrosom al m em b ran es [5, 6].

A s w e d em on stra ted  in v iv o  and in  t is su e  cu lture [7 -9 ] , th e  e n d o to x in  
d estroys also th e  m em brane receptors; its  p resen ce interferes w ith  th e  n orm al 
horm onal im p rin tin g  in  a crucial p eriod  o f  th e  d evelop m en t o f  h orm on a l 
receptors [10, 11].

Telrahymena, a c ilia ted  u n icellu lar organ ism , proved  to  be an  e x c e lle n t  
m odel for in v estig a tio n  o f  receptors [12] and su ita b le  for horm onal im p r in tin g . 
H orm on al im p rin tin g  m eans a lo n g la stin g  m o d ifica tio n  in th e ce ll fu n ctio n  
after th e  f ir st en cou n ter  w ith  a horm one, p ers ist in g  also in su b seq u en t gen era ­
tio n s , p rov id in g  en h an ced  response to th e  sam e horm one at a re p e a ted  en ­
cou n ter [12, 13]. T h is fa ct su ggested  an in v e s t ig a t io n  o f  the e n d o to x ic  effec t  
on th e  m em brane o f  Tetrahymena  as a m od el, and  to  stu d y  how  it  in flu e n c e s  
th e  effec t o f  seroton in , a p h agocy tosis  s t im u la t in g  m em brane e ffec tiv e  h o rm o n e . 
I t  also had  to  be cleared  w h eth er th is e ffec t  w as due to  th e e n d o to x in  as a 
m acrom olecu le or it  w as assoc ia ted  w ith  its  to x ic ity .

Acta Microbiologica Hungarica 33 (4 ), pp. 301 304 (1986)

M aterials and m eth od s

Organism. T he ex p erim en ts  were carried  o u t  w ith  Tetrahymena p yrifo rm is  G L  s tra in  
c u ltu red  in  a m ed ium  co n ta in in g  0 .1%  y e a s t e x tra c t  a n d  1%  B acto  T ry p to n e  (D ifco) a t  28 °C.

M aterials. E n d o to x in  was p rep ared  from  E scherichia coli serogroup 0 8 9  s t r a in  w ith  
h e a tin g  in  aqueous phenol so lu tion  (L D 5 0  =  1.9 m g /k g  ra t) .  R adio-detox ified  e n d o to x in  (Tole-

G a b o r  K o v Xc s , S u s a n n a  U . N a g y , G y ö r g y  Csa b a  

D e p a r tm e n t  o f  B io logy , S em m elw eis U n iv e rs ity  M edical School 
11-1445 B u d a p e s t,  P .O .B . 370, H u n g a ry
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r in ® , H u m a n  In s ti tu te  fo r Serobacterio log ical P ro d u c tio n  an d  R esearch, B u d a p es t)  w as o b ­
ta in e d  fro m  th is p ro d u c t a f te r  ex p o su re  to ionizing ra d ia tio n  (Co-60 gam m a, 150 k G y); L D 5 0  =  
=  21 m g /k g  r a t  [14]. S e ro to n in  (F lu k a , Buchs, S w itze rlan d ) was used for s tim u la tio n  o f p h a g o ­
c y to s is .

A ssa y  o f  phagocytosis. C hanges in the  ra te  of p h ag o cy to s is  were inv estig a ted  as an  in d ic a ­
to r  o f  th e  m em brane  fu n c tio n . A fte r  a 3-hour s ta rv a tio n  in  L osina  solution, th e  te tra h y m e n a e  
w ere  fed  w ith  In d ian -in k  and  in c u b a te d  e ith e r w ith  d iffe re n t concen tra tions o f en d o to x in  or 
w ith  se ro to n in  +  e n d o to x in  or w ith  sero tonin  alone fo r 10 m in a t 22 °C. The co n tro l g roup  
re m a in e d  u n trea te d . P h ag o cy to s is  was te rm in a ted  b y  4 %  fo rm alin  in PBS. S u b seq u e n tly  th e  
cells w e re  cen trifuged , d ro p p e d  on  slide and d ried .T h e  In d ia n -in k  con tan ing  phagosom es w ere 
c o u n te d  in  100 cells of each  co h o rt. Phagocytosis in d ex  w as de term ined  as th e  m ean  v a lu e  of 
th e  t r e a te d  sam ples re la te d  to  t h a t  of the con tro l g ro u p . T h is experim en t was re p e a te d  w ith  
ra d io -d e to x if ie d  en d o to x in  (T olerin). F inally  th e  e ffec t o f th e  endotox in  on th e  successive 
g e n e ra tio n s  was in v es tig a ted . A fte r  a four-hour ex p o su re  to  endo tox in  or sero ton in  or to  b o th , 
th e  m a te ria ls  were e lim in a ted  b y  cen trifu g a tio n  an d  th e  te trah y m e n ae  were in o cu la te d  in to  
n o rm a l  m edium . S ero ton in  tr e a tm e n t  lasting  for 10 m in  w as rep ea ted  afte r 1, 3 and  6  days.

R esu lts and d iscu ssio n

P h a g o cy to sis  d ecreased  in a d irect p rop ortion  to  en d otox in  co n cen tra tio n  
a fte r  a short exp osu re . T o term in ate  th e  p h a g o c y to s is  stim u la tin g  e ffe c t  o f  
se ro to n in  2 pg/m l e n d o to x in  w as su ffic ien t (F ig . 1). H av in g  su b m itted  Tetra- 
hym ena  to  repeated  tr e a tm e n ts , the p h a g o c y to s is  reducing effect o f  th e  en d o ­
t o x in  w as still ob served  a fter  a w eek  (a b o u t 35 gen erations), th ou gh  to  a lesser  
d eg ree  (F ig . 2). A  s im u lta n eo u s trea tm en t w ith  en d o to x in  and seroton in , h o w ­
e v e r , d id  n ot reduce p h a g o c y to s is  or red u ced  it  le ss  th an  the en d o to x in  tr e a t ­
m e n t  a lon e. The r a d io -d e to x ified  en d o to x in  (T olerin ) did n ot decrease th e  p h a ­
g o c y to s is  or induced  o n ly  a m inim al red u ctio n , an d  in h ib ited  th e p h a g o c y to s is  
s t im u la t in g  effect o f  sero to n in  less th an  th e  n o t  d eto x ified  en d otox in  (F ig . 1). 
P h a g o c y to s is  in d ex  w as > 1  in case o f a s im u lta n eo u s application  o f  T olerin  
an d  seroton in .

p i

s LPS S4_PS s LPS S*LPS X S LPS S4.PS /, S T S*T /

ict8m 1P9
10-8M
♦iug

J
/ I ю"8м 2pg

10-8 M 
♦2pg

A k t 6m 10-8M 
♦ 4pg 10" 8 M 4pg 10-8 M 

♦4ug

108
±0.03

0.95
±0.03

1.05
±0.02

1) 1 08 
±0.03

091
±0.03

097
±0.03

II
/

1.08
±0.02

0.87
±0.02

0 99 
±002

) 108
±003

0 97
±002

104
±002 >

F ig . 1. T he effect of e n d o to x in  a n d  rad io -de tox ified  e n d o to x in  (Tolerin) on th e  p h ag o cy to sis  of 
T etra h ym en a  (sh o rt t r e a tm e n t) . L P S  =  endo tox in , T  =  T o lerin , S =  sero tonin , P .I .  =  p h a g o ­
c y to s is  index . The m ean  v a lu e  o f th e  trea ted  co h o rts  re la te d  to th a t  of the  co n tro l g roups 
(n  =  5 tre a te d  w ith  1 /fg/m l an d  2 ^g/m l, respec tive ly , n  =  7 trea te d  w ith  4 ^g /m l L P S , n  =  4 

ex p o se d  to Tolerin). A ll d ifferences are sign ifican t (p  <c 0.01) except the  T o lerin -effect
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T h ese resu lts led  us to  in v estig a te  w h eth er en d o to x in  to lera n ce , ch arac­
ter istic  o f  h igher organ ism s w as in du cib le in un icellu lars b y  p retrea tm en t w ith  
su b to x ic  am oun t o f  e n d o to x in  [1, 15]. Our resu lts h a v e  show n th a t  th e  p h ago­
cy to sis  redu cing  effect o f  th e  en d o to x in  could  be p reven ted  b y  a 10 m in pre­
trea tm en t w ith  0.25 p g /m l en d o to x in  as w ell as w ith  4 p g/m l T o ler in . A fter
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F ig . 2. T he effect of en d o to x in  on  th e  p h agocy tosis o f successive g enera tions o f  Tetrahym ena. 
A  10 m in  p o s ttre a tm e n t 1, 3 an d  6  d ay s a fte r  a 4 -hour p re tre a tm e n t e ith e r w ith  se ro to n in , or 
e n d o to x in , or endo tox in  -f- se ro to n in  (n  3). L PS  — en d o to x in , S =  sero ton in , P .I .  =  p h ag o ­
cy tosis index . The differences are  sig n ifican t (p <  0.01) ex cep t S L PS-effect re la te d  to  LPS- 

effect an d  S 4 /ig  L PS-effect re la te d  to S-effect
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Fig. 3. M em brane to lerance in d u ced  in  Tetrahym ena  by  a su b to x ic  co n cen tra tio n  o f en d o to x in  
an d  Tolerin . 10 m in p re tre a tm e n t w'ith en d o to x in  (0.25 /tg /m l) an d  T olerin  (4 /tg /m l) a n d  su b ­
seq u en tly  a 1 0  m in p o s ttre a tm e n t e ith e r  w ith  sero ton in , or en d o to x in  or se ro to n in  -f- en d o to x in  
(n - 4). I ,PS — endo tox in , S =  se ro to n in , T  Tolerin , P .I .  — phagocytosis in d ex . T he d if­
ferences a re  sign ifican t (p <  0.01) e x cep t for tre a tm e n t w ith  L P S  alone a fte r  th e  p re tre a tm e n ts
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t h e s e  p retreatm en ts a c o n ce n tr a tio n  norm ally  e ff ic ie n t for red u ction  o f  p h ago­
c y to s is  (4 /tg/m l) fa iled  to  p rod uce any d ecrease. T h e 10 m in p o sttrea tm en t  
w ith  en d otox in  -f- se ro to n in  d id  n ot in flu en ce  th e  p h a g o cy to sis-stim u la tin g  
e f fe c t  o f  serotonin , w h ile  T o le r in R had a m od era te  effec t (F ig . 3).

T h ese exp erim en ts p rov id ed  con v in cin g  ev id en ce  for th e  m em brane  
fu n c t io n  dam aging e ffec t o f  th e  en d otox in . T h is is p rob ab ly  due to  th e  to x ic  
l ip id -A  part o f the m o le c u le , since the ra d io -d e to x ified  en d o to x in , w hich  is 
d ep r iv e d  o f  m ost o f  its  t o x ic  a c t iv ity  hut is s t il l  s im ila r  to  th e  orig inal m olecule, 
fa ile d  to  induce any r e d u c tio n  in p h agocy tosis . O ur resu lts th a t th e  so-called  
en d o to x in -to lera n ce  can  a lso  he developed  in  un icellu lars, in d ica te  a general 
m em b r a n e  effect. T he r e su lts  su pp ort p resu m p tiv e  ev id en ce  for th e  m ajor role 
o f  th e  m em branes in th e  m ec h a n ism  of d evelop in g  en d o to x in  to leran ce in h igher  
o rg a n ism s. P ertu rb ation  o f  th e  m em brane’s n orm al s ta te  in Tetrahymena  in ­
h ib its  d evelop m en t o f  h o rm o n a l im printing s im ila r ly  to  m am m alian  cell cu l­
tu r e  [7 ].

Acknowledgement. W e a re  in d e b te d  to Dr. L. B e b t o k  (“ F réd éric  Jo lio t-C u rie”  N a tio n a l 
R e se a rc h  In s titu te  for R a d io b io lo g y  and R adiohyg iene, B u d a p es t)  for p ro v id in g  end o to x in  
a n d  T o le rin .
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NOVEL FERMENTATION PROCEDURES FOR 
THE PRODUCTION AND THE ISOLATION 

OF ANTIBIOTICS

J . V. U ri

R esea rch  a n d  D e v e lo p m e n t  D i v i s io n , S m i th  K l in e  a n d  F r e n c h  L a b o ra to r ie s , P h i la d e lp h ia , P A ,
U S A

(R eceived O ctober 23, 1985)

N ovel p rocedures fo r th e  p roduction , in sh a k e n  an d /o r a ir-ag ita ted  fe rm e n ta tio n s , and 
the  iso la tion  of an tib io tic s  were developed by w hich  ac tiv e  crystalline  flavofung in  b y  S tr e p to -  
m yce s  f l a v o f u n g i n i  and  an  a n tib io tic  produced  by  S tr e p to m y c e s  SK & F, BC-1652 w ere o b ta in ed .

T he ex p er im en ta l or industria l (i.e . n o n -sy n th etic ) p rod uction  o f  a n ti­
b iotics in v o lv es  cu lt iv a t io n  o f m icrobial s tra in s producing the a n tib io t ic  in 
various sy n th e tic , se m isy n th e tic  or co m p lex  organ ic culture m edia . T h e  te c h ­
n ique u sed  m a y b e  su rface cu lture, sh a k en -fla sk  ferm entation  or d eep -a g ita te d -  
aerated  ferm en ta tio n . W hichever tech n iq u e  is u sed , th e q u a n tity  o f  b io sy n -  
th etized  a n tib io tic  is u su a lly  sm all re la tiv e  to  th e  large volum e o f  liq u id  m e­
dium , and m u st be sep arated  from  th e  m ed ium  and isolated  in so lid  form . 
The iso la tion  procedure represents a trem en d ou s reduction  in vo lu m e. T h e  m ost 
w id ely  used iso la tio n  m eth od s are p rec ip ita tio n , adsorption  and e x tr a c t io n .  
T hese are, am on g  o th ers, described in d eta il in te x t  books [1—3].

N ew  m eth od s o f  production  and co n cen tra tio n  inside th e fer m e n ta tio n  
liq u id , resu lting  in q u ick  iso lation  o f f la v o fu n g in  and an a n tib io tic  p rod uced  
by a Streptomyces sp ., SK & F, BC -1652 are d escrib ed  in th is paper.

M aterials and m ethod s

S tr e p to m y c e s  f l a v o f u n g i n i  a n d  its  a n t ib io t ic , f l a v o f u n g i n .  Flavofungin  is p ro d u c ed  b y  a 
new species nam ed  S tr e p to m y c e s  f l a v o f u n g i n i  [4] iso la ted  from  a soil sam ple co llec ted  in  the  
S ah ara  desert. O rig inally  i t  was designated  and p u b lish ed  as S tre p to m y c e s  S A -IX  n o v .sp . [5]. 
A stab le  n a tu ra l v a r ia n t  SA -IX /3 , now know n as S .  f l a v o f u n g i n i  produces en h an ced  am o u n ts  
of flavofung in  [6 ] and  sm alle r am oun ts o f its  second a n tib io tic , desertom ycin  [7]. F lav o fu n g in  
is b iosyn thesized  by S A -IX /3  in any  com plex organ ic  m ed iu m , especially if the  su g a r c o n te n t  is 
increased  to 4 % . S .  f l a v o f u n g i n i  can  he grow n in sh ak e r-f la sk s  as well as in la b o ra to ry  a n d  p ilo t 
p lan t fe rm en te rs  w ith  b e s t an tib io tic  p ro d u c tio n  a t  28 °C. T he fe rm en ta tio n  b ro th  g ra d u a lly  
tu rn s  greenish-yellow  w ith  lum inescence in  u ltra v io le t  (U V )-light. This v iv id  yellow  lu m in es­
cence can be used fo r q u a li ta t iv e  estim a tio n  [8 ] an d  q u a n ti ta t iv ?  d e te rm in a tio n  [9] o f f lav o ­
fungin  du rin g  fe rm e n ta tio n  and  also for q u a lity  co n tro l, sim ilar to m ycoticin [ 1 0 ], ro seo fu n g in
[11], flav o m y co in  [12, 13] an d  a flavofungin-like  a n tib io tic  [14].

.1 osEPH V. U ri

R esea rch  an d  D e v e lo p m en t D iv is io n , S m ith  K line  & F re n c h  L a b o ra to r ie s  
P . 0 .  B ox  7929, 1500 S p rin g  G a rd e n  S tre e t ,  P h ila d e lp h ia , PA , 19101, U S A

A ka d ém ia i K ia d ó , B u d a p e s t  
A cta  M icrobiologica H u n g a r ica  3 3 , 1986



306 URI

W h en  p roduction  of f la v o fu n g in  was m ax im al, as d e te rm in ed  by the ab o v e-m en tio n ed  
U V -lu rn inescence  m ethod , th e  fe rm en te rs  were p laced  in  th e  cold-room  (4 °C) o v e rn ig h t. 
U n e x p e c te d ly , th e  sunflow er-seed  oil used as an a n tifo a m  a g en t form ed a solid la y e r  on  th e  
su rfa c e  o f  th e  fe rm en ta tio n  b ro th  co n ta in in g  (encom passing ) all th e  flavofungin  p ro d u ced  (d a rk  
g reen ish -y e llo w  colour). T h is solid  ph ase  can easily  be se p a ra te d  from  the  re st o f th e  fe rm e n ta ­
tio n  f lu id  an d  m ycelia, re p re se n tin g  a trem endous re d u c tio n  in  volum e. F lavofung in  is iso la ted  
fro m  th e  oily phase in c ry s ta llin e  fo rm  by  two m ethods. I n  th e  f ir s t  m ethod, th e  solid su p e rlay e r  
is s h a k e n  v igorously  w ith  ace to n e  w h ich  solubilize th e  su n flo w er oil, and the  flav o fu n g in  se p a ­
r a te s  o u t  in  needle-like, yellow  c ry s ta ls  in  one step. T he o th e r  procedure  consists o f b o iling  th e  
so lid  oil p h ase  under re flu x  in  e th y l ace ta te  for a b o u t 30 m in  follow ed b y  im m ed ia te  f i lt ra tio n . 
O n  co o lin g  a t  room  te m p e ra tu re , flav o fu n g in  cry sta llizes  as greenish-yellow  h a ir-like  c ry s ta ls  
in  sh e a f-lik e  fo rm ation  (Fig. 1). I h a v e  coined th e  nam e “ flav o fu n g in ” w hich reflects th e  colour 
o f  th is  a n tib io tic ; flavus is th e  L a t in  equ iv a len t o f yellow , a n d  fungin  represen ts th e  a n tifu n g a l 
n a tu r e  o f i ts  an tim icrob ia l sp e c tru m .

S tr e p to m y c e s  s p ., SX & .F, B C - 1 6 5 2 , a n d  i ts  a n t ib io t ic  p r o d u c t ( s ) .  This S tr e p to m y c e s  s tra in  
w as d isco v ered  as an a ir -c o n ta m in a n t on a T r ic h o p h y to n  m e n ta g r o p h y te s  c u ltu re -p la te  w ith  
a n ta g o n is t ic  p ro p e rty  (F ig . 2). T h e  s tra in  was iso la te d , su b cu ltu red  and fu r th e r  te s te d  for 
in h ib i to r y  properties on v a rio u s  so lid  media. I t  was fo u n d  an tag o n istic  against m an y  b a c te ria l 
a n d  fu n g a l  stra ins, b u t  th e  a c t iv ity  was m edium  d e p e n d e n t  and no t alw ays rep ro d u c ib le . 
T h e  a n ta g o n is tic  effect w as th e  b ro a d e s t and m ost re p ro d u c ib le  on n u tr ie n t agar. T he in h ib ito ry  
zone a ro u n d  the  S tr e p to m y c e s  B C -1652 colony becam e p in k ish -yellow , suggesting th a t  th e  active  
p r in c ip le  m ig h t be a coloured  m ate ria l.

P ro d u c tio n  of th e  a n tib io tic  in  n u trie n t b ro th , in  sh ak en  cu ltu res b y  th is S tr e p to m y c e s  
s t r a in  w as ju s t  as e rra tic  as t h a t  o b se rv ed  on solid m edia . A n tib io tic  effect was found  a t a c e r ta in  
s ta g e  o f  th e  shaken fe rm e n ta tio n , b u t  d isappeared  la te r .  B ased  on th is ob se rv a tio n , i t  w as 
h y p o th e s iz e d  th a t  the  a c tiv e  p rin c ip le  would he a v o la ti le  m ate ria l w ith basic c h a ra c te r , and  
on  th e  b a s is  of the  experience  g a in e d  w ith  th e  p ro d u c tio n  o f flavofungin , i t  w as h o p ed  t h a t  
a d d in g  v eg etab le  oil to  th e  fe rm e n ta tio n  b ro th  w ould  “ t r a p ”  th e  active a n tib io tic  fro m  th e  
c u ltu re  m ed ium . A fter m any  fa ilu res , one of our ro u tin e  m ed ia  (M edium  19) led to  p o sitiv e  
re s u lts .  T h e  com position o f th is  m ed iu m  is: soy p ep to n e , 2 % ; cerelose, 3% ; s ta rch , 1 % ; C a C 0 3,
0 .1 % ; a n d  CoCL, 0.0001%  in  ta p  w a te r; s ta r tin g  p H  7.0. T o each  100 ml of cu ltu re  m ed iu m  
in  f la s k ,  4 m l sterile p e a n u t oil w as added. D uring  sh a k e n  fe rm e n ta tio n  a t  28 °C th e  oil, w hich  
w as o rig in a lly  dispersed in  th e  m ed iu m , s ta rte d  to a g g lo m era te  and by  the  4 th  d ay  or so h ad  
fo rm e d  a c lum p w ith a lig h t y e llow /p ink ish  colour (F ig . 3). T h e  clum ps contained  th e  a n tib io tic  
a c t iv i ty  w hile the  fe rm e n ta tio n  b ro th  had  no or on ly  tra c e s  o f activ ity . D uring  ag g lo m era tio n  
o f oil p h a se , th e  pH  of th e  m ed iu m  rose from  7.0 to  8 -8 .5 . T his c lum p-form ation  w as n o t  o b ­
se rv e d  in  o th e r  rou tine  m ed ia  o r w ith  o ther v egetab le  oils.

T h e  active  princip le w as iso la te d  from  clum ps a f te r  chilling , by v igorously sh ak in g  w ith  
e th e r  o r e th y l ace ta te  w hich  e x tra c te d  the  coloured (p in k ish  yellow) active p rincip le  fro m  th e  
oil p h a se . T his organic so lu tio n  w'as dried w ith  a n h y d ro u s  N a 2 S 0 4, and th en  tre a te d  w ith  an 
o rg a n ic  acid  (citric  or fu m aric ) d isso lved  in acetone, w h ich  led  to  the  p rec ip ita tio n  of th e  ac tiv e  
a n tib io tic .  F u rth e r  p u rif ic a tio n  o f  th e  fo rm ate  sa lt w as o b ta in e d  in c rystalline  fo rm  (F ig . 4) 
w h ich  is h igh ly  w ater soluble a n d  hygroscopic.

R esu lts and d iscu ssion

F la v o fu n g in  and an  a n tib io tic  from  th e  Streptomyces  strain  SK & F , BC- 
1652  ca n  be produced in  an d  isolated  from  sh a k en  cu ltures and/or d eep  fer- 
m e n tu r s  b y  a new  p roced u re u tiliz in g  th e  h ig h  lip id -so lu b ility  o f  th ese  a n ti­
b io tic s .

In  th e  case o f f la v o fu n g in  its high so lu b ility  in th e su n flow er-seed  oil is 
th e  c r it ica l factor. T he o il d isso lves f la v o fu n g in  and con tin u ou sly  ex tr a c ts  it  
fro m  th e  ferm entation  f lu id . F lavofun gin  th en  can  easily  he iso lated  from  th e  
o ily  con cen tra te  in cr y sta llin e  form  in one s te p . S in ce flavofu n gin  is a n eu tra l 
c o m p o u n d  the am bient p H  does not seem  to  p la y  an y  sign ifican t role in  th e  
p ro ce ss .
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Fig. 1. C rysta ls o f flav o fu n g in  from  e th y l ace ta te

0

Streptomyces sp. 
SK &F, BC-1652

a
Fig. 2. A n tagon istic  effect o f Streptom yces sp. BC-1652 ag a in st Trichophyton m entagrophytes
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F ig . 3. D uring  shaker f e rm e n ta t io n  of BC-1652 the  ad d ed  p e a n u t  oil form s a c lum p w hich trap s
th e  an tib io tic

Fig. 4. C rystals o f th e  fo rm a te  of th e  p ro d u c t o f Slreptom yces SK & F, BC-1652
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In  th e  case of BC-1652, o th e r  as y e t unknow n fac to rs  (e.g., esterifica tio n ), 
m ay  also be im p o r ta n t for e x tra c tio n  of the an tib io tic  o u t o f th e  fe rm en ta tio n  
m edium  in to  th e  added  p e a n u t oil. H ere, how ever, p H  p lays a de fin ite  role, 
since th e  an tih io tic (s) is/are o f basic  ch a rac te r and  th e  c lum p fo rm atio n  requires 
a p H  of 8-8 .5  of th e  fe rm e n ta tio n  liqu id . The iso la tion  from  th e  c lum p of th e  
ac tive  an tib io tic(s) u tilizes its  b asic  ch a rac te r as described  in th e  m eth o d s sec­
tion .

F lavo fung in  has been  p ro d u ced  a t in d u s tr ia l scale using  th e  novel 
m ethods for p ro d u c tio n  an d  iso la tio n  described above . B o g n ár e t al. [15-18] 
have  iden tified  flavo fung in  as a “ la c to n e -co n ju g a ted ”  p en taen ic  an tifunga l 
polyene an tib io tic  (Fig. 5).

F lavo fung in  has a b ro ad -sp ec tru m  an tifunga l a c tiv ity , inc lud ing  a c tiv ity  
aga in st d e rm a to p h y te s , y eas ts  an d  yeast-like as well as p h y to p a th o g en ic  
fungi [4, 6, 19]. I ts  th e ra p e u tic  ap p lica tion  is s im ilar to  th a t  o f n y s ta tin  [20].

F lav o fu n g in , like filip in , also possesses la rv ic id a l a c tiv ity  (d ea th  or 
s tu n te d  form s) w hen added  in  t in y  am ounts (1 : 1000) to  th e  food o f M usca

Fig. 6. P ro to p las t  fo rm at ion  of B . subtilis  by  the antib io tic  p ro d u ced  by  SK & F, BC-1652
(Dr. Y. Oh)

о

Fig. 5. Chemical formula  of f lavofungin

A c la  M icrobiologica H ung a rica  33, 1986



3 1 0 ши

domestica  larvae, a p p aren tly  by b lock in g  the u p ta k e  o f  v ita l ch o lestero l which  
in se c ts  are unable to  p rod uce [21 ].

P resen tly , on ly  v er y  sm all am oun ts o f p urified  B C -1652 are availab le  
l im it in g  th e  stud y o f  its  ch em ica l and b iological prop erties. A lth ou gh  in som e 
p re lim in a ry  tests it  appears to  h a v e  a broad sp ectrum , th e  a c t iv ity  seem s to be 
o f  lo w  order and is in flu e n c ed  b y  m an y  te s t  con d ition s su ch  as p H , com p osition  
o f  m e d iu m , in cu bation  tem p era tu re  and in ocu lu m  level. Y . Oh [22 ] found that 
it p ro d u ces p rotoplasts o f  Bacillus subtilis like m an y  ce ll-w a ll-a c tiv e  an tib io tics  
(F ig . 6 ). I t  is not even  k n o w n  w h eth er  it is a new  a n tib io tic  b ein g  a single com ­
p o u n d  or a m ixture o f  a c t iv e  en tities .

I t  is possible th a t  th e  n o v el m ethod s and procedures d escribed  in th is  
p a p er  for the iso la tion  o f  f la v o fu n g in  and th e product o f  Streptomyces strain  
S K & F , BC-1652 could  b e ap p lied  for the p rod uction  and iso la tio n  o f  other  
a n tib io t ic s  as w ell. C om p reh en sive m eth od o logy  is to  be fou n d  in a recently  
p u b lish ed  excellen t h a n d b o o k  [2 3 ].
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COMPARISON OF ADJUVANTICITY AND 
AUTOANTIBODY INDUCING CAPACITY OF 

ENDOTOXIN AND RADIO-DETOXIFIEI) 
ENDOTOXIN IN MICE

V. B. K limovich, M. P. Samoilovich, Galina  N . D enisova, N . S. S irota , 
T. S. ScHULS, Y. I. Ze LUDOV and L. B ertok

Central Research Institu te  fo r  Roentgenology and R adiology, Leningrad, U S S R , and  “ Frédéric. 
Joliot-C urie”  N ational Research Institu te  fo r  Radiobiology and  Radiohygiene, Budapest, H ungary

(R eceived D ecem ber 9, 1985)

E n d o to x in  (L P S ) an d  rad io -d e to x ified  e n d o to x in  (R D -L P S : 150 kG y 6 0 C o-gam m a i r ­
ra d ia te d )  p re p a ra tio n s  w ere co m p ared  in mice (C57BI X CBA: F ,/R ap o ) for cap ac ity  to  en h an ce  
th e  im m une response ag a in s t sheep red  blood cells an d  to  in d u ce  th e  p ro d u c tio n  of a n tib o d y  
ag a in st au to logous (b ro m e la in -trea te d ) e ry th ro cy te s . As R D -L P S  re ta in s its  c ap ac ity  to  s t im u ­
la te  im m u n e  response ag a in s t he tero logous an tigen , i t  m a y  be used  as an im m u n o -a d ju v a n t. 
T he L PS  p re p a ra tio n  gave rise  to  a s ign ifican t increase  o f  a u to re ac tiv e  cells. H ow ever, R D -L P S  
a c t iv a te d  th e  a u to a n tib o d y  fo rm in g  cells only to  a v e ry  sm all degree.

There are e x te n s iv e  d ata  for the action  o f  en d o to x in s o f  G ra m -n eg a tiv e  
bacteria upon  p ra ctica lly  all organs o f  th e  w h ole organ ism  includ ing th e  im m u n e  
sy stem  [1, 2 ]. T rea tm en t w ith  en d o to x in s or p u r ified  lip op o lysacch arid es (L P S )  
resu lts in th e d estru ction  o f  a large num ber o f  ly m p h o id  cells [2]. In  a tim e- and  
d ose-d ep en d en t m anner, I,P S  m ay in h ib it or st im u la te  hum oral im m u n e re­
sp onses [2, 3]. T h is fea tu re  m ay  be regarded  as a cause o f  the a b ility  o f  L P S  
to  act as a d ju v a n t [4]. On th e  other hand , L P S  m a y  provoke several n o x io u s  
effec ts such  as au to im m u n e reaction s, co m p lem en t decrease, b lood  co a g u la tio n  
and leth al shook [4, 5 ]. T h ese effects grea tly  restr ic t th e ap p licab ility  o f  L P S  
as im m u n om od u lator and n on sp ec ific  resistan ce  en h ancer [5, 6 ]. In  order to  
so lve  th is problem  it w as proposed  to m od ify  L P S  so as to decrease its to x ic  
features hut retain  th e  b en efic ia l ones [6, 7 ]. S everal techn iqu es h a v e  b een  
used for d eto x ifica tio n  w ith  vary in g  resid ts. P erhap s the best resu lt is o b ta in ed  
w ith  ion izing  rad ia tion  (6, 7]. The ra d io -d e to x ified  en d otox in  (R D -L P S ) is less  
a ctiv e  th an  th e p aren t (to x ic ) LPS in du cing  v a rio u s o th er undesirable resp on ses, 
h ow ever, preserves its  b en efic ia l effects e.g . sh o ck -p rev en tin g , ra d io -p ro tectiv e , 
n on sp ec ific  resistan ce-en h an cin g , in fec tio n -p rev en tin g , im m u n oad ju van t, in ter-
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fer o n -in d u c in g  and p lu r ip o te n t s tem -cell-m o b iliz in g  capacities [6 -1 0 ] . T h e aim  
o f  th is  s tu d y  w as to  com p are th e  ca p a city  o f  p aren t LPS and R D -L P  S to  en ­
h a n c e  th e  im m une resp on se aga in st x en o g en ic  red blood cells and in p ara lle l to  
in d u c e  th e  p roduction  o f  a u to a n tib o d ies  to  au to logou s ery th ro cy tes .

M aterials and m eth od s

M ice. Male C57B1/6 X CBA: F j/R ap o  mice o b ta in e d  from  the  breeding fa rm  “ R ap p o lo v o ” 
w ere  u se d  in  all experim en ts. T h e  an im als w eighing 22 -2 4  g were 3 to 5 m o n th s old.

E ndo tox in  preparation. L P S  from  Escherichia coli 7573 (LPS-1) was e x tra c te d  accord ing  
to  B o iv in ’s m ethod and p u rified  b y  u ltra ce n trifu g a tio n  a t  100 000 g [11]. L PS  from  E . coli 089  
w as e x tr a c te d  by the  p h e n o l-w a te r  m ethod  and p u rif ie d  b y  u ltracen trifu g a tio n  (L P S -2). RD- 
L P S  w as p rep ared  from  L PS-2  b y  (i0 C o-gam m a (150 kG y ) irrad ia tio n  [6 , 7]. R D -L P S , T olerin®  
w ill b e  m an u fac tu red  by  th e  H u m a n  In s t i tu te  for Serobacterio log ical P ro d u c tio n  an d  R esearch , 
B u d a p e s t ,  H ungary .

A ssa y  o f the adjuvant effect o f  L P S  and R D -L P S .  Sheep red blood cells (SR B C ) were 
s to re d  in  A lsever’s so lu tion  u n til  use. SR B C  were lo ad ed  w ith  L PS or R D -L P S  b y  in cu b a tio n  
fo r 30 m in  a t  37 °C in p h o sp h a te -b u ffe red  saline (P B S ) co n ta in in g  50 //g/m l of e ith e r p re p a ra ­
t io n . T h e  m ix tu re  was w ashed  3 tim es  in  PB S. F o r th e  in v es tig a tio n  of the  a d ju v a n t  a c t iv ity  of 
L P S  a n d  R D -L P S , th ey  w ere in o cu la te d  in tra v en o u s ly  in to  m ice to g eth e r w ith  5 x  108  SRB C. 
C o n tro l m ice received only SR B C . T he nu m b er of p laq u e-fo rm in g  cells (PF C ) in th e  sp leens of 
im m u n iz e d  mice was d e te rm in ed  4 d ay s a fte r im m u n iza tio n . T he te s t  was carried  o u t  accord ing  
to  C u n n in g h am ’s m eth o d  [12]. L ocal haem olysis in  th e  liqu id  m onolayer in d ic a te d  PFC. 
R e p e a te d ly  used cap illa ry  c h am b ers  form ed by  m ean s of tw o  m icroscopic slides s e p a ra te d  by  
o n e -s id ed  adhesive p lastic  s tr ip  w ere  applied in stead  of C unn ingham -type  d isposab le  ch am b ers  
113]. T h e  cham bers were filled  w ith  a suspension co n sis tin g  of SRBC, sp lenocy tes a n d  w ith  
m o u se  sp lenocy tes absorbed  g u in ea  pig serum  d ilu te d  1 : 9 w hich served as th e  source  o f com ­
p le m e n t. H aem oly tic  zones w ere fo rm ed  in  th e  course o f one-hour incu b a tio n  in a h u m id  ch am ­
b e r , a n d  scored w ith a 5-fold m ag n ifica tio n  lens.

Investigation  o f the autoantibody production. F o r  in d u c tio n  of au to -an tib o d ies , L P S , and 
R D -L P S  p rep ara tio n s susp en d ed  in  PB S , were in o cu la te d  in trap erito n ea lly  in to  m ice in  doses 
r a n g in g  fro m  5 //g to 200 //g. T h e  n u m b er of p laq u e-fo rm in g  spleen cells was e n u m e ra te d  3 days 
a f te r  th e  au to an tib o d y  in d u c tio n . T he te s t  was pe rfo rm ed  accord ing  to C u n n in g h am ’s m eth o d
[12]. F re sh  m ouse e ry th ro c y te s  w ere w ashed and in c u b a te d  as a 50%  suspension w ith  B rom e­
la in  (S e rv a )  a t a final c o n c e n tra tio n  of 10 m g/m l in  P B S  fo r 40 m in a t 37 °C. T he b rom elain - 
t r e a te d  e ry th ro cy te s  (B M E s) w ere  w ashed 5 tim es in  P B S  con ta in ing  0 .5%  of b o v ine  serum  
a lb u m in , th e n  incu b a ted  fo r one h o u r  a t 37 °C w ith  sp leen  cells as in the a d ju v a n t a ssay . R a b b it  
s e ru m  ab so rb ed  by sp lenocy tes a n d  d ilu ted  1 : 2 se rv ed  as th e  source of com plem en t. F u r th e r  
on  th e  te s t  was perform ed as in  th e  a d ju v a n t assay .

R esu lts

Comparison of the adjuvancity of L P S  a n d  R D -L P S .  The L P S -1  w h en  in ­
je c te d  sim u ltan eou sly  w ith  a n tig en  e lev a ted  th e  num ber o f a n ti-S R B C  PFC . 
In  th is  resp ect LPS-1 and L P S -2  did n ot d iffer  one from  another. R D -L P S  had  
th e  sa m e  cap acity  to  en h an ce  th e  im m une resp on se as th e  n ega tive  one (F ig . 1). 
T h e p a ren t LPS was cap ab le  to  increase th e  a n tib o d y  form ation  w hen  ad sorb ed  
on S R B C . The sam e le v e l o f  en h an cem en t w as a ch ieved  w hen L P S -2  w as used  
in s te a d  o f  L PS-1. R D -L P S  co m p le te ly  re ta in ed  its  a b ility  to  stim u la te  im m u n e  
r e sp o n se  against h etero lo g o u s ery th ro cy tes . In  con clusion , R D -L P S  d id  n ot  
d iffer  from  the parent L P S  in  resp ect o f  its  c a p a c ity  to  act as a d ju v a n t on the  
im m u n e  response aga in st th y m u s-d ep en d e n t h etero logu s an tigen .
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Fig. 1. T he n u m b er of an tib o d y -fo rm in g  cells in  th e  spleen of inice im m unized  w ith  SR B C  alone 
or in c o m b in a tio n  w ith  L PS or R D -L P S  (m ean  ±  SD). 1 SRB C contro l; 2 SR B C  loaded 
w ith  LPS-1 ; 3 SR B C  and L PS-1 ; 4 = SR B C  and  I.P S-2 ; 5 = SR B C  an d  R D -L P S ; 6

=  SR B C  lo ad ed  w ith  R D -L P S

Induction of auto-antibodies by L P S  and R D -L P S .  There is a large n u m b er  
o f  cells p rod u cin g  au toan tib od ies in  th e  sp leen  o f  in ta c t an im als w ith o u t  any  
tre a tm en t b y  an tigen s or m itogen s . In  m ice 3 to  5 m onths old th e  b ack grou n d  
le v e l o f  an ti-B M E  was ab ou t 7000 per sp leen  (F ig . 2). A  single in je c tio n  o f  
L P S-1 to  th ese  m ice resu lted  in a s ig n ifica n t in crease in th e n um ber o f  auto- 
rea ctiv e  cells (3-fold  after 5 pg and 6 -8  fo ld  a fter  1 5 -1 0 0  pg). H igh er d oses of 
L P S -1  cau sed  th e d eath  o f  m ice. L P S -2  had a low er ca p a city  to  in d u ce  au to-  
a n tib o d ies  com pared  w ith  th e  form er. O n ly  a 4-fo ld  increase o f  b ack grou n d  
le v e l o f  an ti-B M E  PEC w as revea led  a fter  in jec tio n  o f  15 -100  pg L P S -2 . R D - 
L P S  in jec tio n  a ctiv a ted  th a  a u to a n tib o d y  form in g  cells on ly  to  a v e r y  s lig h t

Fig. 2. T he n u m b er o f a u to a n tib o d y -fo rm in g  cells in  th e  sp leen  of mice trea te d  by  single  in jec ­
tio n  o f L P S  or R D -L P S  (m ean T: SD). T h e  sh ad ed  area  in d ica tes  back g ro u n d  leve l o f  P F C in

in ta c t  mice
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d egree. E ven  at 200  fig d ose there was o n ly  som e e leva tion  in th e  n u m b er o f  
th e se  cells . This d ose w as n o t leth al for m ice.

T h e increase in n u m b er o f  a u to a n tib o d y -fo rm in g  cells after a sin g le  in jec­
tion  o f  L PS was m a x im u m  and could not be fu rth er  eleva ted  by repeated  in jec­
t io n s . M oreover, tw o  su ccessiv e  in jection s o f  L P S  g iven  at w eek ly  in terva ls  
in d u ce d  a low er n u m b er o f  a u toan tib od y-form in g  cells than  th e sin g le  dose.

Fig. 3. T h e  n u m b er o f a u to a n tib o d y -fo rm in g  cells in  th e  sp leen  of mice tre a te d  b y  one or tw o 
successive  in jec tions o f L P S  a n d  R D -L P S  (m ean rb SD ). 1 =  50 fig L PS-1; 2 =  50 f i g  L PS-1 +  

+  50 f i g  L P S -1 ; 3 =  100 f i g  R D -L P S  +  50 f i g  LPS-1

In  th e se  exp er im en ts th e  f ir s t  group o f  m ice w as trea ted  w ith  50 fig o f  L P S -1 , 
sa cr ificed  three d ays la ter  and served as a co n tro l. T h e second and th ird  groups 
w ere in jected  w ith  50 fig o f  L PS-1 or 100 fig o f  R D -L P S , re sp ectiv e ly . On d ay  6, 
a n im a ls  o f  the secon d  an d  th ird  groups w ere in je c te d  as controls w ith  50 fig o f  
L P S -1  and sacrificed  th ree  d ays later. C hallenge w ith  LPS-1 o f  m ice p retreated  
w ith  th e  sam e p rep ara tion  revealed  th ree-fo ld  low er level o f  a u to a n tib o d y ­
fo rm in g  cells as com p ared  to  th e control. T h u s th e  f ir s t  in jection  o f n a tiv e  L PS  
r e s id ts  in  sui generis “ d esen sitiza tio n ” o f  th e  organ ism  again st further st im u la ­
tio n  o f  a u to im m u n ity  b y  en d otox in . R D -L P S  cau sed  on ly  a tw o-fo ld  b u t s ig ­
n if ic a n t  depression o f  au to im m u n e response on ch a llen ge w ith  L PS-1 (F ig . 3).

Com parison o f  tw o  d ifferen t varian ts o f  n a tiv e  L PS revealed  th e ir  d if­
feren t a u to a n tib o d y -in d u c in g  cap acity . L P S -1  (R o iv in -ty p e ) is a stronger s t im ­
u la to r  o f  a u to a n tib o d y -fo rm in g  cells than  L P S -2  (W estp h a l-typ e). D e to x if ie d  
form  o f  L P S-2, R D -L P S  p ractica lly  did n ot s t im u la te  au toan tib od y  p rod u ction  
w h en  ad m in istered  a t th e  sam e doses as th e  tw o  n a tiv e  p rep aration s. A t th e  
sam e tim e  R D -L P S  d id  n o t lost the ca p a c ity  to  m odu late th e au to im m u n e  
resp o n se , as p retrea tm en t o f  anim als w ith  it  cau sed  a decrease in th e  n um ber  
o f  a u to a n tib o d y -fo rm in g  ce lls generated d uring  th e  response induced  b y  a su b ­
se q u en t challenge w ith  L P S -1 .
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D iscussion

From  th e d ata  reported  here we m ay con clu d e th a t it is p ossib le to  use 
th is p reparation  as an a d ju van t in doses larger th an  th a t o f  th e  n a tiv e  su b ­
stan ce. R D -L P S  m ay  be useful in cases w hen  th e  organ ism ’s resistan ce to  tox ic  
action  o f  LPS decreases as a seq u en ce o f  tu m o u r grow th  [14], rad iation  injury  
or cy to sta tic  th erap y  [5, 7, 15]. On th e o ther hand , it has been  show n in th is  
stu d y  th a t the d e to x ified  p reparation  has a redu ced  a b ility  to  in du ce a u to a n ti­
b od y  p rod uction . T his in d ica tes  th a t a d m in istra tion  o f  L PS m igh t stim u la te  
th e im m une re a c tiv ity  o f  th e organism  su fferin g  sim u ltan eou sly  from  a u to ­
im m u n e d isease and im m u n e d efic ien cy . In a d d itio n , th e  data  p resen ted  here 
su ggest th a t there m ay  be som e con n ection s b etw een  to x ic ity  o f  n a tiv e  L PS  
and its ca p a city  to in du ce au to im m u n e reaction s.
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DETECTION OF ADENOVIRUS HEXON 
USING MONOCLONAL ANTIBODIES FOR 

ANTIGEN CAPTURE IN ELISA

É v a  A d a m , I. N á s z , A n n a  L e n g y e l , J.  E r d e i  and J.  F a c h e t

In s titu te  o f  Microbiology., Sem m elw eis U niversity  M edical School, B udapest, and  In s titu te  o f  
Pathophysiology , U niversity  M edical School, Debrecen

(R ece iv ed  F e b ru a ry  6 , 1986)

T he feasib ility  of using  m onoclonal an tib o d ies to  c ap tu re  specific v ira l p o ly p ep tid e s  
in  double  m onoclonal an tib o d y  (M A b) sandw ich  E L IS A  has been d em o n s tra ted . T en  MAbs 
w ith  d iffe ren t re a c tiv ity  p a tte rn s  w ere u sed  for an tig en  cap tu re  and  four o f th em  w ere  labelled  
w ith  horse rad ish  peroxidase and  used fo r th e  de tection  of specifically  bound  hexon a n tig e n  and 
fo r the  d e te rm in a tio n  of the  low est re a c tin g  hexon  concen tra tio n s . D ifferences h av e  been  found  
in  th e  effectiveness o f the  d ifferen t M A bs used  for cap tu rin g  or de tecting  th e  an tig en . T w o assay  
sy s tem s (M A bs 1A3/1A3 and H 12/1 A 3), w hich  were th e  m ost sensitive for th e  h e x o n  ty p es  
s tu d ied  could  be useful for d e tec tio n  of th e  adenov irus hexons. A ssay system  M A b 2D1/2A1 
an d  several com binations o f MAb 2B2 p ro v e d  to be specific for su b g en u s C.

T h e adenovirus cap sid  is b u ilt  up o f  252 capsom ers d esign ated  as p en to n , 
fib er and h exon . The m ajor co a t p ro te in , th e  h exon  con sists o f  three id en tica l 
p o ly p e p tid e  su bu nits, and  co n ta in s  d ifferent an tigen ic  d eterm in a n ts [1 -5 ] .  
W ith  th e help  o f  MAbs to  ad en ov iru s ty p e  1 (A d h 1) h exon  d ata  were p resen ted
[6] th a t  a large num ber o f  A d h 1 re la ted  ep itop es ex ist  on d ifferent h etero lo g o u s  
h exon  ty p e s . T hese ep itop es are p resen t on d ifferen t an tigen ic  sites  in  th e  form  
o f  p a rtia lly  overlap pin g  ep ito p e  c lu sters on th e surface o f h exon  m o lec u le  [7] 
in  m ore th an  one copies [8]. T h e fea s ib ility  o f  u sing  M Abs as a n tig en  cap tu re  
and d etec tor  reagents in d ouble M A b san dw ich  E L IS A  was in v e s t ig a te d  in th is  
stu d y .

M aterials and m ethods

A ntigens. H u m an  ad en ov irus ty p e s  o f subgenera  C (1, 2, 5, and 6 ), A (12), В (7 a n d  35) 
an d  D ( 8 , 9, 10 and  13) were p ro p a g a ted  in  H E p-2  cells an d  the  hexon p ro te in  was p u rif ie d  as 
described  earlie r [9, 10]. In  th e  case of A d h  1 hexon th e  p u rific a tio n  procedures w ere co m p le ted  
w ith  c ry s ta lliz a tio n  [11]. Ad sim  16 (SA 7) hexon and Ad bos 3 were k in d ly  su p p lied  b y  Dr. 
K h ilk o  an d  D r. A. B artlia , resp ec tiv e ly . T h e  p ro te in  co n ce n tra tio n  of th e  hexon p re p a ra tio n s  
w as m easu red  b y  th e  m ethod  of L ow ry  e t  al. [12].

É va  Á d á m ,  I s t v á n  N á s z , A n n a  L e n g y e l

I n s t i tu t e  o f  M icrob io logy , Sem m elw eis U n iv e rs i tv  M ed ica l School 
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M o n o c lo n a l  a n t ib o d ie s . BALB/c mice were injected with redissolved crystals of Ad h 1 
hexon [13]. The Sp2/0 nonsecreting parental myeloma cell line was used for fusion [14]. The spe­
cific antibody secreting hybridoma cell lines were injected into mice and the developped ascitic 
fluids were studied. Labelling of the Mabs with horse radish peroxidase was carried out by the 
method of Nakane and Kawaoi [15].

I n d ir e c t  E L I S A .  All the ELISA experiments were carried our on polystyrene plates 
(Novogen) using PBS (pH 7.2) as coating buffer. For the determination of the antibody titres 
and reactivity patterns of the ascitic fluids, the wells were sensitized overnight with hexon 
preparations of different hexon types in 40 /tg/ml concentration. Serial dilutions of MAb con­
taining ascitic fluids were examined. The enzyme substrate was o-phenylene diamine in every 
ELISA experiments and the colour change was assessed at 492 nm in a Titertek Multiskan 
spectrophotometer. The antibody titres were expressed as log2 (reciprocal dilution XlO-2).

D o u b le  M A b  s a n d w ic h  E L I S A .  Ten MAb containing ascitic fluids showing different 
reactivity patterns [16] were used for antigen capture in different dilutions depending on the 
titres. Wells were coated with the diluted ascitic fluids [17] overnight. Serial dilutions of dif­
ferent hexon types were adsorbed to the wells coated with MAbs. As detector antibodies four 
peroxidase labelled MAbs with different reactivity patterns were used, and the lowest detectable 
hexon concentrations were determined.

R esults

Selection of ascitic f lu id s  for double M A b  sandwich E L IS A .  S everal d if­
fe r e n t  criteria were e s ta b lish e d  for the se lec tio n  o f  M Abs in double M Ab san d ­
w ich  E L IS A . These cr iter ia  included  (1) th e  a n tib o d y  titre  o f th e a sc itic  flu id s  
w ith  h om ologous ty p e  1 h ex o n , (2) r e a c t iv ity  p a ttern  w ith  d ifferen t hexon  
ty p e s  stu d ied , (3) re co g n it io n  o f d ifferent ep ito p e s  on d ifferent an tigen ic  sites  
on  th e  surface o f Ad h 1 h e x o n , (4) recogn ition  o f  d ifferen t ep itop e clusters on 
th e  sam e an tigen ic s ite . O n th e  hasis o f  th e se  cr iter ia  ten  M Abs w ere se lected  
for  an tigen  capture in  d o u b le  MAI) san dw ich  E L IS A .

A d (1). The t itr e s  o f  M A bs w ith  Ad h 1 h ex o n  varied  b etw een  1 : 25 000  
to  1 : 1 638 400 (T ab le I ) .

A d  (2). MAbs rep resen ted  four d ifferent r e a c t iv ity  p attern s b y  th e  resu lts  
w ith  d ifferent h etero lo g o u s h exon  typ es stu d ie d . T w o o f  th e  M Abs reacted  w ith  
all th e  h exon  typ es in v e s t ig a te d  (MAhs 1A3 an d  2C 2). Three M Abs (H 12 , 2A 6  
an d  2D 6) failed  to  rea ct w ith  Ad hos 3 h ex o n . M A b 2A 1 did n ot react w ith  Ad  
b os 3 and Ad h 12. F ou r o f  th e  MAhs (1 B 2 , 2 D 1 . 1C5 and 2B 2) fa iled  to  react 
e ith e r  w ith  hum an ty p e s  12 and 35 or w ith  a n im a l h exon  ty p e s  stu d ied . Four o f  
th e  M A bs rep resen tin g  fo u r  different r e a c t iv ity  p a ttern s were ch osen  to  be 
co n ju g a ted  w ith h orse rad ish  peroxidase.

A d (3) and (4). T h ird  and  fourth cr iter ia  w ere th e  recogn ition  o f  d ifferent 
a n tig e n ic  sites and e p ito p e  clusters. T w o o f  th e  M Abs (1A3 and 2C2) were  
r e a c t iv e  w ith  an ep ito p e  o n  antigenic s ite  I , th e  rem ain ing  e ight M Abs were 
sp e c ific  for ep itopes on  a n tig e n ic  site II  and recogn ized  three d ifferent ep itop e  
c lu ster s  [7].

F our varia tion s o f  d ou b le  MAb sa n d w ich  E L IS A  were stu d ied  for th e  
d e te c tio n  o f the lo w e s t  rea ctin g  hexon co n cen tra tio n s o f  d ifferent ad en oviru s  
ty p e s :  (i) id en tica l or d ifferen t capture and d e te c to r  M Ahs recogn izing id en tica l
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Table I

R eactivity patterns and titres o f  the M A b s  in  indirect E L IS A

H u m an  a d n o v iru s  ty p e s  acco rd in g  to  su b g en era

M Abs A В c D S im ian  

SA  7

B o v in e  

b o s  312 7 35 1 2 5 6 8 9 10 13

1A3 5 и 6 11 и и 11 и 10 11 11 7 0
2C2 5 9 4 8 9 9 9 9 9 9 8 3 0

H12 9 12 9 12 12 12 12 11 12 11 11 10 < 0

2A6 0 11 < 0 11 11 11 12 11 11 10 8 10 < 0
2D6 0 12 < 0 14 13 13 13 13 13 12 12 12 < 0

2Л1 < 0 8 3 9 9 10 10 9 9 8 8 10 < 0

1B2 < 0 4 < 0 11 11 11 12 11 11 10 7 < 0 < 0
1C5 < 0 3 < 0 11 11 10 9 11 11 9 8 < 0 < 0

21)1 < 0 1 < 0 9 9 8 9 9 9 8 7 < 0 < 0
2H2 < 0 1 < 0 9 9 8 9 8 9 8 7 < 0 < 0

T itre s  a re  expressed as log2 (reciprocal d ilu tion  X lO -2 ); 0, positive reac tion  in  1 : 100 
d ilu tion ; < 0 , no positive reaction  in  1  : 1 0 0  d ilution

ep itopes (1А З /1Л З , 2A 1/2A 1, 2A 6/2A 6, 2 B 2 /2 B 2  and 2C2/1A3, 2 D 6 /2 A 6 , 
1B 2/2A 6 sy stem s);  (ii) cap ture and d etec tor M A bs d irected  again st ep ito p e s  
on d ifferen t a n tig en ic  sites (1 A3 or 2C 2/2A 1, 2A 6  and 2B 2, as well as 2 A 1 , 2A 6, 
2D 6, 1112, 2 D 1 , 2 B 2 , 1B2 and 1C5/1A3 sy ste m s);  (iii) capture and d e tec to r  
M Abs recogn iz in g  th e  sam e ep ito p e  cluster b u t th e  com p etition  E L IS A  p a tter n  
sh ow in g  d ifferen ces in  com p lete  and p artia l in h ib it io n  (1B 2/2A 6, H 1 2 /2 A 1 , 
2D 1/2A 1 an d  1C5/2A1 system s); (iv ) capture an d  d etec tor MAbs re a c tin g  w ith  
d ifferent ep ito p e  clusters (2A 6, 2 D 6 , 1 B 2 /2 A 1 , 2B 2 /2A 1 , 2A1, H 1 2 , 2 D 1 , 
1C 5/2A 6, and  2A 6, 2D 6 , 1B2 or 2A 1, H 12 , 1C5, 2D 1 /2B 2  system s).

Double M A b  sandwich E L IS A  with M A b s  reacting with identical epitopes. 
Four o f  th e  te n  M Abs were u sed  in  u n lab elled  form  for antigen ca p tu re  and  
in  lab elled  form  for th e  d etec tion  o f  th e  b ou n d  a n tig e n . In  a few  cases, th e  ca p ­
ture and th e  d etec to r  M Abs w ere n o t th e sam e b u t th e y  recognized th e  id e n tic a l 
ep itope (T ab les I and II). M Abs 1A3 and 2C2 sh o w ed  th e sam e r e a c t iv ity  p a t ­
terns in  in d irect E L IS A . U sin g  th em  for a n tig e n  capture and d e te c tin g  th e  
bound a n tig en  b y  lab elled  M Ab 1A 3, d ifferen ces w ere detected  b e tw e en  th e  
low est re a c tin g  h exon  con cen tra tion s o f h etero lo g o u s h exon  typ es o f  su b g en era  
A , В and D , w h ile  no such d ifferen ces cou ld  be d etec ted  w ith  the m em b ers o f  
su bgenu s C. T h ese d ifferences w ere show n in o th er  th ree sandw ich sy s te m s , to o . 
U sin g  th e  2 B 2 /2 B 2  system  for th e  d etec tio n  o f  d ifferen t h exon  an tigen s , th ere  
w as no rea ctio n  w ith  ty p es o f  su b gen u s D  and w ith  ty p e  7 o f subgenus В  ev e n  
in  51.2 jttg/ml con cen tra tion . I t  w as surprising in  th e  case o f  typ es o f su b g en u s D , 
because M Ab 2B 2  had a h igh  titre  w ith  th e se  h etero logou s typ es in  in d irec t  
E L IS A  (T ab le I).
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Table II

Double M A b  sandw ich E L I S A  with M A b s directed to the same epitope

C a p tu re
M A b

D e­
te c to r
M Ab

A в
H u m an  a d en o v iru s  ty p e s  a c co rd in g  to  subgi

C
m eru

D

12 7 35 1 2 5 6 8 9 10 13

1A3 1A3 0.1 0.1 1 2 . 8 0.1 0 . 2 0.1 0.1 0 . 8 0 . 8 0 . 8 0.1
2C2 1A3 25.6 51.2 51.2 0.1 0 . 2 0 . 2 0 . 2 51.2 51.2 51.2 51.2

2A1 2A1 n. r. 1 . 6 - 0.025 0.025 0.025 0.025 3.2 3.2 6.4 0.4

2A6 2A6 n. r. 0 . 2 _ 0.006 0.0125 0.0125 0.0125 3.2 3.2 1 . 6 0 . 8

2D 6 2A6 n. r. 0 . 2 — 0.025 0.1 0.05 0.1 3.2 1 . 6 0.4 0 . 2

1B2 2 A 6 n. r. — n. r. 0.05 0.5 0.4 0.4 51.2 25.6 — 6.4

2B 2 2B2 n. r. — n. r. 0.03 0 . 2 6.4 0.1 - - — —

F ig u re s  m ean th e  low est reac tin g  hexon co n ce n tra tio n  in  ,ttg/ml: 
/tg /m l co n cen tra tio n ; n. r ., no positive  reaction  in  in d ire c t E L IS A

i  —, n o t reac tin g in 51.2

Table I I I

Double M A b  sandwich E L I S A  using M A b s directed against epitopes on different
antigenic sites

D e ­
t e c to r

H u m a n  a d e n o v i r u s  t y p e s  a c c o r d in g  to  s u b g e n e ra

C a p t u r e
M A b

A в C D

M A b
1 2 7 35 1 2 5 6 8 9 10 13

1A3 2A1 0.1 0.1 0.006 0.0125 0.05 0.006 0.4 0.4 0.2 0.1
1 A3 2A6 0.05 0.1 — 0.006 0.0125 0.006 0.006 0.8 0.8 0.2 0.4
1 A3 2B2 n. r. — — 0.025 0.1 0.2 0.2 — — — —

2C2 2A1 25.6 51.2 _ 0.006 0.025 0.025 0.05 51.2 51.2 51.2 51.2
2C2 2A6 25.6 51.2 — 0.05 0.05 0.4 0.1 51.2 51.2 51.2 51.2
2C2 2B2 n. r. — n. r. 0.025 0.1 0.2 0.2 — — — —

H12 1A3 0.1 0.1 12.8 0.05 0.2 0.05 0.1 1.6 3.2 0.4 0.8

2A1 1A3 n. r. 0.2 — 0.05 0.1 0.05 0.05 12.8 12.8 6.4 25.6

1C5 1A3 n. r. — n. r. 0.05 0.1 0.1 0.1 12.8 — — 6.4

21)1 1A3 n. r. - n. r. 0.1 0.2 12.8 0.8 - — — 25.6

2A6 1A3 n. r. 0.4 _ 0.025 0.05 0.05 0.05 3.2 6.4 3.2 0.8
21)6 1 A3 n. r. 0.1 — 0.025 0.05 0.05 0.1 0.2 3.2 0.4 0.4
1B2 1A3 n. r. — n. r. 0.05 0.1 0.8 0.4 51.2 51.2 51.2 6.4

2B2 1A3 n. r. — n. r. 0.1 0.2 12.8 0.1 - - — -

F o r exp lanation  see T ab le  I I
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Double M A b  sandwich E L IS A  with M A bs reacting with epitopes on different 
antigenic sites. M Abs used for an tigen  cap tu re as w ell as for th e d e te c tio n  of 
th e  cap tured  an tigen s were rea ctiv e  w ith  ep ito p es on tw o ster ica lly  d istin c t  
an tigen ic  sites . T w o o f th e  M Abs w ere sp ec ific  for antigenic site  I an d  eigh t  
oth er M Abs for an tigen ic site  I I .  U sin g  th e  M Abs directed aga in st a n tig en ic  
site  I for an tigen  cap ture and lab elled  M A bs sp ec ific  to  antigenic s ite  I I  (2A1  
and 2A 6) all th e  h exon  ty p e s  stu d ied  w ere d e tec ta b le  w ith  the ex c ep tio n  o f  ty p e  
35 h exon . W ith  the help  o f  the th ird  lab elled  M Ah (2B 2) recogn izing  ep ito p es  
on an tigen ic  site  II , on ly  th e  m em bers o f  su b gen u s C were d etectab le (T ab le I I I ) .  
T h e d ifferences in  th e e ffe c tiv ity  o f  a n tig en  cap tu re o f  MAbs 1A3 and 2C2 w ere  
sim ilar to  th e  resu lts show ed  in T ab le II  for 1A 3/1A 3 and 2C 2/1A 3 sy stem s.  
F or th e  d etec tio n  o f h exon  an tigen s o f  a d en ov iru s ty p e s  b elonging to  su b gen u s  
C, MAb com b in ation s o f  1A 3/2A 1 or 2A 6  w ere th e  m ost effective  w ith  a lo w est  
d etec ta b le  h ex o n  con cen tration  o f  0 .006  ^tg/ml for A d h 1 and 6, as w e ll as for 
A d h 1, 5 and 6, resp ective ly . U sin g  MAI) H 12 for antigen  cap ture (d irected  
ag a in st an tigen ic  site  II) and lab elled  M Ab 1A3 to  d etect th e  b ou n d  h exon  
(sp ec ific  to  an tigen ic  site  1), all th e  ad en ov iru s ty p e s  could be d e te c te d , and  
th e  lo w est reactin g  h exon  con cen tration  w as in a range o f 0.05 to  0 .2  /xg/m l 
w ith  th e m em bers o f  su bgenu s C and w ith  ty p e s  7 (subgenus B) an d  12 (su b ­
gen u s A ). T he o th er h exon  ty p e s  stu d ied  w ere rea ctiv e  on ly  in h igher co n ce n tr a ­
tio n  com pared  to  th e  m em bers o f  su b gen u s C, or ty p e s  12 and 7. M A bs 2A 6 and  
2 D 6  used for an tigen  capture sh ow ed  sim ilar resu lts to  each other in  th e  case o f  
su b gen u s C, b u t there were d ifferen ces w ith in  h exon  typ es b elon g in g  to  o ther  
su bgenera . W ith  capture M Ab 1B2 d ifferen ces could  be d etected  w ith in  th e  
m em bers o f  su bgenu s C, and ty p e s  o f  su b gen u s D  were d etected  w ith  lab elled  
M Ab 1A3 in s ig n ifica n tly  h igher co n cen tra tio n . In 1C5/1A3 sy ste m  sim ilar  
resu lts w ere ob ta in ed  w ith  th e m em bers o f  su b gen u s C, w ith  ty p e s  8 and 13 
(sub gen us D ), h ow ever, reaction  w as ob served  on ly  in high co n cen tra tio n s. 
T h e other m em bers o f su bgenu s I) and ty p e  7 (sub gen us B) did n ot react even  
in  51.2 jUg/ml con cen tration s.

U sin g  M Ab 2D 1 for an tigen  cap tu re and M Ab 1A3 as d etector M A b, o n ly  
th e  m em bers o f  su bgenu s C and ty p e  13 o f  su b gen u s D gave p o sit iv e  reaction  
b u t th e  la tte r  one in s ig n ifica n tly  h igher con cen tra tion  than  th e ty p e s  o f  su b ­
gen u s C. In  th is  assay  sy stem , th e  m em bers o f  su bgenu s C reacted  d iffer en tly ,  
ty p e s  1 and 2 reacted  in m uch m ore low er con cen tra tion  than  ty p e s  5 and  6. 
U sin g  th e M Ab system  2B 2 /1A 3 , o n ly  th e  m em bers o f  subgenus C w ere d e te c t ­
ab le, b ut th e  lo w est reactin g  h exon  con cen tra tion  o f  typ e  5 com p ared  to  th e  
oth er m em bers o f  su bgenu s C w as h igh . T y p es o f  subgenus D and ty p e  7 (su b ­
gen u s B) d id  n o t react even  in 51.2  /tg /m l con cen tration .

Double M A b  sandwich E L IS A  with M A b s  specific for the same epitope  
cluster. T ab le IV  show s th e  resu lts w hen  M A bs used for antigen  ca p tu re  and  
d etec tio n  o f  th e  bound h exon  were n o t id en tica l, b u t th e y  recogn ized  th e  sam e

Acta Microbiologica Hungarlca 33, 1986



3 2 2 ADAM et al.

Double M A b  sandwich E L I S A  with M A bs directed against the same epitope cluster

Table IV

C a p t u r e
M A b

D e ­
t e c to r
M A b

A в
H u m a n  a d e n o v iru s t y p e s  a c c o r d in g  to  s u b g e n e ra

C D

12 7 35 1 2 5 6 8 9 10 13

H 12 2 A 1 0 . 2 0 . 1 0.0125 0 . 1 0.0125 0.025 3.2 1 . 6 0.4 0 . 8

1C5 2A1 n. r. — n. r. 0.025 0.05 0.4 0.05 25.6 — — 1 2 . 8

2D1 2 Л 1 n. r. — n. r. 0.05 0.05 0.4 0.1 — — — —

F o r explanation  see T able  I I

or c lo se ly  related  ep ito p es  b ased  on the resu lts  o f  com p etition  b in d in g  E L IS A
[7 ]. In  H 12/2A 1 sy stem  all th e  h exon  ty p e s  w ere d etec ta b le  w ith  th e  ex c ep tio n  
o f  ty p e  35 , in th e case o f  cap tu re MAI) 1C5 and d e tec to r  MAb 2A 1, ty p e s  9 and  
10 (su b g en u s D) and ty p e  7 (sub gen us B) did n ot rea ct in th e h ighest co n ce n tr a ­
t io n  stu d ie d . W ith  M A bs 2D 1/2A 1 on ly  th e  m em b ers o f su bgenu s C w ere  
d e te c ta b le .

Double M A b sandwich E L IS A  with M A b s  specific for different epitope 
clusters. In  th ese  ex p er im en ts  eigh t MAbs r e a c t iv e  w ith  three d ifferent ep ito p e  
c lu ster s  on  an tigen ic  s ite  I I  were used for a n tig en  capture and th ree d ifferen t

Table V

Double M A b sandwich E L I S A  with M A bs directed against different epitope clusters

C a p tu re
M A b

D e­
te c to r
M Ab

A в

H u m an  ad enov irus ty p e s  acco r 
C

d in g  to  subgi;nera
D

1 2 7 35 1 2 3 6 8 9 1 0 1 3

2A6 2A1 n .  Г . 0 . 8 0.0125 0.0125 0.0125 0.05 3.2 3.2 3.2 0 . 8

2 D 6 2A1 n .  r . 0 . 8 — 0.0125 0.05 0 . 1 0.05 3.2 1 . 6 0.4 0 . 2

1 B 2 2A1 n .  Г . — n .  Г . 0.025 0.05 0.4 0.4 51.2 51.2 51.2 6.4

2B2 2A1 n .  Г . — n .  r . 0.025 0.05 0.4 0 . 1 - - - -

2A1 2A6 n .  r .
_ _ 0.05 0.05 0.4 0.4 _ _ _ 25.6

H 12 2A6 0 . 2 0 . 1 — 0.0125 0.05 0.0125 0.05 3.2 6.4 0.4 0.4
1C5 2A6 n .  r . — n .  Г . 0.05 0.05 0 . 1 0.4 — — — 1 . 6

2 D 1 2A6 n .  Г . — n .  Г . 0.05 0 . 1 1 2 . 8 0.4 — — — 25.6

2B2 2A6 n .  Г . — n. r. 0.05 0 . 2 6.4 0.1 - - - —

2A6 2B2 n. Г. _ n. Г. 0.025 0.1 0 . 2 0 . 2 _ _ _ _
2D6 2B2 n. Г. — n. Г. 0.025 0.1 0 . 2 0 . 2 — — — —
1B2 2B2 n. r. — n. r. 0.025 0.1 0 . 2 0 . 2 — — — —

2A1 2B2 n. Г. _ n. Г. 0.0125 0.05 0.1 0.0125 _ _ _ _
1 1 1 2 2B2 n. r. — 11. Г. 0.025 0.1 0 . 2 0.1 — — — —
1C5 2B2 n. Г. — n. Г. 0.05 0.1 1 2 . 8 0 . 2 — — — —
2 D 1 2B2 n. r. — n. Г. 0.1 0.1 1 2 . 8 0.4 — — — —

F o r exp lanation  see T able  I I
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M Abs sp ecific  for th e  g iven  ep itope c lu sters w ere used  as d etector a n tib o d ies . 
A ccord ing to  th e  resu lts sh ow n  in T able V , o n ly  a few  com b ination  o f  th e  M A bs 
could  be u sed  for d etec tio n  o f  hexon ty p e s  b e lo n g in g  to  subgenera A , В an d  D , 
and in s ig n if ica n tly  h igher con centration  com p ared  to  th e resu lts o f  su b gen u s C. 
N o varia tion  cou ld  d e tec t  ty p e  35 o f  su b gen u s B . There are a lo t o f  va r ia tio n s  
in w hich  o n ly  th e  m em bers o f  subgenus C cou ld  be d etected , and th e  h exon  
ty p e s  o f  o th er su h gen era  did n ot react ev e n  in 51.2  p g/m l con cen tra tion .

D iscussion

A d oub le M Ah san d w ich  E L IS A  w as d ev e lo p e d  and used for th e  d etec tio n  
o f aden oviru s an tigen s . T en  M Abs w ith  d ifferen t re a c tiv ity  p attern s w ere used  
as an tigen  cap tu re a n tib o d ies  and four o f  th e m  in p eroxidase lab elled  form  as 
d etector M A bs. A lth o u g h  all th e M Abs u sed  in th is  s tu d y  had h igh t itr es  in  in ­
d irect E L IS A , there w ere ob vious d ifferen ces in  th e ir  a b ility  for an tigen  ca p ­
ture. The e ffic ien cy  o f  cap tu rin g  a b ility  o f  a g iv e n  M Ah possib ly  re flec ts to  th e  
re la tive  a ffin ity  o f  th e MAI) to  an e p ito p e .U sin g  th e sam e MAh for an tigen  ca p ­
ture and for d e tec tin g  o f  th e sp ec ifica lly  b ou n d  h ex o n  an tigen , p o sitiv e  reac­
tion  could be o n ly  fou n d  if  th e ep itope sp ec ific  for th e  g iven  MAb w as p resen t  
in m ore th a n  one cop ies on th e  h exon  m olecu le . T h e situ ation  is th e  sam e, 
w hen  th e tw o  M Abs u sed  in th is assay sy stem  are n o t th e sam e, b u t d irected  
again st id en tica l ep ito p e . The range o f r e a c t iv ity  o f  an y  given  capture a n tib o d y , 
how ever, is d ep en d en t on th e related ness o f  th e  reactive  ep itopes [18].

U sin g  th ese  ten  M Abs for antigen  cap tu re and th e  labelled  ones as d e te c ­
tors, there are som e v a r ia tio n s , w hich cou ld  b e u sefu l for d etection  severa l d if­
feren t h exon  ty p e s  (1 A 3 /1A 3 , or H 12/1A 3). In  th e se  a ssay  system s, all th e  h exon  
ty p e s  stu d ied  cou ld  be d e tec te d , and th e m eth o d  is sim pler than  the te s t  s y s ­
tem s used b y  A nd erson  e t  al. [19]. On th e o th er  h an d , w ith  the help  o f  d oub le  
M Ab san dw ich  E L IS A , d ifferences could  be o b serv ed  am ong th e su b gen era . 
V ariation s o f  a ssa y  sy ste m s, in w hich  MAb 2 B 2  w as th e  detector or th e  cap tu re  
MAb seem ed  to  be su b gen u s sp ecific , i.e . o n ly  th e  m em bers o f  su b gen u s C 
reacted  in low er co n cen tra tio n  th an  51.2 p g /m l, in  sp ite  o f  th e fact th a t  su ch  
differences co u ld  n o t b e fou n d  in indirect E L IS A . T he reason for th is d iscrep ­
an cy  is n ot y e t  clear. I t  cou ld  be caused b y  th e  ster ica l in h ib ition  o f b in d in g  o f  
MAb 2B 2 or it cou ld  be d ue to  th e  d ifference o f  its  a v id ity .

Acknowledgements. T he skilled assistance of Miss Zs. B a ko n yi  and  Mrs M. Só sk ú ti  is 
h ighly apprec ia ted .
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EFFECT OF ATTENUATED VIRAL VACCINES 
ON SUCKLING MICE INFECTED WITH LCMV

L. K . Cs a t á r y , I lon a  Sz e r i , Z s u z s a n n a  B á n o s , P ir o s k a  A n d e r l i k  and
I. N ász

U nited Cancer Research Institu te, A lexandria , V irgin ia , U S A  and Institu te o f  M icrobiology, 
Semmelweis U diversity  M edical School, B udapest, H ungary

(R eceived  S ep tem b er 20, 1985)

A single in tra p erito n ea l tre a tm e n t w ith  live N ew castle  D isease V irus (N D V ) co n ta in in g  
a tte n u a te d  N D V  vaccine, and w ith  live in fec tious b u rsa l disease v iru s (IB D V ) c o n ta in in g  a t ­
te n u a te d  IB D V  vaccine, one d ay  before in tra ce re b ra l in fec tio n  w ith  lym phocy tic  choriom en in - 
ginis v iru s (LCM V) increased , W'hereas a sim ilar t r e a tm e n t  w ith  in ac tiv a ted  ND V  o r IB D V  
vaccine d id  n o t in fluence the  d e a th  ra te  o f suck ling  m ice from  experim en ta l ly m p h o cy tic  ch o rio ­
m ening itis. T h u s  th e  a tte n u a te d  live vacc ine  s tim u la te d , w hereas th e  in ac tiv a te d  ones fa iled  
to  a ffec t th e  cell-m ed ia ted  im m une response to  LCMV. C ontro l stud ies set up  w ith  th e  su p e r­
n a ta n t  o f p la in  tissue cu ltu re  ro u tin e ly  used  fo r the p ro p a g a tio n  of IB D V  have  sh o w n  th a t  
u n lik e  th e  a t te n u a te d  NDV vaccine, th e  im m u n o s tim u la to ry  action  is associated  n o t  so m uch  
w ith  th e  v iru s  itself, as w ith  an  as y e t u n id en tif ied  co m p o n en t of the  tissue c u ltu re  su p e r­
n a ta n t.

In tracerebral in ocu la tion  o f  m ice w ith  ly m p h o cy ty c  ch oriom en in g itis  
v iru s (LCM V) can lead to  a le th a l ch o r io m en in g itis , w hich  is a seq u a l to  a c e l­
lu lar  im m u n e response aga in st so ft m en in gea l cells . The im m u n e resp on se  
aga in st th e  so ft m eningeal cells resu lts from  a ch an ge in th e a n tig e n ic ity  o f  th e  
ce lls as a con seq u en ce o f  tint v iral in fec tio n . It h as been  shown th a t T -ly m p h o -  
cy te s  react w ith  th e m en ingeal ce lls and p lay  an  im p ortan t role in th is  p rocess  
[1—3 ]. T he course o f  LCMV in fe ctio n  in m ice d ep en d s on th e sta te  o f  th e  h o s t ’s 
cellu lar im m u n e system . H e a lth y  m ice w ith  a m atu re im m une sy stem  u p on  in ­
fec tio n  w ith  LCMV develop  a le th a l ly m p h o c y tic  ch oriom eningitis w ith in  6 to  
8 d ays a fter  in fection . The d eath  ra te in  th ese  m ice is 100% . In  co n tra st , m ice  
w ith  an in a d eq u a te  im m u n e sy stem , for ex a m p le  n ew born  m ice w ith  an im ­
m atu re im m u n e system  do n o t d evelop  m en in g itis  and su rvive th e in fe c tio n  as 
sy m p to m free  carriers [4 -7 ] . It has been  sh ow n  th a t  th e  su rv iva l rate and th e  
p eriod  o f  t im e  b etw een  in ocu la tion  and d eath  d ep en d s on th e h ost’s age a t in ­
fec tion ; th a t  is, it  ten ds to  decrease w ith  progressin g  age and m a tu ra tio n  of 
im m u n e sy stem  [4]. In su ck lin g  m ice it has b een  sh ow n  th a t im m u n o stim u la n ts
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en h a n c e  th e  d evelop m en t o f  le th a l m en in g itis , fo llow in g  in tracerebral LCMV  
in fe c t io n , w hereas im m u n od ep ressan ts h am p er th e  d evelop m en t o f th is  d isease.

In  th is  stu d y , w e ev a lu a ted  the effects o f  In fec tio u s Bursal D isea se  V irus 
(1 B D V ) and N ew castle  D isea se  Virus (N D V ) on  th e  outcom e o f LCMV in fectio n  
in  m ice . T h e reason for ch oosin g  these v iru ses is th a t  N D V  is know n  to  effect  
th e  ce llu la r  im m une sy stem . More im p o rta n tly , m ice in fected  w ith  N D V  show  
a d ecrease  in  co n ta ct s e n s it iv ity  [8, 9 ]. T h is in h ib itio n  resu lts from  th e  fa ct  
th a t  N D V  in fection  d am ages the T -su pp ressor-afferent cells, and resu lts in an 
in h ib it  o f  cell proliferation  in regional ly m p h  n o d es. It lias been fu rth er show n  
th a t  th e  v irus in du ced  th is  e ffec t on ly in its  in fe c t iv e  s ta te , since v irus in a c t iv a t­
ed b y  u ltra v io le t irrad ia tion  did n ot cause th e  sam e effect [10]. IB D V  also  
k n o w n  as th e  agen t for G um boro disease or in fe c tio u s  avian  b ursitis is know n  
to  ca u se  a “ viral b u r sec to m y ”  b y  d am agin g th e  lym p h o id  cells o f  th e  bursa o f  
F a b r ic iu s  [1 1 ]. Y ou n g  b irds in fected  b y  I B V D  sh ow  atrop hy o f th e  bursa; 
h is to lo g ic a lly  th e y  d em o n stra te  ly m p h o cy te  d estru ction  and n ecrosis, and  
re ticu lo en d o th e lia l cell p ro liferation  n ot o n ly  in  th e  bursa [12 , 13 ], h u t also  
in th e  th y m u s and sp leen  [1 4 , 15,]. The h u m o ra l im m une response o f  IB D V -  
in fe c te d  b irds to  h etero logou s an tigens is lo w  [1 6 -1 8 ] , ow ing to th e  su p p res­
sion  o f  В  ly m p h o cy tes  b y  th e  v irus [9 ]. E lec tro n  m icroscopic ex a m in a tio n  
o f t is su e  from  in fected  an im als reduced th e p resen ce o f virus p artic les in th e  
ly m p h o c y te s  and in m acrop h ages [20, 21]. T h ese resu lts support th e  n o tio n  th a t  
I B D V  depresses th e cellu lar im m u n e response. In  con trast to th e effect o f  IB D V  in  
c h ic k e n s , it  has b een  fu rth er show n th a t I B D V  in other anim als te n d s  to  he 
im m u n o stim u la to ry . M arm osets vacc in a ted  w ith  IB D V  were p ro tected  from  
d e v e lo p in g  h ep atitis  upon ch a llen ge w ith  h e p a tit is  A  virus [22]. Our in terest  
in  th e  im m u n o stim u la to ry  e ffec t o f these v ir u se s  is prom pted  b y  u n p u b lish ed  
o b se r v a tio n  (C satáry e t  a l.]  th a t  cancer p a tie n ts  trea ted  w ith  a tte n u a te d  v iral 
v a c c in e s  show  clin ica l im p ro v em en t, such  as tu m o r  regression.

T a k in g  in to  con sid era tion  th e im m u n o m o d u la to ry  property  o f  IB D V  and  
N D V , w e  in v estig a ted  in  th e  present s tu d y  th e  in flu en ce  o f p retrea tm en t w ith  
I B D V  v a cc in es or w ith  N D V  vaccin es on th e  cou rse o f i.cer. LCMV in fection  
in  su ck lin g  m ice.

M aterials and m eth o d s

E xp erim en ta l anim als. C F L P  mice (L A T I, G ödöllő) o f  b o th  sexes were u sed , on  a  to ta l  
60 l i t t e r s  o f  7-12 suck ling  m ice aged  2 weeks. T he m ice u sed  for titra tio n  and  re iso la tio n  w ere 
6  w eeks old.

I B D V  vaccines. A ttenua ted  I B D V  vaccine w as p re p a re d  from  IB D V  v iru s o f red u ced  
v iru le n ce , p ro p a g a ted  in  chick  em b ry o  fib ro b last (C E F ) c u ltu re . Mice were tre a te d  w ith  0.03 ml 
o f  v a cc in e  in tra p e rito n ea lly  one d a y  before in tra c e re b ra l in fec tion  w ith  LCMV. T h e  vaccine 
c o n ta in e d  106  5  T C ID -0 /m l.

T o  p rep are  inactivated I B D V  vaccine, the  a t te n u a te d  IB D V  vaccine was tre a te d  w ith  
2 0 0 0  /tg /m l e thy len im ide, w hich  w as rem oved  a fte r  th e  co m p le tio n  of in ac tiv a tio n  an d  th e  p re ­
p a ra t io n  w as applied  e x ac tly  in  th e  sam e schedule as th e  live  a tte n u a te d  vaccine.
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Tissue cu ltu re  su p e rn a ta n ts  w ere used  as con tro ls. T h e  su p e rn a ta n t of n on in fec ted  C E F 
c u ltu res , used o therw ise  fo r th e  p ro d u c tio n  of th e  IB D V  vacc ine  s tra in , and  th e  in ac tiv a te d  
s u p e rn a ta n t  of non in fec ted  C E F  cu ltu res  which was tre a te d  like in ac tiv a te d  IB D V  vaccine, 
w ere used for p re tre a tm e n t o f th e  co n tro l mice in th e  sam e schedule as th e  vaccines.

N D  V  vaccines. A tten u a ted  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 iru s  (N D V ) p ro p ag a ted  in em h ry o n a te d  ch icken  egg was used. Mice were 
tre a te d  in tra p e rito n ea lly  w ith  0.1 ml of vaccine (H A  tit r e :  log2 lfi/m l) one day  before LCM in ­
fection .

Inactivated N D  V  vaccine. T he in ac tiv a tio n  of a tte n u a te d  ND V  vaccine was carried  o u t 
w ith  100 //g/m l e h ty len im in , w hich  was rem oved from  th e  m ed iu m  a fte r  in ac tiv a tio n . P re tre a t­
m en t of mice was carried  ou t in th e  sam e w ay, tim e an d  q u a n titie s , b o th  w ith  th e  in a c tiv a te d  
and  th e  a tte n u a ted  vaccines.

A llan toam nion  f lu id s  were app lied  as con tro l. T h e  a llan to am n io n  flu id  of u n in fec ted  
em b ry o n a ted  chicken egg serv ing  o therw ise for th e  p ro d u c tio n  of NDV vaccine s tra in , or a llan ­
to am n io n  flu id  o b ta in e d  in  th e  process for v irus in a c tiv a tio n  w ere used. P re tre a tm e n t o f mice 
w as carried  ou t in th e  sam e w ay, tim e and q u an titie s , b o th  w ith  th e  tw o a llan to am n io n  flu ids 
an d  th e  v irus vaccines.

The live a tte n u a te d  an d  the  in ac tiv a te d  IB D V  vacc ine , th e  live a tte n u a te d  and  the  in ­
a c tiv a te d  NDV vaccine w ere eq u ally  produced  by  th e  P h y la x ia  V e te rin a ry  B iologicals and Feed- 
s tu ffs  Co. L td ., B u d a p es t for th e  ac tive  im m u n iza tio n  of p o u ltry . T he vaccines, tissue cu ltu re  
su p e rn a ta n ts  and a lla n to a m n io n  flu ids were m ade av a ilab le  for th e  ex p erim en ts  by  th e  p ro ­
ducer.

L C M V .  T he s tra in  W E  m a in ta in ed  in  th is la b o ra to ry  by  serial in tra ce re b ra l passages 
in  m ice was used th ro u g h o u t. F o r t i t r a tio n  i t  was a d m in is te red  in trace reb ra lly  to  6  weeks old 
m ice. F o r ex p erim en ta l in fec tio n , a single dose c o n ta in in g  100 L D 5 0  v iru s  w as ad m in istered  
in trace reb ra lly .

Recovery o f L C M V .  B ra in  suspensions o b ta in ed  from  m ice su rv iv ing  th e  in fec tion  by  
30 d ay s were d ilu ted  1 : 10 and  in ocu la ted  in tra ce re b ra lly  to  groups of several mice. V irus re ­
co v ery  was estab lished  on th e  basis of ty p ica l nervous sy m p to m s an d  deaths.

Results

In th e ex p er im en t w ith  IB D V  vacc in es s ix  litter s  each w ere pretreated  
w ith  liv e  a tten u a ted  IB D V  vacc in e , in a ctiv a ted  IB D V  vaccin e, tissu e  cu lture  
su p ern a ta n t, in a c t iv a te d  su p ern atan t or P B S , b y  th e  sam e route and at the  
sam e tim e. N ex t d a y , h a lf  o f  th e  anim als o f  each  lo t  w ere in fected  in tracerebral­
ly  w ith  LCMV, and th e  rem ain in g  anim als were trea ted  b y  th e sam e route w ith  
plain  (virus-free) b rain  su sp en sion  (Table I).

In th e ex p er im en t w ith  N D V  vacc in es s ix  litters  each were p retreated  
w ith  live a tten u a ted  N D V  v a cc in e , in a ctiv a ted  N D V  vacc in e , w ith  a llan toam ­
nion  flu id , in a ctiv a ted  a llan toam n ion  flu id  or P B S . T he fo llow in g  d ay  h a lf o f  
th e  anim als were in fected  intracerebrally  w ith  LCM V. The rem aining m ice were 
g iven  norm al brain  su sp en sion  in th e sam e ro u te  (T able II).

The ex p er im en ts la sted  30 days. T he m ice in fected  w ith  LCMV were 
ob served  for ty p ic a l sy m p to m s, and the d ea th s w ere recorded. T he su rvivors  
w ere killed on th e  3 0 th  d ay , and a ttem p t w as m ade to  reiso la te th e  v irus from  
th e  brain o f  each . R eiso la tio n  o f  LCMV w as p o s it iv e  in  each case in d icated  
th a t  all su rvivors had b ecom e la ten t carriers o f  LCMV.

The effect o f  J B D V  vaccines on the course o f  L C M V  infection. The control 
m ice treated  w ith  th e  v irus-free brain su sp en sion  show ed  no sy m p to m s and  
all su rv ived . The tim e  and  th e  cu m u la tive  in cid en ce o f  d eath s in groups treated
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w ith  LCM V is shown in F ig . 1. In  every  case, th e  ty p ic a l sym p tom s o f  LCM were 
r e sp o n sib le  for the fa ta l o u tco m e .

F o r ty -fiv e  per cen t o f  th e  m ice in fected  w ith  LCMV died b etw een  d ays 7 
and  2 2 . D ea th s  ch a ra cter istica lly  occurred in th e  sam e period also in th e  groups  
d iffe r e n t ly  pretreated b efore LCM V in fection , b u t their cu m u la tiv e  in cid en ce  
d iffered  m arked ly  b etw een  th e  grou p s, h av in g  b een  82 and 79%  in groups

Table I

Scheme o f  the experiment ivith IB D  V  vaccines

N o. o f T re a tm e n t

in tra p e r ito n e a l in tra c e re b ra l

IB D V -L C M 30 a tte n u a te d  IB D V  vaccine LCM virus
H B D V -LC M 30 in ac tiv a te d  IB D V  vaccine LCM virus
S -L C M 30 tissue  cu ltu re  su p e rn a tan t LCM virus
iS-L C M 28 in ac tiv a te d  su p e rn a ta n t LCM virus
LCM 30 PB S LCM virus
IB D V 28 a tte n u a te d  IBDV vaccine X

ilB D V 28 in ac tiv a te d  IB D V  vaccine X

S 27 tissue  cu ltu re  su p e rn a tan t X

iS 26 in ac tiv a te d  su p e rn a tan t X

c 27 PB S X

X =  virus-•free m ouse líra in  suspension

Table II

Scheme o f  the experiment w ith N D  V  vaccines

G roup
N o. o f T re a tm e n t

m ice
in tra p e r ito n e a l in tra c e re b ra l

N D V -LC M 35 a tte n u a te d  NDV vaccine LCM virus
iN D V -LC M 34 in ac tiv a te d  NDV vaccine LCM v iru s
A -L C M 23 a llan to am n io n  fluid LCM virus

iA -L C M 31 in ac tiv a te d  a llan toam nion  flu id LCM virus
LCM 29 PB S LCM v iru s

N D V 24 a tte n u a te d  NDV vaccine X

iN D V 23 in a c tiv a te d  NDV vaccine X

A 25 a llan to am n io n  fluid X

iA 24 in ac tiv a te d  a llan toam nion  flu id X

C 23 PB S X

X =  virus free m ouse b ra in  suspension
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Pretreatments 
I LCM mtracerebrally
T  I . days

Fig. 1. R a te  a n d  time of d e a th s  in  ex p er im en t  w ith  IB D Y  vaccines. ------ - i lB D V -L C M ;
iS-LCM; —  IBDV-LCM ; ........  S-LCM; ........  LCM

1B D V -L C M  and S-LCM, re sp ec tiv e ly . Tn th e  o th er tw o groups th e  ra tio  of 
d ea th s w as in fact sim ilar to  th e  one ob served  in th e  LCM group, as o u t o f  the  
m ice o f  th e  iTBDV-LCM  group 40% , and in th e  iS-LCM  group 43%  d ied .

The effect of N D V  vaccines on the course o f  L C M V  infection. T h e  con tro l 
m ice tre a te d  w ith  v irus-free brain su sp en sion  sh ow ed  no sy m p to m s an d  all 
su rv iv ed . T h e tim e and th e  cu m u la tiv e  in c id en ce  o f  deaths in grou p s treated  
w ith  LCMV is show n in F ig . 2. In  ev ery  case, th e  typ ica l sy m p to m s o f  LCM 
w ere resp on sib le for th e fa ta l o u tco m e. In th is exp er im en t, 41%  o f  th e  m ice o f  
th e  LCM group died on th e 1 0 -2 0 th  d ay  fo llow in g  virus in fection . In  th e  fo llo w ­
ing th ree  exp er im en ta l groups d ea th  occurred in th e  sam e tim e and ra tio : 35%  
in th e  ilNDV-LCM  group, 39%  in th e  A-LCM group and 45%  in th e  iA-LCM  
group. T h e ratio and tim e o f  d eath s in th e  N D V -L C M  group w as s ig n if ic a n t ly  
d ifferen t, w here 70%  of th e  an im als d ied  b etw een  th e 8 -1 3 th  d ay .

Pretreatments 
I LCM mtracerebrally
▼̂  days
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Discussion

A tten u a ted  N D Y  an d  IB D V  vaccines s ig n ic fia n tly  increased th e  death  
ra te  in  m ice in fected  w ith  LCM V. It appears th a t  th e  tw o vaccin es had an im - 
m u n o stim u la to ry  e ffe c t . In  con trast, the in a c t iv a te d  N D V  vaccin e and the  
in a c t iv a te d  IB D Y  v a c c in e  d id  not in fluence th e  course of LCMV in fection . 
I t  w a s further sh ow n  th a t  t issu e  culture su p e rn a ta n t flu id  from  cells th a t are 
u sed  to  propagate IB D V  v iru s also were im m u n o stim u la to ry  and increased  
th e  d ea th  rate in m ice in fe c ted  w ith  LCMV. T h e resu lts  in dicate th a t an other  
c o m p o n e n t, separate fro m  IB D V  was resp on sib le  for  the effect seen . A llan to-  
a m n io tic  flu id s from  e m b ry o n a te d  eggs used to  p ro p a g a te  th e N D V  did  n o t h ave  
an e f fe c t  on the o u tco m e o f  LCMV in fection . T h e d ifference ob served  b etw een  
a tte n u a te d  and k illed  N D V  virus is con sisten t w ith  other reports w h ich  h ave  
sh o w n  th a t N D V  in a c t iv a te d  b y  u ltrav io let ra d ia tio n  no longer w as able to  
e ffe c t  th e  T -su p p ressor-a fferen t cells [10]. In  our stu d ies  it  was fu rth er sh ow n  
th a t  LCMV could be iso la te d  from  the brain  t is su e  o f  th e su rv iv in g  anim als  
in  ea c h  case. T herefore, th e  pretreatm ent had  n o t  in h ib ited  th e p rop agation  o f  
LCM V in  m ice. The im m u n o stim u la to ry  action  o f  th e  a tten u ated  v a cc in es and  
o f  th e  t issu e  culture su p e rn a ta n t flu id  was s im ilar  to  th a t reported from  p h yto-  
h a em a g g lu tin in  [23 ], Bordetella pertussis  v a c c in e  [24, 25] and L P S  [26]. 
T h e stim u la tio n  o f  th e  im m u n e system  w h ich  fo llo w s treatm en t o f  su ck lin g  
m ice  b y  in ocu lation  w ith  a tte n u a te d  viral v a cc in e  sh ou ld  he carefu lly  ev a lu a ted  
as a m od el for gen erally  m o d u la tin g  the im m u n e sy ste m . A lthough th e  im m u n o ­
s t im u la to r y  effect o f  th e se  a tten u ated  viral v a c c in e s  on LC M V -infected m ice  
le a d s  to  an u ndesirable e ffe c t , i.e. the death o f  th e  an im als, in d ifferen t circum ­
s ta n c e s  th e effect w o u ld  b e b en eficia l. For e x a m p le  w e h ave show n th a t  IB D V  
p r e v e n te d  the d ev e lo p m en t o f  hep atitis [22]. In  fa c t ,  it  has b een  rep orted  th a t  
tu m o u r  regressions occu r in  cancer p a tien ts in o cu la ted  w ith  N D V  127, 28 ]. 
F u rth er  stud ies are w arran ted  to  eva lu ate th e  e ffec t.

T h e stim u la tion  o f  th e  d evelopm ent o f  ce llu lar  im m u n e resp onse w as  
o b ser v ed  in suck ling m ice  as a result of a sin g le tre a tm en t w ith  tw o a tte n u a te d , 
l iv in g  v irus vaccin es w h ich  are w idely  u sed  in v e ter in a ry  practice for a c tiv e  
im m u n iza tio n  in p r e v e n tio n . The aspecific, im m u n om od u la tory  effec t o f  v a c ­
c in es ob served  in ex p e r im e n ts  can be effec tiv e  in  p ractica l ap p lication  as w ell, 
an d  th is  ab ility  — b esid es  their specific a n tig e n  effect — can w id en  their  
p ra ctic a l value.
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GROWTH OF SPONTANEOUS BALB/C TUMOURS 
EXCISED FROM AND RETRANSPLANTED TO 

AUTOCHTONOUS HOSTS

J .  M lN A RO V ITS a n d  I .  FÖ LD ES 

M icrobiological Research G roup , N ationa l Institu te  o f  Hygiene , B udapest

(R eceived  D ecem b er 10, 1985)

T u m o u rs  o f aged B alb/c mice developed  w ith o u t any  conscious e x p erim en ta l in te rference  
were excised and  re tra n sp la n te d  to  th e  a u to c h to n o u s  hosts. T he a u to tra n s p la n ta t io n  resu lted  
in  tu m o u r tak e  a f te r  a prolonged period  o f la te n cy  o r in no tak e  for an  ex ten d ed  period  of ob­
se rv a tio n  (m ore th a n  80 days) in 6  o u t o f 19 cases. T h is can  he regarded  as a sign o f a n titu m o u ra l 
resis tan ce , a lth o u g h  i t  seem s to be in effectiv e  ag a in s t d ev elo p m en t o f récid ives a n d  m étastasés  
or second tu m o u rs . T he sen sitiv ity  o f th e  a u to tra n s p la n ta t io n  m ethod  in d e tec tin g  a n titu m o u ra l 
re sis tan ce  w as co m p ared  to  th a t  o f th e  t ra n s p la n ta t io n  e x c is io n -re tra n sp lan ta tio n  assay  using  
a ben zp y ren e  in d u ced  B alb /c  fib ro sa rco m a; th e  a u to tra n s p la n ta tio n  m ethod  p ro v ed  to  be  less 
sensitive . A ccord ing  to  these  d a ta  th e  ex is ten ce  of som e k in d  of resistance ag a in s t sp o n tan eo u s 
tu m o u r cells c an n o t be excluded.

A s a con seq u en ce o f d ifficu ltie s  in th e  recogn ition  o f early , in  situ  n eo ­
p lasm s in  v iv o , ex isten ce  o f  im m u n o lo g ica l [1 ], paraim m u n ologica l [2 ], or 
other [3] form s o f  su rveillan ce cap ab le to  e lim in a te  neop lastic  ce lls ca n n o t he 
p roved  or d ism issed  at present b y  d irect exp er im en ts . A ccord ing to  in d irect  
ev id en ce  o f  tran sp lan ta tion  stu d ies, one o f  th e  b asic assum ptions o f  th e  co n cep t  
o f  im m u n o lo g ica l su rveillan ce — i.e . th e  ex iste n c e  o f tum our ce ll a n tig en s  
p o te n tia lly  recogn isab le as foreign  for th e  im m u n e system  o f th e h o st — seem s  
to  be v a lid  in  m ost cases o f  v iru s-, ch em ica l carcinogen- and irrad ia tion -  
in d u ced  tu m ou rs. A u toch ton ou s or sy n g en e ic  h osts  pretreated  w ith  su ch  tu m ou r  
cells b ecom e resista n t to  su b seq u en t grafts o f  th e  sam e tum our [4—12]. On th e  
con trary , sim ilar m ethod s fail to  d etec t tu m o u r rejection  an tigens on  th e  surface  
o f  th e  m a jo r ity  o f  sp on tan eou s tu m ou rs [7, 9, 13].

W e report here th e resu lts o f  a u to ch to n o u s tran sp lan tation  o f  19 sp on ­
tan eou s B a lb /c  m ouse tum ours. N o ta k e  for an ex ten d ed  period o f  o b serv a tio n  
(81—187 d ays) or a prolonged la te n c y  period  (longer than  82 days) w as recorded  
in  6 cases. A ccord ing  to  th ese  d ata  th e  ex is te n c e  o f  som e kind o f  resistan ce  
aga in st sp on tan eou s tum our cells ca n n o t be exc lu d ed .
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MINÁROVITS and FÖLDES

M aterials and m eth od s

M ice  and tum ours. In b re d  B alb /c  mice were used . T h ey  w ere fed a s ta n d a rd  la b o ra to ry  
chow  a n d  w a te r  ad lib itu m .

A ged (m ore th a n  on e-y ear-o ld ) mice bearing  a p p a re n t  tu m o u rs  de tected  d u rin g  ro u tin e  
ch an g in g  of cages were se p a ra te d  an d  o p erated  on u n d e r  a sep tic  conditions in a e th e r a n a e s th e ­
sia. T u m o u rs  were excised an d  th e  w ounds were sealed  b y  m e ta l clips. The rem oved  m a te ria l 
w as tr im m e d  of e x tra n eo u s  tissu es and cen tra l necro tic  o r h aem orrhag ic  areas, m inced  in to  
sm all p ieces and  hom ogenized in  PB S . E n zy m atic  t re a tm e n t  o f th e  tissues was avo ided  in  o rd er 
to  p re se rv e  p u ta tiv e  cell su rface  an tigens. T he n u m b er o f t ry p a n  blue excluding cells w as d e te r ­
m in ed  in  B iirk e r ch am b er. A u to ch to n o u s and  syngeneic t ra n s p la n ta t io n  was p e rfo rm ed  in o cu ­
la tin g  defin ed  num bers o f tu m o u r  cells in tra m u sc u la rly  in to  th e  re a r  leg(s) or su b cu tan eo u sly  
u n d e r  th e  dorsal skin. As a co n tro l, a benzpyrene in d u ced  B alb /c  fib rosarcom a (B aF l), a g ift of. 
.]. F a c h e t , w as used , w hich  w as serially  tran sp la n ted  to 8  w eeks old syngeneic m ice (10 6  cells).

L atency  period , take and  growth o f  tumours. T u m o u r d ev elo p m en t was m o n ito red  b y  p a l ­
p a tio n  tw ice  weekly. T he tim e  ta k e n  for palpab le  g ro w th  to  ap p ea r de term ined  th e  la te n c y  
period . T h e  tu m o u rs  w ere m easu red  in tw o dim ensions w ith  a caliper.

P ost mortem exam inations. Mice were exam in ed  p o s t m ortem  for o v e rt m é ta stasés . 
S u sp ec ted  m e ta s ta tic  foci w ere fu r th e r  exam ined h isto lo g ica lly . T um our sam ples w ere fix ed  
in  10%  n e u tra l  buffered  fo rm alin , em bedded  in p a ra ff in . F iv e  p m sections were p re p are d  and  
s ta in e d  w ith  h em atoxy lin -eosin .

Table I

Localization and mean diameter o f autotransplanted spontaneous Balb/c mouse
adenocarcinomas

Designation Localization
Mean diam eter 

a t tim e of 
excision (mm)

SP 2

Neck

7
SP 7 8

SP 9 19
SP 20 13,5
SP  26/11 8

SP 15

T horacal region

14
SP 16 23
SP 26/1 8

SP 36 13

SP 11

A bdom inal region

13
SP 12 8

SP 17 25
SP 21 1 1

S P  33 9
S P  35 14.5
S P  38 2 2

S P  40 1 0

SP 8

D orsal region

15.5
SP  42 11.5

M ean tu m o u r d iam eter, 13.3 m m
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R esults

T ab le  I show s the lo ca liza tio n  and size o f  successfu lly  ex c ised  an d  auto- 
tra n sp la n ted  spontaneous tu m ou rs o f  aged  fem ale  B alb /c m ice. A ll o f  th e m  were 
m a lig n a n t b oth  b y  their b io log ica l b eh av iou r (recid ivation  a fter  ex c is io n , 
ca p a b ility  to  g ive m étastasés) and b y  th e ir  h isto log ica l p icture (a d en o ca rc i­
n om as). T h e m ean tum our d iam eter w as 13 m m  at tim e o f  exc ision  (ra n g e , 7 
25 m m ).

T ab le  II  show s th e  resu lts o f  au to tra n sp la n ta tio n s perform ed  b y  in tra ­
m u scu lar in ocu lation  o f  6 x l 0 5 tu m o u r cells . In  case o f  m ouse b ea rin g  SP26  
tu m o u r  tw o  d istinct tum ours w ere d etec ted  and b oth  o f them  w ere tra n sp la n ted  
in to  th e  le ft  and right th ig h , re sp ec tiv e ly . T h e m ean period o f  la te n c y  was 
51 d a y s (range, 29 -8 2  d ays). R éc id iv es  d evelop ed  at the site o f  e x c is io n  in 6 
cases. N o  tak e  o f  th e au to tra n sp la n t w as recorded  in 5 m ice, b u t o u t  o f  these  
2 su ccu m b ed  w ith in  45 d ays in co n seq u en ce o f  the; original tum our. In  on e case 
(S P 2) ta k e  o f  th e au to tran sp lan t cou ld  be reg istered  on ly  after 82 d a y s .

T ab le  I I I  shows th e  resu lts after au totran sp lan tin g  o f  10® ce lls  in tra ­
m u scu la r ly  (w ith  th e ex cep tio n  o f  S P11 w hich  w as in jected  su b c u ta n e o u s ly ). 
T h e a u to tran sp lan t was tak en  in 5 ou t o f  8 cases. The m ean p eriod  o f  la ten cy  
w as 62 d ays (range, 3 0 -8 4  d ays). R écid ives d evelop ed  in 6 m ice. T h e la ten cy  
p eriod  in case o f tum our S P  35 w as m ore th an  80 days and th e  a u to tra n sp la n t  
o f tu m o u r  SP42 was n ot tak en  d uring  187 d ays o f  observation .

In  con tro l exp erim en ts th e  a u to tra n sp la n ta tio n s o f sp on tan eou s tu m ou rs  
w ere s im u la ted  using a tra n sp la n ta b le  b en zp yren e induced B alb /c fib rosarcom a

Table II
Take o f spontaneous Balb/c mouse tum ours autotransplanted by intram uscular 

inoculation o f  6x10* tum our cells

Period of la teney (days) till the
Designation

take  of appearance o f récidivé
Survival tir 

(day,)
auto transplant of the original tum our

SP 2 82 99
SP 7 69 60 138
SP 8 No tak e — 45
SP 9 41 56 99
SP 12 No take — 125
S P  16 29 29 74
S P  17 No take 35 44
S P  20 40 24 70
S P  21 No take 91 117
S P  26/Ia No take — 81
S P  26/11 43 —

Mean: 51 days M ean: 49 days Mean: 89 d
Take: 6/11

a In  case of SP  26 two d is tin c t tu m o u rs  w ere d e tec ted  and both of them  w ere tra n sp la n te d  
in to  th e  left and  rig h t tigh t, respectively
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Table III

T a k e  o f  spontaneous Balb/c mouse tumours autotransplanted by intramuscular inoculation o f  10e
tumour cells

Designation
P eriod  of latency (days) till the

Survival time 
(days)ta k e  of 

au to tran sp lan t appearaiuге o f récidivé

SP 11“ N o take 43 73
SP 15 46 23 54
SP 33 N o tak e — 75
SP 35 84 13 163
SP 36 79 — 85
SP 38 30 30 53
SP 40 71 71 77
SP 42 N o tak e 58 187

M ean: 62 days Mean: 40 d a y s M ean: 96 days
Take: 5/8

" S P  11 was in ocu la ted  subcu taneously

Table IV
C om parison o f the sensitiv ity  o f  transplantation-excision-retransplantation assay w ith that o f  

autotransplantation  in  delecting an titum ora l resistance

Take of im injected B aF la

Source o f im  inoculated 
cells

Period between 
tumorexcision and 

challenge

No. of cells in
tu rau o r cells 

inoculated 
im

mice underwent 
excision of a 
transplanted 
BaFl tum or

controls

T ra n sp la n ta tio n  — 
excision  — re-

T u m o u r cells from  
B aF l b e a r in g  (do- Exp. 1: 3 d ay s 1 0 6 1 / 8 8 / 8

t r a n s p la n ta t io n nor) m ice Exp. 2: 14 d ay s 1 0 ° 3/9 9/10
assay

A u to  tran sp la n ta - Cells from  sc growing challenge 6 x l 0 5 3/8 14/231’
tio n B aF l tu m o u rs  were 

re in o cu la ted  im  into
im m ediately  
after excision 1 0 « 5/8 19/23

th e  sam e h o sts  after 
excision

a A  benzpyrene-induced B a lb /c  fibrosarcom a
b T hree u n trea ted  B a lb /c  m ice were inoculated w ith  B a F l cells from  each tu m o u r used 

fo r au to tran sp lan ta tio n  ( 1  m ouse in  each group died fro m  in te rc u rre n t disease)

(B a F l)  capable to  in d u ce  tra n sp la n ta tio n  r e s is ta n ce  in syn gen eic h osts (T able  
IV ). S u b cu tan eou sly  g ro w in g  B aF l tum ours w ere  ex c ised  and th e m ice were 
retran sp lan tcd  w ith  B a F l tu m o u r grown on sy n g e n e ic  host 3 or 14 d ays after  
e x c is io n  (tra n sp la n ta tio n -ex c is io n -re tra n sp la n ta tio n  assay); a ltern a tiv e ly , th e  
e x c ise d  tum ours w ere u sed  for au to tra n sp la n ta tio n  im m ed ia te ly  after ex c is io n . 
N o n -im m u n ized  B a lb /c  m ice  were in ocu lated  w ith  th e  sam e tum ours as w ell. 
T h ere  are m arked d ifferen ces in  the take o f  B a F l tu m o u r b etw een  th e  preim - 
m u n ize d  and control grou p  using the tran sp lan tation -excision -retran sp lan ta*

A cta  Microbiologica Hungarica 33, 1986



SPONTANEOUS BALB/C TUMOURS 3 3 7

tion  assay; th e  prop ortion  o f  resistan t m ice decreased  w hen  th e m eth od  o f  a u to ­
tran sp lan ta tion  M as ap plied , th u s th e  la tte r  seem s to  be less sen sitiv e  in  d e te c t­
ing an titu m ou ra l resistan ce.

D iscussion

V arious ex p er im en ta lly  in du ced  tu m ours p ossess an tigen s cap ab le  of 
in d u cin g  resistan ce to  the sam e tu m ou r [4-12J . On th e  con trary , in th e m ajority  
o f cases no trace o f  resistan ce cou ld  be d em on stra ted  in syn gen eic  h o sts  to  
sp on tan eou s tu m ours [7 -9 , 1 3 -1 5 ]. The basis o f  th is  fu n d am en ta l d ifferen ce is 
unexplored  at p resen t. T he absence o f  an e ffec tiv e  im m u n e response cou ld  be 
exp la in ed , d isregard ing th e  absence o f  tu m our sp ec ific  an tigen s, b y  m issin g  Ir 
gen es, by th e  in h ib itio n  o f  afferent, central or e fferen t phases o f  th e  response  
as w ell as b y  central or peripheric to lerance [16—2 4 ]. A n oth er possib le ex p la n a ­
tion  for th e lack  o f  d etec ta b le  tu m ou r rejection  an tigen s on th e  surface of 
sp o n ta n eo u sly  tran sform ed  cells could  be th a t th ese  an tigen s are less im m u n o ­
gen ic than  tu m ou r rejection  an tigen s o f  ch em ica l-carcin ogen  or v iru s-in d u ced  
tum ours, and th e  m eth od s ava iab le  were n o t sen sitiv e  enough  to  d em on strate  
th e  im m u n olog ica l reaction . E arly  w orks o f  F o le y  [7 ], and Prehn and M ain [8] 
revealed  th e  im m u n o g en ic ity  o f  m eth y lch o lan th ren e-in d u ced  sarcom as and the  
n o n -im m u n o g en ic ity  o f  C3H m am m ary carcinom as and sp on tan eou s sarcom as  
in iso logous m ice u sin g  tu m ou r fragm en ts im p la n ted  b y  trocar as ch allenge. 
S u b tle  an tigen ic  d ifferen ces, how ever, can n ot be ex p ec ted  to  d etec t after tra n s­
p lan ta tion  o f  large in ocu la  [25]. R évész  [9 | and K lein  (it al. [ 10] con firm ed  the  
ex isten ce  o f  an tigen ic  d ifferences b etw een  M C A -induced  sarcom as and their  
iso logous and a u to ch to n o u s h osts. P re im m u n iza tion  b y  h ea v ily  irrad iated  
tu m ou r cells in d u ced  a re la tiv e  resistan ce to  su b seq u en t grafts o f th ese  tu m ou rs, 
and R évész |9 ]  w as also u nab le to  d etect resistan ce to  C3H m am m ary  car­
cinom as and sp on tan eou s lym p h om as o f  early  passage gen eration s. H e w itt  
et al. [13] u sed  h ea v ily  irrad iated  cells as w ell in  an a tte m p t to  im m u n ize iso ­
gen eic m ice aga in st seven  sp on tan eou s tum ours o f  h igh (1 9 -2 8 9 ) seria l p assage  
num ber. H ow ever, Gross and D reyfu ss [26] rep orted  su ccessfu l im m u n iza tion  
o f gu inea p igs aga in st L,C sp on tan eou s leu k aem ia  cells b y  in trad erm al in ocid a-  
tion  o f  live  leu k aem ic cells; irrad iated  cells did n o t in du ce im m u n ity . M oreover, 
th e an tigen  dose and  tim in g  p rofou n d ly  in flu en ce  th e im m u n e resp on se to  
m align ant asc ites cells in C3H  m ice [27]. W ood ru ff et al. [2 | te sted  variou s im ­
m u n ization  procedures and ob served  a s ig n ifica n t red u ction  in grow th  rate o f  
a sp on tan eou s m urine aden ocarcin om a after p retrea tm en t o f  m ice w ith  v iab le  
cells or w ith  m ito m y c in -trea ted  cells; p retrea tm en t b y  irrad ia ted  carcinom a  
cells was in effec tiv e . A  sim ilar resu lt w as reported  b y  W rath m ell and A lexan d er  
[28]: m ito m y c in -trea ted  sp on tan eou s rat leu k aem ia  cells p roved  to  be im m u n o ­
gen ic , hut irrad iated  cells cou ld  n o t im m u n ize th e  anim als.
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A ccord in g  to H e w itt  [2 9 ], a tum our can be regarded  as “ sp o n ta n eo u s” if  
i t  ar ises  in  an anim al n o t d e lib era te ly  exp osed  to  a n y  carcinogenic a g en t and  
w h ich  is n o t  know n to  h arbor an y  v er tica lly  or h orizon ta lly  tra n sm itted  on co ­
g en ic  v iru ses. Since th e  m a jo r ity  o f  sp on tan eou s B a lb /c  m ouse tu m ou rs in ­
v e s t ig a te d  in th is s tu d y  seem s to  he o f  m am m ary origin , th e p o ss ib ility  o f  e x ­
p ressio n  o f  m urine m am m ary  tu m ou r virus (M uM TV) an tigen s can n ot be e x ­
c lu d ed . B a lb /c  mice as w ell as o ther inbred  m ouse stra in s and w ild  m ice in v es­
t ig a te d  so  far carry in th e  gen om e M uM TV -specific sequ en ces m ost lik e ly  ac­
q u ired  b y  th e genus Mus 10—15 m illion  years ago (see 30 for rev iew ). In  th e  
B a lb /c  m ou se strain , th ere  is a considerable in h ib ition  o f  th e  exp ression  of 
en d o g en o u s  MuMTV and th e se  m ice do n o t carry th e  exogen ou s, m ilk -b orn e  
M uM T V . A ccording to  th e  resu lts  o f  th e  N eth erlan d s Cancer In s titu te , B alb /c  
m a m m a r y  tum ours do n o t co n ta in  ty p e  В p artic les, th ou gh  sm all a m ou n ts o f  
v ira l a n tig e n  can he found  in  th ese  tum ours [30]. H ow ever, th e  exp ression  o f  
M uM T V  structural a n tig en s in  m am m ary h yp erp lastic  ou tgrow th  lin es o f  
B a lb /c fC jH  m ice sh ow ed  no correlation  w ith  th e  risk o f  tu m ou r d ev e lo p m en t  
a fter  tra n sp la n ta tio n  to  B a lb /c  h osts [31]. B esid es MuMTV, m urine leu k aem ia  
v iru s [M uLV ] can he also p resen t in  sp on tan eou s B a lh /c  m am m ary tum ours  
[3 2 ]. M uL V  antigens, h o w ev er , do n ot in flu en ce  th e  tum our rejection  a c t iv ity  
o f  m eth y lch o la n th ren e-in d u ccd  sarcom as o f  B a lb /c  m ice [33].

In  conclusion , a u to tra n sp la n ta tio n  o f  sp on tan eou s B a lb /c  ad en ocarcin o ­
m as resu lted  in take a fter  a prolonged  la ten cy  p eriod  or in no tak e  for an e x ­
te n d e d  p eriod  o f ob serva tion  (m ore th an  80 d ays) in  6 out o f  19 cases (31 .5% ). 
T h is co u ld  be a sign o f  an titu m o u ra l resistan ce , a lth ou gh  it  seem s to  be in ­
e f fe c t iv e  against the d ev e lo p m en t o f  récid ives and m étastasés or secon d  tu ­
m ou rs. In  com parison , H ager  e t  al. [34] ob served  a 9 .5 -6 5  d ays m ean  la ten cy  
p erio d  a fter  su bcutaneous in o cu la tio n  o f  7 in d e p e n d en tly  arising ser ia lly  tra n s­
p la n te d  B alb/cfC 3H m ouse m am m ary  tu m ou rs in to  syn gen eic  h osts . In  ad d i­
t io n , th e  m ean period o f  la te n c y  o f S P 4 — a tra n sp la n ta b le  sp on tan eou s B a lb /c  
a d en ocarc in om a d evelop ed  in  our lab oratory  — is 14 d ays after in tram u scu lar  
in o c u la t io n  o f 10® tu m o u r ce lls .

T h e m echanism  o f th is  resistan ce is u n exp lored  at presen t. D ev e lo p m e n t  
o f  “ co n co m ita n t im m u n ity ”  [35, 36] can n ot be exc lu d ed  in  m ice w ith  early  
r é c id iv é  or second tu m o u r (e .g . S P 35, S P 26). “ S in eco m ita n t im m u n ity ” and  
o th e r  p o te n tia l a n titu m o u ra l effector m ech an ism s (e.g . n atu ra l k iller cells, 
m acrop h ages) m ay p la y  a ro le in  other cases [3 7 -3 9 ] . In  a d d ition , th e  a u to ­
tr a n sp la n ta tio n  m eth od  seem s to be less se n sitiv e  in  d etec tin g  a n titu m ou ra l 
r e s is ta n c e  than  th e tra n sp la n ta tio n -ex c is io n -retra n sp la n ta tio n  a ssa y . T hus, 
a cc o rd in g  to  these d ata  th e  ex isten ce  o f  som e k ind  o f  resistan ce ag a in st sp on ­
ta n e o u s  tum our cells ca n n o t he exc lu d ed .
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(R eceived  D ecem b er 30, 1985)

T he E L IS A  reac tiv e  v iru lence  m a rk e r  an tig e n , ch arac te ris tic  of e n te ro in v a s iv e  Esche­
richia coli an d  v iru le n t Shigella, expressed  in  an  E . coli K -12 recip ien t a fte r th e  140 M d p lasm id  
o f an  e n te ro in v asiv e  E. coli s t ra in  h ad  b een  in tro d u c e d  in to  it. Sim ilarly to  th e  e p ith e lia l  cell 
p e n e tra tio n  an d  Congo red  b in d in g  cap ac itie s  — k n o w n  to  he coded by  th e  a b o v e  p lasm id  — 
th e  v iru len ce  m ark e r an tigen  expressed  also o n ly  a t  37 °C b u t  no t a t 30 °C. T hese  d a ta  suggest 
th e  p lasm id  coded  n a tu re  of th e  v iru len ce  m a rk e r  an tig en .

I t  is know n  th a t th e  140 Md p lasm id  is responsible for th e  e p ith e lia l cell 
in v a siv e n e ss  o f  en tero in v a siv e  Escherichia coli (EIE C ) and Shigella  strains  
[1 -4 ] . T h is p lasm id  codes also for th e  c a p a b ility  to  hind Congo red  [5 ]. B oth  
p rop erties exp ress at 37 °C h u t n o t  a t 30 °C [6 ].

R e c e n tly  w e h ave d em on stra ted  b y  E L IS A  an an tigen ic  re la tio n sh ip  
am on g  E IE C  and v iru len t Shigella stra in s [7 ]. T he presence o f  th is  te n ta t iv e ly  
ca lled  v iru len ce m arker an tigen  (YM A) sh ow s good  correlation w ith  th e  Serény  
te s t  [8] regard less o f  th e serogroup o f  iso la te s  tested  [9].

A lth o u g h  th e presence o f  th e  140 Md p lasm id  is n ecessary  for  th e  v iru ­
len ce , th e  p lasm id  m ay  p h y s ic a lly  be p resen t in  n on in vasive , a v ir u le n t  and 
VM A n e g a tiv e  strains, too  [4, 9 ]. T o  in v e s t ig a te  w hether th e n o n -c o n ju g a tiv e  
v iru len ce p lasm id  [2] o f  en tero in v a siv e  stra in s is responsible for th e  exp ression  
o f  V M A  w e transferred it in to  a su ita b le  rec ip ien t in order to e x a m in e  its  b e­
h av iou r in E L IS A  test.

Acta Microbiologica Hungarica 33 (4 ), pp . 341 344 (1986)

M aterials and m ethod s

Bacteria and culture conditions. S tra in s  used  are  lis ted  in  Table I. E. coli s t r a in  34 (0 1 2 4 : 
NM ) w as iso la ted  from  a p a tie n t w ith  e n te ritis . J5 3  (K -12) w as obtained from  N. D a t ta  (L ondon  
E n g lan d ), U B 281 h arb o u rin g  p lasm id  pM R 5 [10] w as prov ided  by M. R o b in so n  (B risto l, 
E ng lan d ).

F o r  E L IS A  te s t b ac teria  w ere g row n on n u tr ie n t  ag ar (B acto P ep to n e  5 g, B a c to  B eef 
E x tr a c t  3 g, NaCl 5 g, B acto  A gar 20 g, d is tilled  w a te r  u p  to  1000 ml, pH  7.2). T ry p tic  Soy agar 
co n ta in in g  100 /tg/m l Congo red  w as used in  th e  Congo red  b ind ing  assay [11]. In  m a tin g  experi-

T i b o r  P X l , L e v e n t e  E m ő d y , A l e x a n d e r  S. P X csa  

I n s t i tu te  o f  M icrob io logy , U n iv e rs ity  M edical School 
S z igeti ú t  12, H -7643  P écs , H u n g ary

Akadémiai K iadó , Budapest
Acta Microbiologica Hungarica 33, 1986



3 4 2 1>ÄL ct ul.

m e n ts  U B 281(pM R 5) w as c o u n te rse le c te d  on m inim al m ed iu m  M9 [12]. A ntib io tics w ere used  
w hen  necessa ry  in c o n ce n tra tio n s  as follows: carben icillin  250 /tg /m l, kanam ycin  30 fig /m l  and  
n a lid ix ic  acid  50 /ig/m l.

Transfer o f  the 140 M d  p la sm id  was carried  o u t  b y  tran sp o so n  m ediated  co n d u c tio n  
u s in g  th e  T n l harb o u rin g  te m p e ra tu re  sensitive p lasm id  p M R 5  [10] according the  m e th o d  of 
W a ta n a b e  and  N ak am u ra  [13] as d e ta iled  in  the tex t.

Detection o f the p la sm id s. P la sm id  DN A  was p re p a re d  a n d  e lectrophorized  by th e  m eth o d  
of K a d o  an d  L iu [14].

E pithe lia l cell penetra tion  test. The capab ility  o f s t r a in s  to  invade  epithelial cells w as 
e x a m in e d  according to H a le  a n d  F o rm a l [15].

K eratoconjunctivitis test. T h e  v iru lence of s tra in s  w as te s te d  as described by  S erén y  [8 ].
Production o f  V M A  sp ec ific  antibodies and E L I S A  test w ere carried  ou t as p rev io u s ly  

d esc rib ed  [9].

Results

A s th e  v iru lence p la sm id  o f  en tero in vasive stra in s is n ot con ju gative  b u t  
can  be m obilized  b y  tra n sp o so n  m ediated  co n d u c tio n  [2] we follow ed th e  m e th ­
od o f  W atanab e and N a k a m u ra  [13] when p la sm id  pM R 5 (Fig. 1, lane B) w as  
in tr o d u ce d  into th e v ir u le n c e  p lasm id  p S P l o f  s tra in  N o. 34 (Fig. 1, la n e  A ). 
T h e p rolin e and m eth io n in e  dependent d onor U B 281(p M R 5) w as cou n ter-  
se le c te d  on m inim al m ed iu m  contain ing ca rb en ic illin  and k anam ycin .

F o r ty -fiv e  tra n sco n ju g a n ts  were ch eck ed  for th e  presence o f  V M A  b y  
E L IS A . A ll o f th em  w ere V M A  p ositive. One o f  th e m , 34 (p S P l-p M R 5), (F ig . 1, 
la n e  C.) w as chosen for fu r th er  exp erim en ts.

In  order to  se le c t  d onor cells h arb ou rin g  p S P l-p M R 5  co in teg ra tes , 
3 4 (p S P l-p M R 5 ) w as c u lt iv a te d  overnight in n u tr ie n t  broth  contain ing carben i-

pSP,

pMRs

Chr

F ig . 1. P lasm id  profile  o f b a c te r ia l  stra ins used (A) N o .3 4 (p S P l) , (B) U B 281(pM R 5), (C) 
3 4 (p S P l-p M R 5 ), (D ) J53 , (E ) J5 3 (p S P l-p M R 5 ), (F ) J5 3 (p S P l)
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cillin  and k an am ycin  a t 42 °C, w h ich  is a n on p erm issive  tem p eratu re for pM R5  
[10]. N e x t  d ay  th is  cu ltu re w as m ated  w ith  th e  recip ien t J53  (F ig . 1, lan e D ). 
Since Congo red b in d in g  is an eas ily  d etec tab le  m arker for th e  presen ce o f  the  
140 Md plasm id  [5] tra n sco n ju g a n ts  were se lec ted  on Congo red agar [11] con ­
ta in in g  n a lid ix ic  acid  to  p rev en t th e grow th o f  th e donor cells , and carben icillin  
and k an am ycin  to  co u n terse lec t n o n -tra n sco n ju g a n t recip ients. A m on g  3000  
clones 6 Congo red p o s it iv e  ( C l i+) ones w ere fou n d . A ll th e  s ix  c lon es gave  
p o sitiv e  reaction  for VM A; harboured  both p S P l  and pMI15; and m eta b o lica lly  
p roved  to  be th e  d er iv a tiv es  o f  J53 . One o f  th e m , J 5 3 (p S P l-p M R 5 ), is lis ted  
in  T ab le I and its  p lasm id  p rofile  is shown in  F ig . 1, lane E .

Table I

Properties o f  bacterial strains and their derivatives used in the study

S tra in
A n tib io tic  
r e s is ta n c e 1 

K m  C arb  N al
L actose2

Auxo- 
tro p h y 3 
p ro  m et

Congo red  P e n e tra -  
B in d in g  tion  of 

30 ° 37 ° H eL a  cells

S erény
te s t

VM A 4
30° 37°

No. 34 (p S P l) s s S — +  + — + + + -  +
UB281 (pM R5) R R R + -  - - - — — — -
34 (pSP l-pM R 5) R It S - +  + — + + + +
.153 S S R + — — — — — — — —
J5 3  (pSP l-pM R 5) R R R + -  - — + + - -  +
.153 (p S P l) S R R + — — — ; - + — -  +

1 K m : kanam ycin , C arle  carbenicillin , N a l: nalid ix ic  acid, S: sensitive, R : re sis tan t. 
K m  resistance is coded b y  pM R 5, Carb resistance is coded b y  T n l  harb o u red  by  pM R 5 [10]

2 L actose fe rm en ta tio n
3  pro: proline, m et: m eth ion ine
4  VMA: virulence m ark e r an tigen

S e v e n ty  CR clones w ere also tested  b y  E L IS A  and none o f  th em  gave  
p o sit iv e  reaction  for УМ А. T h e p lasm id  con ten t o f  th ree rep resen ta tives o f  them  
w ere also exam in ed . T h ey  harb oured  on ly  pM R5 b u t n o t p S P l (d a ta n o t  sh ow n ).

One o f  th e  C R +, V M A + tran scon ju gan ts, J 5 3 (p S P l-p M R 5 ), w as used  
to  se lec t clones h arbouring T n l tagged  p S P l o n ly . T h is strain  w as grow n in 
n u tr ien t broth free o f  a n tib io tic s  at 42 °C o v ern ig h t and then  p la ted  o n to  n u ­
tr ien t agar. B y  rep lica tin g  on to  m edia  con ta in in g  carbenicillin  and k an am ycin  
and on to  th ose  co n ta in in g  carben icillin  on ly , from  200 clones te s te d  s ix  w as  
se lec ted  b ein g  resista n t to  carbenicillin  but se n s itiv e  to  k an am ycin . T hese  
clones w ere in v estig a ted  b y  p lasm id  electrop h oresis, b y  E L IS A  and for Congo  
red b in d in g  ca p a b ility . A ll th e  s ix  clones w ere C R +, V M A + and harboured  
o n ly  p S P l (F ig . 1, lane F ).

T he parent strains and tran scon ju gan ts w ere te sted  for their in v a siv e n e ss  
on H eL a cells and in S erén y  te s t  [8]. W hile all th e  clones h arbouring p S P l
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p e n e tr a te d  th e ep ith e lia l ce lls , w ent C R + and V M A +, on ly  3 4 (p S P l)  and 
3 4 (p S P l-p M R 5 ) gave p o s it iv e  reaction in th e  k era to co n ju n ctiv itis  te s t  (see 
T ab le  I ) .

T h e  tem perature d ep en d en ce  o f th e exp ression  o f  УМ А w as sim ilar  to  
th a t  o f  CR p o sit iv ity . A s it  can  be seen  in T able I , stra in s con ta in in g  p S P l  were 
У М А  p o s it iv e  on ly  w h en  cu ltu red  at 37 °C but n o t at 30 °C.

D iscussion

S in ce  the p resence o f  th e  140 Md p lasm id  is n ecessary  for th e  v iru len ce  
o f  en ter o in v a siv e  stra in s [1—4 ], and th e  e x is te n c e  o f  a v iru len ce assoc ia ted  
a n tig e n  (VM A) was also d escrib ed  [7, 9 ], it  seem ed  to  be w orth  to  in v estig a te  
th e  p o ss ib le  origin o f  У М А .

A fter  transferring th e  140 Md p lasm id  in to  stra in  J53 it  b ecam e p ositive  
b o th  in  th e  Congo red b in d in g  a ssay  and ep ith e lia l cell p en etra tion  te s t ,  proper­
tie s  k n o w n  to  be cod ed  b y  th e  p lasm id . In  a d d itio n , th e  tra n sco n ju g a n ts  e x ­
p ressed  УМ А w hile th e  or ig in a l recip ient d id  n o t. S im ilarly  to  th e  a b o v e  m en­
t io n e d  p lasm id  coded  m ark ers, УМ А also exp ressed  on ly  at 37 °C b u t  n o t at
30 °c .

T h ese  data stron g ly  su g g est th a t VM A is cod ed  b y  th e  140 Md p lasm id  of 
E IE C . F urth er in v e stig a tio n s  are n eeded  to  c la r ify  w h eth er CR p o s it iv ity  and 
V M A  p o s it iv ity  are a lter n a tiv e  p h en o ty p ica l exp ression s o f  th e  sam e gen etic  
fu n c t io n  or th ey  are cod ed  b y  separate D N A  seg m en ts o f  th e  sam e p lasm id .
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SEROTYPING OF PSEUDOMONAS AERUGINOSA 
STRAINS ISOLATED IN BULGARIA USING THE 

LÁNYI BERGAN COMBINED SCHEME

P e n k a  P e n c i i e v a

Institu te  o f  In fectious and P arasitic D iseases So fia , Bulgaria  

(R eceived M arch 6 , 1986)

Tw o h u n d red  Pseudomonas aeruginosa  s tra in s  iso la te d  in hospitals in  B u lg a ria  were 
se ro ty p ed  accord ing  to  the  com bined  schem e of L án y i a n d  B ergan , supp lem en ted  b y  A k a to v a  
and  S m irn o v a  and  H o m m a, using  ag g lu tin a tin g  O -a n tise ra  p rep ared  in th e  N a tio n a l I n s t i tu te  
o f H ygiene, B u d ap es t. The m ost freq u e n tly  en co u n tered  serogroup  is 0 2  (29% ) follow ed b y  O i l  
(2 8 .5 % ), 0 6 , 0 3 , OlO etc. T he re su lts  were com pared  w ith  those  ob tained  by using  D ifco a n ti ­
sera  p rep ared  according to L iu e t al. [4], and show ed 9 6 .5 %  coincidence. The s tra in s  w ere phage 
ty p e d  acco rd ing  to th e  schem e of M eite rt and  te s ted  for a n tib io tic  resistance to am inog lycosides 
(g en tam ic in , carben icillin , to b ram y cin  and  am ikacin). P h ag e  groups 3 (3a and 3;}) a n d  1 ( la )  
p red o m in a ted . The s tra in s  ex h ib ited  sen sitiv ity  to  am ik ac in  (99% ) and freq u e n t re s is tan c e  to 
g en tam ic in  (45 .8% , carben icillin  (40% ) an d  to b ram y c in  (28% ). Subdivision of th e  serogroups 
in to  p hage  an d  re sis to -ty p es c o n trib u te s  to  analysis o f nosocom ial infections.

P roceed in g  from  th e n ece ss ity  o f  u n ify in g  th e  m ethods for se ro ty p in g  o f  
Pseudomonas aeruginosa  in  COM ECON co u n tr ies , th e coordination  m ee tin g  o f  
ex p er ts  from  socia list cou n tr ies held in  B r a tis la v a  (1983) recom m en ded  sero­
ty p in g  o f  P. aeruginosa to be carried out accord in g  to  th e schem e o f  L á n y i and  
B ergan  [1] su p p lem en ted  by A k a to v a  and S m irn ova  [2] and H om m a [3]. 
In  con n ection  w ith  th is, sero ty p in g  o f  P. aeruginosa strains in B u lgaria  w as 
perform ed accord ing to  th e com bined  sch em e o f  L ányi and B ergan. T h e d ata  
w ere com pared  w ith  th ose ob ta in ed  by a p p ly in g  th e  serotyp in g  sch em e reco m ­
m en ded  b y  Liu et al. [4 ]. P hage ty p in g  and a n tib io tic  typ in g  w ere a lso  em ­
p loyed  for ad dition al su b d iv ision  o f  stra in s in order to  estab lish  th e  p reva len t  
sero, p hage and an tib iogram  ty p e s  occurring in  B ulgaria.

M aterials and  m ethods

Slide ag g lu tin a tio n  was used  for se ro ty p in g  of 200 P. aeruginosa s tra in s  iso la te d  from  
p a tie n ts  w ith  P. aeruginosa  in fections (b u rn  w ound , nose, e ar, th ro a t, eye, u rine, blood, sp u tu m  
and  faeces specim ens) and  h o sp ita l env ironm en t.

A g g lu tin a tin g  an tise ra  for sero ty p in g  of P . aeruginosa  by  the  com bined schem e of L án y i 
and  B ergan  consisting  of 15 serogroups were o b ta in ed  fro m  the  N ational In s t i tu te  o f H ygiene 
in  B u d a p es t (23 an tise ra  for p a r tia l  О antigens).

S e ro ty p in g  according to L iu  e t al. [4J was done w ith  ag g lu tinating  a n tise ra  p u rch ased  
from  Difco (USA).

P hage  ty p in g  was perform ed using  the schem e o f E . M eitert [5j .

P e n k a  P e n c h e v a

I n s t i tu t e  o f  In fe c tio u s  and  P a ra s i tic  D iseases 
26, VI. Z a im o v  B id , 1126 S o fia , B u lg a ria
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A n tib io t ic  resistance  w as a ssay ed  by  the  d iffusion  m eth o d  of B auer e t al. [6 , 7] u sin g  
M u e lle r -H in to n  m edium  and d ry  a n tib a c te r ia l discs ( I n s t i tu te  of Infectious a n d  P a ra s itic  
D iseases, Sofia).

R esults

T h e resu lts o f  sero ty p in g  o f  P. aeruginosa strains iso lated  in  d ifferen t  
h o sp ita ls  in  th is cou n try  are su m m arized  in T a b le  I. From  it b ecom es clear  
th a t  a ll stra in s exam in ed  cou ld  he sero ty p ed . S tra in s b elonging to  serogroup  
0 2  ra n k ed  first (29% ), fo llow ed  b y  groups O i l  (28 .5% ), 0 6  (12% ), 0 3  (9% ), 
OlO (7 .5 % ), 0 4  (6 .5% ), 0 1  (4 .5 % ), 0 9  (1 .5% ), 0 7  (1% ), 0 1 2  (0 .5% ). N o  stra in s  
w ere id e n tif ie d  in serogroups 0 1 3  and 0 1 5 .

Table I

Serotyping o f  pseudomonas aeruginosa strains isolated fro m  clinical specimens

1 2 3 4 6 7 9 1 0 1 1 1 2 1 3  1 5

B u rn  w o u n d 82 4 2 0 1 2 3 8 1 0 2 2 2 l — —

Blood 9 4 4 — — 1 — — — — — —

U rine 45 2 7 — 3 8 — l 3 2 1 — — -

Bile 1 — — — — — — — 1 — — — —

E ye 8 2 1

1

3

- - 2 — - 2 1 — — —

Nose 9 — — 1 1 — l 2 1 — —  —

T h ro a t 3 — — — 1 — — — 1 1 — — -

S p u tu m 5 — 3 - - — — - 2 - — — —
Faeces 1 0 1 2 1 3 2 — l - - — — —

P o s t m o rte m 2 — 1 - — — — - — 1 - — —

H o sp ita l  en v iro n m en t 24 — 7 1 2 3 — - 2 9 — — -

T o ta l n u m b e r 2 0 0 1 58 18 13 24 2 3 15 57 l — —
0 //о 1 4,5 29 9 6,5 1 2 1 1,5 7,5 28,5 0,5 — —

T h e  d a ta  show ed  96 .5%  co incidence w ith  th o se  ob ta in ed  b y  th e  D ifco  
sera . A  d iscrep an cy  w as n o te d  in  th e case o f  5 stra in s classified  in  serogroup  
10 b y  th e  D ifco  sera, w hich  w ere th en  in c lu d ed  in  th e  L án yi and B ergan  group  2 
(2 s tr a in s ) , 11 (2 strains) and 9 (1 strain ). T w o stra in s agg lu tin a tin g  in  D ifco  
seru m  grou p  6, had to  be c la ss ified  in group 3 o f  L á n y i and B ergan. N o n e  o f  th e  
stra in s  rea cted  in D ifco  sera 8, 14, 16 and 17.

E x a m in a tio n  o f  th e c lin ica l iso la tes in  re la tio n  to  th e p revalen t serogroup s  
0 2 ,  O i l  an d  0 6 ,  revealed  th a t  48.3%  o f  serogroup  0 2  strains or ig in a ted  from  
b urn  w o u n d s , 11.7%  from  u rine and 6.4%  from  b lood  cu ltures. O f th e  serogroup
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O l l  stra in s, 38.6%  were iso la te d  from  burn Mounds, 36 .9%  from  urine and 
15 .8%  from  h ospital en v iro n m en t. Serogroup 0 6  strains w ere cu ltu red  in 36.4%  
from  urine and burn w oun ds and  in 13.7%  from  h osp ita l en v iro n m en t.

T able 1 show s that th e  stra in s iso la ted  from  burn w o u n d s belonged  
m a in ly  to  serogroups 0 2  (35 .3% ) and 0 1 1  (24.8% ). Iso la tes  from  b lood  cu ltures 
fell in to  serogroups O i l  (46 .7% ), 0 6  (17.7% ) and 0 2  (15 .5 % ). T h e strains  
iso la ted  from  ear and eye  sp ec im en s b elon ged  m ain ly  to serogroup s 0 2 ,  OK), 
0 6  and O i l .  Iso la tes from  faeces and h osp ita l en v iron m en t w ere d istrib uted  
in m ost serogroups.

T ab le II presents d a ta  on p h a g e -ty p in g  o f  100 ty p a b le  stra in s and their  
serogroup d istrib ution . P h age group 3 stra in s p redom inated  (52% ), p articu larly

Table 11

Phage typing o f pseudom onas aeruginosa stra ins in different serogroups

P h a g e N u m b er P hage Serogroup N um ber
of

s tra in s
g ro u p

s tra in s
ty p e

1 2 3 4 6 7 У 1 0 11 12 15

l и 1 a — 3 1 - 2  _ _ 1 4 i l

2  a — 2 2

2 4 2  m 1 1

2  и l 1

3 a 2 o 1 l 1 — 0  _ _ 13
3 3 a 3 1 и 3 l 1 1 — — — 18

3 a, 1 1 l 3
52 3 i — — — 1 — — — 1

3 i3  

3 i,
— — 3

1

l 1 — —  —  — 5
1

3 m 
3 m 3

— 2

2

— — 1 1 — —  —  — 4
2

3 1 — 5 5

4 6 1  Ja — 6 0

6 4 6  a 3 - 2 2 4

1 1  a , — 1 1 —  —  — 1 8 1 1

1 1 23 К  , — — — 2 1 1 7 1 1 2

T o ta l num ber
0 //о 1 0 0 4 41 14 o 5 1 3 4 2 1  1 100

p hage ty p e s  3a3 (18% ) and 3a (11% ). P h age group 11 w as n e x t  in order (23% ). 
S tra in s in th is group were ly se d  o n ly  b y  p hages 11 and 13 (th e  la t te r  d efin e on ly  
su b sero ty p es in  th e original sch em e o f  M eitert (8]. This w as fo llow ed  b y  phage  
groups 1 (11% ), 4 (6% ), 2 and 6 (4%  each). There were no stra in s ty p a b le  in 
oth er  groups. A  large p ercen tage o f  th e  strains proved  to  be n o n ty p a b le .
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P h a g e typ in g  re v ea led  th a t  strains presen t in  th e  sam e serogroup b e ­
lo n g e d  to  d ifferent p h age t y p e s .  Strains p ossessin g  th e  sam e sero- and phage- 
ty p e  occu r p red om in an tly  in  cases associated  w ith  ep id em ics. T hus serogroups 
0 2  an d  O i l  included  p h age  group 1 ( la )  stra in s, iso la te d  from  w ash-b asin s, 
b a th s  an d  burn w ou n d s. S tr a in s  o f  serogroup O i l  w ere iso la ted  from  urine and  
a w a sh -b a sin  in a d ressin g  ro o m  and were sh ow n  to  b e lo n g  to  p h age-typ e 11 
(1 1 3 an d  11,) [9].

T h e results o f a n tib io t ic  ty p in g  of P. aeruginosa  stra in s are g iven  in T able
I I I .  T h e y  exh ib ited  in crea sed  resistan ce to  g en ta m ic in  (G m ) (45.5% ), carbeni- 
c illin  (Cb) (40% ) and to b r a m y c in  (Tb) (28% ). In  serogroup  0 2  strains w ith  
in cr ea se d  sen sitiv ity  to  T b  an d  am ikacin  (Ak) (65 and 100% , resp ective ly )

Table III

Sensitivity  o f  pseudom onas aeruginosa to aminoglycosides

A n tib io tic s S% 1 % R %
R e s is to ty p e s

l 2 3 4 5 6 7 8

C arbenicillin 48 12 40 к R R R R S s s
G en tam icin 47.2 7 45.8 R R S S R R s s
T o b ram y cin 55.5 16.5 28 S S s R R S s s
A m ik ac in 99 0 2 R S R S R R R s

S =  sensitive  
I = in te rm ed ia te  
К  - re s is tan t

p red o m in a ted ; s e n s it iv ity  to  Cb and Gm w as less freq u en t (27%  and 31% ), 
G roup O i l  strains w ere m ore freq u en tly  se n sitiv e  to  Cb, Gm and Tb (37% . 
4 7 % , 63% ) but tw o sh o w ed  resistan ce to A k. S erogroup  10 and 6 strains were 
ch a ra cter ized  b y  h igh s e n s i t iv i ty  to  am in og lycosid es (8 0 -1 0 0 % ) w hereas sero­
grou p  3 strains ex h ib ited  a m ark ed  resistance to  G m  and Tb (70% ). E ig h t  
r e s is to ty p e s  were en co u n te re d  o n ly  in  ep id em ic-assoc ia ted  cases.

D iscussion

T h e resu lts o f se r o ty p in g  o f  200 P. aeruginosa stra in s iso la ted  in h osp ita ls  
in d ic a te d  th a t serogroup 0 2  occurred m ost fre q u e n tly  (29% ), fo llow ed  b y  
serogrou p  O i l  (28.5% ) an d  serogroup  0 6  (12% ). D a ta  b y  L án y i and B ergan  
[1] on  th e  d istrib ution  o f  serogrou p s in E urope, In d ia , J a p a n  and the U n ted  
S ta te s  sh ow  clearly th e  p rev a len ce  o f serogroups 0 2  (1 8 .6 -3 7 .1 )  and 0 6  (7 .8 -  
3 2 .2 % ) in  Europe, w h ereas serogroup  O i l  has b een  fou n d  m ore freq u en tly  in  
In d ia  (2 3 -2 4 .1 % ), in J a p a n  (16 .3 % ) and in th e  U S A  (8 .9 -1 7 .7 % ). R ecen t d ata
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b y  M cM anus and M ason [10] confirm  th e p rev a len ce  o f  serogroup O i l  in  th e  
U SA . T h e h igh  in cid en ce o f  serogroup O i l  stra in s in  B ulgaria m ay be a cc o u n ted  
for b y  th e exp an d ed  con tacts  b etw een  B u lgaria  and m any cou n tries in  A sia .

P h age ty p in g  d ata  em p hasize the le a d in g  role o f  phage group 3 (52% )  
(3a3 18% ), fo llow ed  by phage groups 11 (23% ) and 1 (11% ). Our d a ta  on  the  
d istr ib u tion  o f  p hage group 1 ( la )  are close to  th o se  reported b y  M eiter t [5] 
(13.6% ) h u t d iffer con sid erab ly  from  th ose  for p hage group 4 w hich  h as b een  
m ost freq u en tly  en cou n tered  in R u m an ia  (4a , 34 .4% ) [5, 8] but ranks fo u rth  
in  B u lgaria . P h age ty p in g  o f  m ost serogroup 0 2  and  O i l  strains (41%  an d  21% )  
p rov id e th e  p o ss ib ility  for a d d ition a l su b d iv is io n  and reveal their in v o lv e m e n t  
in n osocom ia l in fection s.

F rom  th e  resu lts o f  a n tib io tic  resistan ce o f  P. aeruginosa to a m in o g ly c o ­
sides it  b ecom es ev id en t th a t stra in s resistan t to  Gm (45% ) an d Ch (40% ,) p re­
d om in ate . In  co n tra st to  other au thors [10] our iso la te s  exh ib ited  fu lly  re ta in ed  
se n s it iv ity  to  A k (99% ) and fa ir ly  freq u en t s e n s it iv ity  to  Tb (55 .5% ).

I t  is im p o rta n t from  clin ical and ep id em io log ica l po in t o f v iew  th a t  sero ­
group 0 6  stra in s iso la ted  from  burn w ounds o f  ad u lt p a tien ts  w ith  su rface burns  
sh ow ed  re la tiv e ly  h igh sen sitiv itie s  to  th e a n tib io tic s  tested , w hereas serogroup  
0 2  stra in s iso la ted  m ain ly  from  ch ildren  w ith  deep  burns and from  b lo o d  c u l­
tures w ere h ig h ly  resistan t. T he form u lation  o f  resisto typ es co n tr ib u tes  to  
ep id em io log ica l an a lysis.

l l  can he sta te d  in con clusion  th a t th e a g g lu tin a tin g  О an tisera (N a tio n a l 
In s titu te  o f  H y g ien e , B u d ap est) for sero ty p in g  o f  P. aeruginosa a cco rd in g  to  
th e com b in ed  ty p in g  schem e o f  L án y i and B ergan  allow ed sero ty p in g  o f  all 
th e stra in s iso la ted  in B ulgaria . T h e an tisera  are h igh ly  sp ecific  and su ita b le  for 
rou tin e use. T h e exp er im en ta l d ata  show  9 6 .5%  correlation  w ith  th o se  o b ta in ed  
b y  u sin g  D ifco  sera prepared accord in g to  L iu  e t  al. [4].

Acknowledgements. The a u th o r expresses he r g ra ti tu d e  to Dr. B. L á n y i  (N a tio n a l I n s t i ­
tu te  o f H yg iene, B u d ap es t) for sending an tise ra  fo r P. aeruginosa  sero typ ing  a n d  to  D r. E . 
M e i t e r t  (A cadem y o f Sciences, B u ch are st) for sen d in g  p h ag e  ty p in g  se t for p hage  ty p in g  of 
P. aeruginosa.
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Iso la tio n  of 18 s tra in s  of Plesiomonas shigelloides in d ic a te d  th a t  th e  o rgan ism  is re sp o n ­
sible for som e of en te ric  infections in  H u n g ary .

F erguson  and H enderson  [1 ], in  1947, w ere th e  first to report on  th e  iso la ­
tion  o f  th is sp ecies. T h ey  described  their iso la te  as a G ram -negative rod b earing  
th e  p hase I som atic  an tigen  o f  Shigella sonnet,  and nam ed it strain  C 27. A t p re­
sen t, Plesiomonas shigelloides is c lassified  in  th e  fam ily  Vibrionaceae an d  in  the  
gen u s Plesiomonas.

A  n um ber o f  papers, in clu d in g  rev iew  artic les [1 -1 2 ], are a v a ila b le  on  
th e  c u lt iv a tio n , eco logy  and ep id em io lo g y  o f  P. shigelloides.

T h e en tero p a th o g en ic ity  o f  th e  sp ec ies  is n o t quite clear y e t . I ts  en tero-  
to x in  p rod u ction  is variou sly  in terp reted  b y  d ifferen t authors [12 ]. R ec en tly , 
S an ya l et al. [2] p assaged  stra in s u n til th e ir  su ffic ien t dose cau sed  f lu id  ac­
cu m u la tion  in th e  rab b it in te stin a l loop  an d  th e  cell-free filtra te  o f  th e  stra in s  
ch an ged  th e  w eig h t o f  th e in te stin e s  o f  su ck lin g  m ice.

In  cell cu ltures CHO and Y l5 c y to ly s is  and rounding o ff o f  ce lls  w a s ob ­
served  [2, e tc .] . More recen tly , it  has b een  cla im ed  th a t P. shigelloides strains  
iso la te d  from  faeca l sam ples ob ta in ed  from  ch ildren  w ith  d iarrhoea w ere in ­
v a s iv e  in  H eL a cells [3].

J á n o s  R o z só , J á n o s  D u r s t , A n d r á s  P á s z t o r  

P u b lic  H e a l th  S ta tio n
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P u b lic  H e a l th  S ta tio n
V á ra d i u . 37 41 , H -1032 B u d a p e s t,  H u n g a ry

J ó z s e f  S z i t a

N a tio n a l  I n s t i tu te  o f  H yg iene  
H -1966  B u d a p e s t,  P . О. В. 64 , H u n g a ry
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In  H u n gary , th e  e tio lo g y  o f  a great n u m b er o f enteric illn esses h a v e  
rem a in ed  u nk now n  ev en  after th e d iagnosis o f  Yersinia enterocolitica and  en- 
ter o p a th o g e n ic  Campylobacter species had b een  w id e ly  in troduced . A ccord in g  
to  th e  A n n u al R ep orts o f  th e  N ation a l In s titu te  o f  H yg ien e , yearly  800 to  2000  
cases o f  en ter itis rem ain ed  b acter io log ica lly  u n k n o w n  in th e years from  1979  
to  1983 .

W e h ave m ade efforts to  clear up the e t io lo g y  o f  the obscure cases. In  our 
b est  k n o w led g e , w e w ere th e  first to  iso la te  P . shigelloides strains from  h u m an  
fa eces in  H u n gary , n a m e ly  in Szolnok c o u n ty .

M aterials and m ethod s

S tra in s  were c u ltiv a te d  an d  id en tified  and th e ir  an tib io g ram s were de te rm in ed  as u su a l 
in  H u n g a ry  [4]. T he b iochem ical featu res of th e  iso la te s  ag reed  well w ith  those g iven  in  th e  
l i te r a tu re  [1, 4, 12]. In  each  case, P. shigelloides w as iso la ted  from  deoxycholate  c itra te  a g a r 
m ed iu m , on  w hich, w ith  th e  excep tio n  of one s tra in , i t  a p p e a re d  as pure  cu ltu re  or, a t  le a s t, 
p ro d u c ed  g re a t n u m bers o f shigella-like colonies.

R esults and d iscu ssion

In  th e  ap p ro x im a te ly  four-year period from  1981 to  1985, 266 000 faeca l 
sa m p les were ex a m in ed . P. shigelloides w as iso la te d  from  17 out o f  86  000  
p a tie n ts  w ith  en ter itis  (21 000 in fan ts and 65 000  p a tien ts  above one y ea r  o f  
age); p o s it iv e  resu lts w ere ob ta in ed  for on e in fa n t  and 16 other p a tie n ts . 
O f th e  54 000 sam p les co llec ted  in th e sam e p eriod  o f  tim e from  co n ta c ts  o f  
p a tie n ts  suffering from  diarrhoea, one stra in  o f  P . shigelloides w as iso la ted .

W e fa iled  to  iso la te  P. shigelloides in  th e  cou rse o f  screening o f  126 000  
h e a lth y  persons. A ccord in g  to  literary  data  [5, 6 ], o n ly  few  sym p tom less car­
riers o f  th is  b acter iu m  h a v e  been  found  ev e n  in  tro p ica l countries.

O f th e  18 p o s it iv e  cases 16 were revea led  in  th e  m onths from  J u n e  to  
S ep te m b er , th e rem ain in g  tw o  were d etec ted  in  o th er  m onths, n am ely  th e  on e  
in M arch and th e o th er in  O ctober. The r e la t iv e ly  h igh  incidence in th e  w arm  
season  m a y  be co n sis te n t w ith  S ch ub ert’s o b ser v a tio n  in d icatin g  th a t P. shigel­
loides fa ils  to  grow u n d er 8 °C.

T h e 18 p o sitiv e  su b jec ts  were liv in g  in 12 co m m u n ities  o f  Szolnok  c o u n ty .  
W e fa ile d  to  d em on stra te  a n y  con tact or tem p o ra l re la tion sh ip  b etw een  th e m . 
T he stra in s , in accord ance w ith  other reports from  areas o f th e  tem p era te  
c lim a te  [8 -1 0 ] , were iso la te d  from  sporadic cases.

T h e excreters v a r ied  in  age b etw een  8 m o n th s  an d  70 years. S ev en tee n  o f  
th e  18 excreters  sh ow ed  en ter ic  sym ptom s (T ab le I). O nly one, a k in d ergarten  
tea c h e r , s ta te d  th a t sh e had  been h ea lth y . S ix te e n  p a tien ts  com p la in ed  o f  
freq u en t or v ery  freq u en t ep isod es o f  d iarrhoea, w h ich  w as accom pan ied  b y
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Table I

Isolation o f  P. shigelloides in Szolnok county in  the years 1981 1985

S y m ptom s
N o. o f  p a tie n ts  

po sitiv e  for 
P . shigelloides

O th e r  pa th o g en s isolated

D iarrhoea freq u en t 16 S. london , S. typh i-m urium  and C. je ju n i
( 1  p a tie n t each)

ra re l
no l

A bdom inal pain 1 0 S. london  and  S. typhi-m urium
(  l p a tie n t  each)

N ausea 3 S. london  and  S. typhi-m urium
( 1 p a tie n t each)

H eadache 1

Faeces th in 1 2 8 . london  and  typhi-m urium
( 1  p a tie n t  each)

m ucous 3
bloody 1

greenish 4 C. je ju n i  (1 p a tie n t)

T em p era tu re , °C <;36.9 14 C. je ju n i  (1 p a tie n t)
37.0-38.9 3 8 . london  and  8 .  typhi-m urium

( 1  p a tie n t  each)
2>39.0 1

ab d om in a l pain in 10 cases. T he diarrhoea w as o f  ab ru pt (hyp eracu te) o n set  
and la sted  three or four d a y s. T he m ajority o f  th e  p a tie n ts  had th in , w a te ry  or 
m ucous faeces. F ever  w as m en tion ed  rarely. F rom  faeca l sam ples ob ta in ed  
from  three o f  th e p o sit iv e  p a tien ts  an a d d itio n a l p a th o g en  w as iso la ted  from  
each , n am ely , a Salmonella london, a S. typh i-m urium  and  a C. je jun i  stra in .

O f th e  P. shigelloides iso la te s , 5 sh ow ed  a n tig e n ic  relationship  w ith  th e  
p hase I an tigen  o f  Shigella sonnei. A ll th e 18 iso la te s  p roved  to  be se n s itiv e  to  
n a lid ix ic  acid , ch loram p h en ico l and p o ly m y x in -B  and resistan t to  am p ic illin  
and carbenicillin .

E x tra in testin a l P. shigelloides in fection  h a v e  also been reported  [10], 
b u t th e literatu re is m uch m ore abundant in  rep o r ts , esp ecia lly  th ose from  tr o p ­
ical cou n tries, d ea lin g  w ith  th e  g a stro -in te stin a l ap p earan ce and th e  p a th o g en ic  
role o f  th is b acter iu m . In  con clu sion , P. shigelloides is  present in H u n g a ry  in  
part o f  en teric in fectio n s.
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Sinkovics, J .  G.: M edical Oncology. Second E d itio n . M. D ekker, In c ., New Y o rk  1986. Two 
vo lum es, p p . 2062. Price U. S. $ 174.

In  a review  a b o u t a scientific  book , m en tio n  is ra re ly  m ade of the  P reface . In  th is  book, 
how ever, th e  P reface  form s a re m a rk ab le  p a r t ,  g iv ing  a sh o rt su rv ey  on th e  d iffe re n t t r e n d s  — 
b o th  success and  d isa p p o in tm en t — in  can cer t re a tm e n t  in th e  la s t  decades. I n  th is  P reface  
th e re  is a fran k  an d  balanced  view  a d m ittin g  h o n estly  th e  shortcom ings of c an c e r th e ra p y  
to d ay . T he a u th o r  is advan c in g  his op in ion  a b o u t th e  possib le — sc ien tifically  fo u n d e d  — 
tr e a tm e n t  tren d s  o f th e  fu tu re  and he is unfo ld ing  u t te r ly  im pressing  th o u g h ts  on m ed ica l eth ics 
a n d  sc ien tific  research .

T he book d iffers from  all o th e r tex tb o o k s  of oncology in h av ing  no sep a ra te  p a r t  d ev o ted  
to  basic  science an d  research , w hich are  usua lly  d e a lt  w ith  in th e  f irs t  h a lf of o th e r  vo lum es. 
In s te a d , basis  science and research  are  included  in d isease-o rien ted  chap ters . In  th e  ch ap te rs  
on h aem ato lo g ic  m alignancies (I IV ), new  d a ta  o f basic  research  in v irology a n d  im m u n o lo g y  
a re  a b u n d a n tly  supplied  prio r to th e  p re sen ta tio n  o f clinical m ate ria l. In  c h a p te rs  V -V I sa r­
com as are  described  in g reat de ta il and  again  resea rch  find ings p e rta in in g  to  th ese  tu m o u rs  are 
in co rp o ra te d  before diagnosis and tr e a tm e n t  are d e a lt  w ith . N euroec toderm al tu m o u rs  and  
tu m o u rs  o f th e  c en tra l nervous sy s tem  are  p re sen ted  in  ch ap te rs  V II — X  in te g ra te d  in to  
com plex  sec tions w ith  research  and  clinical m ate ria l ta b u la te d  and  sorted  o u t u n d e r  a lm o st 
in n u m e rab le  head ings. T h ereafte r carc in o m as are overv iew ed  in  ch ap ters  X I X V I I I  acco rd ing  
to  o rg an  system s (head  and  neck, lung , b re a s t, endocrine  g lands, GI and GU t r a c ts ,  sk in  and  
gynecological tu m o u rs), follow ing th e  sam e princip le  o f p re se n ta tio n  in h ighly in te g ra te d  up-to - 
d a te  ta b u la tio n s  an d  concise acco m pany ing  tex t.

C h ap te r  X IX  is a m ost re m a rk ab le  co n d en sa tio n  of chem o th erap y  (d ru g s  a n d  th e ir 
co m b in a tio n s  in to  regim ens, th e ir  m odes of a d m in is tra tio n , up  to  the  la te s t  re su lts ) . In  th is 
c h a p te r  th e re  is an  overview  of cancer im m u n o th e ra p y , th a t  p resen ts  a c ritica l a n d  w e ll-b a ­
lanced  view  of b ac teria l p ro d u c ts , tu m o u r cell vacc ines, c y to to x ic  lym p h o cy tes , ly m p h o - and 
m onokines an d  m onoclonal an tibod ies . B rief essays on  su p p o rtiv e  care (re c o n s tru c tiv e  su r­
g e ry , p a in  m ed ications; venous access) conclude th is  c h ap te r .

C h ap te r  X X  is of g rea t in te re s t to  m edical m icrob io log ists and  in fecto log ists. In fec tio u s 
co m p lica tio n s o f cancer and  th e ir  t r e a tm e n t are  d escribed  condensed  b u t  in  su ff ic ie n t de ta il. 
A n im m ense a m o u n t o f new  m ate ria l (especially  new er a n tib io tic s) is included in th is  c h ap te r .

T h e  la s t  p a r t  of th is  book consists of m u ltip le  choice, tru e  and  false a n d  m a tch in g  
q u estio n s w hich have  been referenced  from  th e  1984-85 lite ra tu re . W orking th ro u g h  these  
p ro b lem s c o n trib u te s  to an  a b u n d an ce  o f new  know ledge, as th e y  cover th e  e n tire  field  of 
m ed ical oncology, in teg ra tin g  m ate ria l still in th e  resea rch  phase  w ith  tr e a tm e n t  m o dalities 
a lread y  in  use.

T h is  book is w ritten  in  a h igh ly  condensed , a lm o st te leg raph ic  sty le , u s in g  lo ts  o f a b ­
b rev ia tio n s . I t  m ay  be regarded  as a teach in g  e x p e rim e n t of th e  a u th o r  to  e n ab le  d issem in a ­
tio n  of a n  enorm ous a m o u n t of w ell-organised  new  m a te ria l q u ick ly  and  e ffec tiv e ly  to  read e rs  
dealing  w ith  d iffe ren t b ranches o f m ed ical science. O th e r tex tb o o k s  of th is size a re  u su a lly  
c o au th o red  by  25 or m ore co n tr ib u to rs  w ith  fre q u e n t o v erlap p in g s and re p e titio n s  in  th e  tex t. 
M ost re m a rk a b ly , M edical Oncology is w rit te n  by  one single a u th o r , th u s  o v e rla p p in g  areas 
am o n g  d iffe ren t ch ap te rs  a re  avo ided  as m uch  as possib le. C ita tio n s of re ferences a re  lim ited  
to  jo u rn a l, vo lum e and page, serv ing as a guide to th e  lib ra ry  for deta ils . T he boo k  is based  on
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o v e r  25 000 original re fe ren ces. A p p aren tly  th ere  w as n o  o th e r  w ay b u t  th e  a u th o r ’s u n ique  
a r ra n g e m e n t for th e  p re se n ta tio n  of th is encyclopedic m a te r ia l  in 2 0 0 0  pages.

O n th e  whole, n o t o n ly  p rac tic in g  o n co log ists-haem ato log ists b u t  also basic  sc ien tists  
e n g a g e d  in cancer resea rch , v iro lo g y  and im m unology a n d  re la te d  research  can g re a tly  ben efit 
fro m  th is  book. T hus th is  book  should  be m ade a v a ilab le  in  hosp itals and  resea rch  in s t i tu ­
tio n s  a like .

Is tvá n  N ász

V ie s tu rs , U ., K uznetsov , A ., S av en k o v , S.: F e rm e n ta tio n  S ystem s (in R ussian). ,,Z in a tn e ” 
P u b lish in g  H ouse R iga, 1986. p p . 368. Price R b 1,80.
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