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DIE STRAHLENEMPFINDLICHKEIT VON ESCHERICHIA
COLI E-KULTLREN

II. D IE  W IR K U N G  D E R  B E H A N D L U N G  VO R, W Ä H R E N D  U N D  NACH  
D E R  BESTRAH LUN G  A U E  DIE ST R A H L E N E M PF IN D L IC H K E IT  D ER  Z E L L E N

Von

F. H e r n á d i , Z s . N a g y , P . K ovács  und O. Mucsi

Pharmakologisches Institut ( D irek tor: T. V á l y i-N agy) und Röntgenklinik (D irek tor: G. J óna) 
der Medizinischen Universität Debrecen

(E ingegangen am 8. N ovem ber 1965)

Zusammenfassung. Die Strahlenem pfindlichkeit von  E. coli B -K ulturen der R tg- bzw  
eoCo-Strahlung gegenüber wurde vor und nach der Bestrahlung sow ie in Abhängigkeit von  der 
Tem peratur und Anoxie während der Bestrahlung untersucht.

Die Strahlenem pfindlichkeit der vor der Bestrahlung auf M inim al-Nährboden gew achse­
nen E. co/i-K ulturen war größer als die der auf kom plettem  N ährboden gewachsenen 14stün- 
digen K ulturen.

Das Überleben von Zellsuspensio îen nach der B estrahlung wurde durch Z üchtung  
auf dem M inim al-Nährboden gesteigert. D iese günstige W irkung wurde durch die K om plet­
tierung des M inim al-Nährbodens mit organischen B estandteilen  (H efe, Pepton, K nochen­
mark) beeinträchtigt. Zugleich konnte die au f das Überleben ausgeübte ungünstige W irkung 
des kom pletten  Nährbodens m it stoffw echselhem m enden M itteln (anoxische bzw. m it Chlor­
am phenicol ausgeführte Vorinkubation) verbessert werden.

Tem peraturerhöhung während der Bestrahlung führte bei niedriger D osisleistung  
(260 г/m in) zur Steigerung der Strahlenem pfindlichkeit, die bei hoher Dosisleistung (3200  
г/m in) n icht zutage trat. Von der während der Bestrahlung m ittels N 2-Durchström ung her­
beigeführten Anoxie wurde die Strahlenem pfindlichkeit der Zellsuspensionen um etw a 2,4 
D B F  herabgesetzt.

D ie S trah len em p fin d lich k e it d er E. coli B -Z ellen  w ird  von zah lre ich en  
F a k to re n  beein flu ß t. So ä n d e r t  sich die S tra h le n e m p fin d lic h k e it auch  im  V er­
la u f  d er Z ü ch tu n g . D as M axim um  der E m p fin d lic h k e it is t  am  E nde  d er Lag- 
P eriode  bzw . am A nfang  d er L og-P hase  an zu tre ffen  [1]. D urch  M angel an 
G lukose und  S au ersto ff w äh re n d  der Z ü ch tu n g  w ird  d ie  S trah len em p fin d lich ­
k e it der E . coli B /r-Z ellen  h e ra b g e se tz t [2, 3, 4].

D ie T e m p e ra tu r  u n d  d er S au ersto ffd ru ck  w ä h re n d  d er B estrah lu n g  w ir­
ken  sich ebenfalls a u f  die S trah len em p fin d lich k e it d er Zellen aus. S t a p l e t o n  
und  E d in g t o n  [5] u n te rsu c h te n  die E m p fin d lic h k e it v o n  E . coli B/r den R tg - 
S trah len  gegenüber zw ischen  —196° C u n d  -(-40° C u n d  s te llten  fest, d a ß  bis 
—(-30° C k eine  V erän d eru n g  in  der S tra h le n e m p fin d lic h k e it e in tr i t t ,  diese je d o c h  
bei -)-40° C bere its um  25 — 50%  zu n im m t. W ood [6] b e o b a c h te te  bei h ap lo id en  
H efep ilzen  bis -f-40° C eine m in im ale E rh ö h u n g  d er E m p fin d lich k e it. E in e  
s tä rk e re  E rh ö h u n g  t r a t  e rs t  über —50° C in E rsch e in u n g .

A u f den Z u sam m en h an g  der S tra h le n e m p fin d lic h k e it m it der S au e rs to ff­
tension  w ährend  der B e s tra h lu n g  hab en  G iles  u n d  B e a t t y  [7] sowie R e a d  [8 | 
hingew iesen . Bis zu einem  gewissen M axim um  ä n d e r t  s ich  die S tra h le n e m p fin d ­
lich k e it stu fen fö rm ig  m it den  anste ig en d en  S a u e rs to ffk o n z e n tra tio n e n . Die 
anw esende 0 2 w irk t als d o sism u ltip liz ie ren d er F a k to r .
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D ie Größe d er v o n  d e r ion isierenden  S tra h lu n g  v e ru rsa c h te n  Schäd igung  
h ä n g t  außerdem  au ch  v o n  den  R estitu tio n sg esch eh n issen  ab . D iese Prozesse 
k ö n n e n  von den P o s tir ra d ia tio n sb e h a n d lu n g e n  b ee in flu ß t w e rd en , z. B. von 
e rh ö h te r  oder h e ra b g e se tz te r  In k u b a tio n s te m p e ra tu r , vom  M angel an  einigen 
N ä h rs to ffe n , von sto ffw ech se lh em m en d en  M itte ln  [9 18].

L at a r je t  [19] s te ll te  bei S accharom yces ellipsoideus n a c h  A nw endung  
e in e r  an  und  fü r sich h o ch g rad ig e  A b tö tu n g  h e rb e ifü h ren d en  D osis ein Ü b er­
le b e n  in  höherem  P ro z e n tsa tz  fe s t, w enn diese 24 S tu n d en  bei + 5 0 C in k u b ie r t 
u n d  e rs t  danach  in die o p tim a le  W a c h s tu m s te m p e ra tu r  v e rb ra c h t w u rd en . F ü r  
E . coli В g ib t es zw ei o p tim a le  Ü b e rle b e n s te m p era tu re n ; die eine lieg t bei 
- |-1 2 0 C, die andere  ü b e r —|— 3 0 0 C [20].

F ü r  die N äh rb o d en w irk u n g en  n ach  d e r B estrah lu n g  is t bezeichnend , 
d a ß  d as  V erhältn is  d er Ü b erleb en d en  n a c h  d e r B estrah lu n g  w ä c h s t, w enn w ir 
d e n  u n te rsu c h te n  Z ellen  su b o p tim a le  W ach stu m sb ed in g u n g en  gew ährleis­
te n  [13, 14].

Im  R ahm en  u n se re r  V ersuche w ollten  w ir u n te r  B e rü ck sich tig u n g  obiger 
T a ts a c h e n  folgendes u n te rsu c h e n : (1) W ie w irken  die P rä ir ra d ia tio n s -N ä h r-  
b o d e n fa k to re n , w elche d ie physio log isch-b iochem ischen  V erh ä ltn isse  der K u ltu r  
b ee in flu ssen , a u f  die S tra h le n e m p fin d lic h k e it des S tam m es E . coli B ? (2) 
A u f w elche W eise b ee in flu ssen  die T e m p e ra tu r  w äh ren d  d er B e s tra h lu n g  und  
d ie  m itte ls  S tic k s to ffd u rc h s trö m u n g  z u s ta n d e g e b rac h te  A noxie  die S tra h le n ­
em p fin d lich k e it d er Z e llsuspensionen?  (3) W ie w irken  sich die P o s tir ra d ia tio n s -  
N ä h rb o d e n v e rh ä ltn is se , gew isse T e m p e ra tu rv a r ia tio n e n  u n d  sto ffw echse lhem ­
m e n d e  M ittel a u f  das Ü b erleb en  aus?

M aterial und M ethoden

(1) Präirradiations- Züchtung. D ie m it gleicher Zellzahl abgeim pften, geschüttelten  K ul­
turen  von  E. coli В (H am m ersm ith  H ospital, London) wurden in B ouillon (tota l) bzw. im  
(m inim ale Nährstoffe enthaltenden) R o berts  C-Nährm edium  |2 1 ]b e i3 7 °  C 14 Stunden gezüch­
te t ,  w orauf wir nach dreim aligem  W aschen m it physiol. NaCl-Lösung eine Suspension m it der 
Z ellzahl 106/ml herstellten.

(2) Bestrahlung. V on obiger Suspension wurde 1 ml in das B estrahlungsgefäß einge­
m essen . Die totale A noxie während der Bestrahlung wurde m indestens 5 m in. vor Beginn der 
B estrahlung, die partielle A n oxie  hingegen durch die zugleich mit der B estrahlung eingeleitete  
Stickstoffdurchström ung zustande gebracht. Nach der Bestrahlung und Verdünnung wurde 
d as Substrat auf Nähragar ausgebreitet und nach 24stündiger Inkubation bei 37°C die Anzahl 
der aus überlebenden Zellen gewachsenen K olonien festgestellt. Die A bw eichung der Zahl der 
in  Paralleluntersuchungen a u f A garplatten gew achsenen K olonien überstieg nicht ; 20°,, 
des Durchschnitts.

Jedes einzelne in dieser Arbeit m itgeteilte Ergebnis bildet den M ittelw ert von jew eils 
6 nach  3 parallelen B estrahlungen (insgesam t also 18) untersuchten A garplattenbefunden.

Die für die Versuche erforderliche Bestrahlung m it niedriger D osisleistung (260 r/m in) 
erfolgte  m it der teletherapeutischen “"Co-Apparatur Gravicert, die B estrahlung mit hoher 
D osisleistung (3200 r/m in) unter Anwendung der tiefbestrahlenden R tg-A pparatur Siem ens- 
S tab ilivo lt. Die Strahlendosen wurden m it der Ionisationskam m er und m it dem  FRlCKEschen 
chem ischen Dosim eter [22] gem essen.

Acta Microbiologica Academiae Scientiarum  Hungaricae 13 (1966)
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(3) Postirradiationsbehandlungen.  I. Veränderung der N ährbodenverhältnisse: Als kom p­
letten  Nährboden verwendeten wir Nähragar, als M inim al-Nährhoden den 2% A garenthaltenden  
RoBERTsschen synthetischen C-Nährboden.

Zur K o m p le ttie ru n g  des RoBERTSschen M inim al-Nährbodens C wurden H efeextrakt 
(D ifco), Pepton (W itte) u n d  R a tte n k n o c h e n m a rk  benutzt.

II. Stoff Wechselhemmung : (a) Zur Untersuchung der A noxiew irkung nach der B estrah­
lung wurde zwischen die A usbreitung der bestrahlten B akterium suspensionen auf festem  
Nährboden und die übliche aerobe Inkubation bei 37° C, eine Inkubation in Stickstoffatm o­
sphäre während 30 min. bei derselben Tem peratur eingefügt, (b) Bei der Chloramphenicol- 
behandlung gingen wir folgenderm aßen vor: D ie bestrahlten und verdünnten Suspensionen  
wurden in zwei Fraktionen g eteilt, die eine in das kom plette N ährm edium , die andere in den 
»M inimal«-Nährboden eingem essen und 20 m in. bei 37° C inkubiert. H iernach teilten  wir 
beide K ulturen wiederum in zwei Fraktionen und setzten der einen Chloramphenicol zu 
(E ndkonzentration 5 //g/m l), wonach eine 30 m in. dauernde Inkubation  bei 37° C folgte. Nach  
dreim aligem  Waschen m it physiol. NaCl-Lösung und Verdünnung erfolgte die Ausbreitung  
auf Nähragar bzw. » R o b e r t s  C«-Agar.

III. Temperatur Wirkungen : Bei den Postirradiations-V orinkubationen in verschiedenen  
Tem peraturen erwies sich nach unseren Vorversuchen die Dauer von 12 Stunden als optim al.

Ergebnisse

(1) W irkung der P rä ir radia tions-N ährbodenverhältnisse. W ie A bb. 1 zeig t, 
w ar die S trah len em p fin d lich k e it der a u f  dem  »M inim al«-N ährboden g ezü ch te ­
ten  E . coli B-Zellen g rö ß er als die d er ebenso lange (14 S tu n d e n ) a u f  k o m p le t­
tem  N ährboden  k u ltiv ie r te n .

Abb. 1. Veränderung der Strahlenem pfindlichkeit von E. coli B -Zellen in Abhängigkeit von  
den Präirradiations-Züchtungsbcdingungen. A Ro berts  C-Nährboden; В Bouillon
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(2) Veränderung der Bestrahlungsverhältnisse.

I .  W irkung der T em peratur während der Bestrahlung. V on ü b e re in s tim ­
m e n d e n  E. coli B -B o u illo n k u ltu re n  h a b e n  w ir bei drei v e rsch ied en en  W ärm e­
g ra d e n  D osisw irkungskurven  au fgenom m en  (A bb. 2).

Abb. 2. Wirkung der Tem peratur während der B estrahlung auf die Strahlenem pfindlichkeit 
v o n  E. coli B-Suspensionen. A  =  260 r/m in bei 37° С; В =  260 r/m in bei 21° С; C =  260 

г/m in  bei 0° C; D =  3200 r/min bei 21° C

Bei n iedriger D osis le is tu n g  (260 r/m in ) n im m t die S tra h le n e m p fin d lic h ­
k e i t  der E . coli B -K u ltu re n  m it d er T e m p e ra tu r  ab . Im  F a lle  hoher D osis­
le is tu n g  (3200 r /m in ) k o m m t die S trah len em p fin d lich k e it d e r bei 21° C b e s tra h l­
te n  Z ellsuspensionen d e r m it n ied rig e r  D osisle istung  bei 0° C b e s tra h lte n  n ah e .

I I .  W irkung der A n o x ie  w ährend der Bestrahlung. A nox ie  b ew irk t eine 
s t a r k  v e rm in d erte  S tra h le n e m p fin d lic h k e it der E . coli B -Z ellen  (A bb. 3).

(3) P ostirrad ia tions-Behandlungen.

I .  W irkung der N ährbodenverhältnisse. D urch  die P o s tirra d ia tio n s-Z ü c h - 
tu n g  a u f  dem  led ig lich  eine an o rgan ische  S ticksto ffque lle  e n th a lte n d e n  M inim al- 
N ä h rb o d e n  w ird  das p ro z e n tu a le  Ü b erleb en  geste ig e rt, w obei sich aus d e r 
»b«-artigen D o sisw irk u n g sk u rv e  eine »c«-artige en tw ick e lt (A bb. 4). W ird  d er 
M in im al-N äh rb o d en  m it  B es tan d te ilen  e rg än z t, die eine o rg an isch e  S tick s to ff­
q u e lle  gew ährleisten  (1 ,0 %  H e fe e x tra k t, 0 ,5 %  P e p to n , 1,25 X  Ю 7 Z ellen/m l 
K n o ch en m ark ), so w ird  diese die S trah len em p fin d lich k e it h e rab se tzen d e  W ir­
k u n g  fa s t ganz au fg eh o b en  (A bb. 5 u n d  6).
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Abb. 3. W irkung der Bestrahlung unter anoxischen B edingungen auf das Überleben von  
E. coli ß-Zellsuspensionen. A = unter aeroben Bedingungen; В - partieller Sauerstoff­

m angel; C anoxische Bedingungen

Abb, 4. Wirkung der postirradiativen Nährbodenverhältnisse a u f das Überleben. A Nälir- 
agar; В fester R o b e r t s  C-Näbrboden
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A bb. 5. Wirkung der K om plettierung des M inim al-Nährbodens m it organischen B estand­
te ilen  auf das Überleben von  E. coli B. A =  R o berts  C -j- l,0% iger H efeextrakt; В =  R o­
b e r t s  C - f  0,5% iger H efeextrak t; C =  R o b er ts  C -f- 0,3% iger H efeextrakt. A  =  R oberts 
C - f  0,5%  Pepton; В =  R o b er ts  C -f- 0,3%  Pepton; C =  R o berts  C - f  0,1%  Pepton. 

D =  Nähragar; E  =  fester R o berts  C-Nährboden.
(1) H efehaltiger Nährboden; (2) peptonhaltiger Nährboden

Abb. 6. Wirkung von  K nochenm ark auf das postirradiative Überleben von  E . coli B-Zellen. 
A =  2,5 X108 K nochenm arkzellen/20 m l R o b er ts  C-Nährboden, B =  1,0 X Ю8 Knochen- 
m arkzellen/20 ml R o b er ts  C-Nährboden; C =  0,5 X lO 8 K nochenm arkzellen/20 ml R oberts 

C-Nährboden; D  =  Nähragar; E  =  fester R oberts  C-Nährboden
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I I .  Stoffwechselhem m ung, (a) D ie P o s tirrad ia tio n s-A n o x ie  u n te rsu c h te n  
w ir in  V ersuchen , die fo lgenderm assen  d a rg es te llt w erden k ö n n en :

B e s tra h lte  Suspension
/ \

K o m p le tte r  N ährhoden
/ \

/  \
aerob  an aero b

\
Mini m al-N äh rb o d en  

h an aero b

0,01
4 2  6/t

D 0  s i s
~9fi Kr

Abb. 7. Wirkung der postirradiativen anoxischen Vorinkubation auf das Überleben von  
E. coli B-Zellen. A =  Nähragar; В =  Nähragar -f- anoxische Vorinkubation; C =  R o b e r t s  

C-Nährboden; D =  R o b er ts  C-Nährboden 4 - anoxische Vorinkubation

In  den V orversuchen  b e o b a c h te te n  w ir, d aß  das zu n eh m en d e  Ü berleben  
eine Z eitlang  von der p o s tir ra d ia tiv e n  anoxischen  V o rin k u h a tio n sze it a b h ä n g t. 
W ird  die V o rin k u b a tio n sze it ü b e r 30 m in  v e rlä n g e rt, so t r i t t  keine S te ig e ru n g  
des p ro zen tu a len  Ü berlebens m eh r ein . W ie in A bb. 7 e rs ich tlich , w ird  von  d er 
30 m in u n te r  anox ischen  B ed in g u n g en  erfo lgenden  V o rin k u b a tio n  n ach  der 
B estrah lu n g  n u r  das Ü berleben d e r  a u f  den k o m p le tten  N äh rb o d en  au sg e ­
b re ite te n  S uspensionen  geste igert.

(b )  W irkung  von C hloram phenicol. D urch  die V o rin k u b a tio n  w äh ren d  30 
m in in dem  5 /rg/m l C h lo ram phen ico l e n th a lte n d e n  B o u illo n -N äh rm ed iu m  
w ird  das Üb erleben  von E . coli B -S uspensionen  n ach  der B es trah lu n g  e rh ö h t. 
D ie das Ü berleben  ste igernde  W irk u n g  der Z ü ch tu n g  au f »M inim al«-N ährboden  
w ird  d u rch  B eh an d lu n g  m it C h lo ram phen ico l n ich t g este ig ert (A bb. 8).
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Abb. 8. Wirkung v o n  Chloramphenicol auf das postirradiative Ü berleben von E. coli B - 
Suspensionen. A =  in B ouillon  vorinkubiert; В =  in  5 //g/m l Chloram phenicol enthaltendem  
Bouillon vorinkubiert; C =  in  R oberts C vorinkubiert; D =  in 5 ^g/m l Chloramphenicol 

enthaltendem  R o berts  C-Nährboden vorinkubiert

Abb. 9. Wirkung der postirradiativen Vorinkubationstem peratur auf das Überleben von  
E. coli B -Suspensionen. A =  27° С; В =  21° С; C =  0° C; D =  37° C
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I I I .  W irku n g  der Tem peratur der P ostirradia tions- Vorinkubation  (A bb. 9). 
Wie A bb. 9 ze ig t, w irk t die V o rin k u b a tio n  bei 37° C o p tim a l a u f das Ü b erleb en  
der E . coli B -Z ellen  n ach  der B e strah lu n g . B e in ah e  ebenso w irk t die V o r­
in k u b a tio n  bei 0° C. D u rch  die V o rin k u b a tio n  bei 21° bzw . 27° C w ird  das 
p ro zen tu a le  Ü b erleb en  red u z ie rt.

Besprechung

N ach den  V ersuchsergebn issen  is t die S trah len em p fin d lich k e it d er a u f  
M in im al-N ährboden  14 S tu n d en  g e zü ch te ten  E . coli B-Zellen g rößer als die 
der a u f  k o m p le tte m  N äh rb o d en  14 S tu n d e n  g ezü ch te ten  Z ellsuspensionen .

Z ur E rk lä ru n g  des U n tersch iedes b ie te n  sich  zwei H y p o th esen : 1. D ie 
un te rsch ied lich e  S trah len em p fin d lich k e it b e ru h t  e in fach  a u f dem  ab w e ich en ­
den W ach s tu m ste m p o . 2. Bei den a u f  dem  M in im al-N ährboden  gew achsenen
E . coli B -Z ellen  h a n d e lt  es sich um  q u a li ta t iv  an d e re  als bei den a u f  dem  
k o m p le tten  N äh rb o d e n  gew achsenen. D ie a u f  dem  v origen  N ährboden  gew achse­
nen Zellen b ean sp ru c h e n  zur R e p ro d u k tio n  eine  q u a lita tiv  an d ere , re ic h ­
h a ltigere  E n z y m g a rn itu r . Bei der B es trah lu n g  k a n n  die S yn these  d ieser a d a p ­
tiv en  E n zy m e eine S chäd igung  erleiden u n d  d er U n te rsch ied  in der S tra h le n ­
em p fin d lich k e it d a ra u f  zu rü ck zu fü h ren  sein.

Zw ecks K la rs te llu n g  dieser F rag e  u n te rsu c h te n  w ir das W a c h s tu m s­
tem po  d er E . coli B -K u ltu r  n e b en e in an d er a u f  B ouillon und  a u f  R o b e r t s  
C -N ährboden . D ie W a ch stu m sk u rv en  ze ig ten  einen  abw eichenden  V erlau f, 
ln  der 14. S tu n d e  b e fan d  sich die a u f  dem  k o m p le tte n  N ährboden  w ach sen d e  
E . coli B -K u ltu r  b e re its  am  E nde  der L o g -P h ase , in einem  re s is ten te ren  S ta ­
dium , zugleich  je d o c h  die K u ltu r  der a u f  dem  M in im al-N ährboden  gew achsenen  
Zellen in e inem  frü h e ren , s trah len em p fin d lich e ren  S tad iu m  der L og-P hase .

Aus den  V ersuchen  über die T e m p e ra tu r  w äh ren d  der B e s tra h lu n g  
können  w ir die S ch luß fo lgerung  ziehen, d aß  die im  A ugenblick  der B e s tra h lu n g  
vorliegenden  T e m p e ra tu rv e rh ä ltn is se  a u f  physik o -ch em isch er E bene an  u n d  
fü r sich keinen  E in flu ß  a u f  die S tra h le n e m p fin d lic h k e it ausüben . Die T e m p e ra ­
tu rv e rh ä ltn is se  verm ögen  die S tra h le n e m p fin d lic h k e it n u r dann  zu v e rä n d e rn , 
w enn die T e m p e ra tu rv e rä n d e ru n g  eine S to ffw echselw irkung  au f das T e s t­
o b jek t a u sü b t u n d  die V erän d eru n g  d er S trah len em p fin d lich k e it im  G ru n d e  
infolge des v e rä n d e r te n  Stoffw echsels z u s ta n d e  k o m m t. W ahrschein lich  b e o b ­
ach te ten  wir desh a lb  bei n iedriger D osis le is tu n g  und  höherer T e m p e ra tu r  
geste igerte , bei ho h er D osisle istung  jed o ch  u n v e rä n d e r te  S trah len em p fin d - 
lichkeit.

Die m itte ls  N .,-D urchström ung  v o rg en o m m en en  A noxieversuche b ew ie ­
sen die die S tra h le n e m p fin d lic h k e it h e ra b se tz en d e  W irk u n g  der A noxie u n d  
d eu te ten  g le ichze itig  d a ra u fh in ,  d aß  cs w ich tig  sei, den S au ersto ff auszusch lies-
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sen . B egann die N 2-D u rch strö m u n g  led ig lich  eine M inute vo r d er B e s tra h lu n g , 
so w ar die V errin g eru n g  der S tra h le n e m p fin d lic h k e it m in im al.

V on o p tim a le n  Z ü c h tu n g sv e rh ä ltn isse n  n ach  der B es trah lu n g  w ird  das 
p ro z e n tu a le  Ü b erleb en  h e rab g ese tz t, von  su b o p tim a le n  Z ü c h tu n g sv e rh ä ltn isse n  
g es te ig e rt. So h a t  die Z ü ch tu n g  der Z ellsuspensionen  nach  der B e s tra h lu n g  a u f  
M in im al-N äh rb o d en  u n te r  an aero b en  B ed in g u n g en  bzw. die V o rin k u b a tio n  
a u f  dem  C h loram phen ico l e n th a lte n d e n  k o m p le tte n  N äh rb o d en  — v e rm u tlic h  
in  beiden  F ä llen  d u rc h  die V erzögerung  des B eg inns der S toffw echselprozesse — 
d as Ü berleben  d e r E . coli B -S uspensionen  n ach  der ion isierenden  S tra h lu n g  
e rh ö h t. A nscheinend  g eh t d u rch  die v e rz ö g e rte  E in le itu n g  der S to ffw echse l­
p rozesse eine R e s ti tu t io n  von  B iom olekü len  v o r sich, die in d er R e p ro d u k tio n  
d e r  Zellen eine w ich tige  R olle spielen.

Die g ü n stig e  C h lo ram phen ico lw irkung  h ing  auch davon  ab , in  w elchem  
A u g en b lick  das M itte l dem  k o m p le tte n  N äh rb o d en  zu g ese tz t w u rd e . In  
u n se ren  V ersuchen  m u ß te  das C h lo ram phen ico l den Zellen 20 m in . n ach  der 
B e s tra h lu n g  zugegeben  w erden . Es w ird  angenom m en [9], d aß  in  d ieser Zeit 
e ine gewisse N u k le in säu re  u n d  E iw e iß sy n th ese  in  G ang k o m m t, die zu r R e s ti­
tu t io n  des g esch äd ig ten  D N S -sy n th e tis ie ren d en  System s e rfo rd erlich  is t.

D ie V o rin k u b a tio n  bei n ied rig ere r T e m p e ra tu r  als 37° C e rg ib t k e ine  die 
S tra h le n e m p fin d lic h k e it v e rrin g ern d e  W irk u n g , sondern  fü h rt zu r geste ig erten  
V e rn ich tu n g  d er E . coli B-Zellen n ach  d e r B estrah lu n g . Diese W irk u n g  der 
n ied rig en  T e m p e ra tu r  verm ögen  w ir e in stw eilen  n ich t zu e rk lä ren . D er G edanke 
lie g t nahe , d aß  im  F a lle  der b e n u tz te n  N äh rb ö d en  die n iedrigere  T e m p e ra tu r  
fü r  das W a c h s tu m  d er E . coli В n ach  d e r B estrah lu n g  n ich t als su b o p tim a l 
angesehen  w erden  k an n .
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SENSITIVITY OF E. COLI В TO IRRADIATION
IV. D E P E N D E N C E  OF T H E  PRO TECTIV E EFFECT OF CYSTEINE-CYSTEAM INF:- 
T Y P E  COM POUNDS ON P R E IR R A D IA T IO N  O XYG ENA TIO N A N D  ON P R E - A N D  

POSTIRRADIATION CONDITIONS OF C U LTURING

Ry

F. H e r n á d i , Zs . N a g y , P .  K ovács and T. V á l y i - N ag y

Institute o f  Pharmacology ( Director: T. V á l y i-N a g y ), University Medical School, Debrecen

(R eceived Septem ber 21, 1965)

Summary. Factors influencing the X -ray  sensitiv ity  o f E. coli В have been studied .
W hen pre- or postirradiation incub ation  of E. coli В w ith  cysteine-cysteam ine typ e  

com pounds was om itted , these latter substances, as compared to the anoxic control, did 
not or only slightly  increase the resistance o f  the cells to irradiation under anoxic conditions.

The protective effect o f the su bstances in question was not increased during optim al 
pre- or postirradiation incubation periods. It has been concluded that during irradiation cystein e- 
cysteam ine derivatives exert a physicochem ical, while before and after irradiation a m eta ­
bolic, effect.

T he ra d io p ro te c tiv e  effect o f  cy ste in e -cy steam in e  ty p e  com pounds u n d e r  
h y p o x ic  or ano x ic  conditions is a d isp u te d  problem  in rad iob io logy .

A ccord ing  to  a n u m b er o f  a u th o rs , rad io resis tan ce  u n d e r  anoxic  ir r a d ia ­
tio n  cond itions is increased  on ly  s lig h tly , if  a t  all, b y  th e  above com pounds 
an d , converse ly , th e  p ro tec tiv e  e ffec t o f these  su b stan ces  ceases or a t  le a s t 
decreases in th e  absence of oxygen .

D ue to  th e ir  a u to x id a tio n  c a p a c ity , th e  ra d io p ro te c tiv e  effect o f  th e  
afo resa id  co m pounds was found  to  be  based  on oxygen d e p riv a tio n  [ 1 3 ] .  
T hus th e  p ro te c tiv e  effect o f th e se  com pounds ceases w hen  oxygen has been  
e lim in a ted .

On th e  o th e r  h an d , H o l l a e n d e r  and  S tapl et o n  [4], W ood [5], L o th e  
and  D e v ik  [6] w ere able to  ach ieve  ad d itio n a l rad io re s is tan ce  u n d e r ano x ic  
cond itio n s, b y  m eans of cyste ine  co m p o u n d s. These re su lts  w ere confirm ed b y  
V a l d s t e i n  [7] an d  E lias  [9] w ho also d em o n stra ted  th a t  th ese  su b stan ces  
ex e rte d  an increased  p ro tec tiv e  e ffec t u n d e r anaerobic  as co m p ared  to  aerob ic  
co n d itio n s. In  th e  opinion o f th e se  in v es tig a to rs , oxygen  an d  air b y  th e ir  
p resence as rad io sen sito rs , decrease th e  p ro tec tiv e  effect o f cy steam in e .

T he ra d io se n s itiv ity  of m icro o rg an ism s, as has been  p o in ted  o u t b y  a 
n u m b e r o f a u th o rs  [8, 10] in c lu d in g  o u rse lv e s[11], is co n sid e rab ly  affected  n o t 
o n ly  by  o x y g en a tio n  d u ring  ir ra d ia t io n , b u t  also b y  co n d itio n s o f c u ltu re  
p rev a ilin g  befo re  and  a fte r  ex p o su re  to  X -ray s. T h u s , w hen  e x am in in g  
cy s te in e -cy steam in e  ty p e  co m p o u n d s, th e  possib ility  o f  th e  p ro te c tiv e  e ffec t 
b e ing  in flu en ced  b y  th e  afo resa id  co n d itio n s of cu ltu re  h as  also been ta k e n  
in to  co n sid e ra tio n .

Acta microbiol. Acad. Sei. hung. 13, 13— 20, 1966
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The above a ssu m p tio n s  have been co n firm ed  b y  K o h n  an d  G u n t e r  [12],  
w ho have show n t h a t  th e  ra d io p ro te c tiv e  effect o f cy s te in e  invo lved  ce rta in  
m e tab o lic  p rocesses o f  th e  m icroo rgan ism s, and  th a t  th e  e x te n t o f rad io - 
p ro te c tio n  affo rded  b y  cy ste in e  was d e te rm in e d  b y  th e  te m p e ra tu re  p revailing  
in  th e  cell su sp en sio n s d u rin g  th e  p re ir ra d ia tio n  perio d  as well as by  th e ir  
H  ionic c o n c e n tra tio n .

In  previous p a p e rs  [13, 14] th e  fa c t  has been s tre ssed  th a t  m etabo lic  
fa c to rs  were also in v o lv e d  in the  p ro te c tiv e  effect e x e rte d  by  rad io p ro tec tiv e  
com pounds b e long ing  to  th e  cy s te in e -cy steam in e  group .

In  p lann ing  o u r  ex p erim en ts , th e  ab o v e  d iscussed  possib ilities, i.e. th e  
ro le  p layed  by a n o x ia  a n d  m etabo lic  fa c to rs  in  th e  m echan ism  o f action  of th e  
ra d io p ro te c tiv e  su b s ta n c e s , have been considered . T h is is th e  reason  w hy we 
h a v e  co n cen tra ted  on  ex perim en ts a llow ing  to  a sce rta in  th e  p ro tec tiv e  effect 
o f  cy ste in e -cy steam in e  ty p e  com pounds as well as th e  ro le  o f th ese  com pounds 
d u rin g  th e  pre- a n d  p o s tir ra d ia tio n  p e rio d s.

M aterials and m ethods

E. coli В strain  w as grown at 37° C in broth and Roberts C m inim al m edium  [15].
Particulars concerning the preparation o f  cell-suspensions and the periods during 

w h ich  the latter were k ep t in suspension, have been described previously  [16].
The suspensions w ere irradiated under aerobic and anaerobic conditions, using a Siem ens 

S tab ilivo lt X-ray app aratu s, as described previously [11].
Anaerobic cond itions were m aintained b y  constant nitrogen bubbling for 10 m inutes 

before and during th e  w h ole  period of irradiation.
After irradiation the suspension was p lated  on nutrient agar and Roberts C agar plates. 

A fter 24 hours incub ation  at 37° C, the colonies grown from the surviving cells were counted.
The com pounds in v o lv ed  in the experim ents were l-cysteine-H C l (R eanal), cysteam ine  

(F luka) and d-penicillam ine (prepared in our laboratory), at concentrations of 10~2 M.

R esu lts

F irs t, th e  ra d io p ro te c tiv e  effect o f  th e  ab o v e-m en tio n ed  com pounds was 
com pared  u n d er ae ro b ic  and  anaerob ic  co n d itio n s.

In  the  e x p e rim e n ts  p resen ted  in  F ig . 1 th e  “ re a c tio n ”  and  “ p o s tir ra d i­
a tio n  ' periods w ere  p ra c tic a lly  o m itte d ; th e  p ro tec tiv e  su b stan ces  were added  
to  th e  suspensions im m e d ia te ly  befo re  ir ra d ia tio n  a n d  th e  suspensions w ere 
d ilu te d  and p la te d  d ire c tly  a fte r ex p o su re .

P a r t  A o f F ig . 1 in d ica tes  th a t  th e  le th a l doses o f  ion iz ing  rad ia tio n  w ere 
red u ced  by a fa c to r  o f  1.4 D R F  b y  p en ic illam in e , 1.5 D R F  by  cysteine, and  
2 .9  D R F  by  c y s te a m in e .

P a r t  В o f F ig . 1 show s th a t  a n o x ia  per se decreased  th e  sen s itiv ity  by  
2.4 D R F . In  th e  case  o f  cell-suspensions ir ra d ia te d  u n d e r anoxic  cond itions 
th e  rad io p ro tec to rs  in  question  w ere, h o w ever, found  to  e x e r t no or only  a 
v e ry  slight p ro te c tiv e  effect. To q u o te  an  exam ple , th e  2.9 D R F  arriv ed  a t
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b y  ir ra d ia tin g  cell-suspensions u n d e r  aerobic co n d itio n s  in  th e  presence of 
cy steam in e , and  th e  2.4 D R F  o b ta in e d  un d er ae ro b ic  cond itio n s, failed  to  
e x e rt a cu m u la tiv e  effect.

In  th e  second p a r t  o f th e  ex p e rim en ts , th e  ra d io p ro te c tiv e  su b stan ces 
w ere app lied  a fte r an  “ o p tim a l re a c tio n ”  period.

I t  has been show n in p rev io u s s tu d ie s [16] th a t  th e  effectiveness o f  p ro ­
te c tiv e  su b stan ces increased  w hen , in stead  of a p p ly in g  th em  to  E . coli В su s­
pensions im m ed ia te ly  befo re  ir ra d ia tio n , th e y  w ere ad d ed  10 to  60 m in u te s

earlier and  th e n  th e  suspensions w ere in cu b a ted  a t  27° C an d  37° C, re sp ec tiv e ­
ly . In  these  ex perim en ts th e  p ro te c tiv e  effect o f c y s team in e  increased  from  
2.9 to  3.8 D R F , th a t  o f cy s te in e  from  1.5 to  3.4 an d  th a t  o f pen icillam ine from  
1.4 to  2.4, D R F . All in c u b a tio n s  w ere effected a t  37° C for periods of 15, 30 
and  30 m in ., respective ly .

Fig. 2 shows th a t  th e  ra d io p ro te c tiv e  su b stan ces  ex e rted  a p ro tec tiv e  
effect in excess o f th a t  a ffo rd ed  b y  th e  anoxic co n tro l m arked  A t . H ence the  
increased effect o b ta in ed  in  th e  course of an “ o p tim a l re a c tio n ”  period could 
be observed  in these  ex p e rim en ts , too .

In th e  th ird  scries o f  ex p e rim en ts  the b a c te r ia  ir ra d ia te d  u n d e r anoxic 
cond itions w ere p la ted  a f te r  observ ing  an “ o p tim a l p o s tir ra d ia tio n ” period. 
In  these  ex p erim en ts  th e  “ re a c tio n ”  period w as o m itte d  and th e  ra d io p ro ­
tec tiv e  substances w ere a d d e d  to  th e  suspensions 1 m in . p rio r to  irra d ia tio n .

Fig. 3 shows th a t  th e  n u m b e r o f su rv iv ing  E . coli В cells increased  w hen 
in cu b a ted  in th e  presence o f cy ste in e-cy steam in e  com pounds a fte r  hav ing  
been ir ra d ia te d  un d er ano x ic  cond itions for 30 m in . a t  37° C. D u rin g  th e  
p o s tirra d ia tio n  period , th e  effect o f  cysteine and  o f  penicillam ine increased  
considerab ly  while th a t  o f  cy steam in e , only s lig h tly .

32 6A 9.6 123 Kr 32 6U 9.6 123 Kr

Fig. 1. R adioprotective effect o f  cysteine-cysteam ine com pounds on E. coli В. A: aerobic 
control; Aji anoxic control; B: penicillam ine; C: cystein e; D: cysteam ine
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T he p ro tec tiv e  e ffec t o f  cy ste in e -cy steam in e  d e riv a tiv e s  a d d ed  to  th e  
cell-suspensions 1 m in. a f te r  ir ra d ia tio n  u n d e r anox ic  con d itio n s h as  confirm ed 
th e  above find ings.

W hen th e  p ro te c tiv e  su b stan ces  h ad  been  ad d ed  to  th e  suspensions 1 m in. 
a f te r  ir ra d ia tio n , th e  e ffec t w as s im ila r to  t h a t  observed  d u rin g  p o stin cu b a tio n  
perio d s. As in  th e  above  expci im en ts , th e  effect w as m ost p ro n o u n ced  when 
th e  cell-suspensions h a d  been  in c u b a te d  a t  37° C.

Fig.  2. Protective effect o f  cyteine-cysteam ine com pounds against irradiation under anoxic 
conditions after an optim al reaction  period. A: aerobic control; B: penicillam ine; C: cysteine;

D: cysteam ine; A t : anoxic control

Fig.  3. Protective effect o f cysteine-cysteam ine com pounds against irradiation under anoxic  
cond itions after an optim al postirradiation period. A: aerobic control; A t : anoxic control; 

B: penicillam ine; C: cysteine; D: cysteam ine
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N ex t, th e  effect on ra d ia tio n  se n s itiv ity  o f p re irra d ia tio n  cond itions o f 
cu ltu re  w as exam ined .

F ig . 5 ind ica tes th a t  th e  co n tro l curves re p re se n tin g  th e  ra d io se n s itiv ity  
o f  cu ltu res  grow n for 14 hours in  b ro th  and for 18 h o u rs  in  R oberts  C m ed iu m , 
w ere sim ilar. B o th  these  cu ltu res  w ere m easured  a t  th e  end of th e ir  log -phase . 
L ikew ise, E . coli В con tro l suspensions grow n in n u tr ie n t  b ro th  for 10 hours 
an d  sy n th e tic  m ed ium  for 14 hours show ed a p p ro x im a te ly  iden tica l ra d io ­

in g . 4. P rotective effect o f cysteine-cysteam ine com pounds added 1 min. after irradiation  
under anoxic conditions. A: aerobic control; A, ; anoxic control; B: cysteam ine; C: penicillam ine;

D : cysteine

se n s itiv ity  a t  m id-log phase. T he rad io -sen s itiv ity  o f  sam ples tak en  from  cell- 
suspensions a t  m id-log phase w ere decreased  by  1.5 D R F  b y  cyste ine  a t  a 
c o n c e n tra tio n  of 10 2 Af, p rov ided  th a t  th e  su b s ta n c e  h ad  been ad d ed  ju s t  
before ir ra d ia tio n  and  th a t  th is  w as im m ed ia te ly  follow ed by p la tin g . T hese 
re su lts  havi; n o t been included  in F ig . 5.

S im ilar curves w ere o b ta in ed  w hen an “ o p tim a l re a c tio n ”  period  w as 
observed  a f te r  th e  a d d itio n  o f cy ste in e . T he fou r cu rves rep resen tin g  th e  dose 
response  o f  th e  cell-suspensions p ro te c te d  by  cy ste in e  ran  a sim ilar course. 
A com parison  of th e  ra d io p ro te c tio n  afforded  b y  cy ste in e  in th e  cell-sus­
pensions w ith  th e  con tro ls , revealed  th a t  by  o b se rv in g  an  “ op tim a l re a c tio n ” 
period  an d  te m p e ra tu re , a D R F  o f 3.4 was o b ta in e d  i f  th e  sam ples h ad  been 
ta k e n  a t  th e  end of th e  log-phase from  suspensions inc lu d in g  cells p rev io u sly  
found  to  possess th e  g re a te s t rad io resis tan ce . On th e  o th e r h an d , w ith  cells 
m an ifesting  a g rea te r  rad io sen s itiv ity  in th e  course o f  th e ir  grow th , th e  D R F  
was 5.0.
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Fig. 5. Influence o f preirradiation conditions o f culture on the effect o f cystein e. A: 10 hour 
broth: B: 14 hour R oberts C minimal m edium ; C: 14 hour broth; D: 18 hour R oberts C minimal

m edium  cultures

Fig. 6. Influence of postirradiation conditions o f culture on the effect o f cystein e. A: nutrient 
agar control; B: R oberts C agar control; C: nutrient agar w ith cysteine; D: R oberst C agar w ith

cysteine
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F ina  lly, it w as exam ined  w h e th e r  th e  effect o f cy ste in e  ex e rted  in  th e  
p o s tir ra d ia tio n  period  rem ain ed  u n ch an g ed  w hen p o s tir ra d ia tio n  in c u b a tio n  
h ad  been sh if te d  in an o p tim a l d irec tio n  as regards su rv iv a l, i.e. w hen  a f te r  
ir ra d ia tio n  th e  b a c te ria  w ere p la te d  on R o b erts  C m in im al agar.

F ig . 6 in d ica tes  th a t  th e  e x p e rim e n ta l cond itions w hich  h ad  p re v io u s ly  
been found  to  increase th e  p ro te c tiv e  effect o f  cyste ine , ex e rted  no fa v o u ra b le  
effect on th e  su rv iv a l o f b a c te r ia . T h e  su rv iv a l o f E . coli В failed  to  in c rea se  
a fte r  h av in g  been cu ltu red  su b se q u e n tly  to  irra d ia tio n  on a m in im al m ed iu m .

D iscussion

T he re su lts  allow ed th e  fo llow ing  conclusions. T h e  m etab o lic  s ta te  o f  
E . coli В w h ich  depends on th e  p re ir ra d ia tio n  co n d itio n s o f  c u ltu re , d e ­
te rm in es th e  degree of ra d io p ro te c tiv ity . T he ra d io p ro te c tio n  affo rded  b y  cys- 
te in e -c y s te am in e  d e riv a tiv es  in  th e  case o f an  o p tim a l re a c tio n  period  in v o lv e d  
a D B F  o f 5.0 w hen th e  b a c te r ia  w ere  rem o v ed  a t m id log -phase , w hile D B F  
co n sid e rab ly  decreased  w hen th e  cells w ere o b ta in ed  a t  th e  m ost ra d io re s is ta n t 
phase . I t  follow s th a t  b o th  th e  p rocess ta k in g  place in  th e  cells d u rin g  th e  
“ o p tim a l re a c tio n ”  period  as a re su lt  o f  th e  ac tion  o f cy s te in e -cy steam in e  
d e riv a tiv e s , an d  th e  physio logical process occurring  in th e  cells as a c o n c o m ita n t 
o f th e ir  g ro w th , are  d im in ish ing  th e  rad io se n s itiv ity .

T he ro le  o f cy s te in e -cy steam in e  d e riv a tiv e s  in b io sy n th e tic  processes 
re sponsib le  fo r th e  deve lopm en t o f  ra d ia tio n  resis tan ce  has been s tre ssed  b y  
severa l a u th o rs  [12, 17].

C onsidering  th a t ,  p ro v id ed  a 1 m in . re a c tio n -a n d  p o s tir ra d ia tio n  p e r io d  
was o b se rv ed , th e  ra d io p ro te c tiv e  effect o f  cyste ine  w as d im in ished  an d  th a t  
o f  cy s team in e  w as abolished a f te r  ir ra d ia tio n  u n d e r anox ic  cond itions, (a) th e  
above su b stan ces  a c t b y  g iv ing  rise  to  anox ia  or h y p o x ia  d u rin g  i r r a d i ­
a tio n , or also, (b) oxygen and  cy s te in e -cy steam in e  com pounds o p e ra te  a t  an  
id en tica l s ite  o f ac tion .

P o s tir ra d ia tio n  cond itions o f  c u ltu re  m ay increase th e  p ercen tag e  s u r ­
v iv a l o f E . coli В i f  a 1 m in. p o s tir ra d ia tio n  period  is o b se rv ed . T h is, h o w ev er, 
fails to  occu r w hen  th e  b a c te r ia  a re  d ilu te d  from  th e  so lu tions o f cy s te in e - 
cy s team in e  d e riv a tiv e s  a fte r  an  o p tim a l p o s tir ra d ia tio n  period . T h is w o u ld  
in d ic a te  t h a t  th e  s ite  o f ac tio n  is id en tica l w ith  th e  one m en tio n ed  a b o v e . 
H ence th e  m od ifica tio n  b y  cy ste in e -cy steam in e  com pounds o f th e  ra d io se n s i­
t iv i ty  o f E . coli В involves:

(i) a physicochem ical e ffec t d u rin g  irra d ia tio n ; (ii) a m etab o lic  e ffec t 
before  a n d  a f te r  irrad ia tio n .

ad  (i) In  th e  course o f  ir ra d ia tio n  th e  physicochem ical effects a re  
lessened  or ab o lish ed  b y  th e  lack  o f  O., ac tin g  a t  th e  sam e level, w hile th e ir  
m e tab o lic  e ffec t ex e rted  before an d  a f te r  ir ra d ia tio n  is n o t affected .
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ad (ii) P re v a ilin g  cu ltu re  co n d itio n s decreased  or abo lished  m etabo lic  
e ffec t before an d  a f te r  ir ra d ia tio n , an d  th u s  n eu tra lized  tho se  exerted  by  th e  
com pounds in  q u e s tio n . T hese fac to rs, h o w ev e r, d id  n o t in fluence  th e  physico ­
chem ical p ro tec tiv e  e ffec t o f  cy ste in e -cy steam in e  com pounds d u rin g  ir ra d ia tio n .
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SENSITIVITY OF E. COLI В TO IRRADIATION
VI. E FFE C T  OF CYSTEINE ON D N A  B R E A K D O W N  B Y  IO NIZING  IR R A D IA T IO N
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Sum m ary. The effect o f 0 .1 - 0 .0 0 1  M  cysteine solutions on the irradiation-induced  
breakdown of D N A  in E. coli В, and on the num ber of surviving cells has been studied . D N A  
breakdown was inhibited by 0.1 — 0.01 M  bu t not by 0.001 M  cystein e. No direct correlation  
has been revealed between DN A  co n ten t and viable counts.

Ion iz ing  rad ia tio n  resu lts  in  a p a r t ia l  b reakdow n  o f D N A  in b a c te r ia  [1 ,2]- 
T he degree o f  th e  effect d ep en d s p rim arily  on th e  dosage an d  on th e  p o s t­
ir ra d ia tio n  m etabo lic  s ta te  o f  th e  o rgan ism . W hen p ro te in  m e tab o lism  is 
in h ib ite d  a f te r  irrad ia tio n , D N A  b reak d o w n  is g rea tly  en h an ced  [2]. In  c o n tra s t ,  
c itra te  [1], g lu tam ic  and succin ic  acids [3] and  h igh co n cen tra tio n s  o f  sa lts  
(N aC l, KC1, CaCl2, M gS04, so d iu m  o x a la te )[4 ] in h ib it th e  d eg rad a tio n  o f  D N A .

C ysteine is a p ro tec tiv e  su b s ta n c e  w hich, w hen app lied  p rio r to  i r ra d ia ­
tio n , increases th e  ra te  o f su rv iv a l. F ro m  d a ta  in  th e  l i te ra tu re  [5, 6] an d  o u r 
ow n re su lts  [7] i t  has been co n c lu d ed  th a t  th e  p ro te c tiv e  ac tio n  o f cy ste in e  
is due  n o t m ere ly  to  a p h ysico -chem ical effect d u rin g  ir ra d ia tio n , b u t  also to  
its  ac tiv e  p a r t  in  m etabolism .

A ccord ing ly , the  p u rp o se  o f  th e  p resen t in v es tig a tio n  w as to  ex am in e  
th e  p o s tir ra d ia tio n  effect o f c y s te in e  in  th e  ir ra d ia tio n -in d u c ed  D N A  b re a k ­
dow n an d  colony-form ing  a b ili ty  o f  E . coli В.

M aterials and m ethods

E. coli strain В was cultured aerobically  in a syn thetic m edium  [8] at 37° C until 
the optical density  o f the culture had reached 0.500 (Beckm an m odel D U  spectrophotom eter). 
T hen the cells were washed in physiological saline (pH 7.0) and resuspended in acetate  buffer 
(pH  7.0).

Irradiation was performed at room  tem perature w ith a Siem ens Stab ilivolt apparatus 
operating at 180 KV, 12 mA and 3200 r/m in. dose rate.

After irradiation the DN A  co n ten t and viable count o f part o f the suspension was 
determ ined. Other parts were incubated aerobically at 37° C for 90 m inutes in acetate buffer  
and in acetate buffer supplem ented w ith  1-cysteine HC1 at different concentrations (R eanal, 
B udapest). A t 0, 10, 30, 60 and 90 m inutes the suspensions were sam pled for D N A  content 
and viable count determ ination.

E xtraction  and determ ination o f D N A  were performed as described by B u r to n  f9 J. 
Viable cell counts were determined on agar plates incubated for 24 hours at 37° C.
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R esults

Fig. 1 p resen ts  th e  dose-response cu rv es. No a lte ra tio n  was observed  in 
th e  D N A  co n ten t o f  c o n tro l (n o n -irrad ia ted ) b a c te r ia  th ro u g h o u t th e  w hole 
in c u b a tio n  period.

Fig.  1. Dose-response curves show ing the degree o f  D N A  breakdown in irradiated as com ­
pared to non-irradiated bacteria

Fig.  2. DNA breakdown in  bacteria irradiated w ith  a dose of 12.5 Kr, then suspended in 
a ceta te  buffer containing cy ste in e  at different concentrations. Control: irradiated bacteria

incubated in acetate buffer

Fig. 2 in d ica tes  th e  effect o f 0.1, 0 .05, 0 .025, 0.01, 0.0025, 0.0016 and
0.001 M  cysteine on  D N A  breakdow n. I t  is seen  th a t  0.1 M  cy ste ine  defin ite ly  
in h ib ite d  the p o s tir ra d ia t io n  decrease in D N A  c o n te n t (b reakdow n  o f only  4 
p e r  cen t was o b se rv ed ). I n  th e  presence o f 0.01 M  cy ste ine  a b reak d o w n  o f 25 
p e r  cen t occurred . A t 0.001 M  co n cen tra tio n , cyste ine  e x e rte d  no effect on 
D N A  breakdow n.
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Fig. 3 shows th e  effect o f  cysteine on th e  n u m b e r  of su rv iv in g  cells. 
D uring  th e  90 m in u tes  in c u b a tio n  cysteine c o n c e n tra tio n s  in h ib itin g  D N A  
b reakdow n  (0.1 an d  0.01 M ) e x e rte d  p rac tica lly  no effect on v iab le  co un ts.

Fig. 3. Viable counts obtained after exposure to 12.5 Kr irradiation. =  non-irradiated  
bacteria incubated in acetate buffer w ithou t cysteine or w ith  0.1 and 0.01 M  cysteine; □  =  ir­
radiated bacteria incubated in acetate  buffer; Щ irradiated bacteria incubated in acetate  
buffer w ith 0.1 I f  cysteine; =  irradiated bacteria incubated in acetate buffer w ith  0.01 M

cysteine

Discussion

D urin g  90 m in u tes  in c u b a tio n  in a ce ta te  b u ffe r  no change o ccu rred  in 
th e  n u m b er o f v iab le  cells an d  D N A  co n ten t o f n o n - ir ra d ia te d  b a c te r ia . In  th e  
ir ra d ia te d  cu ltu re  th e  D N A  c o n te n t decreased b y  45 p e r cen t and  th e  b a c te r ia l 
coun t fell from  107 to  103 p e r m l.

T he degree o f D N A  b re a k d o w n  can be m o d ified  b y  in c u b a tin g  th e  i r ­
ra d ia te d  b a c te ria  in  th e  p resence  o f cysteine a t  d iffe re n t co n cen tra tio n s . As 
D N A  b reak d o w n  is in h ib ite d  a t  h igh  cysteine c o n c e n tra tio n s  on ly , i t  m ay be 
assum ed  th a t  th e  p h en o m en o n  is aspecific an d  s im ila r  to  th a t  o b serv ed  in 
co n c e n tra ted  so lu tions o f  v a rio u s  su b stan ces. D ue  to  a d e h y d ra tin g  effect, 
th e  o sm otic  p ressu re  o f th e  m ilieu  influences th e  ra d io se n s itiv ity  o f cells b y  
a lte rin g  enzym ic reac tio n s  resp o n sib le  for ir ra d ia tio n -in d u c e d  D N A  b re a k ­
dow n [4].

No co rre la tio n  w as rev ea led  betw een  D N A  b reak d o w n  and  th e  n u m b e r 
o f su rv iv in g  cells. In  ex p e rim en ts  w here DNA b rea k d o w n  was m ax im al d u rin g  
th e  90 m in u te  in cu b a tio n  p erio d , th e  v iab le  cell c o u n t rem ained  un ch an g ed . 
W hen cyste ine  in h ib ite d  th e  b reak d o w n  of D N A , th e  v iab le  co u n t s lig h tly  
increased .

T he s ligh t b u t  s ig n ifican t increase  in th e  b a c te r ia l  coun t o f ir ra d ia te d  
suspensions in cu b a ted  in  th e  p resence  of cyste ine  is due  to  a p o s tir ra d ia tio n  
effect o f th is  su b stan ce  [10], th e  biochem ical m ech an ism  o f w hich is s till 
unknow n.
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Summary. The frequency of glycine positiv ity  among enteric bacteria increases when  
instead of a com plex m edium  a solution containing only glycine and phosphate is used. The 
m ethod seem s suitable for the differentiation of enteric bacteria and for revealing b iotypes  
w ithin  some species, as w ith  alkalization m acrotest only S. paratyphi A , Shigella and Proteus- 
Providencia, with ninhydrin test oidy certain Shigella strains m ay react negatively. W ith  
alkalization m icrotest, S. paratyphi A , Shigella, M organella and Providencia gave no early  
positive result.

O ur in v es tig a tio n s  in to  th e  b reakdow n  o f am ino acids have  so fa r been©
carried  o u t in m edia  co n ta in in g  in o rg an ic  and  o rgan ic  su b stan ces  in a d d itio n  
to  th e  su b s tra te . T hese m edia allow ed m u ltip lica tio n  o f  ce rta in  b a c te ria  [3, 4] 
o r th e  fo rm atio n  o f coloured com plex  com pound from  th e  p roduced  k e to  
acids an d  th (‘ iron  sa lt re a g e n t [5]. As in a lk a liza tio n  and  n in h y d rin  te s ts  
m ade w ith  large  ino cu la  th ese  re q u irem en ts  m igh t be n eg lec ted , we h av e  
a t te m p te d  to  p erfo rin  th e  reac tio n  in  a sim ple am ino acid so lu tio n .

M ateria ls and  m ethods

In prelim inary experim ents the follow ing media have proved suitable.
Alkalization test (AT): K H 2PO.,, 0.10 g; distilled water, 100 m l; g lycine, 0.20 g; fresh  

phenol red solution, 2.5 m l (phenolsulphonphthalein , 0.01 g; N  NaO H , 0.40 ml; distilled w ater, 
4.6 ml); the medium was adjusted to pH  5.4.

Ninhydrin test (NT): K H 2P 0 4, 0.10 g; distilled water, 100 ml; glycine 0.05 g; pH  
7.2 — 7.4. The control m edium  for NT was prepared by adding 1 ml 1 per cent m erthiolate  
(ethylm ercurith iosalicylate) to 100 ml sterilized medium .

After sterilization at 115° C for 15 m inutes the pH is checked and corrected if necessary. 
The media can be stored in the refrigerator for 3 weeks.

Technical procedures for macro and micro m ethods of AT and for NT and evaluation  
of results were the sam e as described in reference 6.

R esults

By exam in ing  618 s tra in s  w ith  m acro  and  m icro m eth o d s o f AT, th e  
re su lts  p resen ted  in T ab le  I w ere o b ta in e d . W ith  the  m a c ro te s t, con sid erab ly  
m ore s tra in s  (inc lud ing  num erous Shigella  cu ltu res) w ere g lycine po sitiv e  in
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Table I
Result o f  alkalisation test in simple glycine medium

M acrotest Microtest

No. of 
strains

(+) +
Of the

positives <+> +
of the 

positives

(+ + ) H—b (+ + ) + +

E. coli ................................... 74 — 6 68 32 34 3 18 53 61 4

S. paratyphi A ................. 7 3 4 — - - 6 1 - - -
O ther Salmonella (S. para­
ty p h i B , typhi-m urium , 
bareilly , typhi) ................... 115 9 106 75 36 32 83 105 4

K le b s ie lla ............................... 25 — 1 24 9 14 2 4 19 20 -
Citrobacter .......................... 23 — — 23 18 1 1 1 21 17 5

E n tero b a cter ........................ 31 - 2 29 8 21 1 3 27 23 4

Serratia ................................. 30 — — 30 8 19 — 4 26 17 9

Arizona ................................. 15 — — 15 10 5 — — 15 8 6

Sh. dysenteriae 1 —10 24 8 8 8 4 7 22 2 - — -
Sh. flexneri 1 ..................... 36 31 4 1 — — 33 3 — —
Sh. flexneri 2 ..................... 30 29 1 — — — 28 2 — -
Sb. flexneri 3 ..................... 21 16 — 5 — 5 21 — — —
Sh. flexneri 4 ..................... 15 6 1 8 1 8 14 1 — — —

Sh. flexneri 5 ...................... 7 7 — — — — 7 - — -

Sh. flexneri 6 ..................... 23 9 2 12 3 10 14 9 — —

Sh. boydii 1 - 1 5  ............... 29 18 3 8 1 7 20 9 — -

Sh. s o n n e i ............................ 15 6 4 5 — 5 4 11 — 2 —

P. v u lg a r is ............................ 20 1 — 19 1 16 — 6 14 19 -
P . mirabilis .......................... 20 3 10 7 13 1 3 16 16 2
M organ ella ............................ 20 15 — 5 2 3 18 2 _ —

R e ttg e re lla  .......................... 18 2 1 15 - 15 l 12 5 10 -

P ro v id e n c ia .......................... 20 2 1 17 3 14 4 16 6 —

T o t a l ........................................ 618 156 57 405 188 220 200 139 279 304 34

K e y :  Macrotest
— =  No red colour w ithin 7 days 

( + ) = R e d  colour w ithin 4 — 7 days 
+  =  Red colour w ithin  3 days 

( + + )  =  Intensive red colour within 1

Microtest
— =  No red colour w ithin 24 hours 

( J -) =  Red colour w ithin 5—24 hours 
-|- =  Red colour within 4 hours 

7 days ( - ( - + ) =  Intensive red colour within 5— 24 hours
-|- -f- =  Intensive red colour w ithin 3 days +  +  =  Intensive red colour w ithin 4 hours

th e  sim ple m ed ium  th a n  in  th e  com plex  m ed ium . T h e  m a c ro te s t, how ever, 
seem s su itab le  also fo r d iffe ren tia tio n , as g lycine n e g a tiv e  organism s occur 
o n ly  am ong S . p a ra ty p h i A ,  Shigella a n d  P ro te u s-P ro v id e n c ia  s tra in s . The 
m ic ro te s t is less se n s itiv e ; S . p a ra typ h i A ,  Shigella , M organella an d  P ro ­
v id en c ia  cu ltu res g av e  n o  early  p o sitive  re su lts .
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W ith  th e  m a c ro te s t, som e Shigella  s tra in s  show ed  ra p id  a lk a liza tio n ; 
th u s  w ith in  th e  sam e  se ro ty p e  g lycine n egative  an d  s tro n g ly  glycine p o sitiv e  
b io v a rian ts  w ere en co u n te red . O ur Sh. fle xn er i  6 s tra in s  co rresponded  to  th e  
M anchester b io  ty p e  accord ing  to  c a rb o h y d ra te  fe rm e n ta tio n  reactions; th e re ­
fore, on th e  basis  o f  glycine b reak d o w n  a fu r th e r  su b d iv is io n  m ay be p e r ­
form ed.

The q u estio n  arose w h e th e r d ifferences in th e  b rea k d o w n  of glycine w ere 
n o t associated  w ith  th e  v iru lence  o f  shigellae. C o n ju n c tiv a l in fection  of gu in ea  
pigs [1, 2] w as ca rr ied  o u t w ith  42 s tra in s . No a sso c ia tio n  was found b e tw een  
v iru lence  and  g lycine  reac tio n . O u t of th e  ex am in ed  37 glycine n eg a tiv e  
s tra in s , 26 w ere a v iru le n t an d  11 w ere v iru len t; am o n g  5 glycine po sitiv e , 

s tra in s , 2 a v iru le n t an d  3 v iru le n t cu ltu res o ccu rred .
M ost p o s itiv e  re su lts  w ere o b ta in e d  w ith  N T, w h ich  was positive w ith  

all S. p a ra typ h i A  an d  P ro teu s-P ro v id en c ia  s tra in s . A m ong shigellae m ore  
cu ltu res  re a c te d  p o sitiv e ly  w ith  th is  te s t  as w ith  AT. A n egative  NT w as 
found to  be d e fin ite ly  ind ica tiv e  o f Shigella.

D iscussion

P re lim in a ry  ex p erim en ts  h a v e  show n th a t  th e  b reak d o w n  of g lycine 
ensues la te r  a n d  less freq u en tly  w hen  th e  am ino a c id -p h o sp h a te  m edium  co n ­
ta in s  su b stan ces o th e r  th a n  th o se  used  in th e  p rev io u s s tu d ie s  [6]. This e ffec t 
was p a rtic u la rly  e v id e n t w hen M g S 0 4 h ad  been in c o rp o ra te d  in to  the  m ed ium . 
As various g lycine  so lu tions gave d iffe ren t re su lts , th e  q u es tio n  arose w h e th e r 
in ro u tin e  w ork  th e  sim ple or th e  com bined  m edium  sh o u ld  be used.

In  our o p in io n  th e  m ic ro te s t perform ed in sim p le  g lycin e-p h o sp h a te  
so lu tion  is th e  m ore  su itab le  one. T his m ethod  is non -lab o rio u s and y ie ld s 
read ab le  re su lts  o ften  w ith in  4, b u t  a t m ost in 24 h o u rs . Most m em bers o f  
E n te ro b a c te ria c e a e  can be d iffe re n tia ted  from  S . p a ra ty p h i A ,  Shigella, M or- 
ganella  and  P ro v id en c ia . T he m a c ro te s t carried  o u t  in  th e  sim ple m ed ium  
requ ires a 7 d a y  in c u b a tio n  period . This reac tio n , esp ec ia lly  w hen NT is p e r ­
fo rm ed  in p a ra lle l, allows a fu r th e r  d iffe ren tia tio n .
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Sum m ary. S tab ility  of antibodies formed in roosters against rabbit muscle phospho- 
rylase b and exposed to various acid and alkaline pH values and tem peratures, has been in ­
vestigated . P urification of antiphosphorylase w ith a yield o f 60 — 75 per cent could be a c ­
com plished b y  dissolving the washed specific precipitate in a pH  11.0 glycine-sucrose buffer, 
followed b y  heat treatm ent at 56°C.

P u rif ic a tio n  o f an tibod ies from  im m une  sera  can  be ach ieved  a long  tw o  
lines [1], n am ely , by  physico-chem ical fra c tio n a tio n  or by  m eans o f specific  
im m uno-chem ical m ethods. In  th e  la t te r  case, th e  w ashed  specific an tig e n - 
a n tib o d y  com plex  is d issocia ted  an d  th e  a n tib o d y  m olecules are s e p a ra te d  
from  th e  an tig en . T he m eth o d  o f choice for d issoc ia tio n  an d  especially  fo r 
a n tib o d y  se p a ra tio n  depends on th e  specific  physico -chem ical p ro p ertie s  o f  
th e  g iven an tig en  an d  a n tib o d y . T he arising  d ifficu ltie s  can  be p a r t ia l ly  
overcom e b y  em ploy ing  specific im m u n o so rb en ts  [2 4]. P re p a ra tio n  o f  th e se
m ay , how ever, be com plica ted , p a r tic u la r ly  in  th e  case o f lab ile  an tigens.

S ince no d a ta  on th e  s ta b ili ty  o f  av ian  an tib o d ies  h av e  been av a ilab le , as 
th e  f irs t  s tep  th e  s ta b ility  o f  an tib o d ies  p ro d u ced  in  ro o ste rs  ag a in st r a b b i t  
m uscle p h o sp h o ry lase  b [5] was d e te rm in ed , em ploy ing  a t  v a ry in g  te m p e ra tu re s  
d iffe ren t ac id  and  a lkaline bu ffe r so lu tions. T he h ig h er s ta b ili ty  o f a n tip h o sp h o ­
ry lase  as co m p ared  to  th a t  of th e  hom ologous a n tig e n  allowed a n tib o d y  
sep a ra tio n  b y  d é n a tu ra tio n  an d  rem o v al of an tig en  from  th e  d issociated  sp e ­
cific a n tig e n -a n tib o d y  com plex.

M aterials and m ethods

Im m unization  of roosters w ith  crystalline rabbit m uscle phosphorylase b, harvesting  
of antisera and determ ination of phosphorylase and antiphosphorylase activ ity  was carried  
out as described previously [5]. Factors influencing phosphorylase a ctiv ity  in a non-specific  
fashion (sh ift in pH  values, m aterials o f low  m olecular w eight) were taken into correction as 
detailed elsew here [6]. A ntibody content o f the antiserum  tested  equalled 320 pg-N  per m l.

B y  checking the stab ility  o f  antiphosphorylase and b y  calculating the yield of a n ti­
bodies from  the specific precipitate, the inhibitory effect of antibodies on the antigen’s e n z y ­
m atic a c tiv ity  was determ ined and expressed as the percentage of control values.

H eat-treatm ent was performed on antisera diluted w ith equal am ounts of physiological 
saline or 40 per cent sucrose solution, and incubated for 10 m inutes in a water-bath of varying  
tem perature.
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Stab ility  a t different pH  values was estim ated  w ith  antisera diluted 1 : 10 w ith 0.1 M  
g ly c in e  buffer o f corresponding pH , and com plem ented by half volum e of physiological saline 
or 60 per cent sucrose solution . A liquots o f each  test m ixture were incubated  at 20°C for 
40 m inutes, other aliquots at 56°C for 20 m inutes and, subsequently, a t 20°C for 20 m inutes. 
A fter  incubation , the system s were neutralized w ith  tris-buffer (tris-hydroxym ethyl-am ino- 
m eth ane) or acetic acid pH  6.8, and tested  for antiphosphorylase activ ity .

In order to determ ine the yield of antiphosphorylase-antibodies from  the specific 
precipitate, to antiphosphorylase sera inactivated  previously at 56°C, eq u iva len t am ounts o f 
crysta lline  rabbit m uscle phosphorylase b were added. The m ixtures were d istributed in  
id en tica l volum es in  centrifuge tubes and incub ated  at 37°C for 30 m inutes and at 0°C for 
60 m inutes. The resulting precipitate was centrifuged o ff and washed w ith  chilled physiological 
sa line. P recip itation  of antibodies was carried o u t in  physiological saline containing 1 m M  
eth y len ed iam inetetraacetate . H igh salt concentrations were avoided in  order to decrease the 
q u a n tity  o f m acroglobulins co-precip itating non-specifically  w ith  the antigen-antibody  
com plex  [7]. P recip itate sam ples were dissolved in  0.1 M  glycine buffer solution of varying  
p H , w ith  or w ithout the addition  of sucrose, and incubated at 20°C for 30 m inutes or at 
56°C for 20 m inutes and at 20°C for 10 m inutes. The samples were then neutralized w ith  
tris-buffer or acetic acid, centrifuged, and the supernatant was tested  for antiphosphorylase  
a c tiv ity .

Final separation was achieved by concentrating the supernatants by dialysis against 
concentrated  dextran solution  followed b y  d ialysis against physiological saline. The resulting  
precip itate  was discarded.

R esu lts and d iscu ssion

F ig . 1 d e m o n s tra te s  th e  re sid u a l an tip h o sp h o ry la se  a c t iv i ty  a fte r  10 
m in u te s  t r e a tm e n t a t  d iffe ren t te m p e ra tu re s , expressed  in  th e  p ercen tag e  of 
c o n tro l va lues. A t 65°C, a n tip h o sp h o ry la se  a c tiv ity  of th e  sera  decreased  by 
a b o u t 50 per cen t, w hile  t re a tm e n t a t  7 5 °C com ple te ly  abo lished  th e  in h ib ito ry  
a c t iv i ty  o f an tise ra . T h e  ad d itio n  o f  20 p e r  cen t sucrose e x e rte d  a p ro tec tiv e  
e ffec t ag a in st h e a t-d e n a tu ra t io n  o f th e  an tip h o sp h o ry la se .

F ig . 2 d e m o n s tra te s  th e  s ta b ili ty  o f  an tip h o sp h o ry lase  an tib o d ies  in 
ac id  buffer so lu tio n s. A n tip h o sp h o ry lase  a c tiv ity  decreased  by  a b o u t 15 per 
c e n t  a t  pH  3.0, w hile on ly  a b o u t 38 per c e n t o f the  o rig inal a c tiv ity  rem ained  
a f te r  d ilu tio n  w ith  0.1 N  h y d roch lo ric  ac id , in cu b a tio n  an d  n e u tra liz a tio n . 
T re a tm e n t a t  56°C a t  ac id  p H  com plete ly  abo lished  an tip h o sp h o ry la se  a c tiv ity . 
A s can  be seen, re su lts  o b ta in ed  a t  acid  p H  values w ere n o t in flu en ced  b y  th e  
p resen ce  o f sucrose.

Fig. 3 show s th e  effect o f t r e a tm e n t  w ith  glycine b u ffe r so lu tions of 
a lk a lin e  p H  v a lu es . A lkaline m ed ium  u p  to  p H  12.5 w as fo u n d  to  be fa r  less 
de le te rio u s to  a n tip h o sp h o ry la se  th a n  ac id  p H . The p ro te c tiv e  e ffec t o f sucrose 
a g a in s t h e a t-d e n a tu ra tio n  was also m a rk e d .

C om paring th e  s ta b ili ty  of ro o ste r an tib o d ie s  to  th a t  o f r a b b i t  an tibod ies, 
p re c ip itin  a c tiv ity  o f ce rta in  ra b b it  an tib o d ie s  was com ple te ly  abo lished  by  
h e a t- t r e a tm e n t  a t  75°C for 10 m in u te s , a lth o u g h  th ese  an tib o d ie s  re ta in e d  
m o s t o f th e ir  co m p lem en t b ind ing  c a p a c ity  an d  biological a c t iv i ty  [8, 9]. I t  
w as show n b y  F a r a h  ct a l .  [10] th a t  h e a t- tr e a tm e n t a t  70°C for 30 m in u tes  of 
r a b b i t  an tibod ies in  th e  presence o f se ru m  p ro te in s  resu lted  in  a p a r t ia l  t r a n s ­
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fo rm atio n  to  u n iv a le n t an tib o d ies , caused  b y  th e  in te ra c tio n  o f a n tib o d y  
m olecules w ith  serum  a lbum in  due to  h e a t- tre a tm e n t.

W ith  know ledge o f th e  s ta b ili ty  o f an tip h o sp h o ry lase , its  p u rific a tio n  
from  th e  specific  p rec ip ita te s  was a t te m p te d . Since phosphory lase  w as found

Fig. 1. E ffect o f heat treatm ent on antiphosphorylase a ctiv ity

Fig. 2. S tab ility  o f antiphosphorylase at acid pH values 
X — X NaCl at 20°C; о — о 20 per cent sucrose at 20°C;

Д  —Д  NaCl at 56°C; □  — □  20 per cent sucrose at 56°C

to  be especially  sensitiv e  to  acid p H  v a lu es , th e  specific p re c ip ita te  w as d is­
solved in  acid  g lycine buffer. A fte r n e u tra liz a tio n  th e  p rec ip ita te s  w ere p a r t ly  
re -fo rm ed , a sig n ifican t p a r t  of an tip h o sp h o ry la se  a c tiv ity , how ever, was le ft 
in  so lu tio n . T his w as explained  b y  th e  fa c t th a t ,  in  th e  course o f d isso lv ing  an d  
d isso c ia tin g  th e  p re c ip ita te , th e  p h o sp h o ry la se  u n d e rw en t irreversib le  d é n a tu r ­
a tio n  an d  p re c ip ita tio n . A fter n e u tra liz a tio n , a ce rta in  am o u n t o f a n tib o d y  w as
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again  b ound  b y  th e  d e n a tu ra te d  p h o sp h o ry la se , a s ig n ifican t p o rtio n  o f 
n eu tra liz in g  a n tib o d ie s , how ever, re m a in e d  in  so lu tion . T he y ie ld  o f an ti-  
phosp h o ry lase  w as essen tia lly  th e  sam e w h e th e r  cen tr ifu g a tio n  w as ca rr ied  o u t 
p rio r  to  or a f te r  n e u tra liz a tio n . A lth o u g h  th e  low er th e  p H , th e  m ore com ple te  
th e  d issocia tion  o f  a n tig e n -a n tib o d y  com plex , below  p H  3.5 th e  d e s tru c tio n

Fig. 3. S tab ility  o f antiphosphorylase at alkaline pH  values. 1 : 20 per cent sucrose at 20°C; 
2: NaCl a t 20°C; 3 : 20 per cen t sucrose at 56°C; 4 : NaCl at 56°C

Fig. 4. A ntiphosphorylase a c tiv ity  recovered from  the specific precipitate

o f an tibod ies w as also m ore m arked . T h u s , a t  p H  3.0 m ore a n tib o d y  could be 
recovered  (45 p e r  c e n t) , th a n  a t  p H  1.0 (20 p er cen t). D urin g  th e  fo rm a tio n  of 
p rec ip ita te s  a f te r  n e u tra liz a tio n , th e  c o -p re c ip ita tio n  o f ce rta in  m acrog lobu lins 
o f  n o n -an tib o d y  n a tu re ,  adsorbed  in to  th e  o rig inal p re c ip ita te , had  also to  be 
ta k e n  in to  c o n s id e ra tio n  [7].

A lkaline p H  va lu es  favoured  th e  d isso lu tio n  o f  p re c ip ita te s , an d  th e  
d e te rio ra tio n  o f  an tib o d ie s  was less s tr ik in g . A fte r n e u tra liz a tio n , how ever, 
o n ly  a m in u te  p o r tio n  o f a n tip h o sp h o ry la se  a c tiv ity  could  be reco v ered , due  
to  th e  in a d e q u a te  d é n a tu ra tio n  of th e  a n tig e n . T h u s a com bined  h e a t- tre a tm e n t 
w as a tte m p te d . N o ta b ly , 56°C h e a t- t r e a tm e n t  for 20 m inu tes re su lted  in  a
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8 0 —95 p e r cen t y ie ld  o f  an tip h o sp h o ry la se  a c tiv ity  from  th e  d ilu te , n o t  c e n tr i ­
fuged  p h o sp h o ry la se -an tip h o sp h o ry la se  com plex , due to  irreversib le  d é n a tu r ­
a tio n  o f  p h o sp h o ry lase  an d  e lu tio n  o f  an tib o d ies . H e a t- tre a tm e n t o f  th e  u n ­
d ilu ted , w ashed  p re c ip ita te s  fa iled , how ever, to  e lu te  a n tip h o sp h o ry la se . C onse­
q u e n tly , th e  w ashed  p re c ip ita te  w as d isso lved  in  a g lycine b u ffe r o f  p H  
10.5 11.0 an d  su b jec ted  to  56°C h e a t- tr e a tm e n t for 20 m in u te s . T h e  60 per
cen t y ie ld  th u s  ach ieved  was in c rea sed  to  76 p er cen t on th e  ad d itio n  o f  20 p er 
c en t sucrose to  th e  b u ffe r so lu tio n . Sucrose ac ted  b y  p ro te c tin g  an tib o d ie s  
a g a in s t h e a t-d e n a tu ra tio n  and b y  fa c il i ta tin g  d isso lu tion  o f th e  specific p re c ip i­
ta te  (see F ig . 4).

T h e  p rocedure  p ro v ed  to  be m o st a p p ro p ria te  for iso la tin g  a n tip h o sp h o ­
ry lase . T h e  p re p a ra tio n s  th u s  o b ta in e d  re ta in e d  th e ir  p re c ip ita tin g  a b ility  a f te r  
co n c e n tra tio n  and  dialysis a g a in s t N aC l, and  co n ta in ed  90 p er cen t o f  h o m o ­
geneous a n tib o d y  o f 7,5 S se d im e n ta tio n  c o n s ta n t in th e  u ltra c e n tr ifu g e . T he 
inhom ogeneous re s t  o f ab o u t 10 p e r c en t p ro b ab ly  rep re sen ted  ag g reg a tes  o f 
a n tig e n -a n tib o d y  com plexes o f h ig h e r sed im en ta tio n  ra te .
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Sum m ary. After h eat-activation  at 60°C for 30 m inutes, 90 per cent o f B. cereus spores 
germ inated w ithin 50 m inutes at 30°C in an aqueous solution  containing adenosine and 
1-alanine at 0.4 mg/ml concentration. The activating effect o f 60°C heat was evident after 
4 m inutes and increased proportionally to the tim e of incubation.

Germ inated spores becam e less refractive and less resistant to heat and radiation.
Addition of adenosine and 1-alanine increased the rate and frequency of germ ination  

in pea-extract and in a m edium  of green peas placed in a liquor containing salt and sugar. 
The effect o f additives stim ulating germ ination was m anifest in a few m inutes incubation at 
30°C. The reduction of heat and radiation sensitiv ity  o f the population was in good agreem ent 
with phase microscopic observations of the cell-state distribution.

Combined use of heat-activation  and germ inants in itiated  germ ination and increased  
sensitiv ity  in an overw helm ing m ajority o f  spores even at cell counts o f 10s to 109/m l, and in 
the m edium  used for spore production.

T h e com plica ted  d ev e lo p m en t o f b ac te ria l spores in to  v e g e ta tiv e  cells is 
ch a rac te rized  by  tw o m ain  s tages. T he f irs t s tep  consists o f  “ g e rm in a tio n ”
[4] in th e  s tr ic t sense, th e  second, also re ferred  to  as th e  “ p o stg e rm in a tiv e  
s ta g e ”  [23], co rresponds to  th e  o u tg ro w th  o f v e g e ta tiv e  form s from  th e  
g e rm in a ted  spores [20].

In  th e  course o f g e rm in a tio n  th e  h igh ly  re frac tiv e  d o rm a n t spore changes 
in 15 30 m inu tes in to  a d a rk , g e rm in a ted  form  [17, 24, 27, 29] th e n  swells g ra d u ­
ally  an d  ru p tu re s  th e  spo re  co a t and  fin a lly  th e  v e g e ta tiv e  cell grows o u t in  
som e h o u rs . C onditions in d uc ing  germ in a tio n  do n o t n ecessarily  im prove th e  
o u tg ro w th , since te m p e ra tu re , h y d rogen  ion c o n c e n tra tio n , n u tr ie n t  and  w a te r 
req u irem en ts  are  u su a lly  d iffe ren t in  th e  tw o s tages [3, 13, 14]. T hus th e  f irs t 
s tag e  m ay  ta k e  p lace a t  te m p e ra tu re s  w hich in h ib it th e  o u tg ro w th  [18, 19]. 
V as  an d  P roszt [35] show ed th a t  th e  influence of te m p e ra tu re  on germ in a tio n  
was a fu n c tio n  o f th e  m ed iu m ’s p H . T he stage  o f o u tg ro w th  is m ore sen sitive  to  
n u tr itio n a l req u irem en ts  th a n  the  s tag e  o f g e rm in a tio n .

D u rin g  g e rm in a tio n  a considerab le  am o u n t o f o rgan ic  m a te ria l is released 
and  th e  spore loses a b o u t 1/3 of its  d ry  w eight. T he m a jo rity  o f th e  d ip icolin ic 
acid c o n te n t is also ex c re ted  in to  th e  m edium  [25, 26].

G erm in a tio n  is in itia te d  by  certa in  e n v iro n m en ta l fac to rs (specific 
su b stan ces , th e rm a l and  m echan ic  effects). E v a n s  and  Cu r r a n  [7] show ed 
th a t  su h le th a l ex p o su re  to  h ig h er te m p e ra tu re s  (60 110°C.) s tim u la te s
g e rm in a tio n  of b a c te r ia l spores.
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H ills [11, 12] w as th e  f irs t  to  observe  t h a t  g e rm in a tio n  is in d u ced  in 
so lu tio n s c o n ta in in g  c e r ta in  am ino  acids an d  nucleosides. S evera l a u th o rs  have 
th e n  show n th a t ,  d ep en d in g  on th e  species, s tra in  an d  p rev io u s cond itions 
[21], g erm ina tion  m ay  he in it ia te d  w ith  or w ith o u t p a ra lle l “ h e a t-a c tiv a tio n ”  
b y  1-alan ine, glucose, adenosine  [32], v a rio u s sm all m olecule f a t ty  acids, 
am in es, surface ac tiv e  q u a te rn a ry  am m o n iu m  com pounds [30, 31] an d  chela ting  
a g e n ts  such as e th y le n e d ia m in e -te tra a c e ta te  or even calcium  d ip ico lin a te  [28]. 
M echanical in ju ry  o f th e  spore Avail causing  a re lease o f  spore p ep tid es  and  
d ip ico lin ic  acid also re su lts  in a decrease  o f re f ra c tiv ity  an d  th e rm a l res is tan ce
[29].

O ur p rev ious c o m p a ra tiv e  s tu d ie s  on B acillus cereus rev ea led  th a t  th e  
re s is ta n c e  of spores d ro p p ed  p ra c tic a lly  to  th a t  o f  v e g e ta tiv e  cells in  th e  firs t 
p h a se  o f g e rm in a tio n  [81. In tro d u c tio n  o f a m e th o d  for low ering  th e  resistance  
o f  d o rm a n t spores w ould  u n d o u b te d ly  be a g rea t progress especia lly  in in d u s tr i­
al food p re se rv a tio n . A lth o u g h  g e rm in a n t su b stan ces an d  h e a t t re a tm e n t 
in d u c in g  g e rm in a tio n  obv io u sly  offer th is  po ssib ility , ex p e rim en ts  as to  th is  
p rob lem  have sca rce ly  been  p u b lish ed  [1, 16]. In  th e  p re se n t s tu d ies  we ex ­
am in ed  th e  effect an d  p ra c tic a l ap p lic a b ility  o f som e su b stan ces  know n as 
g e rm in a tio n -in itia tin g  ag en ts  an d  ex p o su re  to  m ild  h e a t  as w ell as th e  com ­
b in a tio n  of th e  tw o  p ro ced u res . As a te s t  o rgan ism  we used  B . cereus, w hich 
is a com m on m em b er o f  th e  aerob ic  b a c te r ia l f lo ra  o f  food [2] an d  bears 
som e hygienic im p o rta n c e  [22]. In  o rd e r to  ren d e r o u r s tu d ies  app licab le  to  
th e  ir ra d ia tio n  m e th o d  o f food p re se rv a tio n , changes in  th e  ra d io se n s itiv ity  of
B . cereus have  also been  exam ined .

M aterials and m ethods

Organism. The B. cereus strain iso lated  from green peas and exten sively  studied in 
our heat and radiation sen sitiv ity  experim ents [9, 10] was used throughout.

Culturing o f  the test strain and preparation o f  dormant spore suspensions.  C ultivation and 
m aintenance of the test strain were perform ed by use of the universal m edium  [36] em ployed  
e ith er in liquid form or as a solid m edium  prepared w ith agar. This m edium  contained the 
follow ing ingredients: non-acid whey, 200 m l; y east extract (1 : 10), 100 ml; m eat extract, 
4 g; peptone, 2 g; glucose, 10 g; water, 700 ml. The m edium  was adjusted to pH 7.2 and 
sterilized  at 115°C for 30 m inutes. During sterilization the pH decreased to about 6.4.

In order to obtain  dorm ant spores, 1000 ml of universal m edium  was supplem ented  
prior to sterilization w ith  4 per cent agar and 16.5 ml of the follow ing solution: N a .,H P 04, 
0.01 M; K H 2P 0 4, 0.002 M ; NaCl, 0.01 M ; M gS04, 0.00025 M; CaCl2, 0.0001 AT; M nS04, 
0.00001 M ; F eS 0 4, 0.00001 M  d issolved in distilled water. Each plate o f th is medium was 
inoculated  by streaking even ly  on the surface 0.1 ml suspension containing 10s cells per ml. 
T he seeded media were incubated at 30°C, which was the optim al tem perature for the m ulti­
p lication  of the test organism . As shown w ith  phase m icroscopy, after 5 days’ incubation m ost 
v eg eta tiv e  cells disintegrated and the population contained 90 to 100 per cent dorm ant spores. 
T he spores were then harvested  by the aid of a bent glass rod and suspended in sterile water, 
w ashed  4 tim es in  sterile water by centrifugation and finally  resuspended in 1/15 M  pH 7.0 
or pH  6.0 phosphate buffer so as to contain 10u  spores per ml. The spore suspension was 
stored  at 4°C; in this m anner the m ajority o f  the spores rem ained viable for 2 years. However, 
in  the experim ents suspension stored not more than for 1 m onth were only used. When 50 
plates were seeded, the above m ethod yielded approxim ately 1.5 g or 1012 spores.
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Total counts were usually estim ated by the slide-cham ber m ethod [34], som etim es 
a Helber cham ber was used. As at least 200— 500 cells were counted in each preparation, the  
95 per cent confidence lim its for x m icroscope fields were less than x  i  0.15 x  [5].

Viable counts were determ ined by preparing 3 parallel plates for each dilution o f the  
suspension. The pea-extract agar used in these experim ents was prepared as follows: 1 part 
of green peas was autoclaved w ith 1 part o f distilled water for 60 m inutes, after adding 2 per 
cent agar to the filtered extract, sterilization was carried out at 0.5 atm . for 30 m inutes.

The plates were read after 48 hours incubation at 30°C. Only plates showing 30 to 300 
colonies were used for the calculation of viab le counts. The total error (standard deviation  of 
the m ean) o f the arithm etic average counts (я) for the corresponding dilution was estim ated  
according to the formula

s (% ) — i  /(d ilu tio n  error % )2 -j- (distribution error)2

The error o f viable counts in the pour plate m ethod originates from the dilution error and 
from the distribution error of colonies (viable cells) [15].

D istribution  error of colonies can be expressed w ith  the standard error of the average  
counts o f parallel plates:

D istribution error =  ^

У 1 (■£

n — 1

where Xj is the number of colonies on plate “ t” and n is the number of parallel p lates. The  
distribution error expressed as the percentage of the arithm etic m ean of colonies (я) can be 
su bstitu ted  in equation 1.

In order to estim ate dilution errors, at first the standard deviations for 1 ml graded  
pipettes and for the 9 ml dilution blanks were determ ined. B oth  values were approxim ately  
i  3 per cent ( ^  0.03 ml and i  0.3 ml, respectively). From the degree of dilution and standard  
deviations the percentage dilution error at the given level was obtained from the table o f  
J e n n i s o n  and W a d s w o r t h  [15] and su bstitu ted  in equation I.

Thus the calculated total error according to the defin ition  of standard deviation m eans 
a probability  of 68 per cent that the actual v iable count is w ith in  ^  s % of the value ca lcu ­
lated  from  the arithm etic average of the num ber of colonies.

Irradiation  was performed w ithout filters by m eans of a “ Stabil 250” X -ray apparatus 
operating at 250 kY peak voltage and 15 m A tube current. The dose rate as measured by use 
of the ferrous sulphate dosim eter [37] at the same site where the sam ples were placed, was 
3.4 krad/inin. Irradiations were performed at room tem perature.

Heat treatment. The suspensions were m easured into  thin-w alled vials 20 mm in d ia ­
m eter. Care was exercised not to touch w ith  p ipettes the upper parts o f the containers. T he  
vials were then placed in a therm ostatically  regulated glycerol bath so that the surface o f the  
suspension was always some centim etres below the bath  surface. In order to increase heat 
exchange, the vials were kept in constant m ovem ent throughout incubation. Thus the sam ples  
reached the tem perature of the glycerol bath  w ithin 1 m inute.

Cell-state distribution was exam ined by a phase contrast microscope supplied w ith  
a 90 X im m ersion objective at 2025 X to ta l m agnification in petrolatum -sealed preparations 
0.01 mm thick [27]. W hen nutrient m edium  was used as a suspending liquor, germ ination or 
growth was stopped by the addition of 0.05 ml 4 per cent mercuric chloride per ml of su s­
pension. C ell-state distribution was determ ined by observing som e hundreds of cells d istributed  
in 20— 30 m icroscope fields. Germ inating spores and various stages of postgerm inative d ev e l­
opm ent were recorded as follows.

Bright spores:  highly refractive spores corresponded to dorm ant spores.
Less refractive spores were not so sh iny as dorm ant spores, but were still more refractive  

than v eg eta tiv e  cells; in size they were sim ilar to dorm ant spores.
Dark spores were similar in refractiv ity  to vegeta tive  cells, but they were not larger 

than dorm ant spores.
Outgrowing cells. This term  included all stages betw een dark spores and vegeta tive  cells 

(sw o lle n , dark spores, elongated cells and cells losing their spore coats).
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R esults

Germ ination o f  B . cereus spores in  n u tr ien t m edium . F irs t, th e  g e rm in a tio n  
r a te  and  freq u en cy  o f  u n tre a te d  d o rm a n t spores were exam ined . T h e  spores 
w ere  in cu b a ted  a t  30°C in  various m ed ia  a t  a p p ro x im a te  coun ts o f 108/m l. T he 
suspensions w ere s a m p le d  a t  5 m inu te  in te rv a ls  and  exam ined  u n d e r  th e  phase  
c o n tra s t  m icroscope. R ep ea ted  e x a m in a tio n  o f d o rm an t spores s to red  for 
d iffe ren t periods o f  t im e  show ed g e rm in a tio n  in  u n iv e rsa l m ed ium  on ly  in  30

g  „universal" pea
pea-extract 
+ 1,5% No Cl 
+Z% saccharose

outgrowing cell 
dark spores 
brigtit spores 

0  untreated 
H 60°C, 30 minutes

0 H
Fig. 1. G erm ination of spores in d ifferent m edia after 10 m inutes at 30°C

to  60 per cen t. In  p e a -e x tra c t  th e  fre q u e n c y  o f  g e rm in a ted  spores w as 45 to  80 
p e r  cen t a fte r 20 to  30 m in u tes  in c u b a tio n ; no fu r th e r  increase w as o b served  in 
th e  n u m b er o f g e rm in a tin g  spores even a f te r  80 m inu tes. W hen , how ever, th e  
co n c e n tra ted  aq u eo u s  o r p h o spha te  b u ffe r  suspension  of d o rm a n t spores h ad  
b een  k e p t p rio r to  in o c u la tio n  in to  n u tr ie n t  m ed iu m  a t 60°C for 30 m in u tes  or 
a t  80°C for 10 m in u te s , th e  change fro m  d o rm a n t to  g e rm in a ted  (dark ) 
spores exceeded 90 p e r  c en t in b o th  n u tr ie n t  m ed ia . I f  p e a -e x tra c t, in  o rd er to  
co rrespond  to  c a n n e d  p e a  liquor, w as su p p le m e n te d  w ith  1.5 p e r c en t N aCl 
a n d  2 p er cen t su c ro se , th e  p rop o rtio n  o f  g e rm in a te d  cells was fu r th e i increased . 
F ig . 1 p resen ts th e  re su lt  of an e x p e rim e n t revea ling  a ty p ic a l c e ll-s ta te  
d is tr ib u tio n  a f te r  10 m in u te  in cu b a tio n .

In itia tion  o f  spore germ ination by exposure to jnild heat and stim ula ting  
substances. On th e  basis  o f  d a ta  in th e  l i te r a tu r e  [11, 12, 38], i t  w as exam ined  
w h e th e r  in m ed ia  de fic ien t in n u t r ie n t  m a te ria ls  spore g e rm in a tio n  was 
in d u ced  by  m ild  h e a tin g , d-glucose, 1 -a lan in e , adenosine or w ith  th e  com bi­
n a tio n  o f these  a g e n ts . T h e  substances w ere  ad d e d  to  spores su sp en d ed  in p H  7.0 
p h o sp h a te  bu ffe r. A liq u o ts  of th e  su sp en sio n  w ere p re -h ea ted  to  60°C for 30 
m in u te s , o th e r a liq u o ts  w ere n o t exposed  to  h e a t. In cu b a tio n  te m p e ra tu re  was 
30° C and  th e  to ta l  co u n ts  were a p p ro x im a te ly  108 per m l. R esu lts  a re  show n 
in  T ab le  I.
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Table 1

Percentage frequency o f  dark spores

Additive Concentration.
mg/ml

Heat
acti­

vation
30

Incubation

60 00 120

minutes hour"

_ — 2.9 3.3 3.1 3.7

— — + 4.4 2.6 .
d-glucose ................................................... 0.9 1 3.7

d-glucose 4- 1-alanine .......................... 0.9 Í 0.1 - 4.5 . 6.4

1-alanine ................................................... 0.1 - 2.8 .
1-alanine ................................................... 0.4 — 6.0 4.7 .

1-alanine ................................................... 0.1 + 4.0

1-alanine ................................................... 0.4 -F 3.8 .

Adenosine ................................................. 0.1 — • 4.2

Adenosine ................................................. 0.4 . 5.8

Adenosine ................................................. 0.1 -f- 11.6 12.7 7.4

Adenosine ................................................. 0.4 15.3 18.3 29.1

0.4 j 0.4 21.7 25.8 36.9

1-alanine a d en o s in e .......................... 0.4 1 0.4 + 85.3 91.9 93.7 89.7

. — N ot exam ined .
P ro p o rtio n  of d a rk  spores in th e  ino cu lu m  was 2.4 per cent.

T ab le  I ind ica tes  th a t  in  th e  co n cen tra tio n s  used  n e ith e r  d-glucose no r 
1 -a lan ine  s tim u la te d  th e  g e rm in a tio n  o f d o rm a n t spores. In  th e  absence  of 
n u tr ie n t  m a te ria ls  a p rev ious h e a tin g  was also ineffec tive. In  th e  p resence  
o f adenosine  th e  n u m b er o f d a rk  spores in p re -h ea ted  suspension  in creased . 
W ith  a co m b in a tio n  o f 1-alan ine  an d  adenosine ab o u t one th ird  of th e  spores 
show ed signs o f g erm ina tion  even w ith o u t p rev ious h ea tin g . P re -h e a tin g  and 
su b se q u e n t tre a tm e n t w ith  th e se  su b stan ces re su lted  in 90 p er c en t g e rm i­
n a tio n  in th e  absence o f o th e r  n u tr ie n ts . F or th e  sake o f a b e tte r  co m p ariso n , 
c h a ra c te r is tic  values found a f te r  120 m in u tes  in cu b a tio n  arc  p re sen ted  in 
Fig. 2.

M in im u m  period o f  lieat-activation. In  th ese  ex p erim en ts  th e  m in im u m  
tim e  of exposu re  to  h ea t needed  for s tim u la tin g  g e rm in a tio n  in th e  presence  o f 
adenosine  and  1 -alan ine was d e te rm in ed . T he spores w ere su sp en d ed  in p H  
6.0 bu ffer co n ta in in g  b o th  g e rm in a n ts  a t  4 m g/m l co n c e n tra tio n . R esu lts  a re  
show n in Fig. 3.

I t  is seen th a t  th e  a c tiv a tin g  effect o f h ea tin g  to  60° C w as ev id en t a f te r  4 
m in u tes  and  w ith in  th e  30 m in u te  o b se rv a tio n  period  it  increased  p ro ­
p o rtio n a lly  to  th e  tim e  o f exposu re .
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In  fu rth e r  e x p e rim e n ts  i t  was ex am in ed  w h e th e r th e re  w as a decrease in 
th e  ra d ia tio n  and  th e rm a l resistance  o f  spores th a t  h a d  been su b jec ted  to  th e  
a b o v e  in itia tin g  effects.

Change in  radiation  resistance due to in itia tio n  o f  germ ination . In  th e  firs t 
e x p e rim e n t d o rm an t sp o res  a fte r  an ex p o su re  to  60°C for 30 m inu tes w ere

Fig. 2. In itiating effect on  germ ination o f previous heat-activation  at 60°C for 30 m inutes 
and adenosine and 1-alanine treatm ent. Per cent o f  dark spores after 120 m inutes at 30°C

о 0 
»2 
® 4
*  15 
•15
• 30  J

minutes 
a t 60 °C

Fig. 3. E ffect o f the tim e o f  previous heat-activition  on the germ ination of B. cereus spores in 
th e  presence of 1-alanine and adenosine

su sp en d ed  in d istilled  w a te r  and  in aqueous so lu tio n s of adenosine  and  1-alanine. 
T h e  suspensions w ere in c u b a te d  a t 30°C fo r 60 m in u tes  th e n  ir ra d ia te d  w ith  a 
dose o f 200 k rad . T h e  p e rcen tag e  o f d a rk  spores and  v iab le  coun ts w as de­
te rm in e d  in all phases o f  th e  experim en t. In  sam ples c o n ta in in g  no adenosine 
a n d  I-a lan in e  th e  fre q u e n c y  o f dark  spores re m a in e d  a t  th e  s ta r t in g  level (8.5 
p e r  cen t), while in  th o se  su p p lied  w ith g e rm in a n ts  95.5 p e r cen t of th e  d o rm an t 
sp o res  u n d erw en t g e rm in a tio n . I r ra d ia tio n  caused  a co nsiderab ly  h igher 
re d u c tio n  o f v iab le  c o u n ts  in  th e  in it ia te d  suspension  th a n  in  th e  suspension 
c o n ta in in g  spores n o t “ co m p elled ” to  g e rm in a te . T he find ings are  p resen ted  in 
F ig . 4.
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As co m p ared  to  th e  co n tro l, th e  red u c tio n  in  th e  n u m b e r of v iab le  cells 
receiv ing  s tim u la tin g  t re a tm e n t before  irra d ia tio n , w as h ig h e r b y  3 ex p o n en ts . 
H ea tin g  p e r  se d id  n o t change th e  v iab ility  and  ra d ia t io n  resis tan ce  of d o rm a n t 
spores. T hese d a ta  w ere in  good ag reem en t w ith  th e  200 k ra d  po in ts  of su rv iv a l 
curves o b ta in e d  in prev ious ex p erim en ts  [9].

R eduction o f  resistance o f  B . cereus spores in  pea-extract after in itia tion  o f  
germ ination. In  o rd e r to  s tu d y  th e  red u c tio n  o f re s is ta n c e  in  food m odel, s te r ile  
p e a -e x trac t w as seeded w ith  d o rm a n t spores. P a r t  o f  th e  e x tra c t was su p p le ­
m en ted  w ith  adenosine  an d  1-a lan ine  to  fina l c o n c e n tra tio n s  of 0.2 mg p er m l.

Jog
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6

h -

2 -

0

N survival
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Fig. 4. E ffect o f germ ination in itiation  on the radiation resistance of  
30 m inutes; II =  60°C, 30 m inutes -f- 200 krad; III =  60°C, 30 m inutes

krad

spores. I =  60°C , 
: Ade. Ala +  200

T he in o cu la ted  m ed ia  w ere p a r t ly  h ea ted  a t  60°C for 30 m in u te s , then  in c u b a te d  
a t  30°C for 50 m in u tes , p a r tly  k e p t a t  30°C fo r 80 m in u te s . S u b seq u en tly  
th e  sam ples w ere h ea ted  to  90°C for 5 m inu tes or ir ra d ia te d  w ith  200 k ra d  
doses. V iable co u n ts  and  ce ll-s ta te  d is trib u tio n  are  p re se n te d  in Fig. 5. S q u ares  
includ ing  th e  v iab le  coun t v a lu e  po in ts  of th e  g rap h  ex p ress  th e  lim its o f  to ta l  
error.

I t  is seen th a t  d o rm a n t spores germ ina ted  in  a p p ro x im a te ly  90 per c e n t 
w ith o u t p re -h e a tin g . H ea tin g  to  60°C h ad  in s tead  o f  a s tim u la tin g  a d e lay in g  
effect, as g e rm in a tio n  du ring  h e a t-a c tiv a tio n  to o k  p lace  p ro b a b ly  con sid erab ly  
slow er th a n  a t  30°C. K n a y s i  [19] found th a t  th e  m a x im u m  te m p e ra tu re  fo r 
th e  f irs t s ta g e  o f  g e rm in a tio n  in  B . cereus s tra in  C3 w as 59°C. A co m b in a tio n  
o f  adenosine an d  1-alan ine increased  th e  ra te  of g e rm in a tio n  in  every  e x p e rim en t 
and th e re fo re  red u ced  th e  h e a t an d  rad ia tio n  re s is ta n c e  o f  th e  popu la tion .

To a p p ro a c h  com m ercial cann ing  co n d itions, q u ick -frozen  green peas 
a fte r th a w in g  w ere m ixed w ith  an  equal p a r t  o f th e  su g a r  an d  sa lt-co n ta in in g  
liquo r, and  in o cu la ted  w ith  d o rm a n t spores to  give f in a l coun ts of 1CF p e r g. 
T he used q u ick -frozen  peas co n ta in ed  no b a c te ria l sp o res , o th e r m icro -o rg an ­
ism s p re sen t in  sm all n u m b ers  ex e rted  no in flu en ce  on th e  re su lts . A li-
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q u o ts  of th e  seeded  m ed ium  w ere in c u b a te d  a t  30°C, o th e r  a liq u o ts  were 
h e a te d  a t  80°C fo r 10 m in u tes  th e n  cooled  to  30°C and  in c u b a te d  fu r th e r  a t 
th is  te m p e ra tu re .

To some sam p les  0.2 mg p er g o f  adenosine  and 1 -a lan in e  w ere added 
a f te r  10 m inu tes h e a tin g  or incuba tion  a t  30°C. Sam ples c o n ta in in g  no add itives 
se rv ed  as con tro ls . T h u s , in cu b a tio n , in c lu d in g  th e  tim e  o f h e a tin g , lasted

8,0-

ö
$
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60X,30min 60X,30min
30X 30X 30'C 30'C

r80minir50mirti rSOminirSOmiOi 
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dark spores 
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Fig.  5. Reduction o f heat and radiation resistance o f spores as a resu lt o f  germ ination in ­
itia tio n . The lower part o f  the figure represents the cell-state d istribution  at the end of 
treatm ent; the upper part show s the number o f  cells surviving 90°C for 5 m inutes and 200

krad irradiation after incubation

a lto g e th e r  for 15 m in u te s . T hen  th e  cells w hich  h ad  becom e h ea t-sen s itiv e , 
w ere  destroyed  b y  h e a tin g  to  80°C for 10 m in u te s  and th e  n u m b e r  o f su rv iv ing  
sp o res  was d e te rm in ed  b y  th e  pour p la te  m e th o d . S u b seq u en tly , th e  rem ain ing  
suspension  was i r r a d ia te d  w ith  a 400 k ra d  dose and th e  n u m b e r  o f su rv iv ing  
sp o res  was again d e te rm in e d . R esu lts  a re  show n in Fig. 6.

A denosine a n d  1-a lan ine  s tim u la te d  th e  germ ination  o f  sp o res  also in the  
l iq u o r  used in th e se  ex p e rim en ts , as sam p les  con ta in ing  th e  g e rm in a n ts  y ielded 
a lw ay s lower n u m b ers  o f  su rv iv ing  b a c te r ia  th a n  th e  con tro l d id . M icroscopic 
e x am in a tio n  of th e  c e ll-s ta te  d is tr ib u tio n  w as in  good ag reem en t w ith  differences 
fo u n d  in th e  re s is tan ce  o f  th e  p o p u la tio n s . T h e  s tim u la tin g  e ffec t o f add itives 
on  germ ination  w as e v id e n t in 5 m in u te s , from  th e  decrease in  th e  resistance  
o f  th e  spore p o p u la tio n . I t  should  be  n o te d  th a t  in sam ples su b je c te d  to  a 
80°C p re -in cu b a tio n  h e a t  shock, th e  re d u c tio n  of th e  n u m b e r  o f  re s is ta n t 
cells was n o t h ig h er th a n  in  suspensions in c u b a te d  a t 30°C. T h is  w as p ro b ab ly
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due to  th e  fa c t th a t  no g e rm in a tio n  occurred  d u rin g  h ea tin g  and  th is  d e lay  
was only  ju s t  com pensa ted  by  th e  h igher spore g e rm in a tio n  ra te  ta k in g  p lace 
in th e  p re -h e a ted  suspension .

In itia tio n  o f  germ ination and reduction o f  resistance in  the m edium  where 
spore fo rm a tio n  had taken place. I t  w as desirab le  to  exam ine w h e th e r g e rm i­
n a tion  o f  B . cereus spores could  be in it ia te d  in  th e  sam e  m edium  w here th e y  h a d

Hdark spores 
bright spores 
0  no additives 

A adenosine+ 
atonine

Fig. 6. S tim ulation  o f spore germ ination in a m ixture of sugar and salt-containing liquor and
green peas

been fo rm ed . P e a -e x tra c t co n ta in in g  th e  sp o ru la tio n  s a lt  m ix tu re  and liq u id  u n i­
versal m ed ium  w as in o cu la ted  w ith  B . cereus. T he  cu ltu re s  were shaken  for 6 days 
a t 30°C. A fte r  6 days b o th  cu ltu re s  consisted  p ra c tic a lly  of sp o ru la ted  fo rm s. 
W hile in  u n iv e rsa l m edium  th e  au to ly sis  o f sp o ran g ia  was alm ost p e rfe c t, in 
p e a -e x trac t cu ltu re s  58.8 p er cen t o f  th e  cells co n ta in ed  sporang ia . (P rio r  to  
these e x am in a tio n s  th e  suspensions w ere hom ogenized  in an “ A tom ix b len d o r.)

A liq u o ts  o f  th e  cu ltu res  w ere cen trifu g ed , th e n  o th e r a liq u o ts  w ere 
d ilu ted  1 : 10 w ith  th e  clear su p e rn a ta n t. T hen  th e  d ilu ted  and  u n d ilu te d  
suspensions w ere h ea ted  to  60°C for 30 m in u tes  as well as tre a te d  w ith  co m ­
bined g e rm in a n ts  (bo th  adenosine and  1 -alan ine w ere used a t 0.2 m g p e r  ml 
c o n cen tra tio n s). T he suspensions w ere in c u b a te d  a t  30°C. Changes in th e  cell- 
s ta te  d is tr ib u tio n  are p resen ted  in F ig . 7.

H e a t-a c tiv a tio n  a t 60°C for 30 m in u tes  cau sed  no g e rm ina tion , a lth o u g h  
in sam ples in c u b a te d  for 24 hours m ost spores w ere less re frac tiv e  th a n  in th e  
s ta r tin g  suspensions. T he effect o f g e rm in an ts  w as ev id en t a fte r 1 h o u r and  
considerab ly  increased  a f te r  24 hours in c u b a tio n . W h eth e r th e  c e ll-s ta te
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d is tr ib u tio n  o bserved  in  24 h o u r sam ples w as reach ed  in  som e h o u rs  o r la te r , has 
n o t  been  e lu c id a ted , as no  ex am in a tio n s w ere  perfo rm ed  in  t h a t  in te rv a l. The 
th e rm a l re s is tan ce  o f  th e  spores w as, h o w ev er, estab lished  im m e d ia te ly  a fte r  
th e  30 m inu tes h e a t a c tiv a tio n  a t  60°C, as w ell as a fte r 3 an d  27 h o u rs  in c u ­
b a tio n . Fig. 8 show s th e  h e a t re s is ta n t cell c o u n t in  p ea -ex trac t c u ltu re s  d ilu ted  
w ith  su p e rn a ta n t.

cell-state distribution %

pea extract

■ vegetative cells 
\ outgrowing cells 
l dark spores 
.< less refractive spores 

bright spores

universal medium

Fig.  7. In itiation  of spore germ ination in the m edium  where they had been form ed. To sam ples 
m arked with “ A” 1-alanine and adenosine at 0.2 m g per m l concentration were added after 

heat-activation  at 60°C for 30 minutes

D iscussion

T he abo ve re su lts  a re  in d ica tiv e  o f co n sid erab le  ind iv idual d ifferences in 
b a c te r ia l  spores o rig in a tin g  from  su ita b ly  sy n ch ro n ized  cu ltu res, as to  regards 
th e  effect o f g e rm in a tio n -in itia tin g  ag en ts  an d  th e  velocity  o f  g e rm in a tio n  
[17, 32]. In  ag reem en t w ith  o th e r a u th o rs ’ ex perience  [6, 11, 12, 33], 1 -alan ine 
a n d  adenosine  are  cap ab le  o f in d uc ing  g e rm in a tio n  in  m edia  free  from  o th e r 
o rg an ic  sub stan ces an d  o f  accelera ting  th e  g e rm in a tio n  ra te  in  n u tr ie n t  m edia. 
T h e  effect o f g e rm in an ts  could be in c rea sed  b y  p re -h ea tin g , a t  60° to  80°C.

T h e  red u c tio n  in  th e  re fra c tiv ity  o f  spo res w en t para lle l n o t  on ly  w ith  
th e  decrease in  h e a t- to le ra n c e  [17, 24] b u t  also w ith  a decrease in  ra d ia tio n  
re s is ta n c e . In it ia t io n  o f  germ in a tio n  th e re fo re  effectively  increases th e  n u m b er 
o f  spo res d estro y ed  b y  h e a tin g  as well as b y  ra d ia tio n .

A d a  Microbiologica Academiae Scwntiarum  Hungaricae 13 (1966)



REDUCTION OF H EA T AND R A D IA TIO N  RESISTA NCE 45

G erm in a tio n  inducing  fac to rs  a c t ra p id ly  a t  30°C. T he p ro p o rtio n  o f 
re s is ta n t  spores was considerab ly  decreased  b y  in cu b a tio n  follow ing in i t ia t io n  
and  p rio r  to  processing.

B y  th e  use o f th e  above described  p hysica l an d  chem ical t r e a tm e n ts ,  th e  
overw h elm in g  m a jo rity  of spores can  be in d u ced  to  g erm ina te . In  co n seq u en ce ,

h.10a]

3.10e]

2.10 8 -

C

107 
o -

b |

!
30 '-*

+30°C
with additives 
3h 2 7»

Fig. 8. Decrease in  the number of heat resistant cells in sporulated cultures under the effect
o f germ inants

th e  spores becom e less re s is ta n t even  w hen th e y  are  p resen t in h igh  c o u n ts , 
w hich  a re  o therw ise  u n fav o u rab le  fo r g e rm in a tio n  [36] an d  even w h en  th e y  
are in  th e  sam e m edium  in w hich th e y  h a d  developed .

T h u s  i t  seem s rea lizab le  th a t  b y  m eans o f su ita b ly  chosen b la n c h in g  an d  
p re -s te riliz a tio n  te m p era tu res  an d  periods an d  a d d itio n  of h arm less , even  
n u tr ie n t  g e rm in an ts , re s is ta n t spores can be changed  in to  sensitive  cells in 
p rocessed  foods previous to  s te riliz a tio n . W hile th is  new , fra c tio n a ted  s te r i l i ­
za tio n  o f  foods is m ore effective an d  causes sm aller dam ages in th e  m a te r ia l ,  i t  
is also a d v an tag eo u s  in th a t  i t  req u ires  less energy  th a n  th e  u su a l p ro cessin g  
m eth o d s.
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INTESTINAL MICROFLORA OF THE LARVAE 
OF ST. MARK’S FLY

I. A COM PARATIVE ST U D Y  OF STR EPT O M YCES ST R A IN S BELONGING TO T H E  
G RISEUS G R O U P ISOLATED FROM  T H E  IN T E ST IN A L  CANAL

By

I. S zabó , Mária  Ma r t o n , I lona  B uti  and G. P ártái

Institute for Soil Research and Agrochemistry (Director : 1. S z a b o l c s ) of  the Hungarian Academy
of Sciences , Budapest

(Received N ovem ber 1, 1965)

Summary. Streptom yces strains belonging to the griseus-group isolated from the in te s­
tinal tract and excrem ent of individuals o f three larval populations of St. Mark’s fly  ( Bibio 
m a rd  В .)  have been identified  as Act. vulgaris  N ikitina et al. 1960 and Act. cilreofluorescens 
Koreniako et al. 1960. Griseus-strains iso lated  from A j-j horizon situated  under the ac tiv ity  
area o f Bibio  populations were partly identica l w ith Act. levoris Koreniako et al. 1960, partly  
closely related to Str. michiganensis Corbaz et al. 1957. In connection with this work a key  
has been established for the determ ination of species and varieties belonging to the Strepto­
myces griseus  group.

A ctinom ycètes p lay  an im p o r ta n t  p a r t  in th e  in te s tin a l tra c t  o f  e a r th ­
w orm s an d  o th e r so il-in h ab itin g  an im als  feed ing  on o rg an ic  substances p re se n t 
in  th e  soil. In  th e  fresh  excrem en t o f  th ese  an im als , th e  im p o rta n t b io logical 
fu n c tio n  of w hich is íveli know n, th e re  occurs a la rg e  n u m b e r of ac tin o m y cè tes  
[1, 2]. R ecen tly  it  has been show n t h a t  insects such  as th e  la rv ae  o f B ibio m a r d  
(D ip te ra ), also ca rry  these  m icroorgan ism s in th e ir  in te s tin a l flora in co n sid e r­
able p ro p ortions (20 to  50 per een t) [31. T he sy s te m a tic  position  of th e  a c t in o ­
m ycètes occurring  in th e  in testine  o f  soil an im als has scarce ly  been in v e s tig a te d  
in sp ite  o f th e  fin d in g  [1 ,3 ]  th a t  in  th e  in te s tin a l t r a c t  and  fresh ex c rem en t of 
so il-in h ab itin g  an im als ce rta in  m icroo rgan ism s becom e p red o m in an t b y  
selection  or, a t le a s t, occur in la rg e r n u m b ers  th a n  in soil. In  c o n tra s t, som e 
o th e r  species com m only  found in soil and  in  th e  consum ed food d isa p p e a r  
ra p id ly  from  th e  in te s tin a l tra c t o f  th e se  an im als.

In  th e  p resen t experim en ts w e h av e  ex am in ed  Bibio m a rd  la rv a e , as 
these , in view o f th e ir  large n u m b ers  an d  h igh  freq u en cy , p lay  an o u ts ta n d in g  
biological role in soil [4]. F rom  th e  in te s tin a l t r a c t  an d  excrem ent o f th e se  
an im als S trep tro m y ces  s tra in s  belong ing  to  th e  griseus g roup  have been iso la ted  
and th e  classifica tion  of these m icroo rgan ism s has been a tte m p te d .

M aterials and  m ethods

Soil examined. Forest mull-like rendzina (hum id rendzina) formed on lim estone. 
Bibio m ard  larvae were inhabiting the horizons A 00 and A p  in populations consisting  

of 500 to 2000 individuals. The animals fed  on m iscellaneous m aterials and thus, in addition  
to the litter, they passed through their in testinal tract considerable am ounts o f soil m atter
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(p a rtly  hum ified organic m aterials, partly fine  m ineral particles, m ainly o f calcite). The 
consum ed food contained several different species o f actinom ycètes o f the soil m icroflora.

Isolation o f  strains.  The larvae were d issected  aseptically under stereom icroscope, then  
th e  in testina l contents were ground in saline. Serial dilutions prepared from  the hom ogenate  
an d  suspensions prepared from  fresh excrem ent co llected  from under the larval colonies were 
p la ted  onto glucose-asparagine, glycerol-arginine ( E l  N a k e b  and L e c h e v a l i e r ) and casein- 
glucose  agar. The plates were incubated for 2 w eeks at 28°C. The frequency o f the different 
co lo n ia l types was exam ined under the m icroscope at low  power. The colonies were transferred  
to  agar slants and the grow th w as checked for purity . Microbiological exam ination  o f the 
in te stin a l contents was performed partly by use o f individual larvae, partly by use of m ixed  
in te stin a l specim ens obtained from  large num bers o f larvae.

Cultural and physiological properties o f the iso lates and of authentic (m ainly “ ty p e” ) 
stra in s, unless otherwise ind icated , were exam ined as recommended in 1964 by the Subcom ­
m itte e  on A ctinom ycètes o f the International C om m ittee on B acteriological Nom enclature, 
In tern ation a l A ssociation o f M icrobiological Societies [5].

A uthentic strains were m aintained on agar m edia or by freeze-drying.

R esu lts

Incidence o f  griseus stra ins and group ing  o f  isolates. G riseus s tra in s  w ere 
is o la te d  from  th e  in te s tin a l t r a c t  o f in d iv id u a ls  of 3 la rv a l p o p u la tio n s  (N o. 3, 
4 a n d  6; 50, 41 an d  220 d issected  a n im a ls , respective ly ). T he p ro p o rtio n  o f 
b a c te r ia  an d  ac tin o m y cè tes  in  m ixed  in te s t in a l  sam ples from  th ese  p o p u la tio n s  
v a r ie d  betw een  1 0 :2 .5  an d  1 0 :1 .8 . I t  sh o u ld  be n o ted  th a t  in  th ese  cases 
th e  o b serv ed  p ro p o rtio n  o f ac tin o m y cè tes  w as th e  low est t h a t  has so fa r  been 
re v e a le d  in  B ibio m a rd . In  o th e r  e x a m in a tio n s  th e  co rrespond ing  ra te  w as 
g e n e ra lly  h igher th a n  20 p e r cen t. A m ong ac tin o m y cètes  th e  fe rtile  an d  aspo- 
ro g e n ic  form s o f Str. f in la y i  [6] exceeded  80 per cen t in  all th re e  la rv a l 
p o p u la tio n s . G riseus s tra in s , th e  “ accesso ry ”  m em bers o f th e  in te s tin a l flo ra , 
w e re  p re se n t a t  m o st in  4 to  5 per cen t o f  a ll ac tinom ycètes. A m ong “ accesso­
r y ”  m em bers, how ever, th e se  organ ism s w ere  th e  com m onest. In  th e  in te s ­
t in a l  t r a c t  o f th e  in d iv id u a ls  o f o th e r  la rv a l  popu la tio n s, in  w hich  s tre p to -  
m y c e te s  (S tr . olivaceus, S tr . antib io ticus, S tr . aureofaciens, e tc .) o th e r  th a n  
S tr . f in la y i  p re d o m in a te d  th e  p resence o f  griseus s tra in s  w as n o t rev ea led . 
A m o n g  th e  few  species o f  ac tin o m y cè tes  t h a t  becom e p re d o m in a n t in  th e  
in te s t in a l  flo ra  b y  se lec tion  [3], sy m b io tic  an d  an tib io tic  connec tions are  
p ro b a b ly  fo rm ed , th u s  w hen  Str. f in la y i  c o n s titu te s  th e  p re d o m in a tin g  o rg an ­
ism , a m o d era te  griseus p o p u la tio n  m a y  develop . On th e  o th e r  h a n d , w hen  
o th e r  species occur a t  h igh  p ro p o rtio n s , co lon iza tion  of griseus s tra in s  is com ­
p le te ly  in h ib ited . T he incidence o f griseus s tra in s  m ay be h ig h er in  fresh  ex ­
c re m e n ts  w here, as a re su lt o f m icrob ia l succession , th e  p ro p o rtio n  o f a c tin o ­
m y c è te s  in  th e  to ta l  faecal flo ra  increases g rad u a lly  up  to  70 — 80 p e r cen t; 
th e  n u m b e r o f species also increases an d  th e  f lo ra  becom es d iffe ren t from  th a t  
p re s e n t  in  th e  in te s tin e  [3]. O ccurrence a n d  freq u en cy  of griseus s tra in s  w ere 
d e te rm in e d  b y  m icroscopical ex a m in a tio n  o f  th e  agar p la te s  seeded  w ith  th e  
sa m p le s . T he aeria l m ycelium  o f su rface  colonies show ed a ty p ic a l “ g riseus”  
c o lo u r [7] and  ty p ic a l sporophores.
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O f la rg e  n u m b ers  o f griseus iso lates 28 in te s t in a l  and  faecal an d  23 soil 
s tra in s  w ere su b jec ted  to  tax o n o m ic  analysis. T h ese  s tra in s  were d iv ided  in to  4 
groups: (1) m elan in  po sitiv e  v a r ia n t;  (2) m elan in  n e g a tiv e , h ep taen  a n tib io tic -  
p roducing  v a r ia n ts ;  (3) and  (4) m elan in  n eg a tiv e , h e p taen -n o n -p ro d u c in g  v a r i ­
an ts  d iffering  in  som e physio logical p ro p erties . V a r ia n ts  1 and  2 were iso la te d  
from  co n tro l soil, v a r ia n ts  3 and  4 w ere rev ea led  in  in te s tin a l co n ten ts  a n d  
excre ta . P r io r  to  d iscussing  th e  tax o n o m ic  p o sitio n  o f  th e  iso lates, i t  seem s 
adv isab le  to  su m m arize  th e  classifica tion  o f th e  g riseus group .

C lassification  o f  the griseus group. On th e  basis  o f co m p ara tiv e  e x a m i­
n a tions p e rfo rm ed  w ith  a u th e n tic  s tra in s  and  o f  d a ta  in  th e  lite ra tu re , th e  g riseu s 
group w as d iv id ed  in to  36 ta x a . T hese u n its  m ay  be reg a rd ed  as species, a lth o u g h  
c rite ria  o f  sp ec ies-d iffe ren tia tio n  in  ac tin o m y cè tes  h a v e  n o t y e t been d ec id ed . 
T able I  show s a key  to  th e  36 ta x a , each  o f w hich e x c e p t A ct. ra ffinosus  is r e p re ­
sen ted  by  one a u th e n tic  s tra in . As show n b y  HÜ t t e r  [7], on th e  basis o f th e  ty p e  
o f b ran ch in g  o f  aeria l h y p h ae  (v e rtic illa tu s  an d  a v e rtic illa tu s )  s tre p to m y c e te s  
p roduc ing  a “ g riseus”  aeria l m ycelium  can be d iv id e d  in to  2 m ain g roups. B y  
the  use o f  a d icho tom ic  key  sy stem  based  on sp o ro p h o re  m orphology, m e la n in  
p ro d u c tio n , ca rb o n  source u tiliz a tio n  sp ec tru m , a n d  som e o th e r m orpho log ica l 
and  c u ltu ra l  p ro p e rtie s , a fu r th e r  sim ple and  p ra c tic a l d iagnostic  d iffe re n tia tio n  
schem e has been  estab lish ed . T he p ro p erties  o f  A ct. ra ffinosus, w hich is in c lu d e d  
in T able I  w ith o u t d esig n a tio n , are  given acco rd in g  to  d a ta  in the  l i te r a tu r e ,  
as no a u th e n tic  s tra in  o f th is  o rganism  could  he o b ta in e d . In  a d d itio n , one  
ta x o n  is re p re se n te d  by  one o f ou r iso lates (s tra in  3393/p), w hich is c lo se ly  
re la ted  to  Str. m ich iganensis. In  our opinion th e  p re se n t key  has the  a d v a n ta g e  
ol inc lud ing  defined  s tra in s  in stead  o f genera lized  species. Therefore, on  th e  
one h an d  i t  re flec ts  th e  richness in d iffe ren t fo rm s an d  physiological h e te ro ­
geneity  o f  th e  griseus group , and  on th e  o th e r , i t  serves as a guide fo r th e  
id e n tific a tio n  o f  new  iso lates. U n fo rtu n a te ly , a t  p re se n t th e  num ber of a v a ila b le  
a u th en tic  or w ild s tra in s  rep re sen tin g  th e  d iffe ren t ta x a  is sm all (a ta x o n  is 
often re p re se n te d  b y  one s tra in  on ly ); th e re  is th e re fo re  no basis for e s tim a tin g  
d iffe ren tia l va lue  and  s ta b ili ty  o f physio logical a n d  cu ltu ra l characters.

Iden tifica tio n  o f  isolates. T ab le  I  shows in  f ram ed  areas the  d esig n a tio n  
of our griseus s tra in s  rep re sen tin g  4 d iffe ren t ty p e s  and  th e  co rresp o n d in g  
a u th e n tic  s tra in s . S tra in  3393/p is a single re p re se n ta tiv e  of the  m e la n in  
positive griseus ty p e  re la te d  to  Str. m ich iganensis. T his cu ltu re  w ith  th e  
excep tion  o f  its  ac tio n  on lac to se  and  in u lin . is s im ila r  in  carbon source u t i l i ­
zation  sp e c tru m  to  S ir. m ichiganensis  E T H  9001 ty p e  s tra in . B o th  3393/p a n d  
E T H  9001 are  1-xylose, 1 -arab inose , d -fru c to se , d -ga lac tose , m altose  a n d  
d -m an n ito l p o sitive , an d  1-rham nose, sucrose, ineso-inosito l, raffinose a n d  
d -so rb ito l n eg a tiv e . In  view  o f its  s im ilar c u ltu ra l an d  physiological c h a ra c te rs , 
s tra in  3393/p can be reg a rd ed  as a v a r ia n t o f S tr. m ichiganensis.

4 Acta Microbiologica Academiae Scienliarum Hungaricae 13 (1966)
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Table I

K ey to the differentiation of the Streptom yces griseus group

.,G r i s e u  s’*

Lactose'
l

A.globispo- 
rus roseus 

515

Arabinose 
Viomycin*

Rhamnose“ Salicin' Salicin+ 
I  Sorbitol' Sorbitol 

coelicolor I 
CBS S.puniceus 
.  13-14-5

Loctose+
Malt

S.chryso-

Nitrate red.*

l
A.longisporo- 
flavus I NA 

81/53

Nitrate red. A.flavido- Nitrate red.* Nitrate re d '
virens INA /  N  ^  N  .

12 287 Melanin Melanin* Melanin Melanin*S.niveus 
NRRL2466

Cellulose*

H2s* h2s* 4 7 \  I
S.thiolute- /  X  S.rubrire 

abilcoensis S.oTbi- us26-A /  \
Z-1-6 reticuli Mediocidin* Viomycin*

3724 /  I

Cellulose
^  4

Hudr.of Hudr.of
sfarch“ sfprch*

rubrireticuli I |nosi£7* > n0sit0| -

Mediocidin* Yiomucin*

/  i
S.mediocidicus S.olivoreticuli

535-A-1 100

A.biverticilla- 
tus INA 11189a

Raffinose
Sucrose*

Heptaen antib*
(kandicidin)

^ --------------
Arabinose

Raffinose" 
Sucrose " 

Antinomycin X*

Arabinose* Arabinose
Actinomycin X* Streptomycin*

. r, I  s.griseus V doi' imo A.condidus Asperg.
A.fluorescens 592 |Kru 3463 NBI!L 21,18 1,878 niqer+

Milk coag.
A.raffinosus

Act.sp.VNIlA 
670 -41

Asperq. 
niger*

A levons 890 S.griseus 3570

Raffinose 
Sucrose *

S.scabies 
/  IFO 311/CBS

S.hiroshimensis 
201

S.roseoverticilla- 
tus 462

•Grisein *

3 *S.gnsemus
H-12
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N u m ero u s griseus s tra in s  e x e rtin g  an  in h ib ito ry  ac tio n  on y easts  h a v e  
been iso la ted  also from  horizon A h - T hese o rgan ism s belonged to  A ct. levoris 
and  show ed th e  p ro p ertie s  described  for th e  la b o ra to ry  ty p e  s tra in  o f  th is  
species ( In t. C om m on. E x p .: 5202). T he follow ing carbon  u tiliza tio n  sp e c tru m  
is c h a ra c te r is tic  o f A ct. levoris: 1 -arab inose , d -xy lose , d -m an n ito l a n d  d- 
fru c to se  p ositive ; sucrose, i-inosito l, rh am n o se , ra ffin o se  an d  cellulose n e g a tiv e . 
The s tra in s  w ere iden tica l in ev e ry  re sp ec t w ith  m em bers o f a griseus p o p u la tio n  
d esig n a ted  R -l-1 6 , w hich h ad  been iso la ted  from  re n d z in a  soil o f s im ilar o rig in  
and  described  as A ct. levoris [8].

G riseus s tra in s  belonging to  th e  th ird  group  a re  rep re sen ted  in T ab le  I  b y  
s tra in  4155. T his cu ltu re  is id e n tic a l w ith  A ct. vulgaris  N ik itin a  e t al. [9], an  
o rgan ism  com m only  found in d iffe ren t soil ty p es.

T he fo u r th  g roup  o f our griseus s tra in s  is rep re se n te d  in T ab le  I  b y  
s tra in s  3014/p an d  2878/p. T hese tw o  s tra in s , w hich  d iffered  in som e less 
im p o r ta n t c h a ra c te rs , w ere closely re la te d  to , o r id en tica l w ith , A ct. citreo- 
fluorescens  a n d  som ew hat less closely  re la te d  to  A ct. pneum onicus. T hese c u l­
tu res  w ere ty p ic a l a v e rtic illa tu s , m elan in  or T resn er-D an g a  n eg a tiv e , rh a m n o se  
and  a rab in o se  positive , raffinose  a n d  sucrose n e g a tiv e  organism s.

D iscussion

S tre p to m y c e te s  belonging to  th e  griseus g ro u p  iso la ted  from  th e  in te s tin a l 
t r a c t  an d  ex crem en ts  o f B ibio m a r d  la rv ae  w ere d iffe ren t from  th e  g riseus- 
s tra in s  occu rrin g  in  th e  Afy-horizon. A ct. levoris [10], an  organism  co m m o n ly  
occu rrin g  in  th e  deeper lay e r of th e  horizon  A h , has n o t been  revealed  in  th e  
in te s tin a l t r a c t  of Bibio  la rv ae . In  c o n tra s t, A ct. vulgaris, w hich is also a c h a r ­
ac te ris tic  soil in h ab itin g  m icroo rgan ism  o ccu rred  re la tiv e ly  freq u en tly  in  th e  
in te s tin a l c an a l. T he frequency  o f d is tr ib u tio n  o f ac tin o m y cè tes  varies co n sid ­
e rab ly  acco rd in g  to  horizons o f d iffe ren t soil ty p e s  [11]. T herefo re, on ly  th e  
spores or v e g e ta tiv e  form s of c e r ta in  species consum ed  to g e th e r w ith  o rg an ic  
soil su b stan ces  are  su b jec t to  th e  selec tive  process ta k in g  p lace in th e  in te s ­
tin a l f lo ra  o f  soil in h a b itin g  an im als . In  horizons A00 and  A p and  in  th e  to p  
(1 —2 cm ) la y e r  of th e  A H ho rizon  o f  th e  ex am in ed  m ull-like ren d z in a , th e  
o rgan ic  su b stan ces  o f w hich are  co n tin u o u sly  passed  th ro u g h  th e  in te s tin a l 
t r a c t  o f  B ib io  m a rd  la rv ae , A ct. vulgaris  and  A ct. citreofluorescens w ere o n ly  
rev ea led , w hereas A ct. levoris te n d e d  to  occur m ore f re q u e n tly  only in  h o rizo n  
A//, especia lly  in th e  deeper lay e r o f calcium  c a rb o n a te  accu m u la tio n  [8 ].

■I* Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)
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INCIDENCE OF RHODOTORULA SPECIES IN URBAN AIR
B y

G y ö r g y i  V orös- F e l k a i

National Institute o f  Public  Health (Director: T .  B a k á c s ) ,  Budapest  

(R eceived  Novem ber 20, 1965)

Summary. In connection w ith investigations into urban air pollution, the yeast flora  
o f air has been exam ined. The m ost com m on organisms occurring in urban air were Rhodo- 
torula and Cryptococcus species.

No seasonal difference was observed in  the incidence of the isolated  100 Rhodotorula  
strains representing 12 species. Of the isolates, 34 per cent belonged to Rh. glutinis,  26 per 
cent to Rh. mucilaginosa,  16 per cent to Rh. rubra and 11 per cen t to Rh. minuta.

The findings indicate th a t in  the search for sources o f hum an m ycoses the microflora  
of air should also be considered.

A lth o u g h  recen t ex ten siv e  investig a tio n s h a v e  considerab ly  in creased  
our know ledge o f th e  ecology o f  y eas ts , few au th o rs  h av e  exam ined  th e  inc idence  
o f these  o rgan ism s in  a ir. Y easts  have been d e te c te d  in  a ltitu d e s  exceed ing  
2000 m etres , in  th e  a ir o f oceans and  n o rth  p o la r reg ions and  especia lly  
fre q u e n tly  in tro p ic a l air [4]. R e c e n t stud ies h av e  show n th a t  th e  incidence o f 
y eas ts  show s a d iu rn a l v a r ia tio n , nam ely , th ese  o rg an ism s can m ain ly  be 
d e tec ted  a t  n ig h t and  in  th e  ea rly  m orning  h ours [9]. As y easts  f re q u e n tly  
occur in soil [1, 10, 13, 14], th e y  p ro b ab ly  get in to  th e  a ir  on d u s t p a rtic le s . In  
th e  l i te ra tu re  th e re  are no d e ta iled  references as to  th e  species d is tr ib u tio n  o f 
y eas ts  occu rrin g  in a ir, b u t  for Ш Me n n a ’s re p o r t  [12] on several species 
iso la ted  from  in d o o r air.

The p re sen t s tud ies w ere begun  in 1964 as p a r t  o f  an  in v estiga tion  in to  
th e  p o llu tion  o f o u td o o r a ir in B u d ap est. R h o d o to ru la  an d  C ryptococcus w ere 
th e  m ost com m only  e n co u n te red  y e a s t species. T he p re sen t paper deals w ith  
th e  ex am in a tio n  o f R h o d o to ru la  s tra in s .

R o u tin e  experience an d  d a ta  described in th e  l i te ra tu re  in d ica te  t h a t  
ca ro tin o id  p ig m en t-co n ta in in g  y easts  are  fre q u e n tly  iso la ted  from  h u m a n  
m ate ria l. T h e  su rface  o f th e  sk in  con ta in s m ost fre q u e n tly  Rhodotorula m ucila ­
ginosa, R h. m inu ta  and  R h. g lu tin is  |2 , 8]. These species w ere also d e tec ted  in  
th e  re sp ira to ry  t r a c t  [24]. R h. m ucilaginosa  an d  R h . m inu ta  are com m on 
m em bers o f  th e  gen ita l y e a s t f lo ra  [19]. F rom  th e  gall b lad d e r and d u o d en a l 
ju ice  m ain ly  R h o d o to ru la  species can be iso la ted , u su a lly  Rh. m ucilaginosa  
and  Rh. rubra, less f re q u e n tly  Rh. g lu tin is , R h. aurantiaca  and  Rh. m in u ta  
[2, 21]. A lth o u g h  these o rgan ism s are  generally  re g a rd ed  as no n -p a th o g en ic ,
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so m e  y eas ts  iso la ted  from  in fec ted  gall b la d d e rs  belonged to  R h o d o to ru la  [22], 
a n d  R h o d o to ru la  fu n g iaem ia  has been  d esc rib ed  as a com p lica tio n  o f  s ta p h y lo ­
co cca l endocard itis  [23]. R h. m ucilaginosa  m ay  give rise  to  exp erim en ta l 
m y co sis  in w hite m ice [14a].

O ur in v estig a tio n s in d ic a te  th a t  th e  a ir ’s y eas t f lo ra  should  no t be 
n e g le c te d  in th e  search  fo r in fec tiv e  sources. T h e  p resen t p a p e r gives an  accoun t 
o f  R h o d o to ru la  species.

M aterials an d  m ethods

During a 14 m onth period betw een April, 1964, and August, 1965, w ith  the exception  
o f  th e  cold months January, February and M arch, tw o samples were taken  daily  (one in the 
m orn in g  and one at noon) by the sta ff o f our laboratory. Petri dishes containing molasses 
agar w ere exposed for 15 m inutes on the top o f a 20 m etre high building situated  at a busy  
tra ffic  centre (N agyvárad tér, B udapest IX ). The plates were incubated in  a dim  place at room  
tem p eratu re  for 2 to 4 days. Rhodotorula colonies were transferred to m olasses agar slants 
th e n , in  order to obtain pure cultures, were streaked onto P a g a n o — L e v i n — T r e j o  plates [17].

Identification  of the cultures was based on m ethods described in  L o u d e r  and K r e g e r - 
v a n  R i j ’s monograph [11]. The follow ing exam inations were carried out: pseudom ycelium  
p rod u ction  on potato agar, m acrocolony form ation and size of cells on m alt extract agar, 
size  o f  cells in m alt extract cultures, carbon source assim ilation , nitrogen source assim ilation, 
turb id im etric  m easurem ent o f growth in  ethanol as a sole source of carbon, c leavage of arbutin, 
produ ction  of starch.

R esu lts anil d iscussion

D uring  th e  14 m o n th s  o b se rv a tio n  p erio d , 100 R h o d o to ru la  s tra in s  were 
iso la te d . The incidence (also p e rcen tag e  d is tr ib u tio n )  of p in k  p ig m en t-p ro d u c in g  
y e a s t  s tra in s  was as follow s. R h. g lu tin is  (F res .) H arrison , 34; R h . m ucilaginosa  
( Jö rg .)  H arrison , 26; R li. rubra (D em m e) L odder, 16; R h. m in u ta  (Saito) 
H a r r is o n , 11; R h. zsoltii G algóczy e t N o v ák , 4; R h. g ra m in is  d i M enna, 2; 
R h . s lo o ffii N ovák  e t Y ö rös-F e lka i, 1; R h . aurantiaca  (S aito) L o d d er 1; R h. 
m a r in a  P haff, M rak  e t W illiam s, 1; Rhodotorula penea i P h a ff , M rak  et 
W illiam s  1; R h. laryngis  R eiersö l, 1; F la v o to ru la  sp ., 2.

T ab le  I shows m o n th ly  inc idence  o f  th e  iso la ted  cu ltu re s . I t  is seen th a t  
th e r e  w as no seasonal d ifference in  th e  d is tr ib u tio n  o f species.

T ab le  I I  p resen ts  th e  m orpho log ica l an d  physio logical c h a ra c te rs  of th e  
s tr a in s .

C lassification  o f th e  100 R h o d o to ru la  s tra in s  was b ased  on L o d d e r  and  
К  r e g e r -v a n  R i j ’s m o n o g rap h  [11] a n d  on th e  stud ies o f  H a s e g a w a , B a nn o  
a n d  Y am auch i  [6, 7] a n d  N o vák  an d  Z solt  [15].

L o d d e r  and  K r e g e r -v a n  R ij  [11] in c lu d ed  7 species an d  1 v a rie ty  in 
t h e  genus R h o d o to ru la . T hese w ere d is tin g u ish ed  on th e  basis  o f  n itra te  
a ss im ila tio n , su g ar u tiliz a tio n , m o rp h o lo g y  and  size o f cells an d  colour of 
co lon ies (R h . g lu tin is , R h . g lu tin is  v a r . rubescens, R h. aurantiaca, R h . pa llida , 
R h . m in u ta , Rh. rubra, R h . m ucilaginosa, R h . f la v a ) .
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Monthly distribution o f  Rhodotorula species isolated from  air 
Observation period, Apri l ,  1964 — August,  1965

Table I
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Rhodotorula g l u t in i s ..................... l l 1 3 l 8 4 l i 3 2 3 5 34

Rhodotorula m u c i la g in o sa ......... 3 2 4 2 4 3 4 4 2 6

Rhodotorula rubra ....................... l 3 1 2 l 3 2 1 1 1 1 6

Rhodotorula minuta  ..................... 2 1 2 3 2 1 11

Rhodotorula g r a m in i s ................... 1 1 2

Rhodotorula zsollii ....................... 1 1 2 4

Rhodotorula slooffii ..................... 1 1

Rhodotorula aurantiaca .............. 1 1

Rhodotorula laryngis  ................... l 1

Rhodotorula marina  ................... 1 1

Rhodotorula p e n e a i ....................... 1 1

Flavotorula s p .................................. 1 1 2

T o t a l .................................................... 7 10 8 7 2 11 6 8 4 10 8 l 8 10 1 0 0

H a s e g a w a  in 1958 [5] u n ite d  Rh. m ucilaginosa  an d  Rh. rubra in to  oue 
species (R li. rubra). H e re g a rd ed  R h . aurantiaca  as a v a r ia n t  o f R h. g lu tin is . 
On th e  basis o f p ig m en t p ro d u c tio n , H a s e g a w a , B a n n o  an d  Y am auch i  [6, 7] 
reco m m en d ed  th e  es tab lish m en t o f tw o su b g en era : 1. R u b ro to ru la  su b g en . 
H asegaw a, B anno  e t Y am au ch i inc lud ing  yellow ish-red  an d  o range rh o d o - 
to ru la e ; 2. F la v o to ru la  subgen . H asegaw a, B anno  e t Y am au ch i in c lu d in g  
yellow ish  rh o d o to ru lae . Som e C ryptococcus species w ere also classified in  th e  
la t te r  su b genus. Subgenus R h o d o to ru la  co n ta in ed  7 species: R h. g lu tin is , R h . 
rubra , Rh. macerans, R h. lactosa, R h . m arina , R h . texensis an d  R h. p a llida .

In c lu d in g  in to  th e ir  sy stem  all know n rh o d o to ru la e , N ovak  and  Z solt  
in  1961 [15] d istingu ished  12 species (R h . p a llida , Rh. m in u ta , lilt, texensis, 
Rlt. g ra m in is , Rh. crocea, R h. m ucilaginosa, R h . rubra, R h. g lu tin is , Rh. m arina , 
R h. f la v a , R h . peneai and R h. m acerans) .

O ur 34 R h . g lu tin is  s tra in s  w ere easy to  classify . All cu ltu res  p ro d u ced  
sm o o th , m uco id , o range coloured colonies, in tra c e llu la r  fa t  globules 5.2 — 7.8 p, 
in  d iam e te r, an d  un iform  n itr a te  an d  sugar reac tio n s . A rb u tin  w as decom posed  
b y  all s tra in s . E th a n o l was assim ila ted  by  a b o u t 50 p er cen t of th e  iso la te s . 
A ccord ing  to  L o d d e r  and  K r e g e r -v a n  R i j , an d  N ovak  and  Zsolt , th is
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Table II

Physiological and morphological properlie

Rhodotorula species
D G

Sugar ass 

S

im itation

M L R

NO,
ass.

Starch
prod.

Ethanol
ass.

A rbutin
decomp.

Rh. g l u t i n i s .............. + + + + + + - d +

Rh. mucilaginosa . . + + + + — + - - d +

Rh. r u b r a ................... + + + + — + - - + d

Rh. minuta  .............. + + + - — + - - - -

Rh. g r a m i n i s ............ + + + — — + + — d

Rh. zsoltii  ................ + + + — — — — — — +

Rh. slooffii .............. + + + - + - - — - +

Rh. aurantiaca . . . . + + + — — + — — +

Rh. laryngis  ............ + + + + — — — — — +
Rh. m a r i n a .............. + + + + + + — — - +
Rh. p e n e a i ................ + -1- + + + + + — +
Flavotorula sp. + + + + — + + — d <i

A bbreviations: D =  dextrose, G =  galactose, S =  sucrose, M =  m altose, L =  lactose, R =  raf- 
finose, d =  different

species u tilizes e th a n o l; in  c o n tra s t, H a s e g a w a  e t al. described  R h . g lu tin is  as 
a c tin g  on e th an o l p o o rly  or n o t a t  all.

M ore d ifficu lty  w as en co u n te red  in  id en tify in g  R h . m ucilaginosa  and  
R h . rubra  s tra in s . In  su g a r reac tio n s a n d  n i t r a te  n e g a tiv ity  all s tra in s  were 
u n ifo rm . A ccord ing  to  colonial m o rpho logy  a fte r  30 days in c u b a tio n , th e  
s tra in s  w ere d iv ided  in to  2 groups: on m a lt  agar 26 s tra in s  p ro d u ced  sm oo th , 
m u co id , g lis ten ing  lig h t o range co lou red  colonies; 16 s tra in s  fo rm ed  n o n ­
m u co id , w ax y , rugose  colonies red  in  co lour. T he size o f cells w as sim ilar in 
b o th  groups. T he 26 sm o o th , m ucoid  s tra in s  u n ifo rm ly  decom posed a rb u tin  
a n d  a c te d  v a r ia b ly  u p o n  e th a n o l; th e  16 n o n -m u co id , rugose s tra in s  assim ila ted  
e th a n o l u n ifo rm ly , b u t  exercised  a v a r ia b le  effect on a rb u tin . On th e  basis o f 
L o d d e r  an d  K r e g e r -v a n  R i j ’s d a ta , th e  f irs t group o f  iso lates shou ld  be 
in c lu d ed  in to  R h. m ucilaginosa. M em bers o f  th e  second g roup , ex cep t th e  size 
o f  cells, show  th e  p ro p e rtie s  o f R h. rubra. A ccord ing  to  H a s e g a w a  [5], th e  
u n ite d  Rh. rubra  species decom poses a rb u tin , u tilizes e th an o l w eak ly  and 
p ro d u ces sm o o th , g lis ten in g , m ucoid  colonies. O ur o b se rv a tio n s in d ica te  th a t
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o f  yeasts isolated from air

Colonial moiphology und size of m alt agar culture cells, f i Size of m alt b ro th  cu ltu re  cells, ц

Sm ooth, m ucoid, glistening, orange colonies; 2 - 3 .2 X 3 .9 - 5 . 2

2 —3 .9 X 3 .9  -5.2 fat globules, 5.2 7.8 j u  0

Sm ooth, m ucoid, glistening, light orange colonies: 2 .6 - 3 .9 X 3 .9 - 7 .8

2.6 —3 .9 X 3 .9  —6.5
W axy, rugose, red colonies; 2.6 — 3 .9X 3 .9  -5.2

2 .6 - 3 .9  X 3.2 5.2 fat globules, 2.6 — 5.2 // 0

Som ewhat m ucoid, glistening, light red colonies;

2.6 3 .2 X 3 .9 - 5 .7 2.6 3 .9X 3 .9  6.5

Mucoid, glistening,flesh coloured colonies; 2.6 —3.2 X 3.9 —5.7 3.2 — 3 .9 X 3 .9  — 5.2

Flesh coloured, w axy colonies; 2.6 3 .9 X 3 .9  — 6.5 2.0 3 .9X 3 .9  5.2

Flesh coloured, waxy colonies; 2.6 3 .2 X 3 .2  — 5.2 2.0 3 .2X 3 .2  -5.2

G listening, somewhat mucoid, red colonies;

2 .6 - 3 .9 X 5 .2 X 7 .8 2.6—3 .9 X 5 .2  - 7 .6

G listening, mucoid red colonies; 3.2 — 5 .2 x 5 .2  10.4 2.6 — 3 .2 X 5 .2  — 7.8

G listening, w axy, red colonies; 3.2 — 5.2 X 5.6 — 7.8 2.6 3 .9 X 5 .2  -7 .8

G listening, w axy, red colonies; 2.6 — 5.2 X 3.9 — 7.8 2.6 -5 .2X 3 .9  7.8

W axy, yellow or flesh coloured colonies;

til ese p ro p e rtie s  are c h a ra c te ris tic  o f  R h. m ucilaginosa  on ly ; th e re fo re , th is  
species shou ld  be sep ara ted  from  R h. rubra, th o u g h  b o th  give s im ila r su g a r  and  
n itr a te  assim ila tio n  reac tio n s.

E leven  cu ltu res w ere c lassified  as R h. m inu ta ;  these s tra in s  a ss im ila ted  
ra ffinose  in ad d itio n  to  glucose, g a lac to se  an d  sucrose, and  d id  n o t  a t ta c k  
a rb u tin  an d  e th an o l. H a se g a w a  et al. reg a rd ed  R h. m inuta  as a v a r ia n t  o f 
R h . texensis. A ccording to  Galgóczy  a n d  N ovak  [3], c lassifica tio n  o f  th e  
lac to se -n o n -assim ila tin g  R h. m inu ta  in to  th e  species Rh. texensis  is h a rd ly  
ju s tif ia b le . As none of our 11 s tra in s  a ss im ila ted  lactose, all o f  th e m  w ere 
id en tified  as R h. m inuta.

O ne s tra in  belonged to  R h. sloo ffii [16], 4 s tra in s to  R h . zso ltii [3]. 
M em bers o f th ese  recen tly  described  tw o species p roduced  w ax y , n o n -m u co id , 
flesh  coloured  colonies. T he tw o  species d iffered  in th e  assim ila tion  o f  lac to se .

H a se g a w a  et al. reg a rd ed  R h. aurantiaca  as a v a r ia n t o f R h . g lu tin is .  O ur 
s tra in , u n lik e  o th e r Rh. g lu tin is  cu ltu re s , d id  n o t assim ilate  ra ffinose .

O ne o f o u r s tra in s  co rresponded  to ^Rh. laryngis described b y  R e ie r sö l

[18].
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Two stra in s  iso la te d  from  air p roduced  y e llow ish  flesh-coloured colonies. 
T h ese  s ta rc h -n o n -p ro d u c in g  cultures, on th e  b asis  o f  th e ir  p igm ent p ro d u c tio n , 
w ere  classified as b e lo n g in g  to  subgenus F la v o to ru la . T hey  were n o t id en tica l 
w ith  R h. flava  o f  H a s e g a w a  et al. [7], b ecau se  th e y  assim ila ted  n i t r a te  b u t  
n o t  lactose. In  a s s im ila tio n  properties b o th  s tra in s  resem bled R h. g lu tin is .

I t  is in te re s tin g  t h a t  air pollution e x a m in a tio n s  y ielded  m ost fre q u e n tly  
R h o d o to ru la  an d  C ry p to co ccu s species. T hese  o rgan ism s produce ca ro tin o id  
p ig m en t and are o f te n  en cap su la ted . T he cap su le  as well as th e  p ig m en t m ay  
p ro te c t the  cells a g a in s t harm fu l e n v iro n m en ta l effects. E lucidation  o f th is  
q u es tio n , i. e. w h e th e r  th e s e  species are or a re  n o t  m ore  re s is ta n t to  te m p e ra tu re  
o r h u m id ity  a lte ra tio n s , d ry in g , and u ltra v io le t  ra y s , th a n  o th e r y e a s ts , a- 
w a its  fu rth e r  in v e s tig a tio n s .
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Sum m ary . B y use of the replica p lating  technique the assim ilation and utilization as 
carbon and nitrogen sources o f 10 organic acids and 11 amino acids have been exam ined. 
The results obtained w ith  one strain of each o f 25 different yeast species were evaluated in  
view  o f taxonom ical and physiological im portance. The replica plating technique, owing to  
the low  nitrogen requirem ent of the m ajority  o f  the exam ined species, was found unsuitable  
for nitrogen source determ ination.

E x am in a tio n  o f n u tr ie n t  sources o f  yeasts  is im p o r ta n t  b o th  physio log ica l­
ly  a n d  tax o n o m ica lly . In  view  of th e  p ra c tic a l im p o rtan ce  o f those  organ ism s, 
ex ten s iv e  investig a tio n s have  been p erfo rm ed  in to  th e ir  c a rb o h y d ra te  u t i l i ­
z a tio n . A lthough  E h rlich  [2] in 1907 a lre a d y  po in ted  o u t th e  ro le  o f am ino acid  
fe rm e n ta tio n  in th e  p ro d u c tio n  o f fu se l oils, less a t te n tio n  has so fa r been paid  
to  o th e r  carbon  an d  energy  sources. As to  am ino acids, s tu d ie s  have  m ain ly  
been  focussed on th e ir  u tiliz a tio n  as n itro g en  sources [3, 14]. Less ex tensive  
ex am in a tio n s  have  been carried  o u t  on am ino acids as ca rb o n  sources [17]. 
In v e s tig a tio n s  in to  th e  m echan ism  o f  u tiliz a tio n  h av e  been  lim ite d  to  a sm all 
n u m b e r  o f species. R esu lts  of som e o r ie n ta tio n  ex p e rim en ts  p erfo rm ed  w ith  
la rg e r num bers of species w ere fo u n d  u n su ita b le  b y  L o d d e r  an d  K r e g e r -v a n  
R i .) for c lassification  purposes [8 ].

A ssim ilation  ex p erim en ts  w ith  o rg an ic  acids h av e  m ain ly  been re s tr ic te d  
to  su b stan ces invo lved  in th e  c i tr a te  cycle and  in g lycolysis. In  classify ing  
ascosporogenic y eas ts , K u d r j a w z e w  [5, 6] was th e  f ir s t  to  ta k e  organ ic  acid 
a ssim ila tio n  in to  co n sid era tio n . W ic k e r h a m  an d  R u r t o n  [23] recom m ended  
th e  ex tension  of th e  sp ec tru m  o f a ss im ila tio n  te s ts  for d iag n o stic  pu rp o ses: in 
ad d itio n  to  sugars, glucosides and  alcoho ls th e y  used  o rgan ic  ac ids. T his m e th o d , 
w ith  som e m od ifica tions, was a d o p te d  b y  o th e r in v e s tig a to rs  for th e  c lassifi­
c a tio n  o f new  species and  for th e  m o n o g rap h ic  d escrip tio n  o f ce rta in  genera
[19 - 2 1 ,  4 ].

T he p resen t ex p erim en ts  h ad  tw o  m ain  pu rposes, viz. (1) to  check on a 
la rg e r  m ateria l th e  re lia b ility  of th e  rep lica  p la tin g  te c h n iq u e  o rig inally  d e ­
scrib ed  for genetic  s tu d ies  b y  L e d e r b e r g  and  L e d e r b e r g  [7] an d  used  for 
te s tin g  su g ar assim ila tion  in y easts  b y  S h i f r i n e  et al. [15]; an d  (2) to  o b ta in  
o r ie n ta tio n  d a ta  for fu r th e r  ta x o n o m ic a l and  physio log ica l ex p erim en ts  b y
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exam in in g  th e  u t i l iz a tio n  o f 10 o rgan ic  an d  11 am ino ac ids b y  25 y e a s t species. 
I t  has, how ever, b een  th o u g h t ad v isab le  to  deal s e p a ra te ly  w ith  th e  role o f 
am ino  acids as ca rb o n  a n d  n itrogen  a n d  s im u ltan eo u s ca rb o n -n itro g en  sources.

M aterials and m ethods

A ssim ila tion  experim ents were perform ed w ith the replica p lating m ethod described 
b y  L e d e r b e r g  and L e d e r b e r g  [7 ]  for the iso lation  of bacterial m utan ts. The same technique 
w as used by S h i f r i n e  et al. [15 ] for the exam ination  of carbon source assim ilation by yeasts. 
Our experim ents were carried out as follow s.

Cultures representing 25 different y ea st species were inoculated  b y  needle point onto 
one Sabouraud glucose agar plate 9 cm in diam eter, so as to obtain iso lated  colonies after two  
d a y s’ incubation at 26°C. B y  means of a ve lv e teen  stam p attached to a plexiglass block, from  
th is “ m aster” p late the 25 colonies were rep licated to agar p lates containing different test  
substances. One m aster p late was sufficient for the preparation of 5 replica plates. W hen more 
transfers were required, the first m aster p late was replicated to several Sabouraud glucose 
agar plates and these secondary m aster p lates were used for inoculating the test plates.

Cultures. The follow ing yeast species iso lated  from hum an sources were used: Procandida  
albicans 85/57, P rocandida tropicalis 570/60, A zym ocandida rugósa 463/60, Candida krusei 
387/60, Candida reukau fii Nr. 1, Candida fa m a ta  375/60, Candida solani 488/60, Candida p a ra - 
p silo sis  474/60, C andida u tilis  25/58, Candida guillierm ondii 372/59, C andida pseudotropicalis 
61/60, Cryptococcus neoformans 343/60, Cryptococcus diffluens 255/59, Cryptococcus albidus 
313/59, Rhodotorula m ucilaginosa  373/60, Rhodotorula g lu tin is  518/59, Rhodotorulaf la v a  289/58, 
H ansenula anomala 54/59, Dekkeromyces fra g ilis  500/59, Geotrichum lin k ii  132/57, Geotrichum 
candidum  468/60, Geotrichum matalense 92/58, Torulopsis glabrata  465/60, Torulopsis incon- 
spicua  435/60, Trichosporon cutaneum  436/59.

Organic acids and am ino acids. A cetic, lactic, succinic, fum aric, m alic, tartaric, citric, 
oxalic , malonic and 1-ascorbic acid, glycine, 1-alpha-alanine, 1-cysteine, 1-aspartic acid, 
1-asparagine, 1-glutam ic acid, 1-glutam ine, 1-valine, 1-m ethionine, 1-arginine and 1-histidine. 
Organic acids were used  at 0.2 M  concentration and pH  5.9— 6.1. Am ino acids were used as 
carbon sources at 0.2 M , as nitrogen sources a t 0.02 M  (nitrogen), as sim ultaneous carbon =  
nitrogen sources at 0.2 M  concentration at pH  6 .0— 6.2. The test m edium  em ployed for 
auxanographic sugar assim ilation  experim ents for identification  o f yeasts [8, 24] served as 
a basal medium. In  th is m edium  the above carbon sources were su bstitu ted  for glucose and 
the above nitrogen sources were substitu ted  for am m onium  sulphate. W hen amino acids were 
tested  as sim ultaneous carbon and nitrogen sources, the corresponding amino acid was sub­
stitu ted  for both  g lucose and ammonium su lphate. Control plates were also prepared from the  
basal medium. In carbon source exam inations one control was represented by the original, 
the other by a glucose-free medium. In nitrogen source determ inations, in addition to the  
com plete medium , an am m onium  sulphate-free m edium  was em ployed. In sim ultaneous carbon- 
nitrogen utilization  experim ents the controls were a com plete, a glucose-free, an ammonium  
sulphate-free and a glucose-am m onium  su lphate-free medium . The m edia were prepared from  
w ashed agar. A schem e show ing the em ployed test and control m edia is presented in Table I.

Two experim ents were made in duplicate on two occasions. Colony developm ent was 
observed daily and the degree of growth as com pared to the control w as expressed on the  
basis of an arbitrary scale. R eadings were recorded as: 1 very w eak, 2 =  weak and 4 =  good  
growth.

R esu lts

T able I I  p re se n ts  th e  re su lt o f  o rgan ic  acid u tiliz a tio n  a fte r  6  days 
in c u b a tio n . T h e  th re e  k inds o f e x am in a tio n s  w ith  am ino  acids are show n in 
T ab les H I /а , I l l / b  an d  II I /c .

I t  should  be m en tio n ed  th a t  on am m onium  su lp h a te -fre e  con tro l p la te s  
sev era l s tra in s  e x h ib ite d  a poor g ro w th ; som e s tra in s , h o w ever, grew  well on 
th is  m edium . T h u s  th e  ev a lu a tio n  o f  n itro g en  source ex p e rim en ts  in  th e  case 
o f  th e  la t te r  was d iff ic u lt or som etim es even im possib le.
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Scheme o f assim ilation experiments

Tabic I

T e s t  m ed ia  C ontro l m ed ia

Simultane-

N egative control P ositive
control

C source N source ous
C and N  

source
C source N source

Sim ultane­
ous

G and N  
source

Complete

Organic 
or amino 
acid

Glucose Amino acid — Glucose - Glucose

(NH4)2S04 Am ino acid Amino acid (NH4)2s o 4 — — (NH4)2S 04

Inorganic
salts

Inorganic
salts

Inorganic
salts

Inorganic
salts

Inorgan­
ic salts

Inorganic
salts

Inorganic
salts

D iscussion

T ab le  I I  in d ic a te s  th a t  am ong  th e  acids acetic  acid  w as th e  one a ss im ila te d  
m o st com m only  an d  effec tively . L ac tic , succinic, c itric , m alic, asco rb ic , 
fu m aric , m alo n ic , ta r ta r ic  an d  o xalic  acids in  th a t  succession w ere a t ta c k e d  
less com m only  a n d  effectively . T h is o rd er, how ever, expresses n e ith e r  th e  
degree of en e rg y  y ie lded  b y , n o r th e  n u m b e r o f ca rb o n  a to m s c o n ta in e d  in , 
th e se  o rganic  ac ids. T he resu lts  m ay  be ex p la in ed  p a r t ly  b y  a d ifference in  th e  
u p ta k e  o f v a rio u s  organic acids [1 ], p a r t ly  b y  a d iffe ren t m e tab o lic  ro le  
(su b s tra te  or in h ib ito r)  o f th e  in c o rp o ra te d  su b stan ces  [13]. T he ro le o f m alon ic  
an d  oxalic  acids as m etabo lic  in h ib ito rs  shou ld  p a r tic u la r ly  be con sid ered . 
W ith  th e  ex cep tio n  of H ansenu ln  anom ala , w hich u tilized  m alonic ac id , th e  
exam ined  cu ltu re s  assim ila ted  w eak ly  b o th  su b stan ces. T hus i t  seem s d o u b tfu l 
w h e th e r re su lts  o b ta in ed  w ith  th e se  o rgan ic  acids in  a q u a n ti ta t iv e ly  less 
e x a c t te s t , a re  re liab le . If, how ever, i t  is ta k e n  in to  acco u n t th a t  th e re  w as a 
good ag reem en t am ong para lle l an d  re p e a te d  ex p erim en ts  and  th a t  b y  a 
su ita b le  e v a lu a tio n  scale n eg a tiv e  a n d  po sitiv e  re su lts  w ere well d is tin g u ish a b le , 
i t  is ev id en t t h a t  even if  th e  p o ss ib ility  o f  assim ila tion  is re jec ted , th e  f in d in g  is 
s till w o rth  o f co n sid e ra tio n . W ere th e se  sub stan ces in h ib ito ry , th e y  w o u ld  
in h ib it th e  m e tab o lism  fed from  th e  endogeneous reserve  o f cells an d , co n se ­
q u e n tly , th e  m u ltip lica tio n  o f th e  c u ltu re . A sim ilar re su lt, i. e. th e  absence  o f
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Organic acid utilization  by yeasts
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A
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bi

c 
ac
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Procandida a lb ic a n s ...................... 4 2 l 0 0 0 0 0 l 1

Procandida tro p ic a lis .................... 4 2 2 2 2 l 2 0 l l

Azym ocandida rugósa ................. 0 1 0 0 0 0 1 0 l 0

Candida krusei ................................ 4 4 4 0 1 2 2 0 l 2

Candida reukaufii ......................... 0 0 0 0 0 0 0 0 0 0

C andida fam ata  ............................. 4 1 4 0 2 0 2 0 0 0

C andida solani ................................ 2 0 1 0 0 0 2 0 0 1

Candida p a ra p s ilo s is .................... 4 2 4 2 2 0 2 0 0 1

Candida u t i l i s .................................. 4 4 4 2 4 1 4 0 1 2

Candida guillierm ondii ............... 4 2 4 4 4 1 2 1 1 1

Candida p seu do trop ica lis ............. 2 1 2 0 0 0 0 0 1 0

Torulopsis glabrata ................. 1 0 0 0 0 1 0 0 1 0

Torulopsis inconspicua ............ 1 1 1 0 1 0 1 0 0 ]

Hansenula anomala .................... 4 4 4 0 4 2 4 0 4 2

Dekkeromyces fra g ilis  ................. 2 1 2 0 1 1 1 1 1 1

Geotrichum l i n k i i ........................... 4 4 4 1 4 0 2 0 0 0

Geotrichum candidum  ................. 1 0 0 0 0 0 0 0 0 0

Geotrichum m atalense .................... 4 4 4 1 4 0 2 0 0 0

Trichosporon cutaneum  ............... 0 0 0 0 0 0 0 0 0 0

Cryptococcus neoformans .......... 0 1 0 0 1 1 1 1 0 1

Cryptococcus diffluens ................. 0 1 0 0 1 1 1 0 0 1

Cryptococcus albidus .................... 4 2 4 4 4 1 2 0 1 1

Rhodotorula m u c ila g in o sa .......... 2 2 2 2 2 0 1 1 0 0

Rhodotorula g lu t in is ...................... 2 2 2 2 2 0 0 0 0 0

Rhodotorula fla va  ......................... 2 4 4 4 4 0 2 0 0 0

in h ib itio n  and even  th e  assim ilation  o f th e  in h ib ito ry  ag en t was revealed  
ea rlie r for m alonic ac id  [9, 11, 12]. T hese f in d in g s  m ay  exp la in  th e  good g row th  
o f  H ansenula anom nla  in  th e  presence o f  m a lo n ic  acid . I t  shou ld  be n o ted  th a t  
re c e n t observa tions in d ic a te  th a t  m alonic  ac id  a ssim ila tion  b y  m icroorganism s 
is a less freq u en t b u t  n o t  an excep tional ph en o m en o n  [13]. No sim ilar find ings 
h a v e  been re p o r te d  fo r  oxalic  acid; th is  su b s ta n c e  is often  in h ib ito ry  even to  
con id ia l g e rm in a tio n  [9 ], a lthough  i t  is k n o w n  th a t  som e fungi are  able to  
ox id ize it when fo rm ed  as a m etabolic p ro d u c t  [2 2 ].

Acta Microbiologica Academiae Scientiarum  Hungaricae 13 (1966)



ORGANIC AND AMINO ACID ASSIMILATION BY YEASTS 63

Am ino acid utilization by yeasts

T abic  111a

l -a s p a r t ic  1- t lu ta m ie  |
a d d  l-a sp a rag in c  a d d  [ l-g lu tam in o

C N C -N c N C-N  C N C-N c N C-N

Procandida a lb ica n s ........................ 1 1 2 1 1 l 2 0 4 0 0 2
Procandida tro p ic a lis ..................... 2 1 4 4 2 4 4 2 4 4 1 4
Azym ocandida rugósa ................... 0 2 0 0 1 1 2 2 2 0 1 2
Candida k r u s e i ................................. 0 2 0 0 2 0 2 2 2 0 2 «

Candida reukaufii .......................... 0 0 0 0 0 0 1 0 1 0 0 0
Candida fam ata  .............................. 4 2 4 4 2 4 4 4 4 4 2 4
Candida solani ................................. 1 0 1 0 2 0 2 0 4 0 0 4
Candida p a ra p s ilo s is ..................... 4 2 4 4 2 4 4 2 4 4 1 4
Candida u t i l i s ................................... 0 0* 0 0 0* 1 2 0* 2 4 0* 2
Candida guillierm ondii ................. 4 1 4 4 2 4 4 0 4 4 0 4
Candida pseu do trop ica lis .............. 0 0 4 0 0 4 4 0 4 0 0 4
Torulopsis glabrata ........................ 0 0 0 0 0 0 1 0 1 0 0 0
Torulopsis inconspicua ................. 0 0 0 0 1 0 2 0 2 0 0 0
Hansenula anomala ..................... 1 0* 1 1 0* 1 2 0* 2 0 0* 2

Dekkeromyces fragilis  ................... 0 0 0 0 0 0 1 0 1 () 0 0
Geotrichum l i n k i i ............................ 4 2 4 4 4 4 4 4 4 4 4 4
Geotrichum candidum  ................... 0 0 0 0 0 0 1 0 1 0 0 0
Geotrichum m atalense ...................... 4 4 4 4 4 4 4 4 4 4 4 4
Trichosporon c u ta n eu m ................. 0 0 0 0 0 1 1 0 1 0 0 0
Cryptococcus neoformans ............ 0 2 0 0 2 0 0 0 0 0 2 1

Cryptococcus diffluens ................... 0 0 0 0 0 0 1 0 1 0 1) 0
Cryptococcus albidus ..................... 4 4 4 4 4 4 4 4 4 2 2 4
Rhodotorula m u cila g in o sa ............ 1 1 1 1 1 2 2 2 2 1 1 2
Rhodotorula glut i n i s ........................ 1 1 1 1 1 2 2 2 2 1 1 2
Rhodotorula flava  .......................... 4 1 1 4 1 2 2 2 2 4 1 2

O ur o rien ta tio n  ex p erim en ts  a re  u n su itab le  fo r a d e ta iled  analysis; i t  is 
n ev erth e less  ev iden t t h a t  o rganic ac ids w hich are  a ss im ila ted  e ith er by  m an y  
or b y  a few species a re  th e  m ost ad v an tag eo u s  fo r d iffe ren tia l d iagnostic  
pu rposes.

As regards o rgan ic  ac id  assim ila tio n , it shou ld  be  m e n tio n e d  th a t  Candida  
g u iltierm ond ii, Candida u tilis , Cryptococcus albidus a n d  Procandida tropicalis 
w ere po lyphagous, G eotrichum candidum  was m o n o p h ag o u s, an d  Azym ocandida  
rugósa , Torulopsis glabrata  were o ligophagous o rg an ism s. M em bers of o th e r  
species w ere m esophagous.
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Table I llb

Am ino acid utilization by yeasts

1-valine 1-m eth ion ine 1-a rg in in e 1-h istid ine

C N C -N c N C-N c N C -N C N C-N

Procandida a lb ic a n s ........................ 2 0 2 0 2 0 4 4 4 0 0 0

Procandida tro p ic a lis ..................... 2 0 2 0 2 0 4 4 4 0 0 0

Azym ocandida rugósa ................... 2 2 2 0 2 0 1 1 1 0 0 0

C andida k r u s e i ................................. 4 2 4 0 4 0 0 2 0 0 1 0

C andida reukaufii .......................... 1 0 1 0 0 0 0 0 0 0 0 0

C andida fam ata  ............................... 2 0 2 0 1 0 4 2 4 0 0 0

C andida solani ................................. 2 2 2 0 0 0 4 1 0 0 0 0

C andida p a r a p s ilo s is ..................... 2 2 2 0 2 0 4 2 4 0 1 0

C andida u t i l i s ................................... 2 0 * 4 0 0 * 0 0 0 * 0 0 0 * 0

C andida guillierm ondii ................. 2 2 2 0 4 0 4 2 4 0 1 0

C andida p seu do trop ica lis .............. 2 0 2 0 0 0 0 0 4 0 0 0

T orulopsis glabrata ........................ 1 0 2 0 0 0 0 0 0 0 0 0

T orulopsis inconspicua .............. 2 0 1 0 0 0 0 0 0 0 0 0

Ilansenula anomala ..................... 4 0 * 4 0 0 * 0 4 0 * 2 0 0 * 0

Dekkeromyces fra g ilis  ................... 2 0 2 0 0 0 0 0 0 0 0 0

Geotrichum l i n k i i ............................ 4 4 4 0 4 0 2 4 1 0 0 0

Geotrichum candidum  ................... 2 1 2 0 0 0 0 0 0 0 0 0

Geotrichum m ata lense ..................... 4 4 4 0 4 0 2 4 1 0 0 0

Trichosporon c u ta n e u m ................. 2 0 2 0 0 0 0 0 0 0 0 0

Cryptococcus neoformans ............ 2 0 4 0 0 0 0 2 0 0 2 0

Cryptococcus diffluens ................... 1 0 2 0 1 0 0 0 0 0 0 0

Cryptococcus albidus ..................... 2 1 2 0 0 0 4 4 4 0 2 0

Rhodotorula m u c ila g in o sa ............ 4 2 4 0 4 0 0 2 1 0 1 0

Rhodotorula g lu t in is ........................ 4 2 4 0 4 0 0 2 1 0 1 0

Rhodotorula f la v a  .......................... 4 2 4 0 4 0 0 2 1 4 1 0

As to  th e  am ino  ac ids, ca rb o n  source ex am in a tio n s an d  s im u ltaneous 
ca rb o n -n itro g en  source e x am in a tio n s  y ie lded  som ew hat d iss im ila r re su lts . As 
fu n g i u sua lly  req u ire  ca rb o n  sources po o r in  n itrogen  c o n te n t, th e  resu lts  were 
e x p e c te d  to  be s im ila r. T h e  d ifference in  th e  o rd er of am ino  acids u sed  as carbon  
so u rces  and  in  th e  o rd e r o f  am ino  acids u sed  as carbon  an d  n itro g e n  sources is 
in d ic a te d  in  T ab le  IV . A ccord ing ly , c e r ta in  am ino acids w ere a ss im ila ted  b e tte r  
as ca rb o n  sources an d  o th e rs  w ere u tiliz e d  m ore in ten s iv e ly  as s im u ltaneous 
ca rb o n -n itro g en  sources. T h e  f ir s t  o f  th e se  find ings m ay  be  ex p la in ed  b y  an 
im p ro v e d  assim ila tio n  o f  th e  am ino  ac id  w hen  an e x tran eo u s  n itro g e n  source 
is p ro v id ed  (N H 4 ions in  ca rb o n  source  ex am in a tio n s); th e  second  m igh t be
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T able  I I lc

Am ino acid utilization  by yeasts

G lycine 1-a -a lan in e -cysteine

C N C-N c N C-N c N C-N

Procandida a lb ica n s ................................. 0 l l 1 l 1 0 0 0

Procandida tro p ic a lis ............................... 0 1 0 4 2 4 0 0 «
A zym ocandida rugósa ............................ 0 l 0 () 0 1 0 0 0

Candida k r u s e i .......................................... 0 2 0 () 2 () 0 2 0

Candida reukaufii ................................... 0 0 0 0 1 0 0 0 0

Candida fa m a la  ........................................ 2 2 2 4 2 4 0 0 0

Candida solani .......................................... 0 0 0 0 2 0 0 0 0

Candida p a r a p s ilo s is ............................... 0 2 0 4 2 4 0 0 0

Candida u t i l i s ............................................ 0 0 * 0 4 0 * 4 0 0 » 0

Candida guillierm ondii .......................... 4 2 4 4 2 4 0 0 0

Candida pseu do trop ica lis ........................ 0 0 0 0 0 4 0 0 0

Torulopsis glabrata ................................. 0 0 0 0 0 0 0 0 0

Torulopsis inconspicua .......................... 0 0 0 0 0 0 0 0 0

Hansenula anomala ............................... 0 0 * 0 0 0 * 0 0 0 * 0

Dekkeromyces fragilis  ............................ 0 1 0 0 0 1 0 () 0

Geotrichum l i n k i i ...................................... 0 2 0 4 4 4 0 1 0

Geotrichum candidum  ............................. 0 0 0 0 0 0 0 0 0

Geotrichum matalense ............................ 0 4 0 4 4 4 0 2 0

Trichosporon c u ta n eu m .......................... 0 0 0 0 0 0 0 0 0

Cryptococcus neoformans ..................... 0 0 1 0 2 0 0 0 0

Cryptococcus diffluens ............................ 0 (1 0 0 0 0 0 0 0
Cryptococcus albidus ............................... 2 2 2 4 4 4 0 0 0
Rhodotorula m u cila g in o sa ..................... 1 2 1 1 2 1 0 1 0
Rhodotorula g lu t in is ................................. 1 2 1 1 2 1 0 1 0
Rhodotorula f la v a  ................................... 0 2 0 4 2 2 0 1 0

N ote to Tables I l ia ,  b , c: 0* =  Because of a heavy growth on glucose-containing control 
m edium , assim ilation as a nitrogen source could not be estim ated.

due to  th e  v e ry  presence o f  N H 4h ions, w hich  in h ib it th e  u p ta k e  or decom po­
s itio n  o f  th e  am ino acid . T h u s th e  rep lica  p la tin g  te c h n iq u e  seem s ad eq u a te  for 
s tu d y in g  u p ta k e , decom position , o r ass im ila tio n  o f su b stan ces . I t  is su itab le  
for a ra p id  and  b ro a d  sp ec tru m  co llec tion  of in te re s tin g  d a ta  w hich m ay  
c o n s titu te  a s ta r tin g  p o in t o f fu r th e r  d e ta iled  analyses.

As to  th e  a ssim ila tio n  o f am ino ac ids as carbon  a n d  s im u ltan eo u s carbon- 
n itro g en  sources, a b o u t 50 per cen t o f  th e  species ex am in ed  w ere defin ite ly  
p o ly p h ag o u s; 7 species w ere  p ra c tic a lly  m onophagous.
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Table IV

Ord er o f amino acids on the basis o f the degree and species-spectrum o f  assim ilation

U tiliz a t io n  as 
C source

U tiliz a tio n  as 
C and  N  source

Valine Valine

Glutam ic acid Glutamic acid

Alanine Glutamine

Arginine Asparagine

Aspartic acid Alanine

Asparagine Aspartic acid

G lutam ine Arginine

G lycine Glycine

H istid ine M ethionine

M ethionine Histidine

Cysteine Cysteine

O ur resu lts are  in acco rd an ce  w ith  tho se  of S chultz  et al. ] 17]; som e o f 
o u r  y eas ts  th a t  a ss im ila ted  g lu tam ic  acid  w eak ly  or n o t a t  all, w ere, how ever, 
a b le  to  u tilize  o th e r  am ino  acids.

I t  should be n o te d  th a t  n e ith e r  o f th e  exam ined  s tra in s  assim ila ted  
c y s te in e  and m eth io n in e  as ca rbon  an d  ca rb o n -n itro g en  sources, an d  th a t  w ith  
h is tid in e  only one p o sitiv e  re su lt was o b ta in e d . As u n fo r tu n a te ly  ou r h is tid ine- 
a ss im ila tin g  Rhodotorula fla v a  s tra in  has been  lo st, no fu r th e r  in v estig a tio n s 
c a n  be perform ed w ith  th is  o rgan ism .

Because of th e  o r ie n ta tiv e  c h a ra c te r  o f th e  ex p e rim en ts  on am ino acid  
u ti l iz a tio n  as carbon  a n d  s im u ltan eo u s ca rb o n -n itro g en  source , we do n o t  
w ish  to  go in to  d e ta ils  as reg a rd s  th e  tax o n o m ic  usefu lness o f o u r d a ta . Som e 
fin d in g s , how ever, deserve  to  be m en tio n ed . I t  was s tr ik in g , fo r exam ple , th a t  
g ly c in e  was s tro n g ly  ass im ila ted  by  C andida g u illie rm o n d ii; th e re  was a sh a rp  
d iffe rence  betw een  Cryptococcus albidus an d  Cryptococcus d ifflu en s  or C rypto­
coccus neoformans an d  also b e tw een  Geotrichum cand idum  an d  Geotrichum  
l in k i i  or Geotrichum m atalense. As reg a rd s th e  la t te r ,  i t  shou ld  be m en tio n ed  
t h a t  Geotrichum cand idum  and  Trichosporon cutaneum  e x h ib ite d  v e ry  s im ila r 
p ro p e rtie s . The d ifference  betw een  U ekkeromyces fra g ilis  an d  its  im perfec t 
fo rm , Candida pseudo trop ica lis , was also in te re s tin g .

Cryptococcus neoform ans  grew  b e tte r  on am ino acid  m ed ia  free from  N H 4 

io n s, therefo re  th is  o rg an ism  was considered  to  be sen s itiv e  to  am m onium  
com pounds.

T he d ifficu lty  a ris in g  in consequence of th e  good g ro w th  on con tro l 
p la te s  of am ino acid  n itro g en  source ex p erim en ts  has a lre a d y  been  m en tio n ed . 
T h is  find ing  was p ro b a b ly  due to  th e  fac t th a t  fungi m u ltip ly  b e tte r  in th e
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T ah ir  V

Comparison o f the assim ilation o f metabolically related am ino and organic acids

Species

A
sp

ar
ti

c 
ac

id 41J
’5baи3a,

S
uc

ci
ni

c 
ac

id

F
um

ar
ic

 a
ci

d

M
al

ic
 a

ci
d

T
ar

ta
ri

c 
ac

id

Hansenula anomala ............................ L l 4 0 4 2

Dekkeromyces fra g ilis  .......................... 0 0 2 0 1 1

Geotrichum l i n k i i ................................... 4 4 4 1 4 0

Geotrichum candidum  .......................... 0 0 0 0 0 0

Geotrichum m ata lense ............................ 4 4 4 1 4 0

Trichosporon cutaneum  ....................... 0 0 0 0 0 0

Cryptococcus neoformans ................... 0 0 0 « 1 1

Cryptococcus diffluens .......................... 0 0 0 0 1 1

Cryptococcus albidus ............................ 4 4 4 4 4 1

Rhodotorula mucilaginosa  ................... 1 1 2 2 2 0

Rhodotorula g lu t in is ............................... 1 1 2 2 2 0

Rhodotorula fla va  ................................. 4 4 4 4 4 0

Procandida albicans ............................ 1 1 1 0 0 0

Procandida tro p ic a lis ............................ 2 4 2 2 2 1

Azym ocandida rugósa .......................... 0 0 0 0 o 0

Candida k r u s e i ........................................ 0 0 4 0 1 2

Candida reukaufii ................................. 0 0 0 0 0 0

Candida famata  ...................................... 4 4 4 0 2 0

Candida solani ........................................ 1 0 1 0 0 0

Candida parapsilosis ............................ 4 4 4 2 2 0

Candida u t i l i s .......................................... 0 0 4 2 4 1

Candida guillierm ondii ....................... 4 4 4 4 4 ]

Candida p seu do trop ica lis ..................... 0 0 2 0 0 0

Torulopsis glabrata ............................... 0 0 0 0 0 1

Torulopsis inconspicua ....................... 0 0 1 0 1 0

presence o f  carbon sources poor in  n itrogen  [5, 6 ]. T h u s , re su lts  c a n n o t be 
co m p ared  p roperly  a n d  th e  m e th o d  itse lf  is in a d e q u a te  fo r n itrogen  source  
ex am in a tio n s . C on seq u en tly , our d a ta  can n o t be co m p ared  w ith  th e  fin d in g s 
of S chultz  and P o m pe r  [16].

T he role of m e th io n in e  as a n itro g en  source fo r som e species e x e rtin g  a 
degree 4 assim ilation  is w o rth  m en tio n in g . This am ino  ac id  was n o t a ss im ila ted  
by  any o f th e  exam ined  cu ltu res as a carbon  or s im u lta n e o u s  ca rb o n -n itro g en  
source . T hus it m ay be assum ed  th a t  its  su lp h u r c o n te n t in h ib its  th e  u tiliz a tio n
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o f  its  carbon  c o n te n t b u t  n o t th a t  o f  i ts  am ino group. R esu lts  o b ta in e d  w ith  
c y s te in e  and  h is tid in e  as n itro g en  sources could  n o t be  e v a lu a te d  because o f 
t h e  poor g row th  (degree 2  or 1 ) an d  th e  ab o v e-m en tio n ed  to le ra n c e  o f  n itrogen  
d e fic ien cy . O ur re su lts  a re  in  acco rd an ce  w ith  those  o f S c h u l t z  a n d  M c M a n u s  

[18], in  th a t  none o f  th e ir  y eas ts  u tiliz e d  m eth ion ine  an d  c y s te in e  as carbon 
sou rces.

I t  is in te re s tin g  to  com pare  th e  re su lts  y ielded  b y  fo u r ca rb o n  atom - 
c o n ta in in g  d icarb o x y lic  acids w ith  th o se  o b ta in e d  w ith  a s p a r tic  acid and  
a sp a ra g in e  as ca rb o n  sources. T ab le  V show s th a t  th e  acco rd an ce  o f  th e  degree 
o f  d icarboxy lic  acid  u tiliz a tio n  w ith  a sp a rtic  acid an d  a sp a ra g in e  u tiliza tio n  
te n d s  to  fall in th e  o rd e r : succinic, m alic , fu m aric  and  ta r ta r ic  ac id . T h a t th e  
re s u lts  o b ta in ed  w ith  ta r ta r ic  acid  co n sid e rab ly  d iffered  from  th o se  given by  
th e  o th e r th ree  acids m a y  be ex p la in ed  b y  th e  fac t th a t ,  in  c o n tra s t  to  th e  
o th e rs , ta r ta r ic  ac id  p la y s  no p a r t  in  in te rm e d ia ry  m etabo lism .

In  com paring  th e  re su lts  concern ing  organ ic  acids an d  am ino  acids, i t  is 
e v id e n t th a t  w ith  th e  ex cep tio n  o f som e species our cu ltu res  g e n e ra lly  show ed a 
p o ly p h ag o u s or m o n o p h ag o u s c h a ra c te r  w ith  re sp ec t to  b o th  g ro u p s o f n u tr ie n t 
m a te r ia l s . l t  is in te re s tin g  th a t  w hen  an  ex cep tio n a l b e h a v io u r w as n o ted , th e  
m onophagous c h a ra c te r  a p p e a re d  alw ays w ith  am ino acids an d  th e  po lyphagous 
c h a ra c te r  alw ays w ith  o rg an ic  acids.
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INTRAVASCULAR PRECIPITATE FORMATION DURING 
ANAPHYLACTIC SHOCK IN THE GUINEA PIG

By

T . S z i l á g y i , L . M i l t é n y i , G . L é v a i  and K . B e n k ő

Institu te o f Pathophysiology (D irector:  L. K e s z t y ű s ) , Institute o f  A natom y (D irector: I. K r o m - 
p e c h e r )  a n d  Central Laboratory (Leader: K .  B e n k ő ) , U niversity  M edical School, Debrecen

(R eceived  December 4, 1965)

Summary. Guinea pigs, sensitized actively  or passively to or hyperiininunized w ith, fer­
ritin, were shocked by intrajugular antigenic challenge. Light and electron microscopic studies 
disclosed tlie form ation of precip itates corresponding to a ferritin-antiferritin com plex through­
out the pulm onary capillary bed. Shock was prevented and intravascular precipitate for­
mation w as suppressed by hypotherm ia. A lthough chlorpromazine fu lly  protected the anim als 
from anaphylactic shock, the form ation of precipitates o f ferritin-antiferritin com plex  
in the pulm onary capillary bed was not significantly affected. G uinea pigs with a high serum  
antibody level formed only a m oderate am ount of precipitate in their sm all pulmonary vessels. 
The results indicate that in the guinea pig during anaphylactic shock intravascular precipitate  
formation takes place, due to antigen-antibody reaction. T he precipitates thus formed, 
however, lack any significant pathogenetic role.

T he occurrence in  vivo  o f specific  im m une p re c ip ita tio n  dem o n strab le  
in  vitro , a n d  its  possible p a th o g e n e tic  role have been in tr ig u in g  problem s to  
those  concerned  w ith  e x p e rim e n ta l an ap h y lax is . M c K i n n o n  et al. [ i]  observed  
p re c ip ita te  fo rm ation  th ro u g h o u t th e  p u lm o n ary  c a p illa ry  bed  d u ring  a n a ­
p h y lac tic  shock in th e  ra b b i t ,  an d  assigned to  th e  p h enom enon  a p a r tic u la r  
sign ificance in th e  m echan ism  o f an ap h y lac tic  sy m p to m s. T he stud ies o u tlin ed  
below  had  th e  aim  to c la rify  w h e th e r p u lm o n ary  in tra v a sc u la r  p re c ip ita te  
fo rm atio n  d u rin g  a n ap h y lax is  in th e  guinea pig, h ad  an y  an ap h y lac to g en ic  
role. F e rr itin , being of h igh  e lec tro n -d en s ity  and th u s  p a r tic u la r ly  su itab le  fo r 
e lec tron  m icroscopic s tu d ie s , was used  th ro u g h o u t th e  ex p erim en ts .

M ateria ls and  m ethods

Crystalline bovine spleen ferritin was prepared according to K e i d e r l i n g  and W ü h l e r  
[2], w ith  slight m odifications.

In active anaphylaxis experim ents, guinea pigs were in jected  8 mg ferritin subcutane­
ously, tw ice with an interval o f two days. Three weeks after the first sensitizing dose, the  
anim als were shocked w ith 15 mg ferritin by the intrajugular route.

G uinea pigs were sensitized  passively  with rabbit anti-ferritin im m une serum adm inis­
tered intravenously in doses o f  500 //g antibody-N  per kg body w eight, and challenged after 
48 hours intrajugularly w ith 15 mg ferritin.

Both the actively and passively  sensitized animals were protected  from anaphylactic  
shock by chlorpromazine [3], or by hypotherm ia [4, 5]. Chlorprom azine was adm inistered  
subcutaneously in doses o f 30 mg per kg body weight, 24 and 2 hours prior to challenge. 
Guinea pigs anaesthetized w ith  90 mg per kg body weight o f  phenylethylbarbiturate were 
cooled to 26 27° C with ice bags.
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Finally, guinea pigs were hyperim m unized intram uscularly for 5 w eek s w ith a total 
dose  o f 50 mg ferritin and challenged in  the 7th  w eek w ith  15 mg antigen  b y  the intrajugular 
rou te . Serum antibody lev e ls were determ ined b y  quantitative precip itation .

Lung specim ens taken  for ligh t m icroscopic study  were processed b y  conventional 
m eth od s and stained w ith  h em atoxylin  and eosin. Specim ens for electron m icroscopy were 
f ix e d  partly in glutaric aldehyde follow ed by osm ium  tetroxide, partly  in  D a lto n ’s fixa tive , 
th en  dehydrated and em bedded in A raldite. U ltra-th in  sections were contrasted  w ith lead 
c itra te  and exam ined w ith  a Zeiss D — 2 electron microscope.

Each type o f experim ent was carried out in 5 guinea pigs. Guinea p igs in fatal shock  
w ere sacrificed im m ediately  prior to death , i.e. 4 — 6 m inutes after the e lic itin g  dose. In the  
rest o f experim ents, the anim als were killed 5 or 20 m inutes after challenge.

R esults

As th e  f irs t  s te p , th e  u l t r a s t ru c tu ra l  ap p earan ce  o f th e  fe rr it in -a n tife r ­
r i t in  com plex p ro d u c e d  in  vitro , w as s tu d ie d . P re c ip ita te s  p re p a re d  in  th e  zone 
o f  equivalence  w ere re p e a te d ly  w ash ed  w ith  physio logical sa lin e , d eh y d ra ted  
a n d  em bedded . U ltr a - th in  sections rev e a le d  th e  p ic tu re  c h a ra c te r is tic  o f an tigen- 
a n tib o d y  com plex, as d efin ed  b y  E a s t y  an d  Me rce r  [6] in  th e ir  ex tensive 
w o rk  on fe rritin  (F ig . 1).

#  ■ • 1 ■'*,, . *' t
» . <

»

u r n  , 4 '  r *  A*

Л  4 Г а ^  ^
F ig . 1. Ferritin-antiferritin precipitate form ed in  vitro. F ixed in glutaric a ldehyde, postfixed  
in  osm ium  tetroxide, em bedded in A raldite. U ltra-th in  section, contrasted  w ith  lead citrate,

X 15,000

S u b seq u en tly , c o n tro l specim ens w ere excised from  lu n g s  o f  guinea pigs 
n o t  su b jec ted  to  p re tre a tm e n t,  5 to  10 m in u tes  a fte r  a sing le  in tra ju g u la r  
do se  o f 15 m g fe r r i t in . L ig h t a n d  e lec tro n  m icroscopy  d isc losed  no ferritin - 
a n tife r r i t in  p re c ip ita te s  in  th e  p u lm o n a ry  cap illa ry  bed.

In  active a n a p h y la x is  ex p e rim e n ts , a t gross e x am in a tio n  th e  lungs were 
fo u n d  ch a rac te ris tic  o f  shock . L ig h t m icroscopy  rev ea led  a m a rk e d  d ila ta tio n  
o f  alveoli and  sm all vessels, th e  l a t te r  be ing  occluded in  a ll lobes by  plugs 
c o n ta in in g , am ong o th e rs , cellu lar e lem en ts an d  co rresp o n d in g  to  th e  am o r­
p h o u s  th ro m b i d esc rib ed  b y  Sa b e s i n  [7] (F ig . 2).

U nder th e  e le c tro n  m icroscope th e se  p lugs consisted  o f  fe r r i tin -a n tife rr itin  
p re c ip ita te  and  c lu s te rs  o f  ce llu lar e lem en ts (F ig . 3).
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Fig. 2. A ctive anaphylactic shock. Plug o f cellular structure in a sm all vessel. H aem atoxylin
and eosin sta in , X370

F ig. 3. A ctive anaphylactic shock. E rythrocytes and electron-dense ferritin particles in a p u l­
m onary capillary loop. Light areas around particles correspond to the precip itate’s an tibody

com ponent, X 7,800
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Serum  a n t i f e r r i t in  levels p rio r to  challenge v a ried  b e tw een  10 an d  20 
/rg an tib o d y -N  p e r  m l. L ig h t an d  e lec tro n  m icroscopy  o f lu n g s from  passively  
sen sitized  sh o ck ed  g u in ea  pigs rev ea led  p ic tu re s  id e n tic a l to  th o se  described  
ab o v e .

Fig. 4. A ctive anap hy lactic  shock prevented b y  chlorprom azine. Am orphous plug in a d is­
tended v esse l, alveolar dilatation. H aem atoxylin  and eosin stain, X 370

Fig. 5. Passive an ap h y lactic  shock prevented b y  chlorprom azine. Am orphous plug in a d is­
tended v esse l, alveolar dilatation . H aem atoxylin  and eosin stain, X 370

G uinea pigs sen sitized  ac tiv e ly  or p assiv e ly  an d  t re a te d  w ith  ch lo r­
p ro m azin e , m a n ife s te d  no shock sy m p to m s a fte r  challenge. L ig h t m icroscopy 
s till d isp layed  th e  occlusion  of p u lm o n a ry  c ap illa ry  loops b y  g ra n u la te d  (F ig . 4) 
o r less g ra n u la te d  th ro m b i (Fig. 5), a n d  a lv eo la r d istension .

As seen in F ig . 6 , p u lm o n ary  c ap illa ry  loops o f th e  la t te r  guinea pigs 
co n ta in ed  n u m ero u s  elec tron-dense  p a rtic le s , b u t  less th a n  in shocked  an im als 
n o t p re - tre a te d  w ith  ch lo rp rom azine.
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O ur prev ious stud ies d e m o n s tra te d  a d efin ite  p ro te c tiv e  effect o f  deep 
h y p o th e rm ia  (26°- 27° C body te m p e ra tu re )  ag a in st a c tiv e  and  passive  
a n a p h y la c tic  shock in th e  gu inea  p ig  [4, 5]. L ig h t m icroscopy  o f th e  lungs o f 
ac tiv e ly  or passively  sensitized  gu in ea  pigs, challenged  w ith  fe rritin  u n d e r 
h y p o th e rm ia , revealed  no p u lm o n a ry  cap illa ry  occlusion, b u t  d isp lay ed  th e

Fig. 6. Passive anaphylactic shock prevented by chlorpromazine. E lectron-dense particles in 
the pulm onary capillary loop d istr ibu ted  more sparsely than in Fig. 3. X 7,800

F ig. 7. A ctive  anaphylactic shock prevented by hypotherm ia. Iso lated  erythrocytes and 
w hite blood cells in a blood vessel. Lum en and alveoli o f normal w idth . H aem atoxylin  and eosin

sta in , X 370
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jFig. 8. Passive anap hylactic  shock prevented b y  hypotherm ia. S canty  distribution of 
electron-dense particles in a pulm onary capillary loop, X 15,600

F ig . 9. Guinea pig im m unized for 5 weeks, shocked in 7th week. Serum  antibody level 110 jig  
antibody-N  per ml. Sparsely distributed electron-dense particles in a pulm onary capillary loop,

X 15,600
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sam e p ic tu re  as seen a fte r  th e  in je c tio n  o f  fe rritin  in to  n o n sensitized  an im a ls . 
As seen in Fig. 7, if  shock was p re v e n te d  by  h y p o th e rm ia , no d ila ta tio n  o f  
c ap illa ry  loops an d  alveoli could b e  observed . T h e  d is tr ib u tio n  o f e lec tro n - 
dense  p artic les in th e  sm all vessels w as ra th e r  sc a n ty , as d e m o n s tra te d  b y  
e lec tro n  m icroscopy (F ig . 8 ).

G uinea pigs h y p erim m u n ized  wi t h  fe rritin  for severa l weeks e x h ib ite d  
se ru m  an tib o d y  ti t re s  betw een  60 an d  110 f ig  a n tib o d y -N  per ml. A nim als w ith  
a h igh  serum  a n tib o d y  co n te n t d isp lay ed  sligh t, i f  an y , shock sym p to m s a f te r  
challenge. E lec tro n  m icroscopy d isc losed  a m inor degree  o f in tra v a s c u la r  
p re c ip ita tio n  (F ig. 9). In  th e  case o f  a re la tiv e ly  low  se ru m  a n tib o d y  lev e l, th e  
g u in ea  pigs resp o n d ed  w ith  severe o r  fa ta l  shock to  th e  re in jec tio n  o f fe r r i t in  
a n d  th e  m icroscopic p ic tu re  in th is  case  w as id en tica l w ith  th a t  seen in  a c tiv e  
an ap h y lax is .

D iscussion

P re c ip ita te  fo rm a tio n  in th e  p u lm o n a ry  cap illa ry  bed  d u rin g  a n a p h y la c tic  
shock  in the gu inea  pig was d e m o n s tra te d  by Sa b e s i n  in  1964 [7]. In  th e se  
s tu d ie s  fe rr itin  wras em ployed  as a n tig e n  and  th e  ac tiv e  a n a p h y la c tic  sh o ck  w as 
p re v e n te d  by  an tih is tam in es . K e n t  an d  E ck e r  [8] elic ited  a n a p h y la c tic  
shock  w ith  horse or h u m an  serum  a n d  bov ine  se rum  a lb u m in . U nder th e  l ig h t 
m icroscope th e  a u th o rs  found  no, o r o n ly  m in im al, in tra v a sc u la r  occlusion  in  
th e  lungs du ring  an ap h y lax is . T he p re s e n t stud ies y ie ld ed  d e fin ite  p ro o f o f  th e  
d ev e lo p m en t of th ro m b u s-lik e  p re c ip ita te s  th ro u g h o u t th e  p u lm o n ary  c a p illa ry  
bed  d u rin g  b o th  ac tiv e  and  passive an ap h y la x is  in  th e  gu inea  pig.

As d e m o n s tra te d  earlier, th e  a n ti-a n a p h y la c tic  effect o f ch lo rp rom azine  
w as based  on its  a n tih is tam in ic  p ro p e r ty  [3], w hile h y p o th e rm ia  was o p e ra tiv e  
via  th e  in h ib itio n  o f h is tam in e  lib e ra tio n  [9, 10]. T he p re se n t lig h t an d  e lec tro n  
m icroscopical find ings su p p o rted  th e  v a lid ity  o f th e  fo rm er s ta te m e n ts . 
N am ely , in  th e  case o f a n ap h y lax is  p rev en ted  b y  ch lo rp rom azine, c e r ta in  
h is tam in e  effects could  be observ ed , such as th e  d ila ta tio n  o f alveoli an d  
cap illa ry  loops, w hile in h y p o th e rm ic  an im als no signs o f  h is tam in e  l ib e ra tio n  
w ere p resen t.

C hlorprom azine was found to  in fluence on ly  s lig h tly  th e  in tra v a s c u la r  
p re c ip ita tio n  due to  a n tig e n -a n tib o d y  reac tio n . H y p o th e rm ia , on th e  o th e r  
h a n d , s ign ifican tly  suppressed  or co m p le te ly  in h ib ite d  p re c ip ita te  fo rm a tio n . 
T h is m ig h t have been  due p a r tly  to  th e  slow ing dow n o f b lood  c ircu la tio n , p a r t ly  
to  th e  im p a irm en t o f  a n tig e n -a n tib o d y  reac tio n  [1 1 , 1 2 ].

T he absence o r m ild course o f  a n a p h y la c tic  shock  in gu inea pigs w ith  a 
h ig h  serum  a n tib o d y  level v a lid a te s  th e  cellu lar th e o ry  o f  an ap h y lax is . T h e  
s lig h t am o u n t o f in tra v a sc u la r  p re c ip ita te s , as o b serv ed  in  such cases, m ig h t
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h a v e  its e x p la n a tio n  in  th e  p a rtia l d isso lu tio n  of th e  p re c ip ita te s  in th e  
excess an tib o d y .

In  the  lig h t o f  o u r  findings, in tra v a s c u la r  p re c ip ita te  fo rm a tio n  during  
an ap h y lac tic  shock  in  th e  guinea pig sh o u ld  be reg a rd ed  as a seco n d ary  p h en o m ­
enon  w ith  no s u b s ta n t ia l  p a thogene tic  ro le . T he above o b se rv a tio n s  m ade in  
g u in ea  pigs, h o w ever, do no t allow conclusions as to  th e  effect o f p rec ip ita te -  
th ro m b i in o th e r  a n im a l species. In  th e  r a b b i t ,  for in stan ce , p u lm o n ary  c ircu ­
la tio n  undergoes deep  changes d u ring  a n a p h y la c tic  shock , w hile th e  p a ra ­
m eters  of p u lm o n a ry  c ircu la tio n  d u rin g  an ap h y la x is  in th e  gu inea pig s till 
aw a its  e luc idation  [8 ].
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Sum m ary. F a tty  acid and phospholip id com position of pathogenic T. pa llidum  (strain  
B udapest) and o f various cultivable Treponem a strains (T . reiteri, kazani 5, m inutum  and  
refringentis)  were analysed by m eans of gas and thin layer chrom atography. The fa tty  acid  
spectra were sim ple and nearly identical in  all strains. They contained chiefly palm itic and  
unsaturated (oleic and oleinic) fa tty  acids, the latter in relatively  high proportions. Cyclo- 
propane-ring-containing fatty  acids were not detected. The phospholipid com position was 
quite com plex. Concerning their unsaturated fa tty  acid content, treponem es and streptococci 
were sim ilar. T he findings indicate an increased perm eability o f  their cell m em brane and 
thereby their higher vulnerability by environm ental influences.

T rep o n em es in com parison  w ith  o th e r b ac te ria  are  re la tiv e ly  r ic h  in  
lip ids. O ur know ledge concern ing  th e ir  chem ical com position , an d  th e ir  
s tru c tu ra l an d  biological role is sc a n ty . In  th e  p resen t p a p e r  th e  f a t ty  acid  an d  
phosph o lip id  com position  of p a th o g en ic  and  various cu ltiv ab le  trep o n em es is 
com pared .

M ateria ls and  m ethods

Pathogenic T. pallidum  (strain B udapest) was obtained from early orchitis o f  rabbits. 
The anim als were infected with 2— 2 .5 x  107 cells per testicle. To enhance the yield o f trep o­
nemes, the anim als were injected w ith  10 m g of prednisone (D iadreson, Organon) daily. A fter  
9 days the anim als (as a rule four on one occasion) were bled by heart puncture, then the  
testicles were rem oved aseptically, sliced and extracted for one hour in saline (5 ml per testic le)  
under N 2 atm osphere. After changing the saline, extraction was continued for 6 hours. To re­
m ove tissue debris, the treponemal suspension was centrifuged at 1500 g for 10 m inutes. After  
discarding the sedim ent, the treponem es were centrifuged at 5000 g for 30 m inutes. The  
treponem al sedim ent was resuspended in about 40 ml of saline by shaking w ith  glass beads 
and the procedure was repeated twice. F in a lly  the sedim ent was taken up in 1 ml o f saline  
and lyophilized.

As a control, lyophilized hom ogenate of syphilitic rabbit testicles was used.
C ultivable treponemes (T . m inutum , T . refringentis and cu ltivable strains o f T. reiteri, 

T. kazani 5) were grown in fluid th iog lyco lla te  medium of the follow ing com position. L act- 
am ino-acid 10 g , sodium  chloride 2.5 g , d l-cysteine hydrochloride 0.75 g , th ioglycollic acid  
0.4 m l, dextrose 5.0 g , cellamine (yeast ex tract) 5.0 g , distilled water, to 1000.0 ml.

The ingredients were dissolved by boiling, and the pH was adjusted to 7.8 w ith  20 per 
cent N aO H . After filtration , the solution w as sterilized in an autoclave at 126° C for 30 m inutes. 
The m edium  (8.5 parts) was supplem ented w ith  inactivated horse serum (1 part) and ultra- 
filtered yeast extract (0.5 part). The ingredients were sterilized by filtration . The m edium  
was dispensed in 1000 ml flasks and inoculated  w ith seed cultures grown in the sam e m edium , 
containing rabbit serum as supplem ent. A fter incubation at 35°C for 5— 7 days the trep o­
nemes were harvested by centrifugation at 4000 g for 15 m inutes. The sedim ent was w ashed  
with saline until in the supernatant no traces o f protein could be detected w ith 20 per cen t 
sulphosalicylic acid. The washed sedim ent was resuspended in saline and lyophilized.

Concerning the methods of lipid analysis we refer to a previous paper 11 ].
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R esults

The fa t ty  ac id  com position  of th e  trep o n e m e s , expressed  in  per cen ts of 
th e  e x trac ted  to ta l  f a t t y  acids is show n in  F ig . 1. All s tra in s  ex am in ed  co n ta ined  
th e  sam e fa t ty  a c id s : th e  b u lk  was co m posed  o f p a lm itic  ac id . U n sa tu ra te d  
f a t ty  acids w ere p re s e n t  in th e  fo llow ing p e rcen tag es : T . p a llid u m , 17; T . 
Icazani 5, 28; T . re iteri, 32; T. m in u tu m , 34; an d  T. refringens, 8 . F a t ty  acids 
w ith  cyclopropane r in g  h av e  n o t been d e te c te d .

100

60 
50 
40 
30  g 20 

A 10

I IT nnllidum ШЯ T.kazoni 5 ЕЁэ T reiteri 
Ш  T. minutum  ШШ T. refringens

C 16 C 18:1 
Fatty a d d s --------- »-

C 18:2 C 18

F ig . 1. F atty  acids in treponem es  
A: C10; Cu ; C12:2; C12; C13; C14:1; C14; C15; ai C15; Cl6;1 C17 tota l

Fig. 2 show s th e  gas ch ro m ato g ram s o f f a t ty  acids in  tw o  species ( T .  
p a llid u m  an d  S tr . p yo g en es)  h igh ly  se n s itiv e  to  an tib io tic s , a n d  in  tw o poly- 
r e s is ta n t o rgan ism s ( P .  vulgaris an d  P s. p y o c y a n e a ) . S en sitiv e  b ac te ria , in  
c o n tra s t  to  p o ly re s is ta n t  organism s, w ere  c o m p a ra tiv e ly  r ic h  in  u n sa tu ra te d  
f a t ty  acids h u t  c o m p le te ly  devoid o f f a t ty  ac ids w ith  cy c lo p ro p an e  ring . F ig . 3 
show s th e  p e rc e n ta g e  d is tr ib u tio n  o f  f a t t y  acids (u n sa tu ra te d , cyc lop ropane­
r in g  con ta in ing , a n d  s a tu ra te d )  of v a rio u s  b a c te r ia  d iffering  in  sen s itiv ity  to

Table I

The phospholipid composition o f treponemes

Organism

A c e to n  inso lub le  
p h o s p h a tid e -f ra c t io n

P e rc e n ta g e  o f  
to ta l  lip id

P e rcen tag e  of 
e th e r  inso luble  f rac tio n

T. p a l l id u m ......... 3 7 . 4 8 9 . 3

T . k azan i 5 . . . . 3 1 . 7 6 6 . 7

T. re iteri .............. 1 9 . 5 6 2 . 1

T . m inutum  . . . . 2 9 . 0 6 4 . 8

T . refringens . . . . 1 9 . 8 6 3 . 1
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a n tib io tic s . The close resem blance in fa t ty  acid co m position  betw een  Sir. 
pyogenes  group A an d  C (upper p a r t )  a n d  various species o f  treponem es (m iddle  
p a r t )  was rem ark ab le ; b o th  are rich  in u n sa tu ra te d  fa t ty  acids and  com ple te ly  
d ev o id  of cyclop ropane-ring  co m p o u n d s . This fac t w as q u ite  conspicuous,

F ig. 2. F atty  acid com position o f tw o  highly sensitive and two highly resistant
m icroorganism s

b ecau se  th e  la t te r  a re  form ed from  u n sa tu ra te d  f a t ty  acids. Staph, aureus  
s t r a in  53 and P. vulgaris, w hich a re  b o th  h ighly  re s is ta n t to  an tib io tic s  (low er 
p a r t ) ,  contain  ch iefly  cy c lo p ro p an e-rin g -co n ta in in g  an d  s a tu ra te d  f a t ty  
ac id s .

The p h ospho lip id  com position  o f  treponem es, as d e m o n s tra te d  by  th e  
p re lim in a ry  re su lts , is ra th e r  co m p lex . P hospho lip ids w ere sep a ra ted  in to  
fra c tio n s  soluble a n d  insoluble in  ace to n e . The bu lk  o f p h o sp h a tid e s  w as
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S o lv en t, chloroform : m ethanol ; water =  70 : 22 : 13
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co n ta in ed  in th e  la t te r  frac tion . T h e  p h o sp h a tid e  co n te n t o f T. p a llid u m  w as 
th e  h ig h es t, th a t  o f n o n p a th o g en ic  species w as low er (Table I). T he ace tone- 
in so lub le  frac tio n  w as d iv ided  acco rd in g  to  so lu b ility  in  e ther. O f th e  p h o sp h o ­
lip id s o f T .p a llid u m  a b o u t 90 per c e n t, w hile o f  o th e r  treponem es a b o u t 65 p e r 
c en t w ere inso luble  in  e ther. T he e th e r  so luble  an d  insoluble frac tio n s  w ere 
s e p a ra te d  by  th in - la y e r  c h ro m a to g rap h y . In d e p e n d e n tly  from  species, each  
tre p o n e m a  consisted  o f 11 — 13 co m p o n en ts  in c lu d in g  lec ith in , c ep h a lin , 
ca rd io lip in  an d  th e  correspond ing  ly so -co m p o u n d s. The treponem es d iffered  
m ain ly  in  th e  co m p o n en ts  of th e  e th e r-in so lu b le  frac tion  deve loped  by  
D ra g e n d o rff’s re a g e n t. A c h ro m a to g ram  is show n in Fig. 4. In  co m p ariso n  
w ith  ra b b i t  testic les  an d  n o n -p a th o g en ic  trep o n em es T. p a llid u m  o b v io u sly  
co n ta in ed  a s ig n ifican t q u a n tity  o f  ly so lec ith in .

D iscussion

A ccord ing  to  F romm [2] and  P illot  an d  F a u r e  [3], th e  lip id  c o n te n t o f 
trep o n em es varies be tw een  14 20 p er cen t o f th e  d ry  w eight. F a u r e  and
P illot  [4] found  th a t  55 65 per c en t o f  th e  to ta l lip id  consisted  o f p h o sp h a tid e ,
33 p er cen t of th e  la t t e r  being lec ith in  an d  5 per c e n t card io lip in . A cco rd ing  to  
H e y m a n n  and  S ie f e r t  [5], th e  lip id  c o n te n t o f  T . reiteri and  T . p a llid u m  is 
16.6 an d  18.2 per cen t, respective ly . T he effect o f d iffe ren t f a t ty  acids on th e  
g ro w th  o f  trep o n em es was in v e s tig a te d  b y  P o w e r  and  P elczer  [6] a n d  
Oy a m a , S t e in m a n  an d  E agle [7], w ho em phasized  th e  s ign ifican t ro le  o f  oleic 
acid . S yn thesis  o f sh o rt-ch a in  f a t ty  acids b y  o ra l an d  genita l trep o n em es w as 
in v e s tig a te d  by  Mo u r e a u  [8], w ho fo u n d  differences in the  degree o f sy n th es is .

O ur aim  w as to  exam ine th e  degree o f differences in to ta l lip ids and  
f a t ty  acid  sp ec tru m  o f treponem al s tra in s . On th e  basis of th is  f a t ty  ac id  
com position , tre p o n e m a l species c a n n o t be d is tin g u ish ed  from  each o th e r . T he 
fa c t th a t  th e ir  lip id s  a re  com posed o f  th e  sam e f a t ty  acids ind ica tes a com m on 
gene tic  origin and  a resem blance o f  th e ir  lip id  m etabo lism . T he f a t ty  acid  
sp ec tru m  of trep o n em es is ch a rac te rized  by  th e  presence of g rea t a m o u n ts  o f 
u n s a tu ra te d  and  a to ta l  absence o f  cy c lo p ro p an e-rin g -co n ta in in g  f a t ty  ac ids. 
H igher p ro p o rtio n s o f  u n sa tu ra te d  f a t ty  acids are  generally  found  in th e  cells 
o f y o u n g er b a c te ria l cu ltu res. W ith  ageing , th e se  su b stances, by  acq u irin g  
m eth y len e  b ridges, are  tran sfo rm ed  in to  m ore stab le  cy c lo p ro p an e-rin g - 
co n ta in in g  form s. T h e  m ethy lene  d o n o r in the  process is S -ad enosy l-m eth ion ine . 
P a ra lle l w ith  th e  sa tu ra tio n  of f a t ty  acids th e  resistance  o f o lder b a c te r ia l 
cells is en h an ced . I t  m ay  be assum ed  th a t  in treponem es th e  enzym e sy s tem  
n ecessary  for tra n sm e th y la tio n  is lack in g . I f  co rre la ted  w ith  ou r know ledge 
concern ing  th e  s tru c tu re  of the  m em b ran e  o f liv ing  cells, these  an a ly tic a l d a ta  
give a k ey  to  th e  u n d e rs tan d in g  o f  som e biological p roperties of trep o n em es.
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Soluble  m ycelia, c o n s titu tin g  th e  fram e-w o rk  o f th e  m em brane, can  be form ed 
from  phospho lip ids co n ta in in g  e ith er u n s a tu ra te d  f a t ty  acids or f a t ty  acids 
s tab ilized  by  cy c lo p ro p an e  rings. B eside s a tu ra te d  f a t ty  acids, u n s a tu ra te d  
ones and  c y c lo p ro p an e -rin g  com ponents a re  also n eeded  for th e  a p p ro p ria te  
fu n c tio n  of th e  b a c te r ia l  cell m em brane. A b a c te r ia l cell m em brane co n ta in in g  
h igh  am oun ts o f  c is -u n sa tu ra te d  f a t ty  ac ids is m ore reatlily  p e rm eab le  and 
th u s  renders th e  cell increasing ly  v u ln e ra b le  ag a in s t ex te rn a l in fluences. 
S a tu ra tio n  o f d o u b le  bonds by cyc lo p ro p an e  rin g  enhances th e  r ig id ity  and 
decreases th e  p e rm e a b ili ty  of cell m em b ran es. T h is is p ro b ab ly  th e  b iochem ical 
defence m echan ism  o f ageing cu ltu res w ith  h igh  tra n sm e th y la tin g  a c tiv ity . 
B ac te ria l genera su ch  as tre p o n e m a ta  an d  s trep to co cc i unab le  to  c a rry  o u t th is  
b iochem ical fu n c tio n , a re  m ore sen sitive  a g a in s t en v iro n m en ta l in fluences. 
T h is m ay exp la in  w h y  s trep tococc i an d  tr e p o n e m a ta  can n o t be m ad e  resis­
t a n t  to  ce rta in  a n tib io tic s . O ur in v e s tig a tio n s , w hich  have  so fa r rev ea led  a 
h igh  com plex ity  o f  th e  phospholip id  co m p o sitio n  of trep o n em es, in d ica te  
th e  s ign ifican t ro le o f  th e se  cell com ponen ts in  th e  processes of cell m e tab o lism .
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Sum m ary. T ype 1 poliovirus (strain M ahoney) and a perm anent m onkey kidney cell 
line (PMK II I / l)  were used throughout. In Parker’s No. 199 medium this system  produced  
full virus yields w hether or not bovine album in had been added. To obtain full virus yield  
in H anks’ balanced salt solution the presence o f bovine album in was indispensable and its  
om ission resulted in a 90 per cent or even greater reduction of the am ount of virus produced.

Presence of bovine albumin in H anks’ balanced salt solution was required only during  
the first 30 m inutes o f the cycle, while its addition after 30 to 60 m inutes caused 50 and 80 
per cent reduction of the yield, respectively. B ovine album in added in the second hour of the  
cycle or later did not increase the yield above th a t obtained in H anks’ balanced salt solution  
alone.

Absence or delayed addition (2 hours or later) of bovine albumin caused a 30 to 40 
m inutes retardation of the cycle’s onset in H ank s’ balanced salt solution.

R eplication rate was practically identical in all cases, duplication time being approxi­
m ately 10 m inutes.

Bovine album in seems to be a factor in volved  in the initial m echanism s of viral infection  
(penetration or eclipse). Its probable role in the “ virtual eclipse” of adsorbed virions is d is­
cussed.

A closer approach to the possible m echanism  of bovine albumin action was attem p ted  
by studying the effect o f cysteine and glutathione and of K -linoleate on the in itial phase of  
viral cycle.

I t  has been d em o n stra ted  th a t  fo r th e  rep lica tio n  o f po liov irus th e  
in tra c e llu la r  m e ta b o lite  an d  co -fac to r pool is m ade use o f r a th e r  th a n  th a t  
av a ilab le  in  th e  en v iro n m en t [1]. N ev erth e less , poor y ields o f v iru s  w ere 
u su a lly  o b ta in e d  in cells m a in ta in ed  a f te r  th e  in fec tion  in a sim ple, p h y sio lo ­
gical, b a lan ced  sa lt so lu tion  co n ta in in g  g lucose as sole source o f energy  [2 , 3 ] .T o  
clarify  th e  possib le reasons of th e se  seem ingly  co n tra d ic to ry  o b se rv a tio n s , 
co m p ara tiv e  s tu d ies  w ere p erfo rm ed  in  a com plete  m edium  (P a rk e r’s N o. 199) 
an d  a sim ple  b a lan ced  sa lt so lu tion  (H a n k s ’).

M aterials an d  m ethods

Virus. The M ahoney prototype strain of type 1 poliovirus was obtained from  the co l­
lection of the D iagnostic Laboratory of this D epartm ent.

Cells. The perm anent line of m onkey k idney cells PMK III/l isolated by R u z i c s k a  [4] 
in this laboratory was used throughout. The line was m aintained in a m edium  containing 40 
per cent Parker’s 199 m edium  (P 199), 45 per cent H anks’ balanced salt solution  (H B S), 
5 per cent lactalbum in hydrolysate (5 per cent solution) and 10 per cent calf serum . F orty- 
eight hours prior to use, each culture was w ashed and its nutrient fluid replaced by the fo llow ­
ing medium : 40 per cent P 199, 51 per cent IIB S, 5 per cent o f 5 per cent solution  o f lactal-
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bum in hydrolysate, 2 per cent calf serum and 2 per cent o f a 10 per cent solution of bovine  
album in.

Cell line PM K II I /l  has been known to exh ib it a satisfactory susceptib ility  to infection  
w ith  poliovirus [5].

Virus assay. T he principles of D u l b e c c o  and V o g t ’s plaque m ethod [ 6 ]  were applied  
for all quantitative v irus assays. M onolayers were grown in 6 cm Petri dishes in 5 per cent 
C 0 2 atm osphere under 8 m l of the m edium  used for the replacem ent of the culturing flu id  
in  flasks. The in itia l concentration  of cells was 1.5 X 106 per dish in 8 ml o f medium . Confluent 
m onolayers were obta ined  in 3 days. M onolayers were rinsed w ith HBS and virus was allowed  
to  adsorb for 30 m inutes a t 37° C. Infected  m onolayers were overlayed w ithout previous 
rinsing. The overlay consisted  of 0.9 per cent purified [6] Difco B acto agar (D ifco, D etro it, 
M ichigan, USA) in  P 199 -j- 0.2 per cent BA. R eincubation was performed at 37° C in 5 per 
cen t C 0 2 atm osphere for 3 or 4 days. Plaques were counted after staining w ith  an overlay  
containing 0.02 per cen t neutral red (v/o “ Soyuzkhim export” , M oscow, USSR) in a 0.9 per 
cen t agar solution.

One-step growth experim ent. The principles o f L w o f f  and L w o f f ’s m ethod [ 7 ]  were 
adapted to our purposes. Two litre Roux flask cultures o f PMK III /l cells were used 48 hours 
after the m edium  had been replaced. Cells were suspended by versenization (0.1 per cen t 
versene in Parker’s balanced salt solution, PB S) and w ashed 3 tim es in H BS. After the second  
w ashing, cells were resuspended in a m easured volum e and counted. The third washing was 
perform ed in siliconized centrifuge tubes on a defin ite num ber (usually 8 x  106) o f cells required  
for the actual experim ent.

Infection of cells was performed by adding an appropriate am ount of undiluted stock  
virus suspension [ 8 x  Ю7 plaque forming units (P F U ) per m l] so as to obtain an inp ut m ulti­
p lic ity  o f one. The sed im ented  cells were suspended directly  in  the stock virus by m eans o f  
a siliconized pipette. A dsorption was allowed for 10 m inutes at room tem perature and for an 
additional 5 m inutes a t 3 7 °C under continuous stirring. A dsorption was stopped by a rapid  
lOOfold dilution o f the m ixture in HBS at room  tem perature. Unadsorbed virus was rem oved  
b y  tw o rapid w ashings in  H B S at room tem perature.

The sedim ented in fected  cells were suspended in H B S so as to obtain 1 X 106 cells per ml. 
One ml of this suspension was added to 9 ml o f the appropriate m edium  at 37°C. This final 
cell suspension was prepared in 100 ml siliconized Jena-glass Erlenm ayer flasks provided  
w ith  tightly  fittin g  g lass caps. The atm osphere in the flasks contained 5 per cent C 0 2 in  air. 
F lasks were im m ersed in to  a water bath at 37° C and agitated  by means of a rotary shaker 
(60 r. p. m.).

The whole procedure from the start o f adsorption until com pletion of the final cell 
suspension in the E rlenm ayer flasks was regularly perform ed in 30 m inutes.

Samples taken from  the flasks at appropriate poin ts of tim e were im m ediately  frozen  
and stored in that sta te  until further processed. The atm osphere of the flasks was readjusted  
after each opening b y  flush ing w ith C 0 2-air m ixture.

Prior to titra tion  the samples underw ent 5 subsequent cycles of rapid freezing and 
thaw ing to disrupt cells. Thus all titres given in  th is paper represent total virus contents o f  
th e  actual system .

Chemicals. Inorganic salts and glucose were products o f Reanal (B udapest, H ungary). 
A ll com ponents o f P 199 m edium  were preparations of NBC (Cleveland, Ohio, USA), K -lin- 
o lea te  was a product o f  SE R V A  (H eidelberg, G erm any).

Bovine album in was kindly supplied b y  Dr. E. N o v a k  (N ational B lood Bank and  
Transfusion Centre, B ud apest) to whom authors are pleased to express their thanks. The sam e  
lo t o f  electrophoretically  hom ogeneous bovine album in (B A ) prepared by Cohn fractionation  
w as used throughout. A stock  solution of 10 per cent B A  was prepared in saline and filtered  
through a glass filter  (Jena G—5). The stock solution  was stored at -J-4°C until used.

E x p erim en ta l

O ne-step  g ro w th  curves o f po liov irus in  P  199 an d  H B S, b o th  w ith  and  
w ith o u t th e  a d d itio n  o f a 0.2 per cen t f in a l c o n c e n tra tio n  of BA a t  0 tim e  are  
show n in  Fig. 1.

G row th  cu rv es o b ta in e d  in th e  p resence  o f  B A  b o th  in  199 an d  H B S w ere 
id e n tic a l. In  p la in  P  199 a sligh t (a b o u t 5 —6 m in .), w hile in  p la in  H B S a r e ­
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m ark ab le  (a b o u t 4 0 —45 m in.) d e lay  w as o b serv ed  a t  th e  cycle’s o n se t. T h e  
slope o f  th e  s tra ig h t  p a rts  o f  th e  curves w as p ra c tic a lly  iden tica l, show in g  
the  s im ila rity  o f  th e  rep lica tio n  ra te  in  all m ed ia  te s te d .

T he influence  on th e  fin a l v iru s  y ield  o f  d iffe re n t co n cen tra tio n s o f  B A  
ad d ed  a t  0 tim e  to  suspensions o f in fec ted  cells in  H B S  is show n in F ig , 2.

1. 2.

Fig. 1. Poliovirus growth in PM K  II I /l cells supplied w ith  different media 

Fig. 2. E ffect o f different BA concentrations on poliovirus growth

I t  ap p ea red  th a t  0.2 p er cen t BA was th e  c ritic a l co n cen tra tio n  re q u ire d  
for a fu ll y ie ld . T he rep lica tio n  ra te  was p ra c tic a lly  id en tica l a t any  c o n cen ­
tra tio n  o f B A  as well as in its  absence. T hus B A  did  n o t seem to  h a v e  a n y  
influence on th e  in trace llu la r  ev en ts  involved  in v iru s  rep lica tion .

T he p resence o f 0.2 per cen t fina l c o n c e n tra tio n  o f BA in th e  n u tr ie n t  
flu id  o f  p o liov irus-in fec ted  cells fo r d iffe ren t p e riods o f  tim e was fo u n d  to  
in fluence  th e  f in a l v iru s y ield , as show n in F igs. 3/A  an d  3/B .

As show n in Fig. 3/A in fec ted  cells su sp en d ed  in  HBS p roduced  full 
yields o f  v iru s if  BA had  been ad d ed  a t  0 tim e . A d d itio n  o f BA a t th e  3 0 th  an d  
60 th  m in u tes  o f  th e  one-step  g ro w th  ex p erim en t re su lte d  in yields red u ced  b y  
50 an d  80 per cen t, resp ec tiv e ly . BA failed s ig n if ican tly  to  influence th e  f in a l
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y ie ld  i f  ad d ed  a t  th e  2 n d  h o u r or la te r . R e p lic a tio n  ra tes  w ere id e n tic a l in  all
sy s te m s .

P resence  o f  B A  d u rin g  th e  f i r s t  30 m in u tes  of th e  o n e -s tep  g row th  
e x p e r im e n t en su red  a fu ll f in a l y ield  (see F ig . 3/B). The m o d e ra te  d e lay  of 
a b o u t  10 m in u tes  is su p p o sed  to  h av e  b een  th e  re su lt o f m an ip u la tio n s  invo lved

F ig . 3. Poliovirus grow th as influenced by the add ition  of BA at different po in ts o f tim e (A) 
or by its  presence in th e  in itia l 30 m inutes (B)

in  th e  rem o v a l o f  BA. T h is w as done b y  cen tr ifu g in g  th e  cells fo r 2 m in u tes  a t 
1000 r. p. m . an d  re tu rn in g  th e  sed im en t in to  an  E rlen m ay er f la sk  w ith  BA- 
free  H B S . B o th  c e n tr ifu g a tio n  and  re su sp en sio n  were p erfo rm ed  a t 37°C, 
u s in g  siliconized  g lassw are.

T he am o u n ts  o f in fec tious v iru s d e m o n s tra b le  during  th e  f i r s t  3 hours of 
th e  ex p e rim en ts  w ith  d iffe ren t m edia  are  g iven  in Fig. 4.

In  th e  absence o f B A , th e  a m o u n t o f  in fectious v iru s  w as essen tia lly  
u n c h a n g e d  in b o th  H B S an d  P  199. A d d itio n  o f 0.2 per cen t B A  a t  0 tim e  
r e s u lte d  in  a ra p id  “ v ir tu a l”  eclipse in  b o th  H B S and  P  199. F in a l y ie ld s were 
id e n tic a l in all m ed ia  b u t  p la in  H B S, th e  la t t e r  allow ing for a 10 p e r  cen t yield 
o n ly  (see F ig . 1).
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Fig. 4. ‘‘Virtual eclipse” o f poliovirus in the presence of BA

Fig. 5. Influence on poliovirus growth of cysteine added at different concentrations (A) 
and at different points o f  tim e (B)
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T he id e n tity  o f  g ro w th  curves in  P  199 and  H BS co n ta in in g  0.2 p er c en t 
B A  suggested  th e  p resence  o f som e co m m o n  active  agen ts in  b o th  P  199 an d  
B A . In  th is  re sp ec t we h av e  perfo rm ed  som e p re lim in ary  assays w ith  cy ste in e , 
g lu ta th io n e  and  m e th io n in e , S H  rad ica ls  h av in g  been supposed  to  he invo lv ed .

T he effects o f  th e  ad d itio n  o f c y s te in e  a t  d iffe ren t co n c e n tra tio n s  a t  0 
t im e  are show n in F ig . 5A.

F ig . 6. Influence on poliovirus growth o f g lu tath ion e at different concentrations (A ), and at
different poin ts o f tim e (B)

C ysteine a t  low  c o n cen tra tio n s  (10 u, 10 s, or 10 4 M )  red u ced  th e  
la g  p e rio d  w ith o u t s ig n if ican tly  a ffec tin g  th e  final y ield . A 10 3 M  concen ­
t r a t io n  o f cyste ine  fa iled  to  red u ce  th e  lag  period , w hile allow ed fo r a fin a l 
y ie ld  id en tica l w ith  t h a t  o b ta in ed  in  p la in  H B S.

T hese ex p erim en ts  suggested  th a t  cy ste in e  h ad  a ro le in  th e  ea rly  p h ase  
o f  th e  cycle. T herefo re , th e  effect o f d e lay ed  cysteine (10~5 M )  a d d itio n  w as 
a lso  s tu d ie d . As show n in Fig. 5B, a d d itio n  o f cysteine a fte r  one h o u r  re su lted  
in  a m ark ed ly  d e lay ed  o n se t and  in a m o d e ra te ly  reduced  y ield  o f th e  v ira l 
cy c le , as com pared  to  t h a t  in  p la in  H B S . T hus cysteine ap p e a re d  to  enhance  
so m e  in itia l and  to  in h ib it  som e la te  e v e n ts  o f th e  v ira l cycle’s in it ia l  p h ase .
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G lu ta th io n e  ad d e d  a t  0  tim e  a t  1 0  15 or 10 5 co n c e n tra tio n s  increased th e  
f in a l yield by  a b o u t 10 per cen t, w ith o u t a ffec ting  th e  lag  phase . A t 10~ 3 M  
co n cen tra tio n  a d d e d  a t  0 tim e, it  cau sed  b o th  a r e ta rd a tio n  o f onset (ab o u t 30 
m inu tes) and  a s lig h t decrease (a b o u t 7 per cen t) o f  th e  f in a l yield (see F ig . 
6 A).

Fig. 7. In fluence o f K-linoleate a t different concentrations on poliovirus growth

G lu ta th io n e  (10 5 M )  if a d d ed  a f te r  1 h o u r, re d u c e d  th e  lag by a b o u t 
25 30 m inu tes a n d  increased  th e  f in a l yield b y  a b o u t 25 p e r cen t as show n in
F ig . 6 A.

Thus g lu ta th io n e  appeared  to  in h ib it som e ev en ts  in  th e  f irs t 1 h o u r o f  
th e  v iral cycle a n d  to  enhance som e o th e r  processes o ccu rrin g  a fte r th e  f ir s t  
h o u r  of in c u b a tio n .

M eth ionine, c a rry in g  a m e th y la te d  su lfu r a to m  in s te a d  of an SH g ro u p  
fa iled  to  have a n y  e ffec t on th e  v ira l cycle w hen ad d ed  a t  0  tim e  in the  co n cen ­
tra t io n  range o f  10 3 to  10 6 M . T h is  o b se rv a tio n  was considered  to  fu rn ish  
in d ire c t evidence o f  th e  necessary  p resence  o f SH  rad ica l r a th e r  th an  a n o th e r  
ra d ic a l w ith  s u b s t i tu te d  su lphur a to m .

P  199 c o n ta in s  15 /tg/ml o f  T w een 80, w hile BA carries as s ta n d a rd  
co n tam in an ts  c e r ta in  fa t ty  acids, in c lu d in g  linoleic, lino len ic  and  a rach id o n ic
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ac id s , e tc . T hus, a fu r th e r  possible g ro u p  o f  com m on fac to rs  in  P  199 and  BA 
is t h a t  o f su b stan ces  w ith  d e te rg en t a c t iv i ty .  U p to  now  o n ly  a single p re lim i­
n a ry  ex p erim en t w as ca rried  ou t w ith  K -lin o lea te . This co m p o u n d  carries tw o 
u n s a tu ra te d  bon d s a n d  is one of th e  so -ca lled  “ essential f a t ty  ac id s” . R esu lt o f 
th e  ex p erim en t is show n in Fig. 7.

K -lino lea te  w as d e fin ite ly  in h ib ito ry  in 10 4 M  f ina l c o n c e n tra tio n . In  
low er co n cen tra tio n s , how ever (10~s, 1 0 " 6 an d  10 7 M ), K -lin o lea te  in  p lain  
H B S  allow ed for a f in a l y ie ld  e ssen tia lly  id en tica l w ith  t h a t  o b ta in e d  in  H BS 
co n ta in in g  0.2 per cen t BA.

D iscu ssio n

These ex p e rim en ts  have  show n t h a t  PM K  I I I / l  cells su spended  in any  
o f  th e  m edia te s te d  w ere able to  s u p p o r t  th e  rep lica tio n  o f  ty p e  1 po liov irus 
(M ahoney). T im e o f o n se t, ra te  and  f in a l y ie ld  o f virus re p lic a tio n  w ere id en tica l 
in  P  199 as w ell as in  H B S , if  BA w as p re se n t. A re m a rk a b le  d ifference w as, 
h ow ever, observed  in th e  tim e  of o n se t a n d  th e  final y ie ld  o f  v iru s  rep lica tio n , 
i f  BA w as o m itte d . In  p la in  H BS n o t o n ly  an  abou t 30 m in u te s ’ de lay  o f onset, 
b u t  also a 90 p e r c en t re d u c tio n  o f y ie ld  w as d em o n strab le . P la in  P  199 allow ed 
fo r  a cycle p ra c tic a lly  id en tica l w ith  t h a t  in  B A -con ta in ing  P  199, ex cep t for a 
s lig h t delay  (a b o u t 5 7 m inutes) o f th e  o n se t.

These o b se rv a tio n s  suggest th a t  a t  le a s t  tw o d iffe ren t fac to rs  are in f lu ­
encing  th e  early  p h ase  o f v ira l cycle in  th e  system  s tu d ie d . O u t o f th em  BA 
re p re se n ts  one, w hile a co m ponen t, c e r ta in  com ponents or a g iven  com bination  
o f  com ponen ts in  P  199 rep resen t a n o th e r . T he active p rinc ip le (s) in BA and  
P  199 m ay  be id e n tic a l o r d ifferen t. A n y w a y , th e  lack  o f th e  ac tiv e  princip le(s) 
re su lts  in de layed  o n se t and reduced  y ie ld  o f the  v ira l cycle as observed  in 
p la in  HBS. T he d e lay  o f onset m ay  re f le c t som e d is tu rb an ce  in  th e  early  phase 
o f  in fec tion  (p e n e tra tio n  or eclipse) o r  in  th e  m echanism s tr ig g e rin g  v irus 
re p lic a tio n  in  due  course. R ep lica tion  r a te s  being p ra c tic a lly  id e n tic a l in  all 
m ed ia  te s te d , re d u c tio n  o f  yield m ay  b e  b ro u g h t ab o u t b y  a re d u c tio n  o f th e  
n u m b e r o f successfu lly  in fec ted  cells or b y  th e  p roduction  o f a red u ced  n u m b er 
o f  v irions by  all o r m ost in fected  in d iv id u a l cells.

E x p e rim e n ta l ev idence  o b ta in ed  w ith  th e  system  m a in ta in e d  in H B S and  
su p p lem en ted  w ith  B A  a t  d ifferen t p h ases  o f  th e  v ira l cycle h as  show n th a t  BA 
w as fu lly  ac tiv e  o n ly  if  p resen t d u rin g  th e  in itia l 30 m in u tes . T his observ a tio n  
suggests  th a t  th e  d e lay  o f  onset in  th e  absence  of BA m ay  be caused  b y  im ­
p a ire d  p e n e tra tio n  or eclipse ra th e r  th a n  b y  som e d is tu rb an ce  in  th e  m echanism s 
trig g erin g  rep lica tio n .

T he in te rm e d ia ry  m etab o lite  a n d  co -fac to r pool av a ilab le  for th e  cells 
m a in ta in e d  in  H B S m u st have been v e ry  s im ila r, if n o t id e n tic a l, irre sp ec tiv e  of
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w h e th e r BA was p re se n t. N evertheless, d e layed  a d d itio n  o f  BA im p ro v ed  
p oorly  or n o t a t all th e  f in a l v irus y ield  as com pared  to  th e  full a c tiv ity  o f th e  
sam e su b stan ce  w hen p re se n t during  th e  f irs t 30 m in u te s .T h u s , i t  is questionab le  
w h e th e r in the absence o f BA the  red u ced  n u m b er o f  v irions produced  by  th e  
in d iv id u a l infected cells w ould  have  caused  th e  re d u c tio n  o f th e  f in a l y ield . 
W e m ay , therefo re , s ta te  th a t  all in d ire c t ev idence  av a ilab le  suggests th e  
in v o lv em en t of BA in th e  in itia l phase(s) o f v ira l in fec tion  (p en e tra tio n  or 
eclipse).

No q u a n tita tiv e  s tu d y  has been  co n d u c ted  to  d e te rm in e  th e  ab so lu te  
n u m b e r o f successfully  in fec ted  cells, th u s  n o t even  e s tim a tes  w ere availab le  
co n cern in g  the  n u m b er o f  virions in itia tin g  a co m p le te  cycle w ith  full fin a l 
y ie ld . I t  w as, how ever, observed  th a t  in  th e  absence o f  BA th e re  was no change 
in th e  n u m b er of d e m o n s tra b le  v irions in th e  sy stem  from  0  tim e  un til th e  onse t 
o f rep lica tio n  in P  199 as well as in H B S. In  any  case, in fec ted  cells suspended  
in p la in  P  199 p ro d u ced  a fin a l v irus yield equal to  th a t  o b ta in ed  in the  sam e 
sy s tem  su p p lem en ted  w ith  BA. T hus th e  n u m b er o f  successfu lly  in fec ted  cells 
m u s t h av e  been id e n tic a l in b o th . T herefo re  th e  re m a rk a b le  decrease in  th e  
n u m b e r o f  infectious v ir io n s  observed  d u rin g  th e  f i r s t  2  1 /2  h ou rs o f in cu b a tio n  
in th e  presence of BA in b o th  P  199 an d  H BS d id  n o t seem  to  rep re sen t a 
“ tru e  eclipse” . F o r th e  e x p lan a tio n  o f th e  p h enom enon  we accep t th e  sug ­
gestion  o f F e n w i c k  an d  Co o p e r  [8] th a t  th is  “ v ir tu a l eclipse”  rep resen ts  
“ in a c tiv a tio n ”  or “ re je c tio n ”  of v irions ra th e r  th a n  th e ir  ac tu a l p e n e tra tio n  
in to  th e  cells. I t  seem s to  be of in te re s t th a t  “ v ir tu a l  eclipse”  to o k  place on ly  
in th e  presence of BA. T his o b se rv a tio n  po in ted  to  th e  possib ility  th a t  BA m ay  
p lay  a t  leas t tw o d iffe ren t roles in th e  in itia l phases o f  v ira l in fec tion . F irs t, i t  
fa c ilita te s  “ tru e  ec lip se” , secondly  it is involv ed also in th e  phenom enon  called 
“ v ir tu a l eclipse” .

In  p lain  P  199 th e  absence o f “ v ir tu a l eclipse”  an d  th e  in d irec t evidence 
for th e  presence o f an  u n im p a ired  “ tru e  eclipse”  sugg ested  th e  possib ility  
t h a t  th e  factor(s) re sp o n sib le  for th e  la t te r  m ay  be som e ac tiv e  rad ical(s) or 
c o n ta m in a n t(s j in BA ra th e r  th a n  th e  w hole p ro te in  m olecule itself.

C onsidering th e  possib le com m on com ponen ts o f  P  199 and  BA, th e  
in v o lv em en t o f-S H  rad ica ls  or o f c o n ta m in a n ts  w ith  d e te rg e n t activ i ty  ap p eared  
to  be m ost p robab le . T he ex p erim en ts  h av e  show n th a t  b o th  cysteine an d  
g lu ta th io n e  were ab le  to  reduce th e  lag  phase , in  o th e r  w ords, to  fac ilita te  
“ tru e  eclipse” , a lth o u g h  a p p a re n tly  th ro u g h  d iffe ren t m echan ism s. N ev er­
th e less , none of these  su b stan ces was ab le to  increase th e  n u m b e r of successfully  
in fec ted  cells as re flec ted  by  the u n ch an g ed  fin a l y ie lds. T hese o b se rva tions 
p o in t to  th e  active , th o u g h  secondary  role o f -S H  rad ica ls  in  the  in itia l phases 
o f v ira l infection . T h e  com plete  lack  o f a s im ila r effect o f m eth ion ine  was 
co n sid ered  an in d ire c t ev idence o f th e  necessity  o f th e  p resence of an u n ­
s u b s titu te d  -SH  rad ica l.
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O u t of th e  su b s ta n c e s  w ith  d e te rg e n t a c tiv ity  we h av e  te s te d  u p  to  now  
o n ly  K -lino lea te , a re g u la r  c o n ta m in a n t o f BA p re p a ra tio n s  [9]. This su b ­
s ta n c e  ap p eared  to  h a v e  an  effect e ssen tia lly  id en tica l w ith  t h a t  o f  BA (see 
F ig . 7).

T his o b se rv a tio n  seem s to  be o f  in te re s t , b u t  n o th in g  m ore  can  be s ta te d  
u n t i l  th e  com pletion  o f  s tu d ie s  in  progress in  th is  la b o ra to ry  on fu r th e r  
b io log ica lly  ac tive  f a t ty  acids an d  on Tw een 80, th e  d e te rg e n t in c o rp o ra te d  
in to  P  199.

R esu lts av a ilab le  a t  p re se n t sug g est th e  s im ila rity  o f th e  “ infec tion  
e n h a n c in g ”  fac to rs in  P  199 an d  BA. T hese fac to rs seem  to  p lay  an  im p o r ta n t 
ro le  in  th e  tru e  eclipse o f  ad so rb ed  v irio n s. In  a d d itio n , BA as a p ro te in  m olecule 
a p p e a rs  to  be in v o lv ed  som ehow  in  th e  phenom enon  o f “ v ir tu a l  eclipse” , 
to o .

F u r th e r , m ore d e ta ile d  s tu d ies  on  th e  n a tu re  an d  m ech an ism  o f ac tio n  of 
“ in fe c tio n  enh an c in g ”  fa c to rs  are  in  progress.
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A STATEM ENT CONCERNING T H E  USE OF NAM ES FO R ANTIBIOTICS

(R eceived January 31, 1966)

The m edical field has need of certain attributes in drug nam es which may not he m et 
hy the nam e first applied to a drug. A lthough a drug name first applied by its discoverer m ay  
m eet all the requirem ents needed for the scientific com m unity, it  m ay be unsuitable for 
general use in pharm acy and m edicine.

The rapid progress now being m ade in  medicine applies new requirem ents, som e of 
which are noted here. These include a d istinctive name, readily recognized, yielding itse lf  
to quick recall and easy pronunciation. The name must not he easily  confused with another  
drug or chem ical name in oral or w ritten com m unication hy accidental deletion of a letter or 
figure or because of it close sim ilarity in sound or spelling. There should he only one com ­
m only used name for a drug for use in m edical com m unication.

In the U nited States, non-proprietary names for use by the m edical com m unity are 
proposed for adoption to the U.S. A dopted Names Council, successor to the A .M .A.-USP  
N om enclature Com m ittee. Before final adoption the names m ay he subm itted  to the W orld 
H ealth O rganization, British Pharm acopoeia Commission, French Codex Commission, the  
Nordic Pharm acopoeia Council, as well as to the United S tates Pharm acopeia, the N ational 
Form ulary and the Food and Drug A dm inistration. “Inreasing em phasis is on the worldwide 
adoption o f the sam e name for each therapeutic substance in view  of the m anifest advantages 
it  offers to  better com m unication and world trade.” The U SA N  Council has drawn up a set 
of guiding principles for coining U.S. A dopted Nam es for drugs. These are published in U nited  
States Adopted Nam es (1965).

In the past, som etim es a USAN nam e has been the sam e as the nam e originally applied  
to the substance, at other tim es, follow ing the guiding principles a change was required in the  
nam e for a substance. When this change involves a well known substance it becomes d is­
tressing to  the scientific com m unity.

As one of the major scientific groups concerned w ith various aspects of antibiotics, 
especially w ith the first published accounts containing new antib iotic  names, the American  
Society for M icrobiology is a ttem pting to m inim ize the number of these nam e changes, operating  
through its Com m ittee on Nom enclature o f Antibiotics. Dr. J .  B. J e r o m e , Secretary of the  
U SA N  Council, is cooperating w ith this ASM Committee hy su bm ittin g  proposed antibiotic  
nam es to an ASM referee for com m ent, before adoption by the U SA N  Council. The president 
of the ASM has appointed the chairm an of the Committee on Nom enclature of Antibiotics 
(or a designated alternate) to act as referee for the ASM.

The Com m ittee on Nom enclature o f A ntibiotics believes that antib iotic  name changes 
will he few  if, in coining new nam es, sc ien tists will follow the guiding principles for U SA N  
as published. The Com m ittee has, after study, adopted a series o f recom m endations which  
were approved hy a general m eeting held in W ashington, D.C. on O ctober 20th, 1965 hy parti­
cipants in the F ifth  Interscience Conference on Antim icrobial A gents and Chemotherapy and  
the IV th International Congress o f Chem otherapy as follows:

The Com m ittee affirm s the fundam ental right of the sc ien tist first isolating an a n ti­
biotic to give a su itable name (non-proprietary) to the substance iso lated . If that name m eets 
the necessary criteria, the scientific com m unity has strong in terests in the continuity of th at  
nam e. The name should conform with the guiding principles for coin ing U.S. Adopted Nam es 
for drugs.*

* U nites States Adopted Nam e (U SA N ); United State Pharm acopoeial Convention  
Inc., New York, N .Y . (April, 1965).
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It is recom m ended th at the follow ing general guiding principles be used by scientists 
in  devising names for new antibiotics:

1. Cognizance should be given to the fa c t th a t antibiotics are often  chem ically related 
m embers of a series or ‘‘fam ily” . A name should  be chosen which y ields a root (or suffix or 
prefix) which can be m odified to show th a t th e  variants are members of a related series.

2. A name should be chosen which is euphonious.
3. The chosen nam e should be based on the chemical structure of the com pound if the 

chem ical structure has been established or there is strong evidence for a structure.
4. When the investigator has little  or no knowledge of the chem ical structure of the 

new antibiotic the follow ing principles should  be used as a guide:
a. The genus (or fam ily or order) ep ith et o f the producing organism  should be given 

first consideration as a source of the root for the new name.
i. It is recom m ended that the su ffix  “ m y cin ” be lim ited for app lication  to products 

derived from organism s belonging to the order Actinom ycetales.
ii. If the genus, fam ily and order ep ith e t o f the producing organism  are preempted 

as sources of the root (or su ffix  or prefix) for the nam e, the investigator m ay consider the use 
o f the species (or subspecies or variety or form ) ep ithet of the organism .

b. Failing to find in  4a a suitable source for a name, it m ay be based on som e property 
o f the antibiotic which has scientific m erit such as spectrum of antib iotic  a c tiv ity  or mode 
o f  action. It is not believed that the geographic area of origin gives a m eaningful name.

c. If for som e reason a name cannot be g iven  to a new antib iotic  follow ing the above 
principles a code designation  m ay be g iven— th e  code to begin w ith a letter  or letters, to assist 
in  index alphabetization , follow ed by one or m ore digits. It is h igh ly desirable that about 
the tim e a com pound under investigation m o v es into  clinical evaluation , a nam e rather than  
a code designation be m ade available.

W e invite  and urge your participation in  th is endeavor. If any questions, reservations, 
or suggestions occur to you, please give us th e  b en efit of your thoughts. I f  you  find our recom­
m endations acceptable, please join w ith  us in  (1) publishing them  in  your journal and (2) 
incorporating them  in your editorial practice.

Se l m á n  A . W a k sm a n  C h a irm an ,
N o m e n c la tu re  C om m ittee  o f  th e  A m erican  S oc iety  o f M ic ro b io lo g y
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THE SIGNIFICANCE OF SEROLOGICAL TESTS 
IN CONTROLLING THE SUCCESS 
OF SMALLPOX REVACCINATION

B y

G e o r g e t t e  N y e r g e s , I. H o l l ó s  and

National Institute o f  Public Health (Director : T .  B a k á c s ) ,  Budapest  

(R eceived October 7, 1965)

Sum m ary. Adults who had been vaccinated in infancy and revaccinated at 6 10
years o f  age were revaccinated against sm allpox. Correlations among the fo llow ing four 
factors were analyzed by statistical m ethods: (1) take; (2) age of vaccinées; (3) prevaccination  
haem agglutination-inhibiting (H I) and neutralizing antibodies; (4) HI and neutralizing an ti­
body responses.

No correlation was found between prevaccination III or neutralizing an tibod ies and 
take. O nly the age of vaccinées, reflecting the tim e th a t had elapsed since revaccination  in 
childhood, showed an appreciable positive correlation w ith take.

There was no correlation betw een H I and neutralizing antibody titres in the prevacci­
nation serum samples o f subjects w ith subsequent take, whereas a positive correlation was 
dem onstrable in this respect for those who could not be revaccinated successfully.

After successful revaccination (take) the neutralizing antibody titres increased sign if­
ican tly , irrespective o f the prevaccination titre, and a well-defined positive correlation  
developed  between III and neutralizing antibodies. A neutralization titre of 1 : 128 or an HI 
titre o f 1 : 32 m ay be considered indicative o f successful revaccination.

A fter failure to take the neutralizing antibody titres increased significantly , bu t to 
a lesser degree than after take; in contrast to the successful revaccination, the an tibod y  
responses showed a pronounced negative correlation w ith  the prevaccination neutralization  
titres. Moreover, the failure of take was follow ed by disappearance of the prevaccination  
correlation between HI and neutralizing antibodies, since in this case there was no or a very  
poor III response. According to this last observation, III antibody response is a more reliable  
serological indicator of take than a rise in the neutralizing antibody.

T h e  success of p rim a ry  sm allpox  v a c c in a tio n  is obvious if  i t  is a c c o m p a ­
n ied  b y  th e  ty p ica l d e rm al lesion. T he lesion follow ing rev acc in a tio n  is, h o w ­
ev er, v a ria b le . I t  is u n c lea r w hich ty p e s  of lesion are  an d  w hich a re  n o t  in d i­
c a tiv e  o f  an  im m u n ity  sa tis fa c to ry  from  th e  epidem iological p o in t o f  v iew . 
T h ere  a re  some co n trad ic tio n s  as reg a rd s  th e  sero logically  d e m o n s tra b le  a n t i ­
b o d y  responses acco m p an y in g  th e  d iffe ren t ty p e s  of derm al lesion. T h e  ty p e  
o f sk in  reac tio n  is on ly  in fo rm ativ e  o f th e  p re -rev acc in a tio n  im m une  s ta tu s  if 
th e  in te rv a l betw een  th e  p rev ious an d  a c tu a l v acc in a tio n  was sh o rt.

T o  estim a te  th e  im m unological s ta tu s , th e  h a e m a g g lu tin a tio n -in h ib itio n  
( HI )  te s t  an d /o r th e  n e u tra liz a tio n  te s t  a re  u su a lly  app lied . A ccord ing  to  our 
p re se n t know ledge th e  la t te r  te s t  m easures th e  m ost specific a n tib o d y  [9], 
w hereas an  H I  a n tib o d y  response show s a c o rre la tio n  w ith  th e  v iru s  m u lt ip l i ­
ca tio n  in side  th e  organism  [16]. T here  are s ig n if ic a n t differences b e tw e e n  H I 
a n d  n eu tra liz in g  an tib o d ies  as regards th e ir  a p p e a ra n ce , peak and  p e rs is te n c e .

W e have a tte m p te d  to  e lu c id a te  th e  p ro te c tiv e  value of “ u n su ccessfu l”  
rev a c c in a tio n s  (no ta k e ) , i.e., of th o se  w ith o u t p u s tu le  fo rm a tio n , a n d  of

G. B a r s y
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“ successfu l”  re v a c c in a tio n s  (take), b y  s ta t is t ic a l  analysis of th e  a n tib o d y  
responses.

Serological s tu d ie s  in  connection  w ith  rev acc in a tio n  of h o sp ita l s ta ff  
h a v e  a lread y  been u n d e r ta k e n  [1], e s tim a tin g  th e  H I a n tib o d y  responses. 
In  th e  p resen t w ork  th e  n eu tra liz in g  a n tib o d ie s  w ere t i t ra te d  m ain ly  in th e  
sam e  serum  sam ples.

T h e  aim  was to  e s ta b lish  (i) w h e th e r th e re  is an y  in te rre la tio n  be tw een  
p re -rev acc in a tio n  n e u tra liz in g  an tib o d y  t i t r e s  a n d  th e  ty p e  of derm al reac tio n  
in  su b jec ts  v acc in a ted  sev era l years befo re ; (ii) th e  q u a n tita tiv e  n e u tra liz in g  
a n tib o d y  responses to  revaccinations acco m p an ied  by  d iffe ren t lesions; 
(iii) th e  possible c o rre la tio n s  betw een (a) th e  age o f vaccinées (w hich  re flec ts  
th e  tim e  th a t  h ad  e lap sed  since th e ir  c o m p u lso ry  rev acc in atio n ), (b) th e  p re ­
v a c c in a tio n  n eu tra liz in g  a n d  H I an tib o d y  t i t r e s  a n d  (c) th e  q u a n ti ta t iv e  a n t i ­
b o d y  responses to  rev acc in a tio n .

M aterials and m eth o d s

Revaccination. H osp ita l sta ff of both sexes, from  16 to 61 years of age, were revacci­
nated  in  1963. They had received  the compulsory prim ary vaccination and revaccination  in 
in fa n cy  and between 6 and 10 years of age, respectively . The bovine derm ovaccine o f H ungarian  
produce, used for the presen t revaccinations, contained  7 X 10(i pock-forming u n its (P F U )  
per m l, determined on the chorio-allantoic m em brane. The skin of the arm was scarified in 
the form  of two double crosses or, after several failures to  take, two 5 +  5 cross-hatchings.

Control of skin lesions. The results were read seven  days after revaccination. V accina­
tions follow ed by pustule form ation  (primary type or vaccinoid) were only accepted as “ ta k e” . 
T he others (im m ediate or no reaction) were considered as “ no take” . The latter were repeated  
after seven days, when the reaction was inspected, in a few  cases several tim es at w eekly  
in tervals.

Serum samples. B lood w as taken im m ediately before the first revaccination trial and 
three weeks later, i.e., in case o f further trials two w eeks after the second one and one week  
after the third one. N eutra liz in g  antibodies were on ly  titrated  in the serum sam ples o f those  
w ho had shown a take after the first trial and of those in  whom  at least two revaccinations  
had failed. Sera were in a ctiv a ted  at 56 °C for 30 m inutes and stored in the frozen state.

Neutralization tests. V irus suspension was prepared according to B o u l t e r ’s [2] m ethod, 
w ith  som e m odifications. T he commercial derm ovaccine was subjected to tw o consecutive  
passages on the chorio-allantoic membrane of 12-day-old  chicken em bryos. The second- 
passage membranes show ing confluent lesions were thoroughly  rinsed w ith saline and ground  
w ith  quartz sand, then saline w as added to make a 20 per cen t suspension and th is was centri­
fuged  at 1000 r. p. m. for 5 m inutes in a refrigerated P hiw e centrifuge model “ L inde” . The 
supernatant was thoroughly agitated  with glass pearls for about 10 minutes and centrifuged  
a t + 4  °C at 10 000 r. p. m. for 25 minutes.

The sedim ent was resuspended in sterile sk im m ed m ilk, 2 ml per membrane. The suspen­
sion  was distributed in  am poules, frozen in C 0 2-ice-alcohol m ixture and stored at — 20 °C. 
A  new  ampoule was opened for every titration. A t the start o f the study the suspension con­
ta in ed  1.2 X 106 P FU  per m l; 9 m onths later, when the la st tests were performed, 6.3 X 105 P F U  
per m l. The working dilution  used in the neutralization tests  contained 40—80 P F U  per 0.1 ml.

From each of the sera to  be tested a tw ofold d ilu tion  series was prepared starting w ith  
a 1 : 4 dilution in 0.4 ml sa line containing 50 //g  o f strep tom ycin  and 100 units o f penicillin  
per ml. To each dilution an equal volum e of viral suspension was added. The “ virus control” 
tu b e  contained 0.4 ml virus +  0.4 ml 1 : 4 diluted in a ctiv a ted  normal rabbit serum. The pooled  
serum  of successfully revaccinated  subjects (positive  control) was re-titrated sim ultaneously  
w ith  every titration.

The mixtures were k e p t at 37 °C in the incubator for an hour and at least 4, 11-day-old  
ch ick  em bryos were inocu lated  w ith each m ixture on the chorio-allantoic m em brane, 0.1 ml
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per m embrane. The eggs were prepared as recom m ended by Na d e j e  et al. [3]. The titre o f  
serum  was expressed in the highest serum  dilution  reducing the pock count by 60 per cen t [4]. 
The pooled positive serum was titrated 17 tim es and its titre was found to be 1 : 128 or 1 : 256 
in every instance. T hus, the serum titres needed no correction.

In statistical analysis the criterion o f the take was the same as given  above. The data  
of on ly  those subjects were included w hose paired sera had been titrated  for both H I and  
neutralizing antibodies. Instead of litre  in dilution, the ordinal num eral o f d ilution  steps  
served for the basis o f statistical analysis. T hus, < 1 : 4  was substitu ted  by 0, I : 4 by I, 1 : 8 
by 2 etc., forming a logarithm ic scale.

Results

(  1 )  Serological tests

(1) Correlation between pre-vaccination  neutralization titres and success o f  
revaccinât ion. T h e  n e u tra liza tio n  te s t  w as perform ed in 94 se ra . T he u p p e r tw o  
d iag ram s of F ig . 1 show th e  d is tr ib u tio n  of th e  vaccinées b y  p re v a c c in a tio n  
t i t r e .  T he f irs t d iag ram  illu s tra te s  th e  47 sub jec ts  who had b een  re v a c c in a te d  
wi th  success a t  th e  f irs t tr ia l, w h e reas  rcv acc in a tio n  of th e  47 su b jec ts  o f th e  
second d iag ram  failed  to  tak e  a t  tw o  or th ree  tria ls . T he d is tr ib u tio n  o f th e

%
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10-

0 J

20
Takes Failures to take

a. pre-revaccination titres

Number of 
vaccinées N7 
average titre U,00
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15 Number of 
vaccinées 4 7  
average titre 5,20

1 1

b. post - revaccination titres

I

1010

Number of 
vaccinées 33 
average titre 23,8

О
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Neutralization titre, reciprocals
Fig. 1. D istribution of vaccinées by pre- and post-revaccination neutralization titres
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tw o  groups is n e a r ly  id e n tic a l. The s lig h t d ifference  in  th e  geom etric  m eans of 
b a s a l  titre s  in fa v o u r  o f  th e  subjects w ith  no  ta k e  (5 .2—4.0) p roved  to  be n o n ­
sig n if ican t s ta tis t ic a lly  (t[92] =  1.57, P  >  10 p e r  cen t).

I t  seems to  be  o f  im p o rta n c e  th a t  a t  le a s t 10 y ea rs  h a d  elapsed betw een  
th e  la s t v acc in a tio n  a n d  th e  ac tu a l re v a c c in a tio n  of th e  su b jec ts  u n d e r s tu d y . 
T h e  resu lts  c learly  sh o w  th a t  a fte r su ch  a long  p o s tv a c c in a tio n  period  th e  
t i t r e  o f th e  c irc u la tin g  n eu tra liz in g  an tib o d ie s  fails to  d e te rm in e  th e  re su lt o f 
rev acc in a tio n . A cco rd in g  to  our prev ious s tu d ie s  [1] th e  sam e is va lid  for th e  
p rev acc in a tio n  H I  t i t r e .

(2) N eu tra lizing -an tibody responses to successful and  unsuccessful vacci­
na tions. The d iag ram s in  th e  lower p a r t  o f F ig . 1 su m m arize  th e  p o stv acc in a tio n  
n eu tra liz in g  a n tib o d y  t i t r e s .  Of th e  77 se ra  44 w ere ta k e n  from  successfully  
re v a c c in a te d  su b je c ts , th e  rem ain ing  33 o r ig in a te d  from  persons whose rev ac ­
c in a tio n  was u n su c c e ss fu l in  sp ite  of tw o  o r th re e  tr ia ls .

A fter ta k e  th e  t i t r e s  conspicuously  sh if te d  to  h ig h er va lues. The geom etric 
m ean  of p o s tv a c c in a tio n  titre s  (1 : 1 2 2 ) s ig n if ican tly  su rpassed  th e  p re ­
rev acc in a tio n  lev e l (tj89j =  1.9, P  <7 0.1 p e r  cen t) a n d  th e  curve becam e 
s tr ik in g ly  f la t , in d ic a t in g  a wide sc a tte rin g .

The geom etric  m e a n  of th e  n e u tra liz a tio n  t i t r e s  o f su b jec ts  w ith  no ta k e  
w as also e lev a ted  (1 : 23.8) i [7g] =  6 .72, P  <' 0.1 p e rc e n t) .  T his v a lue  w as, 
how ever, s ig n if ic a n tly  low er th a n  th e  g eo m etric  m ean  o f th e  p o stv acc in a tio n  
t i t r e s  o b ta ined  a f te r  ta k e  ( i j75] =  4.70, P  <7 0.1 p er cen t). B esides, th e  d iagram  
is n o t f la t, th e  s c a t te r in g  being re la tiv e ly  sm all.

(1 1 ) S ta tistical ana lysis

F or fu r th e r  s ta t i s t ic a l  analysis th e  d a ta  o f th e  64 su b jec ts  whose pre- 
a n d  p o stv acc in a tio n  H I  an d  n e u tra liz a tio n  t i t re s  w ere ava ilab le , were on ly  
u sed . We so u g h t co rre la tio n s  betw een  th e  fo llow ing fac to rs : (1) Success of 
rev acc in a tio n ; (2) age o f vaccinées; (3) p re -rev acc in a tio n  H I and  n e u tra ­
liz ing  an tibod ies; (4) p o stv acc in a tio n  rises in  titre s .

The s ta t is t ic a l  an a ly s is  was p e rfo rm ed  from  th e  follow ing aspects:
(A) C o rre la tio n  b e tw een  th e  p re -rc v a cc in a tio n  a n tib o d y  s ta tu s  and  su c ­

cess of rev acc in a tio n :
(a) s ign ificance  o f  p re -rev acc in a tio n  H I  an d  n e u tra liz in g  an tib o d ies;
(b) sign ificance  o f  age d is tr ib u tio n  o f vaccinées;
(c) co rre la tio n  b e tw een  p re -rev acc in a tio n  H I  and  n eu tra liz in g  an tib o d ies .
(B) C o rre la tio n  b e tw een  success o f v ac c in a tio n  an d  th e  su b seq u en t 

serological s ta tu s :
(a) p o s tv a c c in a tio n  changes in  th e  co rre la tio n  be tw een  H I an d  n e u tr a ­

liz ing  an tib o d ies;
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Table I

Age, pre-revaccination titres and antibody responses o f  vaccinées

Age of vaccinées 
years

Prevaccination titres in steps of dilution A ntibody responses in steps of dilution

H I neutralization H I neutralization

*2 *3 *« *6 xe

16 18 1 1 3 1 0 3 0 8

17 19 0 2 l 2 0 1 —  l 3
17 21 2 2 2 0 0 3 l 7

18 21 0 0 0 1 1 3 4 7

19 23 0 1 2 3 3 3 1 2

19 26 0 2 0 1 0 2 6 2

2 0 28 0 0 3 0 0 2 1 0

2 0 30 0 0 0 1 0 2 3 0

2 0 31 1 1 1 4 1 5 7 7

21 31 0 0 0 0 1 4 3 6
21 31 2 0 2 1 0 3 2 3
21 32 1 0 2 0 0 2 2 6

21 34 1 1 2 1 0 4 2 11

2 2 36 1 0 3 1 0 3 1 6

2 2 36 0 2 0 3 2 2 3 1

23 38 2 2 2 0 0 1 0 4

25 39 1 0 2 1 1 4 3 5

25 40 1 2 0 1 1 3 4 6

26 40 0 2 0 1 2 1 5 2

27 42 3 0 3 0 0 5 0 5

27 42 3 0 1 0 0 3 3 8

28 42 2 1 4 0 0 3 0 4
30 47 0 0 1 0 0 4 2 1 0

31 47 2 0 1 0 0 2 3 3

32 51 0 0 1 2 0 4 0 5

37 52 0 0 1 0 0 3 2 7
39 54 0 0 0 1 0 4 2 7
40 57 0 3 2 2 0 1 6 4
44 58 1 1 2 0 1 3 0 5

47 60 2 3 5 2 0 3 0 6

50 61 1 0 2 3 0 6 0 6
52 0 0 0 2

61 4 3 1 0

Total 938 1184 31 26 51 32 14 92 67 162

Note: No takes: ( ^ = 0 )  Takes: ( ^  =  1)
Under each heading the data o f unsuccessfully and successfully revaccinated sub- 

ects are listed  in  the left and right colum n, respectively.
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Table II

Comparison o f  averages for  successfully and unsuccessfully revaccinated subjects

Designation No take Take Difference '[«!] P.%

A verage age хг 28.42 38.19 9.77 3.62 <  1

A verage  prevaccination

a n tib od y  levels*

H I 5 3 0.94 0.84 — 0.10 0.38 > 7 0

neutralization x4 1.54 1.03 — 0.51 1.69 >  5

A verage antibody response*

H I * , 0.42 2.96 2.54 10.09 <  0.1

neutralization 2.03 5.23 3.20 5.65 <  0.1

* Expressed in steps o f dilution.

(b) co rre la tion  b e tw een  p re -rev acc in a tio n  t i t r e s  an d  th e  degree of a n tib o ­
d y  responses;

(c) co rre la tio n  b e tw een  th e  degree o f a n tib o d y  responses a n d  th e  success 
o f  rev acc in a tio n .

(C) Q uad ru p le  co rre la tio n  am ong success o f v acc in a tio n , age of v acc i­
nées a n d  p re -rev acc in a tio n  H I  an d  n e u tra liz in g  an tib o d ies .

(D) Q uad ru p le  co rre la tio n  am ong success o f v acc in a tio n , age o f v acc i­
n ées , H I and  n e u tra liz in g -an tib o d y  responses.

O f th e  64 su b je c ts  31 developed p u s tu le s , 33 d id  n o t. T h e  d a ta  (age, 
p re v a c c in a tio n  t i t r e s ,  a n tib o d y  responses) fo r  b o th  o f these  groups a re  su m m a­
rized  in Tables I a n d  II.

(A) Correlation between pre-revaccination sta tus and success o f  vaccination.
(a) S ignificance o f  pre-revaccination H I  and  neutralization titres. T here was 

n o  s ta tis tic a lly  a p p re c ia b le  difference b e tw een  ta k e s  an d  no ta k e s  in  re sp ec t 
o f th e  p re -rev acc in a tio n  serological t i tre s  th o u g h  th e  averages w ere som ew hat 
lo w er before  ta k e  th a n  befo re  no tak e .

(b) Significance o f  the age o f  subjects to be revaccinated. T here w as a s tr ik ­
in g  d ifference in  av e rag e  age betw een  th e  tw o  g roups, th e  age o f th e  groups 
w ith  ta k e  hav in g  b een  n e a r ly  1 0  years h ig h e r th a n  th a t  of th e  g roup  w ith  no 
ta k e . Since all th e  vacc in ées  h ad  received  th e ir  com pulsory  p r im a ry  an d  re ­
v a c c in a tio n  in  in fa n c y  a n d  childhood, re sp ec tiv e ly , th e ir  age was closely re la te d  
to  th e  in te rv a l b e tw een  th e  la s t v ac c in a tio n  a n d  th e  a c tu a l rev acc in a tio n . The 
re s u lts  suggest th a t  th e  v a c c in a ted  o rgan ism  h as a re s id u a l or p o te n tia l  im m u ­
n i ty  w hich  declines w ith  age; it  m ay  s till be  p re se n t b u t  c an n o t be d e tec ted  
b y  serological m e th o d s .

(c) Correlation between pre-revaccination H I  and  neutralizing  antibodies. 
A  s ig n if ican t co rre la tio n  w as d e m o n s tra te d  b e tw een  H I  an d  n eu tra liz in g  an ti-
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Fig. 2 . C o rre la tio n s  b e tw e e n  n e u tra l iz in g  a n d  I I I  a n t ib o d ie s .  (A ) G ro u p  of no  ta k e

u '  u i i u n u i i  y

F ig .  3 . Correlations between neutralizing and HI antibodies. (15) Group of take
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b o d ie s  in  th e  “ no t a k e ”  group  (F ig . 2) (co rre la tion  co effic ien t, r  =  0.554). 
I n  th e  “ ta k e ”  g roup  th e  co rre la tio n  (r == 0.304) (Fig. 3) w as n o t  ap p reciab le  
s ta t is t ic a l ly .

I t  shou ld  be rem em bered  th a t  fro m  th e  p rev acc in a tio n  t i t r e s  o f an in d i­
v id u a l  one c a n n o t conclude to  th e  r e s u l t  o f a su b seq u en t v a c c in a tio n . The 
c o rre la tio n  coeffic ien t fo r th e  tw o  k in d s  o f an tibod ies re p re se n ts  th e  only,

a. Failures to take г - 0,24-0

Rise in nèutra/ization titre ( dilution steps)
о
о

<; b. Takes
G У

Rise in neutralization titre (dilution steps) '

Fig. 4. Correlation betw een neutralizing and H I antibody responses

a n d  s till  u n c e rta in , basis fo r e s tim a tin g  th e  p ro b a b ility  of ta k e  fo r th e  m em bers 
o f  a g roup .

Since to  o u r b e s t know ledge a s im ila r  analysis has n ev e r b e e n  pub lished , 
w e c a n n o t te ll w h e th e r such a d iffe rence  in  th e  co rre la tion  co e ffic ien t was 
d e m o n s tra b le  in  o th e r  p o p u la tio n s  (e.g. in  a hom ogeneous age g ro u p ), under 
d if fe re n t cond itions.

(B) Correlation between success o f  revaccination and postvaccina tion  serolog­
ica l sta tus.

(a) PoStvaccination changes in  the correlation between H I  a n d  neutra lizing  
an tibodies. The co rre la tio n  betw een  H I  a n d  n eu tra liz in g  a n tib o d ie s  show ed

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)



T H E  S I G N I F I C A N C E  O F  S E R O L O G I C A L  T E S T S 105

a ch a rac te r is t ic  change depend ing  on th e  re su l t  o f  revacc ination . A f te r  no  
ta k e  th e  well-defined p rev acc in a t io n  corre la tion  d isap p ea red  (Fig. 2). A f te r  
take ,  on th e  o th e r  h a n d ,  th e  non-s ign if ican t co rre la t io n  tu rn e d  in to  a well- 
defined one (Fig. 3). This peculiar  change was fu lly  exp la ined  h y  th e  c o r re la ­
tion  b e tw een  th e  q u a n t i ta t iv e  changes in th e  tw o  k in d s  of  an t ib o d y  (F ig . 4).

a Failures to take

3

ъ

r « -0,197 
t(3D -W 9  
P> 20%

у  -0,552-0,136X

- 1 0  1 2  3 0
Pre-revaccination Ht titres 
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9 b. Takes
6 A

5 -
<o

£  4 -  

3  -  

2 -  

1 -

r -  -0 ,093  
1(29) —3,050 
P <  1%

Fig. 5. Correlation between 111 antibody response and pre-revaccination III titre

A fter  no ta k e  th e re  was no appreciab le  c o rre la t io n  be tw een  the  inc reases  
in H I  a n d  neu tra l iz ing  an tibodies ,  while tak e  was followed b y  a p p ro x im a te ly  
paralle l increases; th e  correla tion  coefficient, 0 .514, was h ighly  s ign if ican t .  
T h e  in co o rd in a ted  change in th e  tw o  k inds of t i t r e  led  to  d isappearance  o f  th e  
corre la t ion  be tw een  H I  and  neu tra l iz ing  an tibod ies  a f te r  revaccination  (F ig . 2). 
In  th e  successfully  v acc in a ted  group (Fig. 3), on th e  o th e r  hand ,  th e  n e a r ly  
paralle l  increase  accoun ted  for th e  close p o s tv acc in a t io n  correlation.
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(b) Correlation between pre-revaccination  titres and antibody responses. T he 
co m p ariso n  of th e se  d a ta  was in s tru c tiv e . In  th e  group of no  ta k e  th e  H I 
a n tib o d y  response w as po o r and  show ed no  co rre la tio n  w ith  th e  p rev acc in a tio n  
t i t r e s  (F ig. 5). In  c o n tra s t ,  takes w ere acco m p an ied  b y  co n sid e rab ly  stro n g er 
H I  responses e x h ib itin g  a n egative  c o rre la tio n  w ith  p re v a c c in a tio n  titre s .

A n inverse s i tu a tio n  developed in  th e  case of th e  n e u tra liz in g  an tib o d ies  
(F ig . 6 ). F a ilu re  to  ta k e  w as associated  w ith  a h igh ly  sign ifican t n e g a tiv e  co rre­
la t io n  betw een p re v a c c in a tio n  titre s  a n d  a n tib o d y  responses, i.e ., th e  low est

Pre-revaccination neutralization titres (dilution steps)

Fig. 6. Correlation betw een  neutralizing an tibod y response and pre-revaccination antibody
titre

n e u tra liz a tio n  t i t r e s  in c reased  to  th e  g re a te s t  degree. T akes, th o u g h  followed 
b y  g rea te r  n e u tra liz in g  a n tib o d y  resp o n ses  th a n  failures to  ta k e  (F ig. 6 ), 
e x h ib ite d  no ap p rec iab le  co rre la tion  an d  th e  correspond ing  reg ression  line was 
less steep . A ccord ing ly , ta k e s  were fo llow ed b y  g rea t increases in  n eu tra liz in g  
a n tib o d ie s  w hich, h o w ev er, were in d e p e n d e n t of th e  in itia l t i t re s .

(c) Correlation between success o f  revaccination and antibody responses. 
R ev acc in a tio n , w h e th e r  successful or u n su ccessfu l, was follow ed b y  a signif­
ic a n t  increase in  m ean  H I  and  n e u tra liz a tio n  titre s . F a ilu re  to  ta k e  elicited 
a m ore  p ronounced  in crease  in  n e u tra liz a tio n  t i t re  w hereas a f te r  ta k e  th e  rise 
in  H I  an tibod ies w as m ore  sign ifican t (T ab le  I I I ) .  F u rth e rm o re , th e  average 
a n tib o d y  responses in  b o th  the  n e u tra liz a tio n  an d  H I  te s ts  w ere sig n ifican t, 
ii 'respec tive  of th e  success o f rev acc in a tio n  (T able II).

(C) Q uadruple correlation among success o f  revaccination, age o f  vaccinées 
a n d  pre-revaccination H I ,  and neutralizing  antibodies.
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Table HI

Evaluation o f  serological responses

H I Neutralization

Designation A verage antibody response

*.

Unsuccessful revaccination

Average rise in antibody* 0.42 2.03

«[321 3.24 5.81
P  О/ 
1  1 /0 < 0 . 1

Successful revaccination

Average rise in antibody* 2.96 5.23

«[.1C 1 13.50 11.64
P  о
1  1 /о < 0 . 1 < 0 . 1

* Expressed in steps of dilution.

T he a im  w as to  e lucidate  the  possible s ta t is t ic a l  in te rre la tio n  b e tw een  
th e  success o f v acc in a tio n  (as in d ic a te d  by  th e  sk in  lesion) and  the  o th e r  v a r i ­
ables u n d e r  s tu d y . T hough  th e  sk in  reac tio n  is a ty p ica l q u an ta l re sp o n se , 
it  m ay  n ev erth e less  be ren d ered  q u a n ti ta t iv e  b y  su b s titu tin g  a n e g a tiv e  re ­
sponse b y  zero an d  a positive  response  b y  th e  u n i ty  (-f-1 ), and  d e te rm in in g  
th e  p a r t ia l  co rre la tio n  coefficients. T his is n ecessa ry  to  avoid o v e rlap p in g s .

T ab le  IY  show s th e  co rre la tions am ong success o f revaccination , age , a n d  
p rev acc in a tio n  t i tre s . T here  was a w ell-defined, s ig n if ican t positive c o rre la tio n  
betw een  th e  success o f rev acc in a tio n  an d  age; th e  co rre la tio n  p e rs is ted  w hen  
th e  effects o f p rev acc in a tio n  H I or n e u tra liz a tio n  t i t r e  or of b o th  o f  th e se  
t i tre s  h ad  been  e lim in a ted  from  th e  d e te rm in a tio n  o f th e  p a rtia l c o rre la tio n  
coeffic ien ts . In  c o n tra s t, th e re  w as no co rre la tio n  be tw een  p rev acc in a tio n  H I  
or n e u tra liz in g  an tib o d ies  and  th e  success of re v a c c in a tio n . I f  we suppose  t h a t  
th e  ap p e a ra n ce  o f th e  sk in  lesion is d ep en d en t on th e  im m unological s ta tu s  of 
th e  o rgan ism , th is  is n o t in d ic a te d  b y  th e  p re v a c c in a tio n  titre s ; it  is h o w ev e r, 
h ig h ly  in flu en ced  by  th e  age of th e  vaccinées, w hich re flec ts  th e  in te rv a l b e tw e e n  
th e  co m p u lso ry  rev acc in atio n  an d  th e  ac tu a l rev acc in a tio n .

(D) Q uadruple correlation among success o f  revaccination, age o f  vaccinées 
and antibody responses. H av in g  o b ta in e d  no a p p rec iab le  re la tionsh ip  b e tw e e n  
p rev acc in a tio n  t i tre s  an d  th e  success of re v a c c in a tio n , these  d a ta  h av e  b e e n  
neg lec ted . A ccord ing  to  T ab le  Y, th e  co rre la tion  b e tw een  age and  th e  success 
of rev a c c in a tio n  was w ell-defined w hen only th e  changes in th e  n e u tra liz a tio n  
t i t r e  w ere e lim in a ted , h u t  i t  d ro p p ed  below  s ta tis t ic a l  significance a f te r  th e  
effects o f th e  changes in  H I t i t r e  o r those  in b o th  t i t re s  h ad  been e lim in a te d .
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T h u s , i t  m ay  be  s ta te d  th a t ,  re tro sp e c tiv e ly , th e  success o f v a c c in a tio n  is 
m ore  closely re la te d  to  th e  rise in H I  t i t r e  th a n  to  age.

A ccord ing ly , in  a given p o p u la tio n , ap p ly in g  th e  sam e vacc in e  w ith  
a s ta n d a rd  te c h n iq u e , th e  p ercen tage  o f  ta k e  can  be p red ic ted  i f  th e  age of

T able  IV

Correlations between success o f  revaccination ( skin les ion) ,  age o f  vaccinées and pre-revaccination
H I,  and neutralization antibodies

A nalyzed elem ents Basal correlations

1. Skin lesion r12 0.383 r23 0.086
о Age of vaccinées r13 - 0 .0 4 9 r21 0.010

3.

4.

Pre-revaccination H I titre 

Pre-revaccination neutralizing titre

1 О to о r34 0.447

D esignation  
o f  re la tio n sh ip

E lim in a te d  elem ent

C o rre la tio n
c o e ffic ien t o f

In d ic e s
sig n ifican ce

d e s ig n a tio n value degree o f  t 
freedom P. %

Skin lesion-age — r 12 0.383 62 3.26 <  1
H I titre r 12-3 0.389 61 3.30 <  1
N eutralization titre r ! 2.4 0.394 61 3.35 <  1
H I and neutralization

titre Г12.34 0.391 60 3.29 <  1

Skin lesion-H I — Г13 — 0.049 62 0.38 > 7 0
titre Age r l 3-2 — 0.089 61 0.69 > 4 0

N eutralization titre Г13-4 0.052 61 0.40 > 6 0
A ge and neutralization

titre r 13-24 0.018 60 0.14 > 8 0

Skin lesion - — r 14 —  0.210 62 1.69 >  5
neutralization Age r l i . t t — 0.232 61 1.86 >  5
titre H I titre r l 4.3 —  0.211 61 1.68 >  5

A ge and H I titre r 14.23 —  0.215 60 1.71 >  5

vacc in ées  in fo rm in g  a b o u t th e  tim e  e lap sed  s in ce  th e  com pulsory  re v a c c in a tio n  
is k n o w n . H o w ev er, know ledge of th e  p o s tv a c c in a tio n  H I a n tib o d y  response 
is a b e t te r  in d ic a to r  o f  positive sk in  re a c tio n  th a n  is th e  age o f th e  vaccinées.

T his o b se rv a tio n  has been co n firm ed  b y  an  analysis o f th e  co rre la tio n  
o f th e  success o f  re v a c c in a tio n  an d  th e  n e u tra l iz in g  an tib o d y  resp o n se . In  th is  
case th e  basa l c o rre la tio n  was h igh ly  s ig n if ic a n t and  th is  s ign ificance  w as n o t 
re d u c e d  b y  e lim in a tio n  o f the  effect o f ag e . H ow ever, i t  d ro p p ed  fa r  below  
th e  level of sig n ifican ce  a fte r  th e  effect o f  H I  an tib o d y  responses h a d  been  
e lim in a te d , an d  re m a in e d  a t a s im ila rly  low  lev e l a f te r  th e  effects o f age and  
H I  a n tib o d y  resp o n se  w ere b o th  e lim in a te d .
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Table V

Correlations between success of  revaccination, age o f  vaccinées and I I I  and neutralizing
antibody responses

Analyzed elements j Basal correlations

1. Skin lesion

2. Age of vaccinées

5. H I antibody response

6. Neutralizing antibody response

r n  0.383 r 

rI5 0.788 r 

r16 0.583 r

i5 0-371

гг, 0-197 

5« 0.668

C orrelation Indices

Designation
coefficien t О significance

o f  re la tio n sh ip E lim in a ted  elem ent 1
d e s ig n a tio n value degree 

o f  freedom
t P, %

Skin lesion-age — Г12 0.383 62 3.26 1

I l l  antibody response r l2.5 0.158 61 1.25 20
Neutralizing antibody

response rW.« 0.337 61 2.79 1

III neutralizing antibody

response Г12. 5в 0.169 60 1.33 10

Skin lesion -H I — r 15 0.788 62 10.09 0.1

antibody Age 0.753 61 8.74 0.1
response Neutralizing antibody

response r 15.6 0.659 61 6.85 0.1

Age and neutralizing

antibody response r tr>.2f> 0.617 60 6.08 0.1

Skin lesion - — r i« 0.583 62 5.66 0.1
neutralizing Age He 0.561 61 5.29 0.1

antibody III antibody response r lfi .5 0.124 61 0.98 30

response Age and HI antibody

response r 16.25 0.138 60 1.08 20

D iscussion

A ccep tance  of local p ustu le  fo rm a tio n  as an in d ic a to r  o f successful re v a c ­
c in a tio n  w ith  vaccin ia  v iru s is based  on th e  p rinc ip le  th a t  ta k e  in d ic a te s  th e  
b re a k th ro u g h  o f th e  ac tu a l im m une  lev e l w hereas no ta k e  in d ic a te s  a h ig h e r 
im m u n e  level, w hich  can n o t be ov erco m e w ith  th e  given dose o f v iru s .

F u rth e rm o re , in  a given p o p u la tio n  th e  size of inocu lum  will be in  d ire c t 
re la tio n  to  th e  p ercen tag e  of ta k e  [5]. T h u s , ra ising  th e  v iru s  t i t r e  o f  th e  
v acc in e  will increase th e  secu rity  o f p ro te c tio n  h u t  reduce  th e  p o ss ib ility  of 
n o tic in g  fine differences in th e  im m u n o lo g ica l s ta tu s  on th e  basis o f th e  re su lt
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o f rev acc in atio n . O b v io u sly , th e  low v iru s  c o n te n t o f th e  vaccine ap p lied  in  
th e  p resen t s tu d ie s  h a s  m ade i t  possib le  to  f in d  a w ell-defined  co rre la tio n  
b e tw een  th e  tim e  e lap sed  since th e  la s t v a c c in a tio n  a n d  th e  success of re v a c c i­
n a tio n . The low  v iru s  c o n te n t of th e  vacc in e  con firm ed  also th e  s ta te m e n t t h a t  
th e re  is no s ig n ifican t co rre la tio n  betw een  th e  a n tib o d y  level in  th e  p re -rev acc i­
n a tio n  serum  a n d  th e  re su lt  of rev acc in a tio n .

Im m u n ity  in  g en e ra l, an d  im m u n ity  fo llow ing sm allpox  v acc in a tio n  in  
p a r tic u la r , is a co m p lex  phenom enon . I t  h a s  sero log ically  m easu rab le  in d ica to rs  
w hich  are m ost re lia b le  soon a fte r  v a c c in a tio n , b u t  th e n  g rad u a lly  d isap p ear. 
A fte r  th e  sero log ica lly  m easurab le  a n tib o d ie s  h av e  d isap p eared , th e re  s till 
pe rsists  a p o te n tia l  im m u n ity  w hich m an ife s ts  itse lf  in m obiliza tion  of p ro te c ­
tiv e  m echanism s a g a in s t an  an tigen ic  s tim u lu s . T he p re -rev acc in a tio n  serological 
t i t re s  provide no  in fo rm a tio n  as to  th e  p o te n tia l  an d  residual im m u n ity  o f th e  
su b jec ts  to  be v a c c in a te d . The fac t th a t  o ld e r su b jec ts  w ere rev acc in a ted  w ith  
m ore  success sugg ests  t h a t  th is  ty p e  of im m u n ity  also declines w ith  th e  p ro ­
gress of tim e. N a tu ra l ly ,  th e re  are g rea t in d iv id u a l d ifferences in  th is  re sp ec t 
since num erous y o u n g  sub jec ts  develop a p o sitiv e  reac tio n  an d  vice versa.

I t  is also o f  s ta t is t ic a l  significance t h a t  th e re  ex ists  a p ositive  co rre la tio n  
b e tw een  p re -re v a cc in a tio n  H I and n e u tra liz a tio n  t i t re s  in th e  group of su b jec ts  
w ho failed to  d eve lop  an  appreciab le  sk in  lesion , w hereas a sim ilar co rre la tio n  
w as n o t d em o n strab le  in  th e  group w ith  p o s itiv e  sk in  reac tio n . I t  m igh t serve 
as a m echanical e x p la n a tio n  th a t  th e  n e u tra liz in g  an tib o d ies  are m ore p e r­
s is te n t th a n  th e  H I  ones, therefo re  th e  p resen ce  of b o th  an tib o d ies  m ay  be 
considered to  in d ic a te  an  im m unolog ically  m ore ac tiv e  s ta tu s . T his v iew  is 
su p p o rted  by  th e  fa c t  t h a t  th e  p re -rev acc in a tio n  H I an d  n eu tra liz in g  an tib o d ie s  
o f th e  sub jec ts w ho fa ile d  to  develop a p o s itiv e  sk in  reac tio n  show ed a co rre la ­
tio n  sim ilar to  t h a t  e x h ib ite d  by  the  p o s tv a c c in a tio n  an tib o d ies  of successfu lly  
rev acc in a ted  su b je c ts .

The serological consequences o f u n successfu l rev acc in a tio n s  have been 
d iscussed  by n u m e ro u s  a u th o rs . A fter im m e d ia te  or no response P in c u s  a n d  
F lick  [6], E pp  [12]  a n d  McCarthy- et al. [7 ] ,  o bserved  rises in th e  H I t i t r e ,  
w hereas H olik  a n d  S zat h m á r y  [8 ], Cu t c h i n s  et al. [9], E l isb e r g  et al. [4], 
F i n g e r  and  MŐb e r t  [10] and  ourselves fo u n d  no or h a rd ly  an y  rise.

Rises in th e  n e u tra liz in g  an tibod ies w ere d e m o n s tra te d  b y  all th e  a u th o rs  
h av in g  in v e s tig a te d  th e  n e u tra liz in g -an tib o d y  response  of vaccinées develop ing  
local p ustu les; th e  o n ly  d ifferences were in  th e  p e rcen tag e  of positive responses
[6, 7 , 1 1 , 1 2 , 1 3 ] .

We have fo u n d  q u a lita tiv e  d ifferences be tw een  th e  serological responses 
g iven b y  vaccinées dev e lo p in g  a positive sk in  re a c tio n  an d  those  failing  to  do so.

(a) A fter sev e ra l revacc ination  a t te m p ts ,  th e  n eu tra liz in g  an tib o d ie s  
increased  to  a c e r ta in  level in  m ost cases, a n d  th e  increase  show ed a d e fin ite  
n eg a tiv e  co rre la tio n  w ith  th e  p rev acc in a tio n  n e u tra liz in g  an tib o d y .

П О
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A fte r tak e , on th e  o th e r h a n d , th e  t i tre s , p ro b a b ly  h ighly  d ep en d in g  on 
v iru s  m u ltip lica tio n  an d  th e  in d iv id u a l reac tio n , show ed a s u b s ta n tia l  rise , 
irre sp ec tiv e  of th e ir  p rev acc in a tio n  levels.

(b) A fter no ta k e  only  th e  n e u tra liz a tio n  t i t r e  increased  in a b io lo g ica lly  
a p p rec iab le  degree. T he m in im al rise  in H I  t i t re s  p ro v ed  to  be s ig n if ic a n t 
s ta tis t ic a lly , h u t  its  biological s ign ificance  could  no t be ap p rec ia ted .

I t  is w ell-know n th a t  an increase  in  v acc in ia  an tih aem ag g lu tin in  is in d i­
c a tiv e  of v ira l m u ltip lica tio n  in th e  o rgan ism . I t  seem s like ly  th a t  th e  u n s u c ­
cessfu l vacc in a tio n s w ith  th e  vaccine a n d  te c h n iq u e  app lied  b y  us w ere n o t  
fo llow ed b y  s u b s ta n tia l  m u ltip lica tio n  o f v iru s . T he rises in  th e  n e u tra liz in g  
a n tib o d y  t i t re  o f vaccinées giving no H I  a n tib o d y  response m igh t be e x p la in e d  
b y  su p p osing  th a t  in th e  course of re p e a te d  rev acc in a tio n  a tte m p ts  a c o n s id e r­
ab le  a m o u n t of p ro te c tiv e  an tig en  h a d  been  in tro d u c e d , w hich th en  b ro u g h t 
a b o u t a serological response in th e  p resen ce  of p o te n tia l im m u n ity . A s im ila r  
conclusion  has been d raw n b y  Cu t c h i n s  et al. [9],  an d  th is  view  is also s u p ­
p o rte d  b y  th e  o b se rv a tio n  of K ü h n  a n d  R o h d e  [14] th a t  rev acc in a tio n  w ith  
th e  H e rrlich  vaccine was followed b y  a rise  in com plem en t-fix ing  a n tib o d ie s .

In  p rac tice , a n eu tra liz a tio n  t i t r e  h igher th a n  1 : 128 is suggestiv e  o f 
ta k e ;  such  high t i t r e s  have no t been  o b serv ed  e ith e r  befo re  re v a c c in a tio n  or 
a f te r  fa ilu re  to  ta k e . H ow ever, only  17 o f th e  44 successfully  rev acc in a ted  s u b ­
je c ts  a t ta in e d  th a t  level. C o nsequen tly , th e  p o stv acc in a tio n  t i t re  in  i ts e lf  
fa ils  to  give a d e fin ite  answ er to  th e  q u es tio n  w h e th e r or n o t th e  re v a c c in a tio n  
o f a g iv e n  su b jec t w as successful. I t  sh o u ld  be n o te d  in th is  respect t h a t  th e  
in te rv a l betw een ta k in g  th e  f irs t a n d  second b lood  sam ple  was u n ifo rm ly  
th re e  w eeks. In  case of failure to  ta k e , severa l tr ia ls  w ere perfo rm ed  d u rin g  
th is  p erio d . The serological consequences of th ese  tr ia ls  on th e  d y n am ics  o f  
sero log ical responses are  unknow n.

E x a m in a tio n  o f p a ired  sera fa ils to  give m uch  m ore reliab le in fo rm a tio n  
on th e  c h a ra c te r  of th e  v acc in a tio n  re a c tio n . In  th is  re sp ec t only  32-fo ld  or 
g re a te r  rises in n e u tra liz a tio n  t i t r e  m a y  be considered  s ign ifican t. S till, su ch  
an  in c rease  occurred  in th ree  cases o u t o f th e  32 fa ilu res to  ta k e , w hereas o u t 
o f th e  31 tak es  only  16 ex h ib ited  a 32-fold or g re a te r  rise in th e  n e u tra liz a tio n  
t i t r e .

T h e  p resen t d a ta  have  show n t h a t  th e  H I  a n tib o d y  response is th e  m o s t 
re liab le  serological in d ic a to r  of successfu l re v a c c in a tio n ; a serum  t i t r e  o f 
1 : 32 or h igher 3 w eeks a fte r  re v a c c in a tio n , o r an  8 -fold or g rea te r  rise in  t i t r e  
m ay  be considered as in d ica tiv e  o f ta k e . As m en tio n ed  p rev iously  [1], 21 o f 
th e  31 ta k e s  were follow ed by  an 8 -fold o r g re a te r  increase  in  t i t re , w h ich  w as 
o b se rv ed  only ex cep tio n a lly  a fte r  unsuccessfu l rev acc in a tio n s  (in a sing le case 
ou t o f 32).

T he p resen t n e u tra liz a tio n  te s ts  w ere p erfo rm ed  in o rd er to  th ro w  l ig h t 
upon  th e  in te rre la tio n  betw een  th e  n e u tra liz in g  a n tib o d y , w hich is co n sid e red
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th e  m ost specific a n d  m o st p e rs is ten t o f  th e  an tib o d ies , an d  local d erm al sen ­
s it iv ity . H ow ever, th e  in te rre la tio n  w ith  th e  p rev acc in a tio n  t i t r e  as well as 
w ith  th e  a n tib o d y  resp o n se  proved  to  b e  loose.

The p re se n t s tu d ie s  have show n th e  lack  of an  in te rre la tio n  b e tw een  
n e u tra liz a tio n  a n t ib o d y  an d  local sk in  im m u n ity  (according to  D i x o n ’s classi­
f ic a tio n  [17]). T h is  v iew  is su p p o rted  b y  th e  stud ies of K a p l a n  et al. [15], 
w ho succeeded in  p ro d u c in g  skin lesions in  su b jec ts  h av in g  h ig h -titre  n e u tr a ­
liz in '; an tibod ies.

The p re se n t d a ta  also suggest t h a t  th e  in tro d u ced  p ro te c tiv e  an tig e n  
m a y  induce som e n e u tra liz in g  a n tib o d y  resp o n se  even w ith o u t a consid erab le  
m u ltip lica tio n  o f  v iru s , b u t  an im m u n ity  m an ifesting  itse lf  in  a ll fa c to rs  
req u ires  a d e q u a te  v ira l  m u ltip lica tion .

The H I a n t ib o d y  response has p ro v e d  to  be  a m ore a p p ro p ria te  serological 
in d ic a to r  of ta k e  t h a n  a rise in  n e u tra liz in g  an tib o d ies . P re su m ab ly , th e  in tro ­
d u ced  HA a n tig e n  is n o t  enough to  in d u ce  a d e tec tab le  H I  a n tib o d y  response. 
I t  is therefo re  lik e ly  t h a t  sh o rtly  a f te r  v a c c in a tio n  th e  H I a n tib o d y  is in  co rre ­
la tio n  w ith  th e  a n ti- in v a s io n  and a n ti-d isse m in a tio n  fac to rs . L a te r , how ever, 
th e se  co rre la tions d isa p p e a r  because o f  th e  d isap p earan ce  of H I  a n tib o d y .

I t  m ay be co n c lu d e d  th a t  n e ith e r  th e  a n tih a e m a g g lu tin in  n o r th e  n e u tr a ­
liz ing  an tib o d y  is id e n tic a l w ith  th e  m ain  d e te rm in a n t o f th e  im p la n ta tio n  o f 
v acc in ia  v iru s in  th e  scarified  skin. I t  is u n c e r ta in  w h e th e r th e  tru e  d e te rm in a n t 
o f  resistance  to  re v a c c in a tio n  (and also  to  sm allpox) is m easu rab le  b y  a n y  
serological te s t. T o  e lu c id a te  th is  q u es tio n , th e  possible role of fu r th e r  an tig en s 
o r allergens sh o u ld  b e  clarified .
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STUDY ON THE EFFECT OF FLAVONOIDS 
AND RELATED SUBSTANCES

I. T H E  EFFECT OF Q U E R C E T IN  ON D IF F E R E N T  V IR U SE S

By

R o z á l i a  P u s z t a i , I l o n a  B é l á d i , M á r t a  B a k a i , I l o n a  M u c s i

a n d  E s z t e r  K u k á n

Institute o f  Microbiology (Director:  G. I vánovics),
University Medical School, Szeged

(R eceived O ctober 27, 1965)

Sum m ary. The effect of quercetin on different viruses has been studied. Herpesvirus  
hominis , Herpesvirus suis , type 3 parainfluenza virus and the Sindbis virus were found to  be 
sensitive to quercetin. The sensitivity o f ty p e  1 poliovirus was m oderate, while typ es 2 and 
3 of poliovirus and types 3 and 4 of adenovirus were com pletely resistant. Q uercetin, being  
active only against extracellular virus, was considered virucidal. The effect o f m orin on H er­
pesvirus suis  was identical with that o f quercetin, while rutin was practically in effective .

In a p rev io u s p ap er we h av e  show n th e  a n tiv ira l e ffec t o f aq u eo u s  d ry  
oak a n d  heecli le a f  e x tra c ts  an d  o f  com m ercia l ta n n ic  ac id  [1]. C ondensed  
ta n n ic  ac id , b e in g  a flavonoid  p o ly m e r | 2 ], seem ed to  he o f in te re s t in v iew  
of th e  possib le a n tiv ira l effect o f c e r ta in  flav o n o id  m onom ers. C a tech in , th e  
p recu rso r o f ta n n ic  acid, is a q u e rc e tin  d e riv a tiv e  [3], th u s we ex am in ed  th e  
effect o f q u e rce tin  on viruses. A s h o r t  re p o rt has a lread y  been  pu b lish ed  on th e  
re su lts  [4], o f w hich th e  p resen t p a p e r  gives a m ore d e ta iled  su rv ey .

M ateria ls an d  m ethods

Tissue cultures and media. For H eL a tube cultures we used Ge y ’s solution w ith  5 per cent 
inactivated  rabbit serum and 0.25 per cent lactalbum ine hydrolysate.

For plaque assay, cell suspensions o f trypsinized 11 days old chick em bryos were used. 
Petri dishes o f 50 m m  diameter were seeded w ith  2.5 X 107 cells. The nutrient fluid consisted  
of Ge y ’s solution , containing 4 per cent pH  7.6 Tris buffer, 5 per cent calf serum and 0.25 
per cent lactalbum ine hydrolysate.

Viruses.  A strain of Herpesvirus hominis  isolated from conjunctival rinsing flu id  in 
HeLa cells was used. Further strains tested  were poliovirus type 1 (M ahoney), type 2 (M E F  1) 
and type 3 (Saukett), and a type 3 parainfluenza virus isolated in this laboratory [5]. All viruses 
were m aintained in HeLa cell cultures. Herpesvirus suis  was isolated from pig brain. The Sindbis 
virus was kindly supplied by Dr. I. G r e s s e r  (B oston , U .S.A .). Both viruses were cultured on 
chick em bryo cells.

Virus assays.  The titre of Herpesvirus suis  and Sindbis virus was determ ined on chick  
embryo fibroblast m onolayers by the plaque technique. The other viruses were titra ted  in 
HeLa cell culture tubes. The m ethods used were described previously [6, 1].

Preparation offlavonol solutions.* Q uercetin (MP 315 317 °C), morin (MP 294 — 298 °C)
and rutin (MP 198 °C) were dissolved in saline at a slightly alkaline pH  adjusted by 0.2 M

* The authors are indebted to Dr. M. G ábor  (Institu te o f Pharm acodynam ics, U n iv er­
sity Medical School, Szeged) for quercetin and to Koch Light Laboratories, E ngland, for m orin  
and rutin.
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N aO H  so as to ob ta in  fin a l concentrations of 300 /ig /m l. The pH  of the final solutions varied  
from  7.4 to 7.6.

Antiviral effect. V irus suspensions obtained in H eL a cell cultures and having a titre  
o f  103'5 to 104’5 T C ID 50/O.l m l were m ixed w ith  an equal am ount of flavonol solution. The m ix­
tures were usually allow ed to  stand at room tem perature for 2 hours and inoculated undiluted  
or in tenfold dilution in to  three HeLa tubes each. A s controls, virus-saline m ixtures were used.

In experim ents w ith  Herpesvirus suis and Sindbis virus equal am ounts o f flavonol solu­
tio n , respectively sa line, w ere m ixed to virus suspensions of 103 to 103’5 P FU /m l. After appro­
priate incubation, 0.2 m l sam ples were inoculated on  chicken em bryo fibroblast m onolayers. 
A fter adsorption for 2 hours at 36 C. the infected  cultures were overlaid.

R esu lts

The effect o f  q u e rce tin  on th e  d iffe re n t v iru ses  is p resen ted  in T ab le  I. 
As show n in T a b le  1, H erpesvirus ho m in is  an d  ty p e  3 p a ra in flu en za  

v iru s  were h ig h ly  sen s itiv e , ty p e  1 p o lio v iru s  m o d e ra te ly  sensitive , w hereas 
all th e  o ther v iru se s  te s te d  were re s is ta n t, to  th e  effect of q u erce tin . T he inac-

Tahle I

Effect o f  300 / ig in l  quercetin solution on infectivity o f  different viruses*

Virus
Log TCID50/0.1 ml in HeLa cells

Log inhibition
Control

Quercetin-
treated**

Herpesvirus hominis 4.24 0.50 3.74

Poliovirus type 1 4.24 2.74 1.50

Poliovirus type 2 4.50 4.50 0.00

Poliovirus type 3 3.74 4.24 — 0.50

Parainfluenza virus typ e  3 3.50 0.74 2.76

Adenovirus type 3 4.50 3.74 0.76

Adenovirus type 4 4.50 5.00 — 0.50

* Viruses were grown in HeLa cells.

** Incubated for 2 hours at room temperature.

t iv a t in g  effect o f q u e rc e tin  on H erpesvirus hom in is  p ro v ed  to  be c o n s ta n t. 
In  experim en ts re p e a te d  13 tim es u n d e r  id e n tic a l cond itio n s, it  reduced  th e  
in fec tiv e  t i t re  o f 103'5 — 104,24 T C ID 5U/m l v iru s  b y  2 logs in  tw o cases an d  b y  
3.74 logs in  4 cases. In  th e  rem ain ing  cases, th e  decrease o f t i t r e  v a ried  betw een  
th e  above tw o v a lu e s . As show n b y  th e  d a ta  of five  id en tica l ex p erim en ts , 
q u e rce tin  caused  a 0 to  1 log t i t r e  decrease  o f ty p e  2 po liov irus. In  five  
id e n tic a l ex p e rim en ts  th e  t i tre  red u c tio n  cau sed  b y  q u e rce tin  in  ty p e  1 p o lio ­
v iru s  varied  w ith in  th e  lim its  of 0.75 to  2 log . In  th e  con tro ls  t i t re  v a ria tio n s  
d id  n o t exceed 0 to  0.75 log.
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H erpesvirus hom inis  e x h ib ite d  a m arked  se n s itiv ity  to  q u e rce tin . T he 
effect on ty p e  1 po liov irus w as considered  m o d era te , w hile a g a in s t ty p e  2 

p o liov irus i t  was negligible.
R esu lts  concerning th e  in flu en ce  of the  tim e  o f in c u b a tio n  on th e  a n t i ­

v ira l e ffect o f quercetin  a re  p re se n te d  in Fig. 1.

Fig. 1. E ffect o f 300 /tg/ml quercetin on Herpesvirus hominis  after d ifferent tim es of exposure.
1: Control; 2: Treated

T he v iru s  in a c tiv a tin g  e ffec t o f quercetin  in c reased  w ith  th e  d u ra tio n  
o f in c u b a tio n . Com plete in a c tiv a tio n  o f 10:N74 T C ID 50 H erpesvirus hom in is  
to o k  tw o hours.

T he ac tio n  on H erpesvirus ho m in is  of quercetin  so lu tio n  a t  d iffe ren t co n ­
c e n tra tio n s  is show n in T ab le  I I .  V iru s—q u erce tin , resp . v iru s  — saline  
m ix tu res  w ere in cu b a ted  fo r tw o  h o u rs  a t  room  te m p e ra tu re .

T able  II

Effect o f  quercetin at different concentrations on Herpesvirus hominis*

Quercetin
concentration , //g/ml

Log TCID„/0.1 ml 
in HeLa cells

0 3.74

25 2.50

50 1.50

100 0.66
150 0.50

300 0.00

* Incubated for 2 hours at room temperature.

In a c tiv a tio n  by q u erce tin  in c reased  paralle l to  th e  c o n c e n tra tio n , fu ll 
in a c tiv a tio n  b e ing  a tta in e d  a t  300 /tg /m l concen tra tio n .

T he e ffec t of quercetin  on H erpesvirus suis  an d  th e  effects of m orin  
an d  ru tin  a t  v a rio u s  co n cen tra tio n s  w ere also exam ined . R esu lts  are  show n 
in F ig . 2.
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T he an tiv ira l e ffec t o f  quercetin  a n d  m orin  w as p ra c tic a lly  id en tica l, 
r u t in  being  re la tiv e ly  less ac tive .

T he in a c tiv a tin g  e ffec t of h ep arin  on H erpesvirus h o m in is  is know n to  
h e  in h ib ite d  b y  p ro ta m in e  su lp h a te  [7]. A tte m p ts  w ere m ad e  to  in a c tiv a te  
th e  ac tio n  of q u erce tin  b y  th e  sam e su b stan ce . Id e n tic a l vo lum es o f 300 jUg/ml 
q u e rc e tin  were m ix ed  w ith  p ro tam in e  su lp h a te  so lu tions o f d iffe ren t concen­
tra t io n s .  The p re c ip ita te  form ed was rem o v ed  b y  c e n tr ifu g a tio n  fo r 1 ho u r

Fig. 2. Inactivation o f Herpesvirus suis  by  rutin , m orin and quercetin at different concen­
trations. 1: rutin; 2: m orin; 3: quercetin

1 2.5 12.5 25 250 500 / ig /m l

Fig. 3. Effect of 150 /ig /m l quercetin on Herpesvirus suis  in the presence o f protam ine sulphate 
at different concentrations. —■ Protam ine; - - - Protam ine -(- Quercetin

a t  2500 r. p. m . T o  0.5 m l of th e  re sp e c tiv e  s u p e rn a ta n ts , id en tica l vo lum es 
o f Herpesvirus su is  o f  10:i P F U /m l w ere ad d ed . T he m ix tu re s  w ere in cu b a ted  
a t  room  te m p e ra tu re  fo r  2 hours a n d  in o c u la te d  in  0 .2  m l vo lum e each on 
ch ick  em bryo f ib ro b la s t  m onolayers. F o llow ing  a d so rp tio n  for 2 hours a t  
36 °C, th e  in fe c te d  c u ltu re s  were o v erla id . T he v iru s  in a c tiv a tin g  effect o f 
p ro tam in e  su lp h a te  w as checked in  m ix tu re s  c o n ta in in g  saline instead  of 
q u erce tin . R esu lts  a re  show n in F ig . 3.

The v iru s  in a c tiv a tin g  effect o f q u e rce tin  g ra d u a lly  declined w ith  
increasing  th e  c o n c e n tra tio n  of p ro ta m in e  su lp h a te  from  1 to  25 /ig. A t h ig h er
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c o n cen tra tio n  p ro ta m in e  su lp h a te  h a d  no n e u tra liz in g  effect since i t  b eg an  
to  reduce  th e  p laq u e  coun t.

T he effect of q u erce tin  on S indbis v iru s  is show n in Fig. 4.
T h e  se n s itiv ity  of S indbis v iru s  to  q u e rc e tin  w as sim ilar to  t h a t  o f 

H erpesvirus su is  (see Fig. 2).
N ex t th e  a c tiv ity  o f q u erce tin  on v iru s  g ro w th  w as s tu d ied  in in fe c te d  

cu ltu res. F leLa cu ltu res  were in fec ted  w ith  1 0 ^ : to  10 ~ 6 d ilu tions of H erp es­
virus hom in is. A d so rp tio n  w as allow ed to  ta k e  p lace  for 2 hours a t  36 °C. 
S u b seq u en tly , th e  cu ltu res  w ere w ashed  3 tim es w ith  H a n k s ’ so lu tion . T o  th e

117

Fig. 4. E ffect o f quercetin at different concentrations on Sindbis virus

in fec ted  cu ltu re s  a n u tr ie n t  m edium  c o n ta in in g  30 p g /m l  quercetin  was a d d e d . 
C ontrols w ere se t up  w ith  saline in s te a d  of q u e rc e tin . On th e  6 th  d ay  of in c u ­
b a tio n , no d ifference w as d e te c ta b le  in  th e  T C ID - 0 o f co n tro l and q u e rc e tin -  
tre a te d  cu ltu re s . T h u s th e  ad d itio n  o f q u e rce tin  a f te r  th e  infection  h a d  no 
effect w h a tev e r. S im ilar resu lts  were o b ta in e d  w ith  H erpesvirus suis. W ith  
th is  v iru s , th e  s tu d ies  w ere perfo rm ed  on ch ick  em b ry o  fib ro b las t m o n o lay ers  
overlaid  w ith  a m ed ium  co n ta in in g  30 or 120 /tg /m l q u e rce tin . P laque c o u n ts  
w ere id en tica l in b o th  q u e rc e tin - tre a te d  an d  u n tr e a te d  cu ltu res.

Discussion

I t  has long  been know n th a t  ce rta in  p o ly an io n s reduce  th e  in fec tiv e  
t i tre s  o f som e v iru ses  [9, 10, 11, 12]. T he v iru c id a l e ffec t o f  ta n n ic  acid o b se rv ed  
by  us [ 1 ] w as in te rp re te d  b y  its  po lyan ion ic  c h a ra c te r . O n th e  basis of o u r e x ­
pe rim en ts  s im ila ritie s  m ay  be supposed  in th e  ac tio n  o f m onom eric q u e rc e tin  
an d  th e  po ly an io n ic  ta n n ic  acid. T he se n s itiv ity  o f a v a r ie ty  of v iruses was v e ry  
sim ilar to  b o th  su b stan ces . T he ac tio n  o f th e  m a te ria ls  p ro v ed  to  be v iru c id a l  
a n d  te n d e d  to  increase  w ith  th e  tim e  o f in c u b a tio n  [1]. T h e  a n tiv ira l e ffects o f  
b o th  ta n n in  an d  q u e rce tin  are in h ib ite d  b y  p ro ta m in e  su lp h a te  [8 ]. H en ce  
th e  v iru c id a l a c tiv ity  of ta n n ic  acid  seem s to  hi' d u e  n o t  so m uch to its  p o ly ­
an ionic  n a tu re  as to  its  s tru c tu ra l  u n its  resem bling  th e  q u e rce tin  m olecule.
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P ro ta m in e  su lp h a te  is know n to  re d u c e  th e  infective t i t r e  o f ce rta in  
v iru se s  [1 3 , 14]. In  o u r h a n d s , p ro ta m in e  su lp h a te  a t  co n c e n tra tio n s  h igher 
th a n  25 p g /m l d e fin ite ly  in h ib ite d  p laq u e  fo rm a tio n  by  H erpesvirus su is.

T h e  a n tiv ira l  e ffect o f  ce rta in  f la v o n o id s  an d  re la te d  su b s ta n c e s  was 
s tu d ie d  in  an im al ex p e rim en ts  b y  C u t t i n g  et al. [15, 16, 17]. A  p ro p h y la c tic  
e ffe c t w as  observed  a g a in s t rab ies, n eu ro  v acc in ia  and  ec tro m elia  v iru s  in fec­
tio n s  in  m ice t re a te d  w ith  q u erc itrin  or q u e rc e tin  by  th e  o ra l ro u te . N one of 
th e s e  su b s ta n c e s  p ro v ed  to  be p ro te c tiv e  w hen  fed a fte r  th e  v iru s  in fec tion . 
T h is  p ro te c tiv e  ac tio n  of flavono ids m ig h t b e  ascribed to  th e  v iru c id a l effect 
o b se rv e d  in  ou r ex p e rim en ts . Cu t t i n g  et al. [16] found  th a t  ru t in  w as ineffec­
t iv e ;  th is  is in  acco rd an ce  w ith  our p re s e n t  d a ta  (Fig. 2).

T h e  h ig h est se n s itiv ity  to  ta n n ic  a c id  an d  quercetin  w as e x h ib ite d  b y  
en v e lo p e d  v iru ses, viz. herpesv iruses, ty p e  3 o f p a ra in flu en za  v iru s  a n d  S indbis 
v iru s . V iruses lack in g  an  envelope like po lio - a n d  adenov iruses, w ere m o d e ra te ly  
se n s it iv e  or even re s is ta n t. F u r th e r  s tu d ie s  a re  requ ired  to  e lu c id a te  w h e th e r 
th e  a n tiv ira l  effect rea lly  depends on th e  p resen ce  of th e  envelope a n d  to  d e te c t 
w h e th e r  or n o t th e  d iffe ren t s tra in s  o f th e  d iffe ren t v irus ty p e s  e x h ib it  s im ilar 
se n s itiv itie s .
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AGE-INCIDENCE
OF H AE M AGG LUT IN ATIO N- INHIBITING 

ANTIBODIES TO REOVIRUS TYPES 1,2 AND 3
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Sum m ary. The haem agglutination-inhib iting (H I) antibodies to the three reovirus 
types were titrated in serum  sam ples collected from 1982, m ostly  healthy, persons living in 
H ungary. Antibodies to types 1, 2 and 3 were found in 73, 74 and 81 per cent o f the sam ples, 
respectively. The percentage of seropositive sera appears to grow' till the fourth decade of life 
in the case of types 1 and 2; in the case o f type 3 it reaches its h ighest level betw'een 3 and 
5 years o f  age.

Serological response of 273 hospitalized acute respiratory cases was compared w ith  
that o f 114 cases o f viral hepatitis. No appreciable difference could he dem onstrated. In 22 
cases under 10 years o f age clinically diagnosed as “ viral in fection“ the incidence of antibody  
response to reovirus typ es 1 and 3 was relatively  high (3 and 5, respectively).

The HI test was found to be equivalen t to the neutralization test in detecting reovirus 
antibodies. A close correlation exists betw een III and neutralization titres.

T he te rm  reo v iru s  was in tro d u c e d  by  Sa bin  in  1959 fo r th e  designation  
of th e  v iruses classified  earlie r in to  echov irus ty p e  1 0  an d  som e re la ted  v iru ses 
[1]. S ince th e n  th e  m o rpho logy  [2, 3] an d  an tig en ic  s tru c tu re  of reov iruses, 
th e  ex istence  o f th ree  se ro ty p es [1, 4] an d  of severa l su b ty p e s  w ith in  ty p e  2 [5], 
th e  chem ical n a tu re  o f th e  reo v iru s  h aem ag g lu tin in , th e  re la tio n sh ip  b e tw een  
in fec tiv e  v iru s  an d  h aem ag g lu tin in  p ro d u c tio n  [6  — 8 ] a n d  th e  in fluence  of 
d iffe ren t c ircum stances on th e  m u ltip lic a tio n  of reo v iru ses  in various tissu e  
cu ltu res  [9 —11] h av e  been c larified . R eoviruses h a v e  been  iso la ted  from  
h e a lth y  ch ildren  [12, 13], o u tb re a k s  of d iffe ren t d iseases [1, 14—18], severa l 
species o f dom estic an im als  [19 — 21], la b o ra to ry  an im als  [1, 22, 23] and  u n in o c ­
u la ted  m o n k ey -k id n ey  cell cu ltu re s  [24 — 26].

T he wide d issem ina tion  of reov iruses has been  d e m o n s tra te d  by  serolog­
ical su rveys [1, 4, 14 — 17, 27 — 32]. F u r th e r , th e  ex is ten ce  o f serological cross 
reac tio n s  am ong tin? th re e  reov irus ty p e s  [1, 4, 30] a n d  am o n g  s tra in s  o f h u m an  
a n d  low er an im al orig in  [19 — 20] h av e  been ev idenced .

To e luc ida te  th e  possible p a th o g e n ic ity  of reo v iru se s , v o lu n tee rs  w ere in ­
fec ted , b u t  th e  re su lts  o f these  ex p e rim en ts  were n o t u n eq u iv o ca l. On th e  o th e r  
h a n d , iso la tion  of reov iruses from  ill-defined  m inor illnesses, inc lud ing  re sp ira ­
to ry , en te ric  an d  e x a n th e m a tic  cases, an d  sero logical ev idence  of reo v iru s  
in fec tion  in connec tion  w ith  such  cases have o ften  been  re p o rte d  [12, 14, 15, 
23, 35 — 37]. T he so-called  H EY  v iru s , w hich causes ja u n d ic e  associa ted  w ith  
en cep h a litis  in  m ice h as  also been  p roved  to  be a re o v iru s  [36, 37].
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All these d a ta  su p p lied  l i ttle  in fo rm a tio n  on th e  h u m a n  p a th o g e n ic ity  
o f  reov iruses, iso la tio n  o f w hich is seldom  successful a lth o u g h  a high p e r­
c e n ta g e  of the  p o p u la tio n  ap p ea rs  to  be positive  sero logically  [14, 15, 17, 18, 
2 7 , 30, 32].

To ob ta in  som e in fo rm a tio n  on th e  im m unological s ta tu s  o f th e  p o p u la ­
t io n  o f  H u n g ary , we ex am in ed  se rum  sam ples from  su b jec ts  from  tw o  m onths 
to  70 years of age fo r h a e m a g g lu tin a tio n -in h ib itin g  (H I) an tib o d ie s  to  th e  th ree  
s e ro ty p e s  of reov iruses. In  ad d itio n , p a ire d  sera were co llec ted  from  p a tie n ts  
su ffe r in g  from  d iffe ren t d iseases to  o b ta in  som e in fo rm a tio n  on th e  p a th o ­
g e n e tic  role of reo v iru ses; in 50 se rum  p a irs  b o th  n eu tra liz in g  a n d  H I  a n tib o ­
d ie s , in  th e  o thers on ly  th e  H I  an tib o d ie s  w ere t i t ra te d .

M ateria ls and  m ethods

Sera. Group I: A tota l o f 1982 serum sam ples taken partly for syphilis screening tests  
from  apparently healthy subjects, partly from subjects suffering from  various acute d is­
eases.

Group II: 433 serum pairs from hospitalized patients. Of these 273 suffered from respi­
ratory  diseases, in 46 cases the clinical diagnosis was “viral infection” w ith  fever, upper respi­
ratory  and enteric sym ptom s som etim es accom panied by atypical exanthem s. Paired sera of 
114 patients w ith viral hepatitis served as control.

The sera were kept at -  20 °C until tested .
Serological methods. The reovirus type strains used for preparation of H I antigens were 

k in d ly  supplied by Dr. K. Z a c ek  (Prague). The designation of the strains was: type 1 YR  
230 101476, type 2 YR  231 201477 and typ e  3 YR  232 201479. A ntigens were produced in 
prim ary m onkey-kidney cell cultures and in R u zicsk a ’s [38] perm anent cell line No. 1II/1 of 
m onkey-k idney origin. S tationary cultures were used. The m aintenance flu id  was P a r k e r ’s 
m edium  No. 199 throughout. After com plete destruction of cells the cultures were frozen and 
th a w ed  successively three tim es. H aem agglutination  (H A) and III titrations were carried out 
according to T a ká tsy ’s m icrotitrator m ethod [39]. The HA titre o f the viral preparation was 
determ ined in every case when HI titration w as performed and 4 HA u n its o f virus were added 
to  each serum dilution. To rem ove nonspecific inhibitors and haem agglutinins, the sera were 
absorbed w ith kaolin and hum an 0 erythrocytes [4]. Subsequently a tw ofold  dilution series 
w as prepared from 1 : 8 to 1 : 256. The virus-serum  m ixtures were allow ed to stand at room  
tem perature for one hour, whereafter a 1 per cen t suspension of hum an 0 erythrocytes was 
added . After incubation at room  tem perature for 60—90 m inutes the results were read.

Neutralization (N ) tests  were perform ed w ith  type strains propagated in primary m on­
k ey-k id n ey  cell cultures; aliquots o f virus containing 100 CPD5))/0.1 ml were m ixed each w ith  
an equal volum e of appropriately diluted heat-inactivated  serum. The m ixtures were kept 
a t  -f-4 °C for 12 hours. Three tube cultures o f perm anent m onkey-kidney cells were inoculated  
w ith  each of the m ixtures, 0.1 ml virus per culture.

R esu lts

In  G roup I  73, 74 an d  81 p e r c en t of th e  sera co n ta in ed  H I  an tibod ies 
in  a t i t r e  1 : 8 or h ig h e r to  reo v iru s  ty p e  1, 2 and  3, re sp ec tiv e ly  (Table I).

The percen tages o f  sera  p o sitiv e  to  ty p es  1 an d  2 ra n  p a ra lle l in  th e  d iffe r­
e n t  age groups, ris in g  w ith  age. In  th e  age group from  6  to  10 y ears  74 and 
72 p e r  cen t, re sp ec tiv e ly , o f th e  sera  co n ta in ed  H I an tib o d ie s . W ith  ty p e  3, 
on  th e  o ther h an d , th e  sam e level w as reached  m uch sooner; 74 p e r cen t o f
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Table I

Incidence o f  III  antibodies to reovirus types 1, 2 and 3 in the sera o f  subjects o f  different age

Sera w ith titres  2>1 : 8 to

Age group
No. of 

sera tested Reo 1 Reo 2 Reo 3

No. % No. % No. %

2 5 months 69 29 42 28 41 38 56

6 - и 111 44 39 39 35 84 76

1 year 88 43 49 43 49 55 63

2 years 82 40 49 37 45 61 74

3 - 5  „ 141 88 62 83 59 107 76

6 10 162 120 74 117 72 130 80

11 20 182 145 80 145 80 151 83

21 - 3 0  „ 278 226 81 236 85 246 88

31 - 4 0  „ 236 204 87 215 91 211 90

41 50 197 162 82 164 83 165 84

51 60 234 189 80 196 84 196 84

61 - 7 0 131 99 76 98 75 112 86

>71 71 60 85 59 83 53 75

Total 1982 1449 73 1460 74 1609 81

th e  tw o-year-o ld  ch ild ren  a lre a d y  h ad  d e tec tab le  H I  an tib o d ie s  to  reov irus

type 3-
The d is tr ib u tio n  o f d iffe ren t H I an tib o d y  t i t r e s  to  th e  th re e  reov irus 

ty p e s  are p resen ted  in F igs 1 to  3.
In  th e  incidence of h igh  (1 : 128 an d  1 : 256) t i t r e s  th e re  was no a p p re ­

ciable difference am ong  th e  th re e  ty p e s ; in th e  in c id en ce  o f m ed ium  titre s  
f lu c tu a tio n  was m ore p ro n o u n ced  an d  th e  excess ty p e -3 -p o s itiv e  sera in  early  
ch ildhood h ad  low or m ed ium  titre s .

Since th e  above re su lts , in  accordance w ith  l i te r a r y  d a ta , suggest th a t  
th e  f irs t reov irus in fec tio n s u su a lly  occur in early  ch ild h o o d , p a ired  sera  from  
ill ch ild ren  (G roup I I )  w ere ex am in ed  to  o b ta in  som e in fo rm a tio n  on th e  p a th o ­
genetic  role o f reov iruses (T able  I I ) .

In  th e  p a tie n ts  w ith  re sp ira to ry  disease (273 cases u n d e r 10 years o f age) 
4-fold or g re a te r  rises in  t i t r e  w ere found  in 3.3, 3.0 a n d  4.7 p er cen t ag a in s t 
ty p es  1, 2 an d  3, re spec tive ly .

In th e  g roup  w ith  th e  clin ica l diagnosis o f “ v ira l in fec tio n ” (22 cases) 
u n d e r 10 years o f age th e  re sp ec tiv e  percen tages w ere 1 3 .6 ,4 .5  an d  22.7 
p e r  cen t. N one o f th e  24 p a tie n ts  over 10 years o f age show ed a rise in t i t re .

As to  the  a n tib o d y  ti t re s  to  reov iruses in h o sp ita liz ed  p a tie n ts  su ffering  
from  a n o n -re sp ira to ry  d isease, p a ired  sera of 114 p a tie n ts  w ith  v iral h e p a titis
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2-5 1 3-5 11-20 31-40 51-60 >71
6-11 2 6-10 21-30 41-50 61-70

Months Years
Age o f subjects tested

*  Number o f subjects tested

Fig. 1. A n tib ody titres against reovirus type 1 by age

Months Years
Age o f subjects tested

*  Number o f subjects tested

Fig. 2. A ntibody titres against reovirus type 2 by age

w ere  exam ined . R ises in  t i t r e  suggestive  of sim u ltan eo u s re o v iru s  in fection  
w ere  m ain ly  d e m o n s tra te d  in  th e  p a ired  sera o f p a tie n ts  o v er 1 0  y ea rs  of age.

In  accordance w ith  l i te ra ry  d a ta , h e te ro ty p ic  im m u n e  responses were 
f re q u e n t. Most o f th e  cases g iv ing  a w ell-defined  im m une resp o n se  to  reovirus 
ty p e  1 or 2 show ed an  a n tib o d y  response to  b o th , o th e rs  o n ly  to  one, of th e
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111 82 162 278 197 131

Months Years
Age o f subjects tested

* Number of subjects testet

Fig. 3. A ntibody titres against reovirus typ e  3 by age

hetero logous ty p es . In fec tio n s  a t t r ib u ta b le  to  reo v iru s  ty p e  3 w ere, how ever, 
n o t accom pan ied  b y  h e te ro ty p ic  responses.

T he re la tio n sh ip  betw een  th e  H I  an d  n e u tra liz a tio n  t i t re s  was ex am in ed  
in  50 serum  p a irs . F o r th is  p u rp o se  sera  com plete ly  n e g a tiv e  in  th e  H I  re a c ­
tio n , th o se  on ly  in h ib itin g  reo v iru s  ty p e  3 and  p a ired  sera  g iv ing  an  a n tib o d y  
response, w ere selected . In  d ec id in g  w h e th e r a se ru m  w as or was n o t p o s itiv e , 
th e  tw o reac tio n s  ap p ea r to  be  eq u iv a le n t. The 11 H I-n e g a tiv e  serum  p a irs  w ere 
found  to  be n eg a tiv e  in th e  n e u tra liz a tio n  te s t , to o , w hereas th e  39 111-positive 
sera also co n ta in ed  d em o n strab le  n eu tra liz in g  an tib o d ie s . T he t i t r e  va lues 
e ith e r  equalled  or th ere  w as a tw o - or fourfo ld  d ifference  in t i t r e  in fa v o u r  of 
e ith e r  of th e  H I or th e  n e u tra liz a tio n  t itre .

Table II

Antibody response in 433 hospitalized patients

Age,
year

No. of 
serum pairs

>4-fold rise in HI titre  to

Clinical diagnosis Reo 1 Reo 2 Re о 3

No. % No. % No. %

Respiratory infection 0 10 273 9 3.3 8 3.0 13 4.7

“Viral infection” 0 10 22 3 13.6 1 4.5 5 22.7

> 1 0 24 -

Viral hepatitis 0 10 56 1 1.7 3 5.3 5 8.9

11 20 38 4 10.5 2 5.2 5 13.4

21 60 20 3 15.0 3 15.0 3 15.0
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D iscu ssion
I t  has been  show n  b y  num erous a u th o rs  [1 ,4 , 14 — 16, 27 — 31] th a t  th e  

in c id en ce  of H I  a n tib o d ie s  to  reoviruses is g en era lly  h igh  b u t  p e rcen tag e  d a ta  
h a v e  only  been p u b lis h e d  in  tw o rep o rts . E t  R a i  an d  E v a n s  [17] found  a n t i ­
b o d ie s  to  all th re e  ty p e s  in  one q u a rte r  o f ch ild re n ’s sera  a n d  in  one h a lf  of 
th e  young a d u lt sera  te s te d . S c h m i d t  et al. [32] d e m o n s tra te d  H I  an tib o d ies  
to  reov irus ty p e  1 in  48 .8  p e r cen t, to  ty p e  2 in  87 p er cen t. T h e y  d id  n o t ex am ­
in e  ty p e  3 an tib o d ies .

In  co n trast to  th e  l a t te r  au th o rs , we fo u n d  ty p e  1 a n d  ty p e  2 an tibod ies 
a t  a b o u t the  sam e p e rc e n ta g e  (73 an d  74 p e r  cen t). T he in c id en ce  of ty p e  3 
an tib o d ie s  was so m e w h a t h ig h er (81 p er cen t). T he reason  fo r th e  h igher p e r­
c e n ta g e  appears to  be  clear: th is  inc ludes th e  m ost h e te ro ty p ic  reactions. 
T h e re  was no d iffe rence  in  th e  incidence o f h ig h  ti t r e s  m ost in d ic a tiv e  of hom o­
logo u s infection.

As to  th e  age in c id en ce  o f reov irus an tib o d ie s , L e r n e r  et al. [27] com ­
p a re d  th e  titre s  o f m a te rn a l  an d  n e o n a ta l sera . T h ey  fo u n d  eq u a l t i tre s  in  
80 p e r  cen t of th e  cases. A ccord ing  to  ou r s tu d ie s  th e  m a te rn a l an tib o d ie s  soon 
d isa p p e a r , b u t th e  h ig h  inc idence  of an tib o d ie s  (especially  to  reo v iru s  ty p e  3) 
e v e n  in  high t i t re s , d u r in g  th e  second h a lf  y e a r  of life suggests  t h a t  in fection  
w ith  one or m ore re o v iru s  ty p e s  is com m on in  in fan cy . T he occu rrence  of high 
t i t r e s  in all age g ro u p s p o in ts  to  th e  long p e rs is ten ce  of a n tib o d y  t i t re s , w hich 
m a y  be raised a t  in te rv a ls  b y  re in fec tions. W e d id  n o t ex am in e  se ru m  d ilu tions 
h ig h e r  th an  1 : 256. S c h m i d t  et al. fo u n d  ty p e  1 an tib o d ies  u p  to  1 : 320 to  
1 : 640 d ilu tion  a n d  ty p e  2 an tib o d ies  up  to  1 : 320 to  1 : 1280 in  2.9 an d  21.9 
p e r  cen t, re spec tive ly . P re su m a b ly  som e of th e  sera  te s te d  b y  us also  h ad  titre s  
h ig h e r  th a n  1 : 256.

The low in c id en ce  o f  a n tib o d y  response  in  th e  sera o f p a t ie n ts  w ith  acu te  
re s p ira to ry  disease sp eak s  a g a in s t th e  s ign ificance  of reo v iru ses  as re sp ira to ry  
p a th o g e n s . I t  m ay  be  o f  in te re s t  th a t  a re la tiv e ly  h igh  p e rcen tag e  of sera ob­
ta in e d  from  cases w ith  th e  clin ical diagnosis “ v ira l in fec tio n ”  gave  an  an tib o d y  
re sp o n se  to  one or m o re  reo v iru s  ty p es . F u r th e r  in v es tig a tio n  o f such  clin ically  
ill-d e fin ed  cases m ig h t b e  ju s tif ie d .

Rises in th e  H I  t i t r e ,  in d ica tiv e  of s im u ltan eo u s  reo v iru s  in fec tio n s, were 
d isp la y e d  b y  a h ig h  p ro p o rtio n  of h o sp ita liz ed  h e p a titis  cases over 10  years 
o f  age. I t  is un lik e ly  t h a t  th e se  rises shou ld  h a v e  been in  re la tio n  to  th e  ac tu a l 
illn ess  of the p a tie n ts . I t  is m ore p ro b ab le  t h a t  in a p p a re n t reo v iru s  in fections 
o c c u rre d  during th e  lo n g  p e riods of h o sp ita liz a tio n . Since su ch  in fec tio n s m ay  
a lso  occur in p a tie n ts  h o sp ita liz e d  w ith  re sp ira to ry  diseases of d iffe re n t origin, 
th e  serological resp o n se  to  reoviruses of h o sp ita lized  p a tie n ts  shou ld  be in te r ­
p re te d  w ith  g rea t p re c a u tio n .

The p resen t in v e s tig a tio n s  have  show n th a t  in  th e  sero logical diagnosis 
o f  reo v iru s  in fec tion  th e  H I  te s t  is n ea rly  e q u iv a le n t to  th e  n e u tra liz a tio n  te s t.
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SIMULTANEOUS DETERMINATION 
OF ERYTHRO- AND UEUKOCYTOTROPINES IN VIVO

By

G y . V a j d a , J .  T ó t h  and  V .  T a x

Central Laboratory and Second Section o f  Medicine , 
Hungarian State Railways Hospital (Director:  L. OÓ), Budapest

(R eceived Novem ber 6, 1965)

Summary. A new m ethod has been elaborated for the sim ultaneous determ ination of 
erythro- and leukocytotropines in vivo. M ixtures consisting of 0.5 ml serum dilution to be 
tested , 0.25 ml of 10 per erythrocyte suspension of conform ing blood group and 0.25 m l of 
a 20 000 per cu. mm. leukocyte suspension each are adm inistered intraperitoneally to 3 m ice. 
After 3 hours, peritoneal exudate  sm ears are exam ined for the occurrence and percentage of 
erythro- and leukophagocytosis. P hagocytosis observed in over 3 per cent o f mouse leukocytes  
indicates a positive reaction. In a series o f 25 cases suffering from im m unohaem atological 
disorders, erythrophagocytosis could be detected in 14 cases, leukophagocytosis in 9, and sim ul­
taneous erythro-leukophagocytosis in 9 instances. Parallel tests in vitro disclosed the presence  
of antibodies against erythrocytes in 12, against leukocytes in 5, and against both erythrocytes  
and leukocytes in 4 cases. T esting of 20 control subjects yielded uniform ly negative results. 
The m ethod is suitable for the detection  of heterocytotropines, com plete and incom plete a u to ­
antibodies, both as a direct and as an indirect reaction.

In  th e  fie ld  of im m u n o h aem ato lo g ica l d iseases an  im p o r ta n t ro le  has 
been a t t r ib u te d  to  th e  su b stan ces  reac tin g  w ith  th e  ow n e ry th ro c y te s , le u k o ­
cy tes an d  th ro m b o cy te s  o f th e  o rgan ism  an d  w ith  fa c to rs  ac tiv e  in  b lo o d  c lo t­
tin g . A u to an tib o d ies  m ay  develop  ag a in s t several haem ato lo g ica l sy s te m s , 
re su ltin g  in cy topen ia  of v a ria b le  fo rm  and  in te n s ity . T h e  m ost fre q u e n t m a n i­
fe s ta tio n  is anaem ia  acco m p an ied  b y  m o d era te  or m a rk e d  leuk o p en ia  an d  o ften  
also b y  th ro m b o p en ia .

A w hole b a tte ry  of in  vitro  te s ts  has been deve loped  fo r th e  d e te c tio n  
o f cy to p en ia -in d u c in g  a u to a n tib o d ie s , inc lud ing  au to a g g lu tin in  d e te rm i­
n a tio n , cold ag g lu tin a tio n , d irec t and  in d irec t an tig lo b u lin  reac tio n , m ono- an d  
b ip h asic  cold haem olysin  te s ts  fo r e ry th ro c y te s , as w ell as leu k o cy te  a g g lu ti­
n a tio n , leukocy te  p h ag o cy to sis  in  vitro , th e  leu k o cy te  co m p lem en t c o n su m p ­
tion  te s t  of Ch u d o m e l , J ezk o va  a n d  L i b a n s k y  [5],  leu k o cy to ly sis , etc. T hese 
m e th o d s, how ever, o ften  lack  a d e q u a te  se n s itiv ity . As d e m o n s tra te d  in  o u r 
p rev ious s tud ies [1, 25], even in  cases, w here in  vitro  te s ts  failed  to  d e m o n ­
s tra te  a n ti-R h  (an ti-D ) an tib o d ie s  in  m o th e r’s m ilk , u rin e  an d  in fa n ts ’ sera  
s im u ltan eo u s c y to tro p in e  d e te rm in a tio n  in  vivo  was o ccasiona lly  still successfu l. 
T he p u rp o se  of the  in v es tig a tio n s  described  below  w as to  w ork  o u t a m e th o d  
su ita b le  for th e  s im u ltan eo u s  d e tec tio n  of e ry th ro -  and  le u k o cy to tro p in es  
in  vivo.
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M aterials an d  m ethods

Fresh hum an sera or serum  dilutions to be tested  are m ixed w ith  three tim es washed 
hu m an  erythrocytes o f conform ing blood group, and w ith hum an leu kocytes as follows. 
0.5 m l serum +  0.25 m l 10 per cent erythrocyte suspension +  0.25 ml o f a 20 000 perçu, mm. 
leu k ocyte  suspension. A ll w ashings and dilutions are m ade w ith physiological saline. Leuko­
c y te s  are isolated and concentrated  by differential centrifugation according to M ü lle r  [18]. 
T he reaction m ixtures are se t up in triplicate and adm inistered intraperitoneally  to three 
m ice  in each group. A fter the lapse of 3 hours, the anim als are killed w ith  ether. Smears made 
from  the peritoneal exu d ate  are dried in air, sta ined  w ith  Ma y -Gr u n w a l d — G iem sa  solution  
and exam ined for the occurrence of erythro- and leukophagocytosis. A bout 400 to 1000 cells 
are counted in each specim en and the results are expressed in the percentage o f mouse leuko­
c y te s  exhibiting p h agocytosis . The mean value of the three counts m ade in individual mice 
exceed in g  3 per cent is regarded as the border-line o f positiv ity  both for erythro- and leuko. 
phagocytosis.

R esults

A to ta l of 25 p a tie n ts  suffering from  v arious liaem ato lo g ica l d isorders 
a n d  2 0  h ea lth y  c o n tro l su b jec ts  were te s te d  fo r th e  p resence o f cy to tro p in es , 
p a r t ly  in  vivo as d esc rib ed  above, p a r t ly  b y  d iffe ren t m eth o d s in  vitro  as listed  
in  th e  in tro d u c tio n  o f th is  paper. In c lu d e d  w ere 5 p a tie n ts  w ith  h aem oly tic  
a n a e m ia , 4 w ith  im m u n e  ag ran u lo cy to sis , 14 w ith  p a n cy to p en ia  a n d  one p a tie n t 
e a c h  w ith  p o rp h y ria  c u ta n e a  ta rd a  an d  co ld  ag g lu tin in  d isease, re spec tive ly . 
R e su lts  are su m m arized  in  T able I.

Table I

Occurrence of antibodies against erythrocytes and  leukocytes, as demonstrated in vivo and 
in  vitro in 25 patients with various immunohaematological disorders and 20 control subjects

Cases tested
Erythro­
phago­
cytosis 
in  vivo

Antibodies 
against 

erythrocytes 
de­

monstrated 
in  vitro

Leuko­
phago­
cytosis 
in vivo

Antibodies 
against 

leukocytes 
de­

monstrated 
in  vitro

Simultane­
ous

erythro- 
and leuko­

phagocytosis 
in  vivo

Antibodies 
against both 
erythrocytes 
and leuko­
cytes de­

monstrated 
in  vitro

H aem olytic anaemia (5 cases) 5 5 2 l 2 l

Im m unoagranulocytosis 

(4 cases) 2 2 2 2 2 2

Pancytopenia (14 cases) 5 3 3 2 3 1

Porphyria cutanea tarda  

(1 case) 1 1 1 ___ 1 —

Cold agglutinin disease 

(1 case) 1 1 1 ___ 1
-

H ealthy  controls (20 cases) — - — — —

As d e m o n s tra te d  in  T ab le  I , th e  m e th o d  in  vivo y ie lded  p o sitiv e  resu lts  
in  14 cases for e ry th ro p h a g o c y to s is  an d  in  9 cases for leu k o p h ag o cy to sis . The 
s im u ltan eo u s  o ccu rren ce  o f e ry th ro - an d  leu k o p h ag o cy to sis  could  be estab lished
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in 9 cases. O n th e  o th e r h an d , h y  m eans o f th e  d iffe ren t te s ts  in  vitro  a n tib o d ie s  
a g a in s t e ry th ro c y te s  were found  in 12 se ra , ag a in s t leukocy tes in 5 se ra , w hile 
an tib o d ie s  ag a in s t b o th  e ry th ro c y te s  a n d  leukocy tes could be d e m o n s tra te d

Fig. 1. Sim ultaneous erythro- and leukophagocytosis

in 4 cases on ly . B lood sera ta k e n  from  th e  con tro l sub jec ts  y ielded  u n ifo rm ly  
n eg a tiv e  re su lts , b o th  in vivo and  in  vitro. A n exam ple  for s im u ltaneous e ry th ro -  
and  leu k o p h ag o cy to sis  is illu s tra te d  in F ig . 1, v isualiz ing  th e  p a r tia l  d e s tru c ­
tion  o f p h ag o c y te d  cells.

D iscussion

P h ag o cy to sis  o f d ifferen t cells m a y  occur along tw o lines, b y  m ean s  o f 
non-specific  an d  b y  specific m echan ism s. Aged cells or cells d am ag ed  b y  
know n or un recogn ized  in ju ries are  e lim in a te d  b y  w h a t m ay be called  n o rm a l 
phagocy tosis . T h is process m ay som etim es grow  to  considerable d im en sio n s . 
L a n g h a n s  w as th e  f irs t  to  describe th e  ra p id  p e n e tra tio n  of leu k o cy tes  in to  
h aem o rrh ag es , re su ltin g  in p hagocy tosis  an d  d igestion  of e ry th ro cy te s . L a rg e - 
scale p h ag o cy to sis  o f e ry th ro cy tes  in th e  cereb rosp ina l flu id  was o b se rv ed  b y  
B alázs [3]. V a j d a  an d  Szűcs re p o rte d  on a case of su p p u ra tiv e  o ti t is  w ith  
m ark ed  leukophagocy tosis  in th e  CSF even  in  th e  absence of an tib o d ies  a g a in s t  
leu k o cy tes , a f te r  th e  p e n e tra tio n  of p us in to  th e  cereb ral ven tric les [24]. S uch  
an  in ten siv e  n o rm al cy toph ag o cy to sis  is evoked  p a r tly  by  th e  “ in c rea sed  
offer” , i.e. th e  g re a t n u m b er o f ce llu la r e lem en ts to  be phag o cy ted , p a r t ly  b y  
th e  ac tion  o f d iffe ren t ex u d a tio n -p ro m o tin g  su b stan ces , such as le u k o ta x in  [14], 
leu k o cy to sis-p ro m o tin g  fac to r [15], ex u d in  [16], C -reactive p ro te in  [23], etc.

I f  a n tib o d y  is p roduced  ag a in s t b lood  cells, as i t  is th e  case in p a ro x y sm a l 
h aem o g lo b in u ria  or a f te r  in co m p a tib le  blood tran sfu sio n s, th e n  th e  e r y th r o ­
cy tes sensitized  by  th e  correspond ing  a n tib o d ie s  are  su b jec ted  to  p h a g o c y to s is
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lik e  specific a n tig e n -a n tib o d y  com plexes. T h is  p rocess is called im m unophago- 
c y to s is , and  th e  a n tib o d ie s  p rom oting  p h a g o c y to s is  are nam ed  opsonins.

A ccording to  th e i r  ta rg e t cells, o rig in  a n d  m ode of ac tion , th e  opsonins 
m a y  be g rouped  as follow s.

O psonins d ire c te d  ag a in st e ry th ro c y te s . (1) N a tu ra l isohaem opson ins;
(2) im m u n o iso h aem o p so n in s; (3) acq u ired  au to h aem o p so n in s; (4) h e te ro - 
h aem opson ins.

O psonins d ire c te d  against leu k o cy tes . I .  A n tibod ies reac tiv e  w ith  th e  
cell surface. (1) N a tu ra l  iso leukoopson ins; (2) im m uno iso leukoopson ins;
(3) a u to leu k o o p so n in s ; (4) h e te ro leukoopson ins. I I .  A n tibodies re a c tiv e  w ith  
cell nuclei (L. E .- f a c to r ,  an tin u c lea r fa c to rs ) .

Iso h em o p so n in s  in  hum an  serum  w ere fo u n d  b y  S c h i f f  [21], R u b i n ­

s t e i n  [20] an d  n u m e ro u s  o ther au th o rs . B a c k h a u s z  an d  V a j d a  dev e lo p ed  
a m ethod  for th e  d e m o n s tra tio n  in  vivo  of th e  haem opson ic  a c tiv ity  of a n ti-R h  
(an ti-D ) sera. T h is  t i t r a t io n  in  vivo y ie ld ed  u su a lly  t itre s , h ig h er th a n  th o se  
o b ta in e d  in te s ts  in  v itro , and  was p o sitiv e  in  som e cases ju d g ed  n eg a tiv e  on 
th e  basis of m e th o d s  in  vitro. A fu r th e r  im p ro v e m e n t was ach ieved  b y  ren d e rin g  
th e  te s t  su itab le  fo r  th e  sim ultaneous d e te rm in a tio n  of e ry th ro - an d  leukoopso- 
n in s , as d e m o n s tra te d  in  th is paper.

Blood tra n s fu s io n , organ  tr a n s p la n ta t io n  [2] an d  p reg n an cy  are  know n  
to  re su lt o c c a s ic m lly  in  isoopsonin p ro d u c tio n . Since no such ep isodes cou ld  
be  estab lished  in  th e  h is to ry  of th e  p a tie n ts  in c lu d ed  in  th e  p re sen t series, th e  
p o sitiv e  e ry th ro - a n d  leukophagocy tosis  o b se rv e d  should  be a t t r ib u te d  to  th e  
p resence  of a u to h aem o p so n in s  and  a u to leu k o o p so n in s  in  th e  p a tie n ts ’ sera .

O ur o b se rv a tio n s  on the  s im u ltan eo u s occurrence  of e ry th ro - and  leuko- 
p h a  gocytosis a re  in  acco rdance  w ith  th e  p rev io u s  find ings of F i s h e r  [10a], 
E v a n s  and D u a n e  [10], D a u s s e t  et al. [6, 7, 8],  Mo esch lin  [17], Ga s s e r  
a n d  H o l l ä n d e r  [1 1 ] ,  B e r n a r d  et al. [4 ] ,  S t e f f e n  et al. [22], M ü l l e r  an d  
W e in r e ic h  [19],  L o g h e m  et al. [9] a n d  H e r m a n n  [13], d e m o n s tra tin g  th e  
co -ex istence o f le u k o p e n ia  and th ro m b o p e n ia  in  haem oly tic  an aem ia , an d  
describ ing  th e  s im u lta n e o u s  p rodu c tio n  o f an tib o d ie s  against th e  th re e  m ain  
cell typ es d u rin g  p a n cy to p en ia .

S en sitiza tion  o f  b lood  cells m ay  also  ta k e  p lace in  vivo , as in d ic a te d  b y  
th e  positive re su lt  o f  th e  d irec t c y to tro p in  re a c tio n  perfo rm ed  in  3 cases (one 
p a tie n t  each w ith  h aem o ly tic  a n aem ia , p o rp h y r ia  cu tan ea  ta rd a  an d  cold 
ag g lu tin in  d isease) o u t  o f th e  9 e x h ib itin g  a p o sitiv e  in d irec t c y to tro p in e  te s t ,  
th u s , suggesting  t h a t  au to an tib o d ies  m u s t h a v e  been bound  in vivo  to  e ry th ro ­
cy te s  an d  leu k o c y te s .

P hag o cy to sis  o f  b lood  cells d u rin g  d iffe re n t au to im m une  cond itions could  
be  verified  to  o ccu r in  th e  organism  itse lf . T h u s , large-scale phago cy to sis  of 
b lood  cells o f all ty p e s  b y  m atu re  and  im m a tu re  m egakaryocy tes in  th e  s te rn a l 
m arrow  o b ta in e d  fro m  a p a tie n t w ith  im m u n o th ro m b o p en ia  an d  E . coli
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in fec tio n  w as described  b y  G o r e c z i c y  and V a j d a  [12]. T he m echan ism  o f th e  
la t te r  phenom enon  has n o t been  e lucidated . I t  w as, h ow ever, n o ted  th a t  sen ­
sitized  cells added  to  r a t  bone m arrow  in sh o rt- te rm  c u ltu re s  were p h ag o cy ted  
b y  th e  m egakaryocy tes [1 2 a],

T he c y to tro p in e  re a c tio n  in  vivo  as described  in  th is  p ap e r, is su itab le  
fo r th e  d em o n stra tio n  o f b o th  com plete  and  in co m p le te  au to an tib o d ie s . I t  also 
y ie ld ed  un ifo rm ly  p ositive  re su lts  w ith  h e te ro -im m u n e  sera  ag a in st b lood  cells 
developed  in rab b its .
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EFFECT ON INFLUENZA VIRUS 
OF A MODIFIED FRANCIS INHIBITOR 

AND ITS ACETONE-SOLUBLE FRACTION
I. ST U D IE S IN  R O LLER  DR UM , A N D  IN D E -E M B R Y O N A T E D  EGGS

By

I .  H o l l ó s

Department o f  Virology, National Institute o f  Public Health 
(Director:  T .  B a k á c s ) ,  Budapest

(R eceived Decem ber 6, 1965)

Summary. Comparative studies were performed on Francis inhibitor (K 0), a m odified  
Francis inhibitor (8m) prepared in  this laboratory and their acetone-soluble fractions ( K uac 
and 8ac).

A 2 per cent solution of 8ac exhibited  a remarkable virucidal effect in vitro as com pared  
to the other three substances lacking this effect.

In roller drum, by measuring the inhibition of virus m ultip lication  by haem agglutina- 
tion at different concentrations of the various inhibitors and ev a lu atin g  the results sta tistica lly , 
we have m ade the follow ing observations. The regression of inh ib ition  measured as the geom etric  
m ean of haem agglutination titres as referred to the dose of the inh ib itor derivatives y ielded  
a first order function at interm ediary doses.

U sing identical doses o f virus, the effectiveness o f the m ost active 8ac preparation  
exceeded 39 (32 to 44) tim es that o f the original Francis inh ib itor as referred to the respective  
50 per cent inhibitory doses (E 60).

U sing an identical strain of virus, the order of ac tiv ity  o f the individual m aterials w as 
#ae, 8m , K itac , K (r The activ ity  depended on the characters o f  the given strain and, though  
not always significantly , on its dose expressed in ID 60.

As to the developm ent of haem agglutinating activ ity  in de-em bryonated eggs, the a c t iv ­
ity  of 8ac depended on the tim e of its addition to the system  and on the dose of virus actu a lly  
used. The earlier the addition of identical concentrations o f  8ac , the  better the inh ib ition . 
Sim ilarly, the lower the initial virus dose, the more pronounced the inhibitory effect.

No notable effect was exerted by 8ac  on the production o f vaccin ia virus HAN.

As a lre a d y  rep o rted  [1, 2, 3], we have co u p led  b y  d iazo tiza tion  an  
a lky lized  an iline  d e riv a tiv e  w ith  th e  F rancis in h ib ito r  o b ta in ed  from  h u m a n  
serum . T he a ff in ity  of th is  m odified  in h ib ito r  w as u n a lte re d  to  active v irio n s  
of in flu en za  A-0, А - l ,  A-2 an d  В ty p e  s tra in s . N ev e rth e le ss , th e  release o f  
b o u n d  v irions to o k  longer th a n  w ith  th e  u n m o d ified  F ra n c is  in h ib ito r.

I t  w as supposed  th a t  th e  m odified  in h ib ito rs  m ore  f irm ly  coupling w ith  
th e  in flu en za  v iru s  m ay  in h ib it th e  a tta c h m e n t o f th e  v iru s  to  sensitive cells, 
th u s  in h ib itin g  v iru s  g row th . T he resu lts  o b ta in ed  h a v e  ju s tif ie d  th is a s su m p ­
tion .

The in te re s t  in  nonspecific  in h ib ito rs  c o n s titu tin g  a firm  com plex w ith  
virions has increased  since such  su b stan ces have  b een  en co u n te red  in d iffe re n t 
n a tu ra l sources ag a in s t en te ro v iru ses  [4, 5] an d  th e  A-2 influenza  v iru s  [6 ]. 
The possib le p ra c tic a l ap p lica tio n  of these  m a te r ia ls  fo r th e  p rev en tio n  o f  
v ira l in fec tions h as  also been considered .
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T he p re sen t s tu d y  rep o rts  on s tu d ie s  perform ed in  ro lle r  d rum  and  
d e -e m b ry o n a te d  eggs w ith  in flu en za  v iru s  and  a m odified  F ra n c is  in h ib ito r 
a n d  its  acetone soluble frac tion .

M aterials a n d  m ethods

Production o f  crude Francis inhibitor. Princip les of the method have been published [1].
Preliminary test. A  series of M/15 ph osp h ate  buffer mixed in a ratio 3 : 1 to the human  

serum  w as studied. 15 X 100 mm tubes were used . The series thus obtained w as put into a boil­
in g  water bath for 20 m inutes. After cooling in  running tap water, each sam ple was centri­
fu g ed  for 15 m inutes a t 3000 r. p. m. The increase o f the haem agglutination inh ib ition (H A I) 
a c tiv ity  was determ ined by T a k a t s y ’s m icrom ethod [ 7 ] ,  using four H A u n its o f heat inacti­
v a te d  Lee strain of influenza В virus and 2 per cen t suspension of chicken or hum an erythrocytes.

Preparation.  The com bination resu lting in  the greatest titre increase w as used for the 
preparation  of larger am ounts of supernatants (from 5 to 15 litre hum an serum ) in 500 ml 
in d iv id u a l batches. The batches were boiled in  sta in less steel containers. The internal tem per­
ature o f the m aterial exceeded 90 °C. The supernatant obtained after centrifugation  of the 
b oiled  m aterial served as starting m aterial for further preparation.

Modification o f  the Francis inhibitor. Determination of the dry material.  B atches of 100 ml 
o f th e  starting m aterial were dialysed against sa line at + 4  °C for 3 days u su a lly  against saline. 
T he m aterial was then clarified by cen trifugation  at 6000 r. p. m. for 20 m inutes in a MOM 
Superfug apparatus. (This procedure is term ed clarifying centrifugation in th e  follow ing.)T he  
su pern atant was treated w ith 10 volum es o f aceton e and the precipitate co llected  by filtration  
th rou gh  a filter paper of known weight. The m aterial was then dried to  co n sta n t weight. The 
aceton e  précipitable dry m aterial content varied  from  2 to 8 mg/ml.

Preparation o f  diazonium salts fro m  the inhibitor. An am ount o f d iethyl-p-phenylene- 
diam ine  (Merck, analytic  purity) corresponding to one quarter of the dry w eigh t o f the inhi­
b ito r  to be m odified was transform ed to d iazonium  chloride at 0 °C. A n appropriate am ount 
o f  a lkalin ized  starting m aterial was then  m ixed  w ith  the above substance under constant 
stirring. The am ount of N  NaO II used for a lkalin ization  was calculated so as to  obtain a pH  
o f  8 after the addition of diazonium  chloride. T he pH  was adjusted to  7.2-— 7.4 after half an 
hour. T he supernatant obtained after 6 days o f  d ialysis at 4 °C and clarifying centrifugation  
w as th e  substance designated as substance 8 in  our previous paper.

Preparation o f  440 modified” (8m). M aterial 8 was added under continuou s stirring to 
4 v o lu m es of acetone at 15 °C. The precip itate  was sedimented by cen trifugation  at 3000 
r. p. m. for 10 m inutes and resuspended in saline o f  one tenth of the volum e o f starting  material. 
A fter  three days dialysis and clarifying cen trifugation  for 10 m inutes, the supernatant was 
frozen  and lyophilized. The amorphous m aterial deep violet in colour thus obta ined  was desig­
n a ted  as u8m” . Substance 8m  was readily d isso lved  in saline at 1 to 2 per cen t concentration  
i f  prev iou sly  finely  ground in an agate m ortar.

Preparation o f  440 acetone soluble” (8ac). T he supernatant obtained after sedim entation  
o f  th e  acetone treated 8m  w as freed from  aceton e  by heating in a w ater b a th  and vacuum  
distilla tion . The soluble m aterial thus obtained  w as dialysed against d istilled  w ater for 3 days 
and centrifuged for clarification. The su pern atant obtained was frozen and lyophilized. Sub­
sta n ce  8ac  was sticky, deep vio let in colour and had a fa tty  appearance. I t  dissolved readily 
in sa line at 1 to 2 per cent concentration during grinding in an agate m ortar.

Sim ilar m ethods were used except the d iazotization  for the preparation of control K 0 
and control K Lac corresponding to 8m  and Sac, respectively.

Roller drum technique. This has been described [1]. In the present stu d y , however, the 
am o u n t of inhibitor added was referred to dry w eigh t instead of H A I-titre , since the lyophilized  
m ateria ls were satisfactorily  soluble. This appeared to be an advantage, as th e  m odification  
o f th e  inhibitor was found to alter its H A I-a c tiv ity . Decrease to about one h a lf or one eighth  
o f  H A I-a c tiv ity  was dem onstrable in 8m  as com pared to K 0. Substance 8ac  exh ib ited  a further 
titre  decrease by 1/2 to 1/4. No difference w as observed in the H A I-a ctiv ity  o f  K {ac and 8ac.

Statistical analysis.  In the roller drum  experim ents, eight parallels were prepared sim ul­
ta n eo u sly . Q uantitation of virus replication w as expressed in base 2 logarithm s of HA titres 
o f  th e  individual tubes. The inhibitory effect o f the individual derivatives on virus replication  
w as m easured by regression analysis, tak ing  th e  concentration of the in d iv id u a l derivatives 
for  th e  independent variable (x). For analysis, the individual concentrations were numbered
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in sequence (20 m g/m l — 8; 10 m g/m l =  7; etc.). The dependent variable (y) was the logarithm ic  
power (to base 2) o f HA titres.

The regression coefficient (b) was calculated and its  significant divergence from  0 
dem onstrated in every  case by St u d e n t ’s t -test. The F -te s t  performed parallel to the analysis  
of variance has shown the first order function of regression at appropriate concentrations. 
The quotient o f the error and the square of variance of regression has shown the ex isten ce  of  
regression in a significant way ( P c  5 per cent). The squares o f variance of the ind iv idu al 
classes approached or exceeded that o f the deviation . The reason for this was the wide scattering  
of HA titres.

The inh ib itor concentration causing a 50 per cent decrease of HA titre (E 50 =  50 per 
cent efficient concentration) was referred to the appropriate virus control and expressed in 
terms o f average base 2 logarithm s of HA titres. The fiducia l lim its of the ind ividual E 50 
values were calculated , taking the deviations into account.

The significance of the difference between two E 50 values in each given case were ca l­
culated by St u d e n t ’s double i-test at the P 0.1 per cen t level.

The control titres were different in the different experim ents. To make sim ultaneous  
presentation of several experim ents possible, the results obtained  were expressed in per cen ts  
of the control value.

Studies in de-embryonated eggs. Fourteen to 16 days old em hryonated eggs were de- 
em bryonated according to B e r n k o p f  [9]. In the area o f the air sac, the shell m em brane, 
togetiier w ith  the chorioallantoic m embrane (CAM), was cu t into three segm ents. T he edge 
of each segm ent was attached to the egg-shell by  m eans o f a drop of paraffin. The em bryo  
was then rem oved. The CAM w as rinsed three tim es in  nu trien t medium [8], the eggs were 
closed by m eans of UV-sterilized synthetic  caps sealed to the egg shell hy means of paraffin  
and then rotated in plastic containers [8 |. D e-em bryonated eggs thus obtained were then  inoc­
ulated w ith  the required am ount of virus in 3 ml volum e, injected through a 4 — 6 m m  d ia­
meter hole on the synthetic cap. After 30 m inutes o f adsorption, the membranes were rinsed  
3 tim es w ith  8 ml of nutrient m edium  each. F inally , the eggs were filled with 10 ml o f appro­
priate nutrient m edium  with or w ithout the inhibitor. For H A -titration, samples were taken  
with T a k á t s y  loops of 0.025 ml. The resulting loss of volum e was not readjusted. For presen­
tation, the arithm etic means of HA titres per group were used.

Vaccinia virus.  The strain used for vaccine production in H ungary was adapted to CAM. 
Phe adapted strain induced the production of both H A N  and infectious virions in the ep ithelia l 
cells of the allantoic sac. For haem agglutinin titration , a 0.5 per cent suspension o f 3-tim es  
washed cock erythrocytes was used after a prelim inary test. The diluent was H a n k s ’ balanced  
salt solution.

R esults

V irucida l effects o f F rancis inhibitor derivatives. F rom  each d e r iv a tiv e , 
20 —10 — 2.5 m g/m l so lu tions were p rep a red  in bu ffe red  glucosol c o n ta in in g  
1 per c e n t egg w h ite . E q u a l vo lum es of th e  so lu tio n s w ere mixed w ith  fre sh ly  
h a rv es ted  a llan to ic  flu id  from  eggs in fec ted  w ith  s tra in  Bp. 4/49 of ty p e  A-I 
in fluenza  v iru s . T he contro l v iru s  was d ilu ted  in  th e  d ilu en t. All sam ples w ere 
in cu b a ted  a t  room  te m p e ra tu re  and  a t  a p p ro p r ia te  in te rv a ls  0 .1  ml sam p les  
were ta k e n . E ach  sam ple w as im m ed ia te ly  d ilu te d  ten fo ld  and s ta r t in g  from  
th is , a series o f 1 0 °*5-fold d ilu tio n s was p re p a re d . In fec tiv ity  t i t r a t io n s  w ere 
m ade h y  H o r v a t h ’s roller d ru m  m eth o d  [8 ], s ta r t in g  w ith  a 10 ~ 1,5 d ilu tio n . 
In  T ab le  1 a re  p resen ted  th e  o b ta in ed  ID 5()/0.1 m l values (according to  R e e d  
and M u e n c h ).

N o v iru c id a l effect w as observed  a fte r  in c u b a tio n  for 1 hour of th e  v iru s  
in th e  p resence  of 20 m g/m l o f K 0, 8m  or K 0ac. S u b stan ce  Нас w as, h o w ev er, 
v iruc ida l. T h e  in fectious t i t r e  of th e  v iru s e x h ib ite d  a 10b85-fold decrease  an d  
a sign ifican t decrease in t i t re  w as o b servab le  a t th e  10  mg/ml dose level.
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Table I

Inactivation in vitro o f  Bp. 4/49 strain o f  influenza A ! virus

T im e
o f  in c u b a tio n  

(h o u rs)
V irus co n tro l

log IDso/O l ml

\ iru s  in f e c t iv i ty  (log  ID 60/0.1 m l) a f te r  in c u b a tio n  w ith

K,20 m g /m l
8m

20 m g /m l
К  „ас

20 m g /m l
8ac

20 m g/m l
8ac

10 m g /m l
8ac

2.5 m g/m l

0 7.00 ND N D ND ND ND ND

0.5 6.50 ND ND ND ND 6.05 6.15

1 6.05 6.10 6.00 6.00 4.20 5.70 6.00
2 5.85 ND N D ND ND N D 5.65

6 5.75 5.21 5.20 5.10 2.00 5.15 5.65

ND =  not done.

On in c u b a tio n  fo r 6  h o u rs, a 100-5-fold decrease  of in fec tiv ity  w as observed  
w i th  K (), 8m  a n d  K uac as well as w ith  10 m g /m l 8ac, as com pared  to  th e  co n tro l. 
T h is  va lu e , th o u g h  s ig n ifican t, was n eg lig ib le  in  respect o f v iru c id a l effect. 
I n  c o n tra s t ,  th e  103-75-fold t i t r e  decrease o b se rv ed  in  th e  p resence o f 20 m g/m l 
8ac  rep re sen ted  a re m a rk a b le  v iru c id a l e ffec t. T he 2.5 m g/m l dose leve l o f 8ac 
fa ile d  to  ex e rt a v iru c id a l effect.

The growth inh ib itory  effect o f  F rancis inh ib itor derivatives on А - l  in flu en za  
v iru s  as related to the doses applied. D iffe ren t con cen tra tio n s ran g in g  from  2.44 
/xg/m l to  20 m g/m l of K {)ac, 8m  and  8ac, w ere  te s te d  ag a in st 10° I D 50 doses 
o f  B p. 4/49 s tra in  of А - l  in fluenza  v iru s.

ap/m ! mg/ml
Fig. I .  Inhibition of influenza virus replication as related  to the dose of inh ib itor, tested  in 

roller drum. Virus strain, Bp. 4/49. Virus dose, 105 ID 5o/0.1 ml.
К„ о ------------о  (у =  —0.415ÓX +  3.1812; t [2j — 5.691; P <  1%)
K ttac H------------- H (y  =  — 0.5468x +  4.7968; t [2] =  6.44; P <  1%)
8m •  (y =  — 0.919X +  7.820; t,./, 5.10: P <  2%)
8ac ▲ - . - ▲ (y =  — 0.3156X +  2.4843; t (2| = 3.52; P <  5%)
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T he p e rc e n tu a l in h ib itio n  b y  th e  in d iv id u a l d e r iv a tiv e s  as referred  to  
th e  con tro l is p re sen ted  in  F ig . 1. The com p u ted  v a lu es  are  show n b y  th e  
designations specified  in  th e  cap tio n s for Fig. 1. T h e  c h a ra c te r is tic  equ a tio n s 
of regression are  p re sen ted  a d ja c e n t to  th e  p lo ts o b ta in e d  b y  geom etric p re ­
se n ta tio n  of th e  co m p u ted  va lues. T he firs t m em bers o f th e  equ a tio n s are th e  
regression coefficients (b), th e  second ones th e  p u re  m em bers. F ig . 1 also 
p re sen ts  th e  re la te d  t an d  P  p e r cen t values show ing th e  significance of th e  
d ev ia tio n  from  0  o f th e  regression  coefficient.

T he g rade  of in h ib itio n  decreased  p ro p o rtio n a lly  to  th e  co n cen tra tion  
of th e  d ifferen t in h ib ito rs . E ach  dose response cu rv e  com prises a linear p a r t . 
T he lin ea r p a r t  covers a g re a te r  o r a sm aller n u m b er o f  doses according to  its  
slope. A t ex trem ely  h igh  or low doses, th e  lin ea r co rre la tio n  is no longer 
d em o n strab le . In  F ig . 1, on ly  th e  lin ear re la tions a re  p re se n te d  as curves anti 
all th e  values o b ta in ed  are show n as ind iv idual p o in ts . T h e  perp en d icu la r line 
d raw n  from  th e  p o in t rep re sen tin g  50 per cen t in h ib itio n  gives th e  E - 0 co n ­
c e n tra tio n  of th e  re sp ec tiv e  in h ib ito r . The E 5H va lu es  exp ressed  as m g/m l are 
given in  T able I I ,  to g e th e r  w ith  th e  fiducial lim its o f th e  a c tu a l m easurem ents.

T he fo u r lines in F ig . 1 ru n  sep ara te ly  an d  e x h ib it  a ce rta in  divergence. 
B y sim ple in sp ec tio n , th e  fo llow ing order of a c t iv i ty  is a p p a re n t: K 0 <  
<Z K uac <  8m  </ 8ac.

As ca lcu la ted  b y  th e  doub le  t- te s t, th e  d ifference  be tw een  all the  fo u r 
E 30 va lues w as sig n ifican t a t  th e  0.1 per cen t level. T a k in g  th e  effectiveness 
of K 0 as u n it , t h a t  o f th e  d e riv a tiv e s  was, K 0, 1; K 0ac, 2.82 (2.33 — 3.24); 
8m , 11.89 (9 .9 -1 4 .8 8 ) ;  8ac, 38.66 (3 2 .2 -4 4 .3 ) .

D ev ia tio n  of th e  increase in  efficiency was c a lc u la ted  — a t  th e  1 per c en t 
level — from  th e  to ta l  d ev ia tio n  of all com pared  v a lu es . O w ing to  gain in g rade  
of lib e r ty , th e  d ev ia tio n  of va lues was lower th a n  th e  f id u c ia l lim its of in d iv i­
d u a lly  ca lcu la ted  E 5I) va lues.

T he resu lts  in d ica te  a h ig h er efficiency of f ra c tio n s  o b ta in ed  from  th e  
s u p e rn a ta n t a f te r  ace tone  fra c tio n a tio n  (K„ac, 8ac) as co m p ared  to  tho se  in  
th e  s ta r tin g  m a te ria l ( K n, 8m ). T he  tw elvefold in c rease  in  efficiency, arisen  
betw een  К n and  8m  in consequence of m od ifica tion , in c reased  fu r th e r  3 tim es  
w ith  th e  acetone soluble 8ac. S ubstances K () an d  8m , s im ila rly  to  th e  F ran c is  
in h ib ito r , w ere p re c ip ita te d  a t  th e  ac tual c o n cen tra tio n  o f  ace tone , w hile 8ac 
ex h ib ited  ch a ra c te rs  d iffe ren t from  those of th e  c lassica l F ran c is  in h ib ito r .

Inh ib ition  o f  growth o f  different in fluenza virus inocula  in  roller drum  as 
referred to the doses o f  8ac applied . S ubstance  8ac, h a v in g  been  found th e  m o st 
ac tiv e  in th e  p re lim in a ry  te s t ,  w as fu rth e r  s tu d ie d  w ith in  th e  dose range of 
1.22 /tg/inl to  10 m g/m l a g a in s t 10(i, 105 and 10' I D 5I) in ocu lum  doses of Bp. 4/49 
s tra in  of ty p e  А - l  in fluenza  v iru s. T he resu lts o b ta in e d  are  p resen ted  in F ig . 2 
an d  T ab le  I I .  T h ree  roug h ly  p a ra lle l s tra ig h t lines show ed  th a t  on decreasing  
th e  inocu lum , th e  re la tiv e  effectiveness of 8ac increases. A h u n dred fo ld  decrease
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fig /m l mq/ml

Fig.  2. Inhibition of different doses o f in fluenza  virus inoculum  by different doses of 8ac as 
measured by the roller drum technique. Virus strain, Bp. 4/49. V irus doses:

10“ ID 50/O.l ml о ------ О (У =  — 0.2735X +  2.9786; tr.-i =  7.25; P  <  0.1%)
105 ID 50/O.l m l (y  — 0.3156X +  2.4843; tu i =  3.52; P <  5% )
104 ID 5()/0.1 ml + - - - +  (y  =  -0 .3374X  +  2.02; t [4) =  7.27; P <  1% )

o f th e  inoculum  dose (106 to  104 I D 50) re su lted  in  a 7 .52-fo ld  increase  of the  
in h ib i to r ’s a c tiv ity . T h is w as s ig n if ic a n t a t  th e  0.1 p er c en t level. T he increase 
o f  a c t iv i ty  betw een  10s a n d  105 I D S0 doses (E -0: 0.54 an d  0.12 m g respective ly ) 
w as sign ifican t only  a t  th e  5 p er c en t lev e l, while no s ig n ifican t a c t iv i ty  increase 
w as dem o n strab le  b e tw een  105 to  104 I D 50 doses.

Table  I I

Fifty per cent inhibitory doses o f  Francis inhibitor derivatives in roller drum

D eriv a tiv e V iru s  s tra in
V iru s  dose 

( ID s .)
E so/m l
(me)

F id u c ia l  lim its  
(m g /m l)

B p .  4/49 Л-1 105 4.64 2.71 — 7.57
8m B p .  4/49 A -l 105 0.39 0 .12— 1.27

Kydc B p .  4/49 A -l 10» 1.64 0.68 -3 .9 8
8ac B p .  4/49 A -l 10“ 0.54 0 .10— 2.81
8ac B p .  4/49 A -l 1 O' 0.12 0.04 0.40
8ac B p .  4/49 A -l 104 0.0698 0 .0 1 4 9 -0 .1 4 9
8ac PR8 A-0 104 2.07 1.107 8.47
8ac Singapore 1/57 A-2 10' 1.80 0 .7 4 -6 .6 8
8ac Lee В 10' 0.0006 0 .00003- 0.612
8 m B p .  4/49 A-l 10“ 1.2 0.01 2.73
8m B p .  4/49 A -l 10' 0.258 0.121 — 0.48
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Inh ib ition  o f  growth o f  d ifferen t in fluenzavírus inocula in  roller drum as 
referred to the doses o f  8m  a p p lied . S ubstance  8m  w as te s te d  in  th e  dose range  
from  2.44 /rg/ml to  20 m g/rnl, ag a in s t th ree  d iffe ren t doses of B p. 4/49 s tra in  
of ty p e  А - l  in flu en za  v iru s . As show n in T ab le  I I ,  th e  in c rease  in  a c tiv ity  of 
th e  less ac tive  8m  su b s ta n c e  w as h u t  4 .65-fold w hen  th e  dose o f inoculum  h a d  
been reduced  100-fold. T h is v a lu e  was still s ig n ifican t. T h e  ten fo ld  decrease o f 
th e  v iru s  dose from  10® to  105 I D SH resu lted  in a 3 .07-fold  increase  in in h ib ito r  
a c tiv ity . This va lue  w as also sig n ifican t. N ev erth e less , fu r th e r  low ering of th e  
inocu lu m  dose caused  no s ig n ifican t increase of in h ib itio n .

7 0 0 1

Fig. 3. Inhibition of growth of different influenza viruses by different doses of Sac in roller
drum. Virus strains:

Singapore о — О (У -0 .5 0 7 x  +  0 .9 9 2 ;  t r2i =  1 1 .7 1 ;  P <  1 % )
P R 8 A - . - a  ( v  0 .3 9 3 7 X  +  4 .5 2 5 ;  tr2] 4 .7 2 ;  P <  5 % )
B p. 4/49 (у 0 .3 3 7 4 X  | 2 .0 2 ;  t [4, 7 .2 7 ;  P <  1%)
Lee + -------+ ( у  1 .0 0 1 7 X  2 .3 5 ;  t [3, 2 5 .5 5 :  P <  0 . 1 % )

Dose-dependent inh ib ito ry  action o f  8ac on d ifferen t v irus strains. N e x t 
th e  effect of 8ac on 4 d iffe ren t s tra in s  of in flu en za  v iru s  w as exam ined .

D iffe ren t c o n c e n tra tio n s  of th e  in h ib ito r  ran g in g  from  0.009 /ig/m l to  
10 m g/m l w ere a d d ed  to  104 I D 5(I doses of th e  re sp ec tiv e  v iru s . The s tra in s  
used  w ere Lee (B), B p . 4/49 (А - l) ,  non-av id  s tra in  S ingapore  1/57 (A-2), an d  
P R 8  (A -0). A decrease  in s e n s itiv ity  was found  in acco rd an ce  w ith  th e  ab o v e  
sequence . The d ifference  in  se n s itiv ity  of the  S ingapore  an d  P R 8  s tra in s  w as 
n o t sig n ifican t, in c o n tra s t  to  th e  o thers. The h igh  se n s it iv ity  o f s tra in  Lee w as 
re m a rk a b le . I t  seem ed th a t  o th e r , less old, la b o ra to ry  s tra in s  m ay  e x h ib it 
a lesser sen s itiv ity . T h e  d ifferences in se n s itiv ity  p ro b a b ly  reflected  ce rta in  
p a r tic u la r itie s  of th e  in d iv id u a l s tra in s  and  th e  n u m erica l v a lu es  o b ta in ed  m ig h t 
be v a lid  b u t fo r th e  ro lle r d ru m  m eth o d  used in th is  la b o ra to ry . The ab so lu te  
g rade  of in h ib itio n  m u s t be  d iffe ren t w ith  each m e th o d  o f te s tin g .
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Inh ib ito ry  effect o f  20 m g/m l 8ac on different inocula o f  s tra in  P R 8 . S tra in  
P R 8  ex h ib ited  th e  h ig h est re s is ta n c e  aga in st our m o st ac tiv e  p re p a ra tio n . 
N ev erth e less , even th is  s tra in  w as to ta l ly  in h ib ited  a t  th e  m ax im a l 20 m g/m l 
c o n c e n tra tio n  of 8ac. S hould  th is  a c tio n  have  been th e  re su lt  o f tissu e  im p a ir­
m e n t, i t  w ould  n o t h av e  been  in flu e n c e d  b y  th e  change o f th e  in o cu lu m ’s 
c o n c e n tra tio n .

In o cu la  ran g in g  from  101 to  108 I D 50 were added  each  to  fo u r am poules 
c o n ta in in g  con tro l m ed ium  an d  8ac. A fte r  72 hours in c u b a tio n  in  a ro lle r d rum , 
th e  h a e m a g g lu tin a tin g  a c tiv i ty  in  ea c h  am poule was d e te rm in ed . C alcu lation  
o f  th e  re su lts  was p e rfo rm ed  as p rev io u sly .

As show n in T ab le  I I I ,  20 m g /m l doses of 8ac cau sed  100 p e r cen t in h i­
b it io n  o f inocula  up  to  103 I D 50. A fu r th e r  increase o f th e  dose o f inoculum  
re su lte d  in  th e  low ering  of in h ib itio n  as revealed  b y  an  in c rease  in  H A  titre s .

Table III

Inhibitory action o f  uniform 20 mglml doses o f  8ac on different doses o f  inoculum

o f  P R 8  strain

V iru s  d ose /am poule
IDS0

Contro l 8ac

H A  t i t r e  in  4 
a m p o u les

lo g , H A , 
a v e ra g e

H A  t i t r e  in  4 
am poules

lo g , H A , 
a v e ra g e

P e r  cent 
in h ib itio n

10l 0,0,32,32 2.5 0,0,0,0 0 100
102 0,32,32,48 3.875 0,0,0,0 0 100
103 32,64,64,64 5.75 0,0,0,0 0 100
101 32,32,64,64 5.5 2,4,6,8 2.375 57
10s 32,64,64,64 5.75 2,8,16,16 3 48
10n 32,32,64,64 5.5 4,12,16,24 3.5 36
107 32,32,64,64 5.5 4,8,16,32 3.5 36
108 32,64,64,64 5.75 8,16,16,24 3.875 33

E xam in a tio n s in  de-em bryonated eggs. E xperim ent N o . 1 (F ig . 4). F ifteen  
d e -e m b ry o n a ted  eggs w ere in o cu la ted  each  w ith  a 6 x  Ю8 I D - 0 dose of B p. 4/49 
s tra in . A fter 30 m in u tes  of a d so rp tio n  and  th ree  su b se q u e n t rin sings, tw o 
g ro u p s  received n u tr ie n t  m ed ium  a n d  one group n u tr ie n t m ed iu m  con ta in ing  
20 m g /m l 8ac. One of th e  g roups w ith  n u tr ie n t m ed ium  w as su b jec ted  a fte r 
5 h o u rs  to  rinsing  follow ed b y  th e  su b s titu tio n  of th e  m ed ium  w ith  a new  one 
c o n ta in in g  2 0  m g/m l 8ac.

A fte r  18 hours o f in c u b a tio n , th e  H A -titre  of th e  f lu id  p h ase  o f th e  
c o n tro l an d  of th e  tw o  in h ib ite d  sy s tem s show ed a re m a rk a b le  d ifference 
(48 a g a in s t 12 an d  16). A fte r 24 h o u rs , th e  H A -titre  o f th e  c o n tro l increased  
to  64, w hile those  of th e  in h ib ite d  sy s tem s  varied  b e tw een  8  a n d  12. T hen  all 
g ro u p s  w ere su b jec ted  to  th re e  su b se q u e n t rinsings w ith  fresh  n u tr ie n t  m edium
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an d  all d e -em b ry o n a ted  eggs w ere fu r th e r  in c u b a te d  in th e  absence of in h ib ito r . 
T he h aem ag g lu tin a tio n  of th e  co n tro l g roup  increased  rap id ly  b y  th e  2 6 th , 
4 0 th  an d  4 4 th  hours. T he ra te  of increase  of h a em ag g lu tin a tin g  p a rtic le s  in 
th e  p rev io u sly  Sac-inh ib ited  system  lagged  b eh in d , th o u g h  w ith  tim e  it  g ra d u ­

ally  a p p ro x im a te d  th e  con tro l values. R eg en e ra tio n  o f th e  group in h ib ited  by  
8ac in th e  5 th  ho u r was m ore ra p id  th a n  o f th e  g roup  in h ib ite d  in th e  3 0 th  
m inu te .

U pon ad d itio n  o f th e  in h ib ito r  a f te r  th e  com pletion  of ad so rp tio n , th e  
grade o f in h ib itio n  was found  to  be re la te d  to  th e  tim e  of ad d ition .

E xperim en t N o. 2 (F ig. 5). A g roup  o f 15 d e -em b ry o n a ted  eggs w as 
in o cu la ted  w ith  З х Ю 7 I D 50 inocu lum  o f P R 8  v iru s . T h u s, th e  inocu lum  w as
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re m a rk a b ly  less a n d  th e  v iru s m ore re s is ta n t  th a n  in th e  f ir s t  e x p e rim en t. 
A f te r  allow ed to  adso rb  fo r 30 m in u tes  a n d  rin sed  3 tim es, 20 m g/m l o f 8ac, 
K uac a n d  p u re  n u tr ie n t  flu id , re sp ec tiv e ly , w ere in o cu la ted  in to  5 eggs each. 
T h e  H A  t i t r e  o f n u tr ie n t  m ed ia  w as d e te rm in e d  3, 6 , 9 an d  24 h o u rs  la te r . 
T h e n  a f te r  3 rin sings th e  n u tr ie n t m ed iu m  w as exchanged . H A  ti tr e s  o f th e  
n u tr ie n t  m edia  w ere again  d e te rm in ed  26, 29, 32 an d  48 h ours la te r .

T he h a em ag g lu tin a tio n  t i t re  of th e  c o n tro l increased  from  th  e 9 th  to  
th e  2 4 th  h o u r to  384 as co m p ared  to  th e  128 a n d  12 w ith  K nac a n d  8ac , re sp ec ­
t iv e ly . A fte r rin sin g  an d  rep lacem en t o f th e  m ed ium , v iru s g ro w th  w as p a ra lle l

Fig. 6. E ffect o f  8ac on the growth of influenza (P R 8 ) and vaccinia (Va) viruses in de-em bry-
onated eggs

in  th e  K 0ac a n d  co n tro l g roups d u rin g  th e  n e x t  24 hours. T he sy s tem  tre a te d  
w ith  8ac a p p ea red  to  be “ cu red ” , as no in c rea se  in  H A -titre  could  be  d e tec ted . 
I t  sh o u ld , how ever, he rem em b ered  th a t  a re m ark ab le  a m o u n t of v irions m ay  be 
p re s e n t even in  th e  absence of H A -a c tiv ity .

E xperim en t N o. 3 (F ig. 6 ). In  th is  ex p e rim en t, a h ig h er dose of P R 8  

v iru s  w as used  (3 X Ю8 I D 50) an d  a g roup  in fec ted  w ith  6  X  Ю7 P F U  of v acc in ia  
v iru s  w as in c lu d ed . A d so rp tion  was allow ed to  tak e  place for one h o u r. A fte r 
th re e  su b seq u en t rin sings, th e  re sp ec tiv e  g roups received  n u tr ie n t  m ed ium  
w ith  or w ith o u t 20 m g/m l 8ac. T he H A  t i t r e s  in  th is  ex p erim en t w ere d e te rm in ­
ed  w ith  a 0.5 p e r  cen t suspension of cock e ry th ro cy te s  sensitiv e  also to  v a c ­
c in ia  h aem ag g lu tin in .

In  all th e  above ex p erim en ts , th e  in it ia l  H A  titre  was alw ays h ig h er in 
th e  g roups co n ta in in g  th e  in h ib ito r  th a n  in  th e  contro ls. T he s itu a tio n  w as th e  
sam e  in  th is  e x p e rim en t. In  th e  14 th  h o u r, th e  H A  t i tre  of vacc in ia -v iru s-
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in fec ted  and  вас- tre a te d  eggs exceeded re m a rk a b ly  th a t  o f th e  co n tro l eggs. 
In  th e  19 th  hour, how ever, th e ir  t i tre s  w ere iden tica l. In  th e  ex p e rim en t w ith  
P R 8 , b y  th e  19th h o u r  th e  m ean t i t re  o f th e  con tro l g roup  was 64 as co m p ared  
to  th e  20 exh ib ited  b y  th e  tre a te d  g ro u p . In  th e  22nd h o u r, th e  eggs w ere 
rin sed  w ith  n u tr ie n t a n d  th e  m edium  w as rep laced . B y th e  35 th  h o u r of in c u ­
b a tio n , th e  H A -titre  of v acc in ia -in fec ted  eggs was 48 and  24 in th e  c o n tro l 
an d  S ac -trea ted  g roups, respective ly . W ith  v irus P R 8 , th e  con tro l e x h ib ite d  
an  H A -titre  of 16, w hile th e  S ac-trea ted  g roup  one of 3.

T h e  allan to ic  m em b ran e  is n o t o p tim a l for th e  p ro d u c tio n  of H A N , 
w hich is n o t id en tica l w ith  the  v acc in ia  v irion . N everthe less, th e  a m o u n t of 
H A N  p roduced  by  th e  con tro l group w as co m p arab le  to  th a t  p ro d u ced  in  th e  
presence  of Sac. In  th e  35 th  hour, th e  H A  ti tre  of th e  v acc in ia  v irus c o n tro l 
g roup  exceeded th a t  o f th e  S ac-trea ted  one, b u t  th e  d ifference w as n o t  m ore  
th a n  b y  w hich th e  la t te r  exceeded th e  fo rm e r in th e  14th hou r. T hus we m a y  
s ta te  th a t ,  u n d er id en tica l cond itions, th e  p ro d u c tio n  of vaccin ia  H A N  w as 
n o t re m a rk a b ly  in h ib ite d  as com pared  to  th e  m ark ed  in h ib itio n  of P R 8  v iru s  
g ro w th .

D iscu ssio n

F ran c is  in h ib ito r  is a m u co p o ly p ep tid e . T he coup ling  of th e  d iazo n iu m  
sa lt w ith  th e  cyclic am ino  acid of its  p e p tid e  p a r t  and  th e  re su ltin g  a lte ra tio n  
o f th e  m acrom olecu le’s beh av io u r is an  in te re s tin g  fac t. T he m olecule fo rm in g  
a f irm  com plex w ith  th e  v irion  will in h ib it  th e  rep lica tio n  of in flu en za  v iru s  
w hen  a d m in is te red  s im u ltan eo u sly  w ith  th e  in fection  as revealed  b y  th e  ro ller 
d ru m  m eth o d , th is  sen sitive  in d ica to r o f  g ro w th  in h ib itio n . T he ace tone  so lu b le  
fra c tio n  is a m ore ac tiv e  in h ib ito r  o f re p lic a tio n , in sp ite  of its  in s ig n if ic a n t 
H A I a c tiv ity . T hus, th is  frac tion  m ay  b e  sim ilar to  th e  F ran c is  in h ib ito r  th o u g h  
b e in g  less hetero- d isperse  an d  consisting  o f  sm aller m olecules. T he p ro ced u re  of 
p re p a ra tio n , how ever, suggests the  p o ss ib ility  th a t  th is  frac tio n  m ay  be a s u b ­
s ta n c e  con ta in ing  a pep tid e-sacch arid e-lip id  com ponen t p re sen t in h u m a n  se ru m  
an d  n o t co rrespond ing  to  F rancis in h ib ito r . A ccording to  our u n p u b lish e d  d a ta ,  
b o th  8ac an d  K„ac co n ta in  neuram in ic  ac id . N evertheless, in sp ite  of th e ir  h igh  
lip id  co n te n t th ey  are  d iffe ren t from  th e  know n gangliosides [10] in h ib itin g  th e  
h a e m a g g lu tin a tio n  an d  rep lica tion  o f in flu e n z a  v iru s; th e  H A I a c tiv ity  o f 8ac 
an d  К  „ас are n am ely  very  low. T h is m ak es it im p ro b ab le  th a t  8ac sh o u ld  
co m p e te  w ith  th e  re c e p to r su b stan ce  fo r th e  v irions. I ts  v iru c id a l e ffec t m ig h t 
be re la te d  w ith its  high so lub ility  in lip id s , fac ilita tin g  its  p e n e tra tio n  in to  th e  
en v e lo p e  of in fluenza  v irus. N ev erth e less , its  v iruc ida l a c tiv ity  does n o t ex p la in  
its  increased  g row th  in h ib ito ry  ac tio n .

T he inh ib ition  of grow th was fo u n d  to  depend  on th e  dose of in h ib ito r  
an d  to  a lesser degree on th e  dose of in o cu lu m , as d e m o n s tra te d  by  H o r v a t h ’s
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ro lle r drum  m e th o d  m ak in g  use of su rv iv in g  ch o rioa llan to ic  m em brane p ieces 
m a in ta in ed  in am p o u les .

In  the  th re e  ex p erim en ts  perfo rm ed  in  d e -em b ry o n a ted  eggs, th e  in h i ­
b ito r  was ad d ed  a f te r  th e  com pletion o f a d so rp tio n . T h u s, u n d er these  c o n ­
d itio n s, th e  a c t iv i ty  o f F rancis  in h ib ito r  (K 0, 8m) was negligible. T he ace to n e  
soluble frac tion  (8ac ), how ever, ex h ib ited  a rem ark ab le  a c tiv ity . D uring  th e  
eclipse phase, th e  m e d iu m ’s HA t i tre  exceeded  th a t  of th e  co n tro l n o t o n ly  
w ith  8ac, b u t  also  w ith  K t)ac, in fluenza  a n d  vacc in ia  v iru s . The re m a rk a b le  
g ro w th  in h ib ito ry  a c t iv i ty  of 8ac w as su sp en d ed  on th e  in h ib ito r ’s rem o v a l 
w hen  high doses o f  in o cu lu m  were used . I n  sy stem s in fec ted  w ith  low in o cu la , 
how ever, the  in h ib ito r  e lim inated  th e  h a e m a g g lu tin a tin g  partic les  an d  th u s  
red u ced  th e  v iru s  c o n c e n tra tio n  below  10® I D 50. T he la te r  th e  8ac h a d  b een  
a d d ed  to  the n u t r ie n t  flu id  of th e  in fe c te d  d e -em b ry o n a ted  egg, th e  m ore  
ra p id  was th e  re g e n e ra tio n  of virus p ro d u c tio n . S u b stan ce  K uac ex h ib ited  an  
in h ib itio n  exceed ing  th e  expected  one, n ev e rth e le ss , th e  reg en era tio n  of v iru s  
m u ltip lica tio n  w as m ore  rap id  th a n  w ith  8ac.

In  fu r th e r  an a ly se s  of the  in h ib ito ry  ac tio n  on in tra c e llu la r  v iru s  re p li­
ca tio n , one m u st n o t  re s tr ic t  th e  s tu d y  to  th e  m ed iu m ’s H A  t i tre ;  th e  changes 
in  th e  infective t i t r e  b o th  in trace llu la rly  a n d  a fte r  th e  release of v irions h a v e  
also  to  be considered .
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STUDIES ON THE INFLUENCE 
OF ENDOGENOUS REGULATORY FACTORS 

ON THE GROWTH OF HERPES SIMPLEX VIRUS

lly

G y . H a d h á z y , F . L e h e l  a n d  L .  G e r g e l y  

Institute  o f  Microbiology (Director : L. V á c z i ) ,  University Medical School, Debrecen 

(Received D e ce m b e r  9, 1965)

Sum m ary. The grow th inhibitory action  o f heparin on Herpes sim plex virus in hum an  
em bryonic fibroblast and HeLa cells was enhanced by certain biogenic am ines and horm ones 
(h istam ine, adrenaline, serotonin, cortisone, hydrocortisone, ACTH). The inhibitory action of  
heparin w'as dem onstrable also in rabbits in fected  w ith  herpesvirus by the subcutaneous route. 
The inh ib ition  m anifested itse lf w ith a decrease o f cutaneous lesions and the local grow th  
of virus.

A ccord ing  to  th e  recen t su rv ey  b y  L w o f f  [1], th e re  are  severa l fa c to rs  
in flu en c in g  th e  g row th  of v iruses, such  as th e  te m p e ra tu re , in te rfe ro n  a n d  th e  
p H  o f th e  m edium , am ong  o thers. O th e r  au th o rs  a t t r ib u te d  s im ila r effec ts to  
ce rta in  m ucopo lysaccharides [2 ,3 ] , s tre ss  fac to rs  [ 4 ,5 ,6 ] ,  a n d  d iffe ren t h o r ­
m ones [7].

H ep a rin  has been found  b y  sev e ra l a u th o rs  to  in h ib it th e  g ro w th  o f 
H erp es sim plex  v iru s [2, 8 — 12]. N everth e less , d a ta  are  s c a n ty  as to  th e  
s im u ltan eo u s  action  of h ep arin  an d  o th e r  substances.

I n  earlie r stud ies we have o bserved  a sum m atio n  of effects on H erp es  
s im p lex  v iru s  in a system  co n ta in in g  h e p a rin  and  in te rfe ro n  [13]. T he a im  o f 
th e  p re se n t s tu d y  was to  exam ine in  v itro  as well as in  vivo  th e  effect o f som e 
b iogen ic  am ines and  horm ones, viz. h is ta m in e , ad ren a lin e  a n d  se ro to n in , c o r­
tiso n e , hyd ro co rtiso n e  an d  ACTH , a d m in is te re d  alone or in  d iffe ren t co m b i­
n a tio n s  w ith  heparin .

M aterials an d  m ethods

Nutrient medium. Primary human em bryonic fibroblast cultures were prepared in  
Parker’s m edium  No. 199 containing 20 per cen t calf serum. For m aintenance and dilu tions  
the sam e m edium  was used w ith 5 per cent ca lf serum. H eLa cells were grown in the sam e  
m edium  with 10 per cent calf serum reduced for m aintenance to 5 per cent.

Cell cultures. Cultures o f human em bryonic fibroblasts were obtained by trypsin ization  
of 2 3 m onths old em bryos. Primary cultures were grown in Roux flasks. Secondary cultures
were obtained  by trypsinization o f the prim ary cultures on the 3rd or 4th  day of cu ltivation . 
HeLa cells were grown in 1 litre Roux flasks and used for the preparation o f secondary tube  
cultures after 2- 3 days cultivation.

Viruses. In the experim ents in vitro , a strain of Herpes sim plex virus isolated  from hum an  
m aterial and m aintained in H eLa cell cultures w as used 114]. In anim al experim ents we used  
a freshly isolated strain of Herpes sim plex virus.
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Determination o f  focus count reduction. Tube-cultures were infected  w ith 0.1 ml virus 
Suspension containing 100 P F U  and after 48 hours’ incubation the foci formed were counted. 
T he differences in th e  num ber of foci as referred to the control cultures were expressed as per 
cen t focus count red uction  calculated from the m ean for 4 to 6 tubes. Mean deviation  of the  
m eth od was + 2 0  per cent.

Anim al experiments.  The m ethod described b y  F o r c e  et al. [ 1 5 ]  was adapted to our 
purposes. Into the dorsal sk in of rabbits 30 IU  of hyaluronidase in 0.2 ml volum e were  
in jected . The virus and the te s t  m aterial contain ing flu id  were then inoculated into the sam e  
sp ot in a total volum e o f 0.5 ml. In general, the in fectious titre o f the virus was 104 T C ID 60 
per 0.1 ml, as determ ined in hum an fibroblast tissue culture. A ccording to our prelim inary  
experim ents, heparin did n ot inhibit the a c tiv ity  o f  hyaluronidase in vivo , in the rabbit’s 
skin. On the fourth  day  follow ing the infection , th e  diam eter of the cutaneous lesion w as 
m easured and the lesion  w as excised. The excised  lesions were ground in 10 volum es by w et  
w eigh t of nutrient flu id  and centrifuged. The virus content o f the cell-free supernatant was 
determ ined by in fectin g  3 to  4 parallel tubes w ith  0.1 ml each of a tenfold serial dilution. 
R esu lts are given in  term s o f the differences betw een the T C ID 50 values of skin specim ens 
from  treated and those from  untreated anim als, tak ing the m ean values obtained w ith tw o  
identically  treated skin specim ens.

Chemicals. H eparin, adrenaline, hydrocortisone, ACTH were products of the G. R ichter  
Chem ical and P harm aceutical Works, B udapest. H istam ine dihydrochloride (Perem in) w as 
obtained  from the Chinoin Pharm aceutical and Chemical W orks, B udapest. Cortisone acetate  
(A dresone) and hyaluronidase (H yasone) were products o f  NY Organon-OSS, H olland. Creatine 
su lphate (Serotonin) w as a product o f Reanal, B udapest.

R esu lts

Tables I an d  I I  show  the  g ro w th  o f H erpes s im p lex  v iru s  in H eL a an d  
h u m a n  fib ro b la s t cell cu ltu res , re sp ec tiv e ly , in th e  presence of h is tam in e , 
ad ren a lin e , or se ro to n in , w ith  or w ith o u t th e  s im u ltan eo u s presence o f h ep a rin .

Table I

E ffect  o f  heparin and certain biogenic amines on the multiplication o f  Herpes simplex v iru s
in HeLa cell cultures

Biogenic amine 
(pg/m l)

Per cent focus count reduction

without heparin with heparin 
(0.5 /ig/ml)

— 0 61

H istam ine, 25 36 85

H istam ine, 12.5 30 82

Adrenaline, 25 71 90

Adrenaline, 12.5 4 6 80

Serotonin, 25 32 78

Serotonin, 12.5 21 71

E ach  b iogen ic  am in e  was found to  in h ib it  v iru s  g ro w th . In h ib itio n  w as 
m o st in tensive  w ith  ad ren a lin e  an d  se ro to n in  in H eL a  an d  H u m an  f ib ro b la s t 
c u ltu re s , re sp ec tiv e ly . In h ib itio n  was en h an ced  by  h e p a rin .

In  T able I I I  a re  show n th e  effects o f ce rta in  ho rm ones on th e  v iru s  infec- 
io n  in H eLa cells in  th e  presence as w ell as in  th e  absence  of h ep a rin .
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Table II

Effect o f  heparin and certain biogenic amines on the multiplication o f  Herpes simplex v irus  

in human secondary fibroblast cell cultures

Biogenic amine
O'g/ml)

Per cent focus count reduction

without heparin
1.0 / I g / m l

with heparin 

2.0 /ig/ml 4.0 /ig/ml

— 0 18 53 77
H istam ine, 25 19 53 68 84

Adrenaline, 25 24 56 84 97
Serotonin, 25 55 63 90 99

Table  III

Effect o f  certain hormones on the multiplication of Herpes simplex virus in IleLa cell culture

Per cent focus count reduction

Hormone
without heparin with heparin 

(0.5 /ig/ml)

— 0 61

Cortisone acetate, 160 //g/ml 75 98

Cortisone acetate, 40 //g/ml 50 96

Hydrocortisone acetate 160 //g/m l 75 99

Hydrocortisone acetate 40 //g/m l 40 96

ACTH, 0.5 IU/ml 66 93

ACTH, 0.25 IU/m l 56 91

Table IV

Simultaneous effect o f  heparin and certain biogenic amines on the multiplication o f  Herpes
simplex v irus in  cell culture

Composition of mixture (//g/ml)

Per cent focus count reduction in

human embryonic 
HeLa 1 fibroblast

cell eulture

Heparin, 0.5 -j- H istam ine, 25 -)- Adrenaline,

25 -j- Serotonin, 25 98 75

Heparin, 0.5 -J- H istam ine, 25 -j- Serotonin, 25 80 81

Heparin, 0.25 -(- H istam ine, 12.5 +  Adrenaline,

12.5 -f  Serotonin, 12.5 88 33
Heparin, 0.25 -|- H istam ine, 12,5 -|- Serotonin, 12.5 63 48
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Table- V

Effect of  heparin and  certain biogenic amines on cutaneous Herpes simplex virus* infection
o f  rabbits

Substance tested
0*g H )

D iam eter
of cutaneous lesion 

(cm)

Decrease in  virus 
multiplication* * 

(log TC ID „)

— 4 —

Heparin, 50 2.5 0.5

Heparin, 400 0 0.75

Heparin, 800 0 1.0
Heparin, 1200 0 1.4

Heparin, 50 -f- H istam ine, 250 -f- Serotonin, 

250 -f- Adrenaline, 25 0.5 0.8
Heparin, 1200 +  H istam ine, 250 -f- Serotonin, 

250 -j- Adrenaline, 25 0 1.5

* The data represent means for ten experim ents. 

** Titre o f the controls: 10n TCID50/ml.

C ortisone, h y d ro co rtiso n e  and  A C T H  w ere in h ib ito ry . In  com bination  
w ith  heparin , in h ib itio n  was enhanced .

The in h ib ito ry  e ffec t of heparin  a d d e d  to  vario u s m ix tu re s  of biogenic 
am ines on v iru s  g ro w th  in  H eL a a n d  h u m a n  f ib ro b la s t cells is show n in 
T ab le  IV.

The s im u ltan eo u s  ad m in is tra tio n  o f  h ep a rin  an d  b iogenic am ines was 
fo u n d  to  ex e rt a re m a rk a b le  in h ib ito ry  a c tio n . N one o f th e  m a te ria ls  te s ted  
w ere tox ic  u n d e r th e  ap p lied  ex p e rim en ta l cond itions.

The ac tion  o f  h e p a rin  and  biogenic am in es on cu tan eo u s H erpes sim plex  
v iru s  infection  o f ra b b i ts  is shown in T a b le  V.

As revealed  b y  T ab le  V, th e  in h ib ito ry  ac tion  of h ep a rin  alone as well 
as in  co m bina tion  w ith  biogenic am ines, w as dem o n strab le  also in  vivo  as an 
in h ib itio n  of th e  d ev e lo p m en t of cu tan eo u s  lesions.

D iscussion

A ccording to  th e  p resen ted  re su lts , th e  g row th  of H erpes sim plex  v iru s 
w as in h ib ited  b y  h e p a r in  in  vivo. O ther a u th o rs  [16, 17] h av e  show n th e  sim ilar 
a c t iv i ty  of h e p a rin  in  vivo  against th e  v iru se s  of f ib ro m a  an d  m yxom a. In  
ag reem en t w ith  sev e ra l au th o rs  [2, 3, 10, 18] we have  supposed  th a t  h ep arin  
w as one of th e  fa c to rs  o f th e  o rgan ism ’s p ro te c tiv e  m echan ism s ag a in s t v iru s 
in fec tio n . H ep arin  e x e rts  its  effect p ro b a b ly  th ro u g h  an  ex tra c e llu la r  m echa­
n ism ; th e  su b stan ce  b e in g  a po lysaccharide  o f po lyan ion ic  ch a ra c te r , i t  b inds
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on to  recep to rs  of opposite  charge on th e  v ir io n ’s su rface , th u s  in h ib itin g  th e  
la t te r ’s a d so rp tio n  to  suscep tib le  cells [2]. A ccord ing  to  V oss [3] an d  H i g g i n ­

b o t h a m  [19], o th e r  tissu la r  m uco p o ly sacch arid es  o f po lyan ion ic  c h a ra c te r  
m ig h t p lay  a sim ilar role. C hanges in  th e  c o n c e n tra tio n  of tissu la r  h e p a r in  
m ay  have  som e influence  on th e  e x tra c e llu la r  sp read in g  of herpesv irus, on th e  
d ev e lo p m en t of p e rs is te n t in fec tion , o r on th e  m an ife s ta tio n  of re c u rre n t in fe c ­
tions. In  th is  resp ec t, how ever, beside th e  h ep a rin  also o th e r fac to rs  o f th e  
organism  shou ld  be considered, p a r tic u la r ly  th e  b iogenic  am ines an d , in g en e ra l, 
th e  horm ones. In  h is  recen t m o n o g rap h , V a h e r i  [2] has ju s t ly  p u t  th e  q u e s tio n  
w h e th e r or n o t th e  biogenic am ines are  ab le to  re lease  th e  in h ib ito ry  a c tio n  
oi h ep arin  on v iru s  g row th  in th e  o rgan ism . F u r th e r , th e  w orking h y p o th e s is  
of H i g g i n b o t h a m  [19] shou ld  also be considered  a n o te w o rth y  a p p ro a c h . 
H e supposed  th a t  th e  an ti-v ira l e ffec t o f tis su la r  m ucopo lysaccharides m ig h t 
be red u ced  b y  fac to rs  ca rry in g  an  o p p o site  charge , e.g. ACTH.

S im ilar considera tions have  p ro m p te d  us to  perfo rm  stud ies on som e 
im p o r ta n t biogenic am ines and  c e r ta in  horm ones.

I t  w as fo u n d  th a t  h is tam in e , ad ren a lin e  an d  se ro to n in  as well as c o rtiso n e , 
h y d ro co rtiso n e  and  A CTH , in h ib ite d  th e  g ro w th  o f H erpes sim plex  v iru s . 
These su b stan ces , th o u g h  being ca tio n ic , d id  n o t in h ib it th e  action  of th e  p o ly ­
an ionic  h ep a rin  b u t  ad d itio n  of th e  la t te r  r a th e r  e n h an ced  th e  a c tiv ity  o f th e  
said am ines an d  horm ones. The ab o v e  basic  su b stan ces  are  supposed  to  fo rm  
lab ile  read ily  d issocia ting  com plexes w ith  h ep arin  u n d e r th e  e x p e rim e n ta l 
cond itions te s te d , th u s  th e re  is a fa ir p o ss ib ility  of a su m m atio n  of th e  in d iv id u a l 
a c tiv itie s .

On th e  basis of these  resu lts  we suppose (w ith o u t, how ever, c la im in g  
a general v a lid ity  of th e  idea) th a t  u n d e r  th e  given cond itions th e  b io g en ic  
am ines a n d  th e  horm ones m ay  re p re se n t p ro te c tiv e  fac to rs  of th e  o rg an ism  
ag a in s t v ira l in fections an d  m ay  su p p o r t th e  s im ila r ac tiv itie s  of h ep a rin  a n d  
in te rfe io n . As a re su lt o f th e  s tim u lu s p re sen ted  b y  v ira l in fec tion , th e  h e p a r in  
an d  b iogenic am ine  co n te n t of m a s t cells is re leased  a t  th e  site  of in fla m m a tio n  
an d  th e  g enera l ho rm o n al p rev en tiv e  reac tio n s  of th e  organism  are also m a k in g  
ap p ea ran ce . T he fac to rs  m obilized  in th e  course of th is  process a t  a given p h a se  
m ay  be reg a rd ed  as m em bers of a p ro te c tiv e  sy stem . A ccording to  ou r a s su m p ­
tion , h ep a rin , in te rfe ro n , biogenic am ines, an d  th e  horm ones in general, r e p ­
resen t a co o p era tiv e  p ro tec tiv e  sy s tem  ag a in s t v ira l infections. R esu lts  o b ­
ta in e d  in th e  p re sen t ex perim en ts d id  n o t c o n tra d ic t th is  supposition .
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TYPE DISTRIBUTION OF STREPTOCOCCUS 
PYOGENES STRAINS IN THE YEARS 1964-1965

ACTIVITIES W IT H IN  A N  IN T E R N A T IO N A L  S U R V E Y  OF T H E  D E PA R T M E N T  
OF BACTERIO LO G Y, NA TIO NAL IN ST IT U T E  OF P U B L IC  H EALTH , B U D A P E S T

By

J .  S z i t a  and  G. H e g y e s s y

National Institute o f  Public Health (Director:  T. B a ká cs), Budapest  

(R eceived January 12, 1966)

Sum m ary. B etw een June 1, 1964, and June 1, 1965, in  the course of a survey organized  
by the International Com m ittee on Streptococci and P neum ococci, 395 Sir. pyogenes strains  
had been isolated  in 11 different collecting laboratories and sen t to our laboratory for serolog­
ical typing. The strains fell into 26 different types; 0.8 per cen t o f the strains could not be t y ­
ped either by agglutination or precipitation. M ost prevalent strains belonged to com plexes 5, 11, 
12 . . . and 3, 13, R 32B4 and to types 3, 12, 1 and 6. The results agreed w ith known data  in 
that, excepting nephritis, there was no definite association betw een  the different strep tococcal 
diseases and the serotype of the causative agent. F ive per cen t o f  the strains were sent to Prague  
for checking; those giving discrepant results a t repeated ty p in g  were forwarded to G enova  
for final control. All isolated strains were sensitive to penicillin ; 5.3 per cent of them  were 
resistant to tetracycline.

W e h av e  been p a r tic ip a tin g  in  an  in te rn a tio n a l Str. pyogenes ty p e  d is t r i ­
b u tio n  su rv ey  p roposed  b y  P ro fesso r R . E . O .  W i l l i a m s , C hairm an, I n te r n a ­
tio n a l S u b co m m ittee  on S trep tococci an d  P n eu m o co cc i, an d  l) r . M. T . P a r ­

k e r , Chief, S trep tococcus an d  S taphy lococcus R eference  L ab o ra to ry , L o n d o n . 
C ountries p a r tic ip a tin g  in  th e  su rv ey  w ere B r i ta in , C anada, C zechoslovakia , 
D en m ark , th e  G erm an  D em o cra tic  R epub lic , H u n g a ry , Israe l, I ta ly , J a p a n ,  
th e  N e th e rlan d s , th e  U n ited  Soviet Socialist R ep u b lic s  an d  th e  U n ited  S ta te s  
of A m erica.* T he aim s of th e  in te rn a tio n a l co o p e ra tio n  were (1) to  e x a m ­
ine w h e th e r th e re  are  m a jo r d ifferences in  th e  ty p e  d is trib u tio n  o f Str.  
pyogenes in d iffe ren t p a r ts  of th e  w orld ; (2 ) to  p ro m o te  co n tac t betw een  la b o ­
ra to rie s  dealing  w ith  th is  p rob lem  an d  to  im p ro v e  th e  rep ro d u c ib ility  of t y p ­
ing m eth o d s an d  resu lts . E ach  p a r tic ip a tin g  c e n tra l  lab o ra to ry  h a d  b een  
ask ed  to  ty p e  300 to  500 s tra in s  d u rin g  th e  one y e a r  su rv ey . In  order to  o b ta in  
a re p re se n ta tiv e  co llection  of th e  p re v a le n t ty p e s , a t  le a s t 5 w idely s c a tte re d  
co llecting  lab o ra to rie s  w ere to  be selec ted  in  each  c o u n try . S tra in s iso la te d  
from  sca rle t fever, tonsillitis  an d  o th e r s tre p to c o c c a l in fections w ere to  be  
sen t m o n th ly  or h a lf-y ea rly  to  th e  ce n tra l ty p in g  la b o ra to ry . S trep to co cc i 
iso la ted  from  carrie rs  w ere excluded  from  th e  su rv ey . T yp ing  was p e rfo rm e d  
b y  ag g lu tin a tio n  an d  p re c ip ita tio n . E ach  p a r tic ip a tin g  cen tra l la b o ra to ry  w as

’ According to the L ist o f P articipants (March 1, 1964).
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a s k e d  to  send 5 p e r c e n t o f th e  ex am in ed  s tra in s  (every  2 0 th  c u ltu re )  to  a 
c e n tr a l  lab o ra to ry  s i tu a te d  in a n o th e r c o u n try , w hich had  been  a p p o in te d  to  
c h e c k  th e  ty p in g  re su lts . T h u s we h ad  to  sen d  5 per cen t o f o u r s tra in s  to  
P ra g u e , C zechoslovakia, a n d  we received  5 p e r cen t o f th e  m a te r ia l  of an 
I t a l i a n  ty p in g  la b o ra to ry  (G enova). S tra in s  giving d isc rep an t re su lts  were 
s e n t  to  I ta ly  for f in a l e x am in a tio n . T he re su lts  were fo rw ard ed  on d iffe ren t 
r e p o r t  form s.

T he survey  w as com m enced  on J u n e  1, 1964, and  closed on J u n e  1, 1965.

M aterials and m ethod s

Streptococcal strains w ere collected in 11 d ifferent laboratories o f the follow ing in sti­
tu te s :  D epartm ent of B acterio logy , N ational In stitu te  o f Public H ealth, B udapest; 8 different 
R e g io n a l Public H ealth and Infectious Disease Laboratories; D epartm ent o f M icrobiology, 
U n iv e r s ity  Medical School, D ebrecen; László Central H ospital for Infectious D iseases, B uda­
p e st . F ig . 1 indicates the geographical distribution o f the collecting laboratories.

F ig .  7. Geographical d istribution  of collecting laboratories. 1 =  In stitu te  o f  M icrobiology, 
D eb recen ; 2 — 9: R egional P ublic H ealth and In fectious Disease Laboratories; 2 =  Pécs; 
3 =  Békéscsaba; 4 =  M iskolc; 5 =  Debrecen; 6 =  T atabánya; 7 =  N yíregyháza; 8 =  Szom ­
b a th e ly ;  9 =  Veszprém; 10 =  László Central H osp ita l, Budapest; 11 =  N ational In stitu te  of

Public H ealth, B ud apest

In order to d istinguish A group strains from  other beta haem olytic strep tococci, the 
c o lle c t in g  laboratories were supplied w ith filter paper strips im pregnated w ith  bacitracin. 
A ll laboratories were asked to send m onthly at lea st one Str. pyogenes strain from  each group 
o f  d iseases (scarlet fever, tonsillitis  and other strep tococcal infections), so th a t at least 30 
stra in s  could be subm itted to typ ing . The cultures were sent on Loeffler serum  or blood agar 
s la n ts . All strains were checked for purity and bacitracin  sensitivity. Serological grouping was 
p erform ed  w ith Lancefield ex tra cts (which were also needed for M  precipitation); in doubtful 
ca ses  group determ ination w as carried out also w ith  Fuller extracts. T yping was perform ed  
b y  precip itation  in anti-M and b y  agglutination in anti-T  sera as described in previous papers 
[1 , 2, 3). The following sets o f sera were used. M  sera: I , 2, 3, 5, 6, 3, I I ,  12, 73, 74, 75, 77, 
79, 2 2 , 24, 25, 26, 29, 35, 36, 44, 46, 43 (total, 23); R  sera: 3, 28 (total, 2); T sera: 7, 2, 3, 4, 
5 , 6 , 3 , 9, 77, 72, 73, 74, 77, 73, 79, 22, 23, 25, 27, 23, 44, 47, Jmp19, B 82e4 (tota l, 24).

A ntib iotic  sen sitiv ity  o f  the strains was tested  by use of penicillin and tetracycline  
p a p er  discs.

In the order of arrival in  our laboratory, every  20th strain was transferred to two  
D o r se t slants then lyophilized in 5 ampoules. These strains were checked also w ith  anti-T  sera 
o b ta in ed  from Britain and Czechoslovakia. Strains received for checking were sim ilarly exam ­
in ed . T he results were reported to London m onth ly.
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Results
D urin g  th e  o ne-year su rvey  p erio d , 395 Str. pyogenes  s tra in s w ere co l­

lected an d  ty p e d . E sp ec ia lly  in sum m er, a d iff ic u lty  w as ex p ec ted  in o b ta in in g  
th e  req u ired  n u m b e r of cu ltu res. H ow ever, w ith  th e  ex cep tion  of Ju ly  w h en  
o n ly  24 s tra in s  w ere collected , th e  n u m b e r  of s tra in s  received p er m o n th  
exceeded 30. A lth o u g h  n o t all lab o ra to rie s  succeeded  each  m o n th  in iso la tin g  
a t  least one s tra in  from  all 3 disease g roups, d u rin g  th e  su rv ey  101 s tra in s  w ere  
co llected  from  sca rle t fever, 150 s tra in s  from  to n s illitis  an d  144 s tra in s  fro m  
o th e r  s trep to co cca l d iseases. The d is tr ib u tio n  o f s tra in s  am ong the  3 d isease  
g roups v a ried  from  la b o ra to ry  to  la b o ra to ry . T h u s  am ong  stra ins rece iv ed  
fro m  L a b o ra to rie s  1 an d  7 those  o rig in a tin g  from  o th e r  strep tococcal d iseases 
p red o m in a ted . In  c o n tra s t, in L a b o ra to ry  5 th e se  s tra in s  were e n c o u n te re d  
th e  le a s t fre q u e n tly . T he low n u m b er o f sc a rle t fev e r s tra in s  was s tr ik in g  in  
th e  m a te ria l of L ab o ra to rie s  9 an d  11. Less e ffec tive  c u ltu r in g  in scarle t fe v e r  
w as p ro b a b ly  due to  pen icillin  t re a tm e n t w hich  is o ften  com m enced p rio r  to  
ta k in g  th ro a t  sw abs fo r bacterio log ical e x a m in a tio n . In  view  of th e  sm all 
n u m b e r  o f co llec ted  s tra in s , no conclusion can  be d raw n  as to  the  a sso c ia tio n  
betw een  m o n th ly  or reg ional d is tr ib u tio n  o f s tra in s  a n d  disease groups.

In  th e  m a te ria l o f m ost collecting la b o ra to r ie s  th e  com plexes 3, 13, В 3264 

an d  5 , 1 1 , 1 2 . . .  p red o m in a ted . In  L a b o ra to ry  8  (S zom bathe ly ) ty p e  3, in  
L a b o ra to ry  4 (M iskolc) ty p e  19 s tra in s  w ere re la tiv e ly  fre q u e n t (18 ou t o f  48 
an d  9 o u t of 48 s tra in s , respectively).

T ype  d is tr ib u tio n  of th e  395 s tra in s  is p re se n te d  in  T ab le  I, w hich in d i ­
ca tes th e  n u m b e r o f s tra in s  de te rm in ed  b y  T  a g g lu tin a tio n , b y  M (R)  p re c ip ita ­
t io n  an d  b y  b o th  m eth o d s. B y use of th e se  te c h n iq u e s  99.2 per cen t o f  th e  
s tra in s  w ere d e te rm in ed  serologically  an d  o n ly  3 s tra in s  (0.8 p er cent) re m a in e d  
u n ty p a b le . I f  each com plex  is reg a rd ed  as one se p a ra te  ty p e , the  395 s tra in s  
fell in to  26 se ro ty p es. B y  M (R )  p re c ip ita tio n  46.3 p e r  c en t of th e  s tra in s  w ere  
ty p e d . O nly  p re c ip ita tio n  was used fo r th e  d e te rm in a tio n  o f typ es 19 a n d  36. 
B y  ag g lu tin a tio n  89.5 p e r cen t of th e  ex am in ed  s tra in s  could  be d e te rm in e d ; 
on th e  basis  o f a g g lu tin a tio n , ty p es 2 , 9 , 18 a n d  2 2  w ere reg a rd ed  as s e p a ra te  
ty p es.

T ypes occu rrin g  a t  a frequency  h ig h e r th a n  5 p e r cen t were a rb itr a r i ly  
re g a rd e d  as p re v a le n t organism s. A m ong  th e se , th e  m em bers of co m p lex  
5 , 11, 12 . . . w ere th e  com m onest (19 p e r  cen t); s trep to co cc i belonging to  
com plex  3, 13, B 3264 (17 p er cent) an d  to  ty p e s  3 (10 p e r cen t), 12, 28  (7 p e r  
c e n t)  an d  1, 6 (5 p e r cen t) were n e x t in o rd e r. T he p re v a le n t types co m p rised  
70 per cen t of all s tra in s  (Table II) .

A nalysis of th e  association  be tw een  s tre p to c o c c a l diseases and se ro ty p e s  
is p re se n te d  in T ab le  I I I .

I t  is seen th a t  th e  p rev a len t ty p e s  w ere m o st com m on in all d isease  
groups. One th ird  of ty p e  1 s tra in s  an d  m ore  th a n  tw o  th ird s  of type  19 s tra in s
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Table I

T y p e  distribution o f  Str. pyogenes strains isolated between June 1, 1964 and June 1, 1965

Type

No. o f strains 
determ ined 
b y  antigens

Total

Type

No. of strains 
determ ined 
by antigens

T otal

M T M  + T No. % M T M  -f T No. %

1 9 12 21 5.3 1 5 , 1 7 , 1 9 . . . 2 2 0.5
2 4 4 1.0 17 1 1 0.3
3M (3R ) 38* 39 9.9 18 1 1 0.3
3R 2** 2 0.5 19 15 15 3.8

3, 13, B  S2G4 67 67 16.1 22 6 1 7 1.8
4, 24, 2 6 . . . 15 15 3.8 24 1 1 0.3
5 7 7 14 3.5 2 8 R 27** 27 6.8
5, 1 1 , 1 2 . . . 74 74 18.7 29 5 1 6 1.5
6 2 2 16 20 5.0 36 2 2 0.5
8 2 2 0.5 46 1 1 0.3
8, 25, Im pl9 17 17 4.3 48 1 1 0.3

9 3 3 0.8 T ota l

typab le 38 209 145 392 99.2
12 27 27 6.8 U ntypab le 3 0.8
14 2 9 6 17 4.3 T otal 395 100.0
15 3 3 6 1.5

* 6 strains precipitated also in serum 3R.  

** R  antigen.

Table II

Percentage distribution o f  prevalent types in 1964— 1965

Type No. of strains Per cent

5 , 11, 12, 27, 44 74 19

3, 13, B 32e4 67 17

3 41 10

12 27 7

28 27 7

1 21 5

6 20 5

Prevalent types, total 277 70

Other types 118 30

Total 395 100
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Table  I I I

Distribution o f  Str. pyogenes types according to disease groups

Type

Scarlet fever Tonsillitis*
O ther

streptococcal
infections**

Total

No. % No. % No. % No. %

1 7 6 .9 6 4.0 8 5.6 21 5 .3

2 — — 2 1.3 2 1.4 4 1 .0

3M(3K) 25 24.8 10 6.7 6 4.1 41 1 0 .4

3, 13, Л 3264 6 5.9 30 20.0 31 21.5 67 17.0

4, 24, 2 6 . . 3 3.0 10 6.7 2 1.4 15 3.8

5 1 1.0 4 2.7 9 6.2 14 3.5

5 ,1 1 ,  12. . . 9 8.9 26 17.2 39 27.1 74 18.7

6 4 4.0 8 5.3 8 5.6 20 5.0

8 — — 1 0.6 1 0 .7 2 0.5

3, 25, Im p l 9 5 4.9 5 3.3 7 4 .8 17 4.3

9 — — 2 1.3 1 0 .7 3 0.8

12 8 7.9 14 9.3 5 3 .5 27 6.8

14 5 4.9 4 2.7 8 5 .6 17 4.3

15 — — 4 2.7 2 1 .4 6 1.5

15, 17, 19. . . — — 2 1.3 — 2 0.5

17 1 1.0 — — — — 1 0.3

18 — — — — 2 1 .4 2 0.5

19 12 11.9 3 2.0 15 3.8

22 5 4.9 — — 1 0 .7 6 1.5

24 — — — — 1 0 .7 1 0.3

28 H 3 3.0 15 10.0 9 6 .2 27 6.8

29 4 4.0 1 0.7 1 0 .7 2 0.5

36 1 1.0 — — 1 0 .7 2 0.5

46 — _ 1 0.7 — 1 0.3

48 — 1 0.7 — 1 0.3
U n ty p ab le 2 2.0 1 0.7 3 0.8

T ota l 101 100.0 150 100.0 144 1 0 0 .0 3 9 5 100.0

* In c lud ing  sore th ro a t  and  p h a ry n g itis .

** O titis , pyoderm a, osteom yelitis, ly m p h ad en itis , phlegm ons, abscesses, b u rns, e ry ­

sipelas, im petigo, pem phigoid , m astitis , sep ticaem ia , rh eu m a tic  fever, nephritis.
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w ere  responsib le  fo r sc a rle t fever. C om plex  4, 24 . . . a n d  ty p e  2 8 R  o ccu rred  
f re q u e n tly  in  to n s illitis  (6.7 an d  10.0 p e r  c en t, respective ly ). In  som e s tr e p to ­
co cca l in fec tions, in  a d d itio n  to  th e  p re v a le n t  ty p es , ty p e  1 a n d  ty p e  28 w ere 
f r e q u e n t  (for exam ple  in  o titis). T hese d a ta  agree w ith  know n  fin d in g s in  th a t  
n o  d e fin ite  associa tion  ex ists  b e tw een  s trep to co cca l in fec tio n s a n d  th e  se ro ­
ty p e  o f th e  cau sa tiv e  ag en t. N ep h ritis , w hich  is asso c ia ted  w ith  ce rta in  
ty p e s ,  is an  excep tion .

F ive  p er cen t of th e  s tra in s  w ere se n t fo r contro l ty p in g  to  th e  S tr e p to ­
co ccu s R eference L a b o ra to ry , In s t i tu te  o f  E p idem iology  a n d  M icrobio logy , 
P ra g u e . The resu lts  o f  our e x am in a tio n s  an d  of th e  re p e a te d  ty p in g s  a re  
su m m a riz e d  in T ab le  IV .

Table IV

Control examination o f  5 per cent o f  the collected strains

D esignation 
o f  strains

Our results

P rague control**

G enova’s re-control

M R T M R T

20 — — 3, 13, B 32ß4 13

40 _ — 5, 11, 1 2 . . . 28 - — 5, 11, 12, 28, 44

60 — — 5, 11, 12. . . 28 — — 5, 11, 12, 44

80 15 — 15(23)* 23

100 — — 3, 13, В 32Ы 13ч R 3261

120 6 — 6 6( 6M ) * * *

140 — — 5, 11, 12. . . 12
160 _ — 5, 11, 1 2 . .  . 28 — 5 ,1 1 ,1 2 ,  28, 44

180 3 — 3 3 ,13 ,  В 32Ы(МЗ)

200 — — 22 22
220 3 — 3 3, 13, B 323i(M 3 )

240 — — 3, 13, B 3264 13? R  32 64

260 — 3, 13, R 3264 13

280 — 5, IJ,  1 2 . . . 28 — — 5 ,1 1 ,1 2 ,  27,

28, 44

300 3 — 3 3, i3 ,  R 32 64

320 — 28 28 4

340 — 28 28 4, 28

360 5 — 5 5, 27, 44(M5)

380 1 — 1 1(М1)

* Agglutination in serum T 23 ; no serum T 15  was available. 

** Report forms other than the accepted were used.

*** Bracketed figures m ean precipitation, others agglutination.
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F o u r o u t o f 19 s tra in s  gave d isc rep an t re su lts  (s tra in s  No. 40, 60, 160 
a n d  280). These s tra in s  accord ing  to  th e  P ra g u e  la b o ra to ry  a g g lu tin a te d  in  
scrum  28, w hile o u r ow n exam in a tio n s revealed  th e m  to  he m em bers of co m p lex  
5 , 1 1 , 1 2 . . .  N e ith e r  ex am in a tio n s rev ea led  an y  re a c tio n  in  p rec ip ita tin g  se ra . 
C onform ing to  th e  req u irem en ts  o f th e  su rv ey , th e se  s tra in s  were fo rw a rd e d  
to  G enova for f in a l checking. These re su lts  are show n in  th e  rig h th an d  co lu m n s 
o f T ab le  IV .

O th er d ifferences betw een th e  f irs t an d  c o n tro l exam ina tion  w ere n o t  
im p o r ta n t. The re su lts  can  be reg a rd ed  as id en tica l, sav e  th a t  the  s tra in  re a c te d  
in d iffe ren t sera w ith in  the  sam e T  com plex (e.g. 20, 140, e tc .), or so m etim es 
one lab o ra to ry  show ed  only a p o sitiv e  a g g lu tin a tio n  te s t ,  while th e  o th e r  
o b ta in ed  an  a d d itio n a l positive p re c ip ita tio n  a n d  w as th ere fo re  able n o t o n ly  
to  include th e  s tra in  in  a com plex b u t  also to  d is tin g u ish  i t  b y  sero ty p e  (e.g. 
80, 300 etc.).

O ur ta sk s  in c lu d e d  th e  check ing  of s tra in s  ty p e d  in  the  I n s t i tu te  o f 
M icrobiology, U n iv e rs ity  M edical School, G enova. T h e  resu lts  are show n in  
T ab le  V.

Table V

Checking o f  strains received from  Genova

D esig n atio n  o f  s tra in s

T yping
lab o ra to ry
(Genova)

Cheeking
la b o ra to ry
(B u d a p e s t) M  li

8

18

40

60

1
2
3

4

6
2

R e su lt  o f  ty p in g

G en o v a  B udapest

T M li T

5, 12, 27, 44 ___ — 5, 11, 12. . .

6 6 — —

2 2 — 2

12 — — 5,11 ,  12. . .

80

100

102
118

120

117

5
6
7

8 

9

10

18

12

1

12
Untypable  

Untypable  
[ 1

Untypable

Untypable

12

1
1

12
5, 11, 12. . . 

14

1
1

T here was no  difference b e tw een  th e  re su lts  re g a rd in g  u n ty p ab le  s tr a in s . 
S tra in  80 (5) w as re p o rte d  as u n ty p a b le  b y  o u r la b o ra to ry ; stra ins 102 (7), 
118 (8 ) an d  117 (10), in  tu rn , could  n o t be d e te rm in e d  in  th e  G enova ty p in g  
cen tre .
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F in a lly , a lth o u g h  i t  was n o t re g a rd e d  as a function  o f th e  su rv ey , a ll 
s t r a in s  w ere te s te d  fo r penicillin  an d  te tra c y c lin e  sensitiv ity . All th e  395 s tra in s  
w ere  sensitive  to  p en ic illin ; 346 (87.6 p e r  c e n t)  were sensitive, 28 (7.1 p e r cent) 
m o d e ra te ly  sen s itiv e , a n d  21 (5.3 p e r c e n t)  re s is ta n t, to  te tra c y c lin e .

D isc u ss io n

As no d a ta  are  ava ilab le  for th e  ty p e  d is tr ib u tio n  of s tre p to c o c c i in  o th e r  
c o u n tr ie s  in  th e  y ea rs  1964 — 65, it  seem s ad v isab le  to  com pare o u r  re su lts  w ith  
e a r lie r  find ings a n d  w ith  d a ta  p re se n te d  a t  th e  In te rn a tio n a l S trep to co ccu s  
S y m p o siu m , J e n a , 1963.

In  our o p in ion  th e  resu lts o b ta in e d  w ith  stra ins iso la ted  in  11 sep a ra te  
co llec tin g  la b o ra to r ie s  h av e  given a t ru e  p ic tu re  of the  d is tr ib u tio n  o f sero types 
p re v a le n t in  H u n g a ry . I t  can be co n c lu d e d  th a t  two com plexes (3, 13 . .  . 
a n d  5, 11 . . .) o ccu rred  re la tiv e ly  f r e q u e n tly . Because of th e  sm a ll n u m b e r  of 
s tr a in s ,  no an sw er can  be given to  th e  q u e s tio n  w hether ce rta in  ty p e s  a re  rea lly  
c h a ra c te r is tic  o f  c e r ta in  regions of th e  c o u n try . E x am in a tio n s c a rr ie d  o u t in  
th e  y ea rs  1958 — 1963, w hen  s tra in s w ere co llec ted  in 19 d iffe ren t la b o ra to rie s , 
y ie ld e d  s im ila rly  no  conclusive d a ta  as to  th e  d is trib u tio n  of ty p e s  acco rd ing  
to  cou n ties . Som e d ifferences were re v e a le d  w hen  W estern  reg ions o f  H u n g a ry  
w ere  com pared  w ith  th e  B u d ap est a rea  (a p redom inance  of co m p lex  5, 11, 12 
v e rsu s  com plex  8, 25, I m p X9). C om parison  o f  E as te rn  regions w ith  th e  above 
a re a s  show ed, h o w ever, no sign ifican t d iffe ren ce  in the  incidence o f  p re v a le n t 
ty p e s .

O ur ty p in g  m e th o d  has im p ro v ed  in  e fficacy  as com pared  to  e a r lie r  resu lts  
y ie ld in g  7.5 p e r  c e n t u n ty p a b le  s tra in s  in  th e  years 1958 —1963, since in  th e  
p re s e n t  w ork  on ly  0.8 p e r cen t o f th e  s t r a in s  rem ained  u n d e te rm in e d . T h is w as 
p r im a r ily  due to  th e  fa c t th a t  in r e p e a te d  experim en ts we su cceed ed  in  p re ­
p a r in g  hom ogeneous suspensions from  m a n y  “ u n ty p ab le”  s tra in s  a n d  th u s  
re n d e re d  th em  su ita b le  fo r ag g lu tin a tio n . A m ong  P a r k e r ’s [4] 6279 s tra in s  1 
p e r  cen t, am ong  K o h l e r ’s [5] s tra in s  7.5  p e r  cent and  am ong  R o t t a ’s [6 ] 
1148 s tra in s  1.3 p e r  c en t u n ty p ab le  c u ltu re s  occurred. T he p e rc e n ta g e  of our 
s tra in s  d e te rm in ed  b y  M  p rec ip ita tio n  w as sim ilar to  th a t  in d ic a te d  in  our 
p re v io u s  s tu d y . T h e  395 s tra in s  ex am in ed  in  th e  p resen t w ork  fell in to  26 ty p es. 
T y p e s  8, 17 a n d  48  w ere f irs t found  in  th e  course  of th is  su rv ey . T y p es  11, 13, 
26, 33, 44  an d  47  t h a t  h a d  been id e n tif ie d  in  th is  co u n try  p re v io u s ly , were 
n o t  en co u n te red  am o n g  th e  exam ined  s tr a in s . As com pared to  p re v io u s  ex am i­
n a tio n s  [2], in  th e  y e a rs  1964 — 65 co m p lex es 5, 11, 12 and  3 , 1 3 . . .  a n d  ty p e  3 
w ere  re la tiv e ly  m ore  fre q u e n t, w hile ty p e s  12  an d  1 were less co m m o n ly  m et 
w ith . K ö h l e r  in  1963 found  com plex 4, 24  in  11.6, ty p e  12 in  16, ty p e  22 
in  9 .5 , an d  ty p e  28  in  5.6 per cent. In  M ay , 1962, P a r k e r  fo u n d  t h a t  th e  inci­
d en ce  o f com plex  5 , 1 1 , 1 2 . . . ,  ty p e  12 a n d  com plex 3, 13 exceeded  5 p e r cen t.
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In  th e  1960 — 63 s tu d y  of R ótta th e  d is tr ib u tio n  of p red o m in a tin g  ty p e s  a n d  
com plexes w as sim ilar to  th a t  revealed  in  our m a te ria l.

O ur d a ta  have  confirm ed  th a t ,  w ith  th e  ex cep tio n  o f n ep h ritis , th e  s t r e p ­
tococcal diseases are  n o t assoc ia ted  w ith  p a r tic u la r  se ro ty p es . This was show n  
also b y  K ö h l e r  [5], w ho found  th a t  th e  p re d o m in a n t ty p e s  causing sc a r le t 
fever in  th e  G erm an D em ocra tic  R ep u b lic  v a ried  fro m  y e a r to  year: in  1960 
ty p e  6 , in  1961 ty p e  14, an d  in  1963 — 64 ty p e  22,  w ere m ost th e  fre q u e n tly  
invo lv ed . In  ad d itio n  to  th e  m en tio n ed  p re v a le n t ty p e s , R ó t t a  [6] found  t h a t  
ty p e s  30, 9 an d  33 o ccu rred  m ore fre q u e n tly  in sc a rle t fev e r th a n  in to n s illitis . 
T hus i t  is obvious th a t  th e  sam e s trep to co cca l d isease m a y  be due to  sev e ra l 
ty p e s  of Str. pyogenes.

One of th e  aim s of th e  Str. pyogenes  ty p e  d is tr ib u tio n  su rv ey  in  12 d iffe r­
en t co u n trie s  has been  to  s tim u la te  th e  c o n ta c t b e tw een  lab o ra to ries  a n d  to  
co o rd in a te  th e ir  ty p in g  m ethods. F o u r o u t o f our 19 s tra in s  sen t for ch eck in g  
e x am in a tio n  to  P rag u e  gave d isc rep an t re su lts . T hese s tra in s  were th en  s e n t 
to  G enova fo r fu r th e r  con tro l. A ccord ing  to  th e  la t te r  la b o ra to ry  the  4 s tra in s  
a g g lu tin a te d  in th e  sam e sera in  w hich  we h a d  o b ta in e d  reac tion . H o w ev er, 
3 o f th ese  s tra in s  a g g lu tin a te d  in  G enova also w ith  se ru m  28; th u s  th e  e x a m ­
in a tio n  of these  s tra in s  can n o t be considered  co m p le te . P rec ip ita tio n  te s ts  
gave n eg a tiv e  re su lts  in  all th ree  la b o ra to rie s .

I t  shou ld  be n o te d  th a t  th e  d isc rep an cy  b e tw een  tw o  lab o ra to rie s  in  M  
or T  an tig en  d e te rm in a tio n  m ay  he d u e  to  several reasons. The la b o ra to ry  
c a rry in g  o u t th e  f ir s t  ty p in g  m ay  n o t possess all sera  used  in  th e  la b o ra to ry  
p erfo rm in g  th e  checking  ex am in a tio n . F o r  ex am p le , s tra in  No. 80, w h ich  h as  
been id en tified  in G enova as M 1 8 T  , w as in c lu d ed  in  o u r re p o rt as an u n ty p a b le  
c u ltu re , because i t  w as devoid  of a d e te c ta b le  T  an tig en  a n d  we h ad  no a n ti-  M  18 
p re c ip ita tin g  serum . Som etim es d ifferences in  th e  t i t r e  of sera m ay  cau se  
d isc rep an c ies : for ex am p le , com plex  3, 13, B 3264 w as n o t u n fre q u e n tly  m e t 
w ith , w hile ty p e  13 n ev e r o ccu rred  am o n g  o u r s tra in s . O ur serum  M  13 m ig h t 
have  been  u n su itab le  for th e  d e te rm in a tio n  o f ty p e  13 s tra in s  con ta in in g  sm all 
a m o u n ts  o f M  an tig en . T herefore  on th e  basis o f a g g lu tin a tio n  th is  ty p e  co u ld  
he in c lu d ed  only in  th e  com plex, as we h a d  no ab so rb ed  a n ti-T  13 a g g lu tin a tin g  
serum  w hich  d id  n o t reac t w ith  s tra in s  co n ta in in g  an tig en s 3 an d  B 3261. 
F in a lly , th e  re su lts  m ay  differ w hen  som e a lte ra tio n  affec ting  m ain ly  th e  M  
an tig en  o f th e  s tra in  occurs b e tw een  th e  tw o ex a m in a tio n s .

A n tib io tic  se n s itiv ity  te s tin g  rev ea led  th a t  in  s trep tococcal d iseases  
penicillin  is still th e  m ost effective d ru g . A n increase  in  th e  incidence of t e t r a ­
cy c lin e -res is tan t Str. pyogenes  s tra in s  has re c e n tly  been  n o te d  b y  some a u th o rs  
[7, 8 ]. O u r p e rta in in g  o b serv a tio n s w ill he re p o rte d  in  a su b seq u en t p a p e r .

T he resu lts  o b ta in e d  in th e  12 p a r tic ip a tin g  co u n trie s  will be su m m arized , 
e v a lu a te d  an d  p u b lish ed  b y  th e  In te rn a tio n a l  S u b co m m ittee  on S trep to co cc i 
a n d  Pneum ococci. W e have  been g lad  to  ta k e  p a r t  in  th e  su rv ey  and  are  re a d y
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to  u n d e rta k e  fu r th e r  s im ila r  ta sk s  since in  o u r opinion such  in te rn a tio n a l co lla ­
b o ra t io n  m ay su ccessfu lly  im prove th e  e lab o ra tio n  of u n ifo rm  m eth o d s  as 
w ell as th e  e v a lu a tio n  o f  resu lts , a n d  th u s  th e  fig h t a g a in s t s trep to co cca l 
in fe c tio n s  all over th e  w orld .
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Summary. Chrom atographic behaviour of 16 ty p e  3 poliovirus strains was exam in ed  
on A 1(0H )3 and D E A E  cellulose. Part o f the strains w as iso lated  prior, and part after, the  
introduction  of live poliovirus vaccine. The former were e lu ted  from  a D E A E  cellulose co lu m n  
by 0.05 to 0.25 M  NaCI, wdiile the latter had elution m axim a sim ilar to the reference stra in  
(L eon 12atb), being eluted  at 0.035 to 0.05 M.  B oth  groups o f strains exhibited an essen tia lly  
identical behaviour on Al(OH)., column. The relations betw een  the chromatographic characters 
and the rct/40 marker have been studied as well as the possib le aetiological role of the strains  
isolated  from cases su sp ect for poliom yelitis during the v a ccin ation  campaign.

T h o m s se n  et al. [1, 2, 3, 4] h av e  p u b lish ed  sev e ra l papers dealing  w ith  
th e  c h a ra c te r iz a tio n  o f po liovirus s tra in s  b y  c h ro m a to g ra p h y  on A l(O H ) 3 gel, 
re sp . D E A E  cellu lose. C h arac te ris tic  a n d  well rep ro d u c ib le  differences h a v e  
been  found am ong  th e  p ro to ty p e  s tra in s , th e  w ild  a n d  th e  vaccinal s tra in s . 
T h u s , th is  m eth o d  seem ed to  be p ra c tic a b le  fo r th e  in tra - ty p ic  c h a ra c te r iz a tio n  
o f  po liov irus s tra in s .

T he D e p a r tm e n t o f  V irology o f th e  N a tio n a l I n s t i tu te  of Public H e a l th ,  
B u d a p e s t, su p p lied  ty p e  3 po liovirus s tra in s  fo r o u r  s tu d ie s . P a r t  of th e  s tra in s  
w ere iso la ted  in 1959, p rio r to  th e  reg u la r p e rfo rm a n c e  of v accination  c a m ­
paigns w ith  live a t te n u a te d  po liov irus. T he o th e r  s tra in s  were iso la te d  in  
1960 an d  la te r , i.e. fo llow ing th e  in tro d u c tio n  o f  re g u la r  vacc ina tions. T h is  
p ap e r is a re p o rt on th e  ch ro m ato g rap h ic  c h a ra c te r iz a tio n  of th e  above v iru s  
s tra in s .

M aterials and  m ethods

Virus strains. The prototype strains (M ahoney, LSc 2 ab , M E F,, P712 Ch 2ab, S a u k ett, 
Leon 12atb) were m aintained in this laboratory in prim ary rhesus m onkey kidney cell cu ltures. 
T he attenuated strains used in the experim ent underw ent at m ost two passages in th is la b o ­
ratory.

All the other strains were obtained from  the D epartm en t of Virology of the N ation a l 
In stitu te  o f Public H ealth , Budapest, and all belonged to serotype 3. The individual stra ins  
were specified as follow s: strain No. 158/58 had been iso lated  in 1958 from a child h osp ita lized  
w ith  atypical poliom yelitis. Of the strains isolated  in 1959, No. 2230 had originated from  the  
faeces of a healthy child in a survey; Nos 2728, 2907 and 2912, from patients hospitalized w ith  
atypical signs; Nos 1918, 1922 and 1958 had originated from  patients w ith abortive p o lio ­
m yelitis, No. 1964 from  a faecal sample o f a patien t w ith  typ ica l poliom yelitis. All the a b ove  
strains had been isolated prior to the introduction of regular vaccinations with live a tten u a ted  
polio-vaccine.
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Strains iso lated  in 1960 and later, after th e  introduction of vaccination , originated from  
p a tien ts  w ith a disease diagnosed clinically as po liom yelitis . Strain No. 448 w as iso lated  late  
in  January, 1960, w hereas strains Nos 516, 840, 856 and 1198 in February o f the sam e year. 
T h u s, all these strains were obtained soon after v a ccin a tio n  with type 3 vaccine in late January. 
Stra in  No. 145 was iso lated  in February, 1961, soon  after vaccination w ith ty p e  3. The patient 
suffered from typical poliom yelitis. Strain R /86/1965  w as isolated from a p a tien t w ith  aseptic  
m eningitis developed after the vaccination cam paign . All the strains specified  above had 
undergone 3 — 4 m onkey kidney passages by th e  tim e  of exam ination.

Preparation o f  the strains for chromatography.  The methods published by T iio m ssen  
et al. [2] have been follow ed with the m odifica tion  th at instead of 32P assay the virus was 
q u an tita ted  by plaque counting. Virus m aterial for chrom atography was produced in primary 
rhesus m onkey kidney cell cultures. After co m p lete  destruction of the cells, the virus was 
released by freezing and thawing. The m aterial w as centrifuged for 30 m inutes a t 15.000 
r. p. m. at 5 °C. Part o f the supernatant was further  processed for adsorption experim ents on 
A 1(01I)3 gel. Viruses adsorbed to Al(OH)3 gel were elu ted  w ith a 0.5 M  phosphate buffer (pH  7.5). 
T he y ield  on elu tion  was about 80 per cent [2]. T he eluate was dialyzed overn igh t at [-4 °C 
a g a in st a m ixture of equal volum es of H anks’ so lu tio n  and distilled water. This w as followed  
b y  filtration  through a D E A E  cellulose colum n. Supernatants used for chrom atography on 
D E A E  cellulose were not processed except for be ing  dialysed against 0.02 M  phosp hate  buffer.

Adsorption to and elution from A l (  O H ) 3gel. V irus material partially purified as described  
ab ove  was diluted 1 : 5 in 0.1 M  pH 5.5 acetate  buffer. Care was taken not to  reduce the titre  
below  10(i C P D -Jm l on dilution. Two ml a liq uots o f  this diluted virus suspension were thor­
o u g h ly  m ixed w ith 0.5 ml o f Al(O H )3 gel d ilu ted  1 : 6 in distilled water. S ix parallel experi­
m en ts were usually perform ed. Adsorption w as allow ed to take place for 30 m inutes at room  
tem perature. This w as follow ed by centrifugation . T he supernatant was discarded. To these 
sed im en ts increasing m olarities of pH 7.5 ph osp h ate  buffer were added in a to ta l volum e o f  
3 m l each. For e lu tion  15 m inutes were allow ed a t room temperature. The am ount of virus 
e lu ted  was determ ined by plaque counting from the supernatant obtained after centrifugation. 
T he am ount of virus e lu ted  w ith  0.32 M  phosphate buffer was regarded as 100 per cent. E lutions 
o f  th e  virus at lower m olarities of phosphate buffer were expressed in percentual term s. The 
chrom atographic character of the virus was sp ecified  as the m olarity o f phosphate buffer 
required for the e lu tion  of 50 per cent o f virions (E D 50—V).

Chromatography on D E A E  cellulose [4]. D E A E  cellulose (MN 2100, ca p acity  about 
0.7 m eq/g) was washed fiv e  tim es w ith 0.02 M , p H  7.5 phosphate buffer. Colum ns 1 cm in 
d iam eter and 6 cm high were prepared from the pretreated adsorbent. Two ml of virus was 
allow ed to flow through the column (fraction E, ). T he column was then w ashed fiv e  tim es with  
2 m l o f 0.02 M  phosphate buffer each (E ,_ 5 fractions). Elution fluids contained increasing  
am oun ts of sodium  chloride (from 0.025 M  to 0 .6  M )  in 0.02 M  phosphate buffer (E 6_ 13 
fractions). Each fraction  was titrated for virus co n ten t and the condu ctiv ity  determ ined and 
expressed  in term s o f sodium  chloride m olarity. T he virus strain was characterized by the  
sod ium  chloride m olarity measured in the fraction exh ib itin g  the highest virus titre  (E —NaClgra(1)

Rct/40 marker  [5]. T itrations of viruses w ere performed in duplicate. O ne was incubated  
at 36 °C, the other at 40 °C, each for 7 days. A sp ecific  thermoregulator w as used to provide 
c o n sta n t tem peratures and the possible flu ctu ation s were registered by m eans o f a therm ograph.

Calculation o f  rct/40 quotient [6]. The d ifference of logarithms of virus titres obtained  
a t 36 and 40 °C was d ivided by the same difference observed with the reference strain (Leon 
12a,b). The quotients thus obtained were related  to  the rct/40 marker as follow s: > 0 .7 5  =  
=  r c t /4 0 - , betw een 0.3 and 0.75 =  rct/40 - ,  < 0 .3  =  rct/40+ .

R esu lts

C h ro m ato g rap h ic  ch a rac ters  of th e  s tra in s  exam ined are  g iven  in  Fig. 1 
in  E D 50—Y an d  E — N aC lgrad values. T h e  sa m e  d a ta  for ty p e  1 a n d  2 la b o ra to ry  
s t r a in s  have been in c lu d ed  in th e  F ig u re  to g e th e r w ith  th e  ty p e  3 s tra in s  
s t tid ied .

The d o ts re p re se n t th e  in te rsec tio n  p o in ts  of lines d raw n  a t  r ig h t  ang les 
to  E D 5()—V va lu es  on th e  abscisse an d  th e  E  — NaClgra(1 values on th e  o rd in a te . 
E a c h  p o in t w as d e te rm in e d  in a t le a s t tw o  experim en ts. T he v iru s  m a te r ia ls
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used  for ch ro m a to g ra p h y  in th e  su b seq u en t assay s w ere o b ta in ed  from  tw o  
su b se q u e n t passages. As show n in F ig . 1, th e  E D 50—V valu es  of ty p e  3 s tra in s  
iso la ted  from  p a tie n ts  were w ith in  th e  range o f 0.04 to  0.08, s im ilarly  to  th e  
reference  a t te n u a te d  s tra in  L eon 12a,h . T he E  — N aC lBra(1 values of s tra in s  
iso la ted  in  1959 w ere in all cases b u t  one sh ifted  to  h ig h er NaCl m o la ritie s  
th a n  d id  th e  reference s tra in . S tra in s  iso la ted  in  1960 a n d  la te r  w ere a ll b u t
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Fig. 1. Chrom atographic characters o f different poliovirus strains on A l(O H )3 gel and D E A E
cellulose column

Type 1 strains: 1 =  Mahoney; 2 LSc 2ab
Type 2 strains : 3 =  M EF,; 4 = P 712 Ch 2al *
Type 3 strains : 5 =  Saukett; 6 Leon 12a,b; 7 159/1958

8 1918/1959; 9 1922/1959; 10 1958/1959
11 =  1964/1959; 12 2230/1959; 13 2728/1959
14 =  2907/1959: 15 = 2912/1959; 16 448/1960
17 =  516/1960; 18 840/1960; 19 856/1960
20 =  1198/1960; 21 = 145/1961; 22 R/86/1965

О  P rototype strains; П  strains isolated prior to; Д  strains isolated  after the introduction  o f
live polio vaccine

one id en tica l w ith  th e  a t te n u a te d  reference s tra in . I t  shou ld  he n o ted  t h a t  o f  
th e  assays of th re e  su b seq u en t passages of s tra in  N o. 1964 iso la ted  in 1959, 
th e  la s t one show ed tw o well d is tin g u ish ab le  e lu tio n  p eak s in th e  f ra c tio n s  8  

a n d  1 2 , a lth o u g h  th e  h igher p eak  w as still p re sen t in  frac tio n  1 2 .
T he ch ro m ato g rap h ic  c h a ra c te rs  of th e  s tra in s  w ere co m p ared  w ith  th e ir  

rc t/4 0  m ark ers . R esu lts  are show n in T able I.
As show n in T ab le  I , no co rre la tion  was d e te c ta b le  betw een  th e  rc t/4 0  

m a rk e r a n d  th e  ch ro m ato g rap h ic  ch a rac te rs .
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Table I

Relation o f  the E D 50~ V  and E  characters o f  type
3 poliovirus strains to their rct/40 markers

N o.
Designation 
of strains rct/40 quotient ED 60—-V E NaClgra(j.

l . 159/1958 0.28 + 0 .0 4 -0 .0 8 0 .0 5 -0 .1  + *

2. 1918/1959 0.46 + 0.04—0.08 0.17 +

3. 1922/1959 0.07 + 0.04—0.08 0.10—0.17 +

4. 1958/1959 0.07 + 0.04—0.08 0.035— 0.05 —

5. 1964/1959 0.14 + 0.04—0.08 0.25 +

6 . 2230/1959 0.36 ± 0.04—0.08 0.10 +

7. 2728/1959 0.50 + 0.04—0.08 0.17 +

8. 2907/1959 0.50 + 0.04—0.08 0.10—0.17 +

9. 2912/1959 0.64 ± 0.04—0.08 0.17 +

10. 448/1960 0.28 + 0.04—0.08 0.035— 0.05 —

11. 516/1960 0.50 + 0.04—0.08 0.035— 0.05 —

12. 840/1960 0.21 + 0.04—0.08 0.035— 0.05 —

13. 856/1960 0.42 + 0.04—0.08 0.1— 0.17 +

14. 1198/1960 0.40 + 0.04—0.08 0.035— 0.05 —

15. 145/1961 0.14 + 0.04—0.08 0.035— 0.05 —

16. R/86/1965 0.50 ± 0.04—0.08 0.035— 0.05 —

17. Saukett 0.00 + < 0 .0 2 0.1 +

18. Leon 12a,b 1.00 — 0.04—0.08 0.035— 0.05 —

* Limit values m easured in different experim ents 

E —NaClgra(| — =  < 0 .0 5  

E — NaClgrad +  =  > 0 .0 5

D iscussion

D ifferences in  th e  ch ro m a to g rap h ic  c h a ra c te r  of th e  in d iv id u a l virus 
s t r a in s  appeared  to  h a v e  re su lte d  from  c e r ta in  sligh t d ifferences in  th e  fine  s tru c ­
tu r e s  of th e ir  capsides. T h e  ac tu a l co n d itio n  of th e  su p erfic ia l a c tiv e  groups 
w h ic h  determ ine th e  con d itio n s of a d so rp tio n  is largely  in flu en ced  b y  th e  
su sp e n d in g  m edium . In  sp ite  of th e  g re a t  im p o rtan ce  of th e  possib le  ac tive  
g ro u p s  on th e  v ir io n ’s su rface , th e re  h as  b een  b u t  one single e x a c t analysis  in 
th e  case of in fluenza  v iru s  110]. S im ilar s tu d ie s  of o th e r v iruses w ould be highly 
d e s ira b le .

Precise  s ta n d a rd iz a tio n  of th e  su b s ta n c e s  used in  c h ro m a to g ra p h ic  and  
a d so rp tio n  ex p erim en ts  is of great im p o rta n c e . R em ark ab le  d ifferences m ay 
b e  cau sed  b y  using  n o n -u n ifo rm ly  sen s itiz ed  A l(O H ) 3 gel p re p a ra tio n s  or
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d iffe ren t b a tch es of D E A E  cellu lose. A ccording to  T h o m s s e n  et al. [4], e lu tion  
m ax im a o f th e  p ro to ty p e  s tra in s  w ere dem onstrab le  in  th e  frac tio n s c o n ta in in g  
less th a n  0.01 M  NaCl. In  o u r h a n d s , th e  sam e v iru ses  h a d  elu tion  m ax im a  in 
frac tio n s  w ith  0.035 to  0.1 M  N aC l, th e  re la tive  d ifferences h av in g  been  e x a c tly  
th e  sam e as found b y  th e  c ited  a u th o rs . This d ifference m ay  be exp la ined  beside 
m e th o d ica l d iscrepancies b y  th e  use of d ifferen t b a tc h e s  of th e  a d so rb en t. 
T herefo re , in tra - ty p ic  d ifferences shou ld  be considered  in  re la tiv e  te rm s , th e  
e lu tio n  m ax im a being co m p ared  w ith  a reference s ta n d a rd . A bsolu te  values 
shou ld  on ly  be considered  if  r ig o ro u sly  s tan d ard ized  co n d itio n s  can be p rov ided  
for.

T he ch ro m ato g rap h ic  c h a ra c te r  o f the s tra in s  iso la ted  in H u n g a ry  p rio r 
to  th e  v acc in a tio n  cam paign  d iffered  m arked ly  from  th a t  o f th e  v acc ina l 
s tra in . On th e  co n tra ry , th e  s tra in s  iso lated  in 1960 a n d  la te r  show ed ch a rac te rs  
id en tica l w ith  the  v acc ina l s tra in . These resu lts su g g est th a t  th e  w ild ty p e  3 
s tra in s  t h a t  had been in c ircu la tio n  in H ungary  p rio r  to  th e  v acc in a tio n  m ay  
be d iffe re n tia ted  from  th e  v acc in a l s tra in  by  c h ro m a to g ra p h y . T h u s , th e  
m eth o d  ap p ears  to  he useful in ae tio log ical stud ies o f p o liom yelitis  su spec t cases 
d u rin g  th e  vaccination  cam p a ig n . N evertheless, we do n o t claim  to  have 
excluded  th e  possib ility  o f ex is ten ce  of wild ty p e  3 s tra in s  hav ing  ch ro m a to ­
g rap h ic  ch a rac te rs  very  d iffe ren t from , or very s im ila r to , th e  vaccinal s tra in .

T h ere  are several e x p la n a tio n s  for the  possible ae tio log ica l re la tio n  o f th e  
s tra in s  iso la ted  since th e  in tro d u c tio n  of v acc in a tio n  w ith  live v irus an d  th e  
d iseases clin ically  d iagnosed  as po liom yelitis. T hese m ig h t have been diseases 
clin ically  resem bling  po liom y elitis , b u t w ith a d iffe re n t aetio logy . T h u s , th e  
po liov irus s tra in  iso lated  from  faeces and  being id e n tic a l ch ro m a to g rap h ica lly  
w ith  th e  vaccinal s tra in  h ad  n o t been  the  causa tive  a g e n t. I t can n o t, how ever, 
he ex c lu d ed  th a t  these  cases had  been caused b y  som e m odified  p rogeny  of 
th e  ty p e  3 vaccinal s tra in , p a r tic u la r ly , as these  cases occu rred  in th e  w in te r 
m o n th s  soon a fte r  th e  v a c c in a tio n  w ith  the  re sp ec tiv e  s tra in . In creased  n eu ro ­
v iru lence  or som e o th e r changes supposed to  h av e  o ccu rred  in th e  iso la ted  
s tra in s , d id  no t a lte r  th e ir  ch ro m ato g rap h ic  c h a ra c te rs . A highly  p ro b ab le  
su p p o sitio n  is th e  cau sa tiv e  role of a wild ty p e  3 v iru s  w hich  in fec ted  th e  o rg a ­
nism  p rio r to  v acc ina tion  an d  h ad  been suppressed  in  th e  in testin es  b y  th e  
v acc ina l s tra in  by th e  tim e  o f th e  clinical m an ife s ta tio n s . I t  should , how ever, 
be n o ted  th a t  since a u tu m n , 1960, no wild po liov irus s tra in s  have been  found 
in c ircu la tio n . An ex ten siv e  su rv ey  perform ed la te  in 1960 [7] failed to  reveal 
c ircu la tin g  v irus and  ex cep t fo r th e  vaccination  p e rio d , no poliov irus was 
d e te c ta b le  e ith e r  from  h e a lth y  o r from  ill persons.

As to  the E — N aCl„rad c h a ra c te r , the  resu lts  o f Masio va  an d  A gol [8] 
shou ld  be considered. T hese a u th o rs  have d e m o n s tra te d  th e  dependence  of 
the E + an d  E p h en o ty p e  on th e  cystine  co n ten t o f  th e  m edium . T h u s , ch ro ­
m a to g ra p h y  in itse lf does n o t suffice for th e  d e fin itiv e  ch a rac te riza tio n  of
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a  s t r a in .  I t  m ay b e  h e lp fu l, th o u g h , if  considered  to g e th e r w ith  th e  o th e r m ark ­
e rs . T h e  exam ination  o f  th e  tw o  ch ro m ato g rap h ic  p a ra m e te rs  ap p eared  to  
b e  a  prac ticab le  to o l fo r  in tra - ty p ic  d iffe ren tia tio n  of en te ro v iru se s . ECHO 
p r o to ty p e  stra in s, fo r in s ta n c e , m ay  be fu r th e r  d iffe re n tia ted  accord ing  to  
t h e i r  E  — NaCl c h a ra c te rs  [9].

C hro m ato g rap h y  seem s to  be a m eth o d  w hich , a f te r  som e im p ro v em en t, 
w ill se rv e  well for th e  d e m o n s tra tio n  of sligh t d ifferences in  th e  su rface  groups 
o f  th e  ind iv idual v irio n s. I t  also seems to  offer a too l for th e  iso la tio n , id en tif i­
c a t io n  and  detailed  s tu d y  o f  th e  m in u te ly  d iffe ren t v irions. T h u s , th e  perspec­
t iv e s  o f ch ro m ato g rap h ic  an a ly s is  ap p ea r to  be  prom ising  in  b o th  fu n d am en ta l 
a n d  app lied  virology.

Acknowledgements. W e are indebted to Dr.  I. D ö m ö k  (N ational In stitu te  o f Public 
H e a lth , Budapest) for virus stra ins used in this study  and for valuable advice. T he able technical 
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BREAKDOWN
OF AMINO ACIDS BY ENTEROBACTER I ACE AE

VI. ВЕТЛ-A L A N IN E  M ACRO- AN D  MICROTEST 
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Summary. A m ong members of the fam ily  Enterobacteriaceae, part o f Serratia, E ntero­
bacter, Arizona and K lebsiella strains caused alkalization in beta-alanine m edium . The reaction  
can be used for the differentiation of b io types w ithin  these genera. A lkalization  is probably  
due to endogenous oxidation  and not to the breakdown of beta-alanine.

M em bers o f th e  fam ily  E n te ro b a c te r ia c e a e  generally  a t ta c k  g lycine 
[6 , 7], b u t  are in a c tiv e  aga in st th e  s im p le s t b e ta -am ino  ca rb o x y lic  ac ids.

M aterials an d  m ethods

Culture m edia were prepared as described for glycine in references 6 and 7. As the 
action on beta-alanine which does not react w ith  ninhydrin, was detected by the a lkalization  
test, only two m edia were used. The buffered solution contained d istilled  w ater, 100 ml; 
beta-alanine, 0.20 g; K H 2PO „ 0.10 g; K 2H P O ,, 0.05 g; freshly prepared phenol-red indicator  
(phenolsulplionphthalein , 0.01 g; N  NaO H , 0.40 m l; distilled water, 4.6 m l), 2.5 m l; pH  5.6. 
The other (sim ple) m edium  contained the sam e ingredients except КЛ1РО,, at pH  5.4. B eta- 
alanine was om itted  from  media serving for the exam ination of endogenous oxidation . The 
m ethod has been described previously [6, 7].

R esults

T u b es co n ta in in g  th e  above m ed ia  w ere seeded w ith  957 d iffe ren t E n te ro ­
b a c te ria ce a e  s tra in s  using tw o an d  th re e  loopful am o u n ts  o f c u ltu re s . T ab le  I 
show s th e  re su lts  o b ta in ed  in tu b e s  in o c u la te d  w ith  tw o loopfu l a m o u n ts .

(1) A lk a liza tio n  was observed  o n ly  in  K lebsiella , E n te ro b a c te r , S e rra tia  
and  A rizona; a considerab le  p a r t  of s tra in s  belonging  to  th ese  g en era , h ow ever, 
gave n eg a tiv e  re su lts .

(2) A lkaliza tio n  due to  endogenous o x ida tion  and  b e ta -a la n in e  sp lit t in g  
was rev ea led  genera lly  w ith in  th e  sam e groups of b a c te ria . T h e  re a c tio n  
in b e ta -a la n in e  so lu tio n  was given b y  h ig h e r  n u m b er of s tra in s  a n d  w as m ore 
in ten s iv e .

(3) P o sitiv e  reac tions w ere less f re q u e n t an d  less in te n s iv e  w hen  th e  
m ic ro -te s t was u sed .

W hen  b e ta -a la n in e  in sim ple p h o sp h a te  solu tion  was used , or th e  tu b e s  
w ere in o cu la ted  w ith  3 loopful a m o u n ts  o f cu ltu res, th e  n u m b e r of a lka liz in g  
s tra in s  a n d  th e  in te n s i ty  of th e  reac tio n  increased .
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Table I

Positive alkalization reactions in beta-alanine medium and in phosphate buffer

K lebsiella 67 60 5 2 — — 65 2 — —

Enterobacter 34 21 8 5 2 1 30 4 — —

Serratia 48 8 11 29 17 2 14 18 16 13

Arizona 19 13 6 — — — 19 — — —

(b) In  phosphate buffer

K lebsiella 67 62 5 — 66 1 — —

Enterobacter 34 29 3 1 — 32 2 — -

Serratia 48 28 15 5 — 35 13 — —

Arizona 19 18 1 — 19 _ —

Macrotest: — = No red coloration within 7 days

( + ) = Red coloration w ithin 4 —7 days

+ = Red coloration w ithin 3 days

( + 4 ) = Intensive red coloration w ithin 4— 7 days

+  + = Intensive red coloration w ithin 3 days

Micro test: — = No red coloration w ithin 24 hours

( + ) = Red coloration w ithin 5—24 hours

+ = Red coloration w ithin 4 hours

( +  + ) = Intensive red coloration w ithin 5— 24 hours

+  + = Intensive red coloration w ithin 4 hours

O ther E n te ro b a c te r ia c e a e  (140 E. coli, 24 C itro b ac te r , 216 Salm onella, 
244 Shigella, 161 P ro te u s-P ro v id e n c ia , 4 H a fn ia  s tra in s )  gave un ifo rm ly  n e g a ­
t iv e  resu lts  w ith  b o th  m icro an d  m ac ro -te s t.

D iscussion

O ur fin d in g s in d ic a te  th a t  a lk a liza tio n  in  b e ta -a la n in e  solu tion  is su itab le  
fo r  d iffe ren tia tio n , as s tra in s  re a c tin g  p o sitiv e ly  shou ld  belong  to  th e  S e rra tia , 
E n te ro b a c te r , A rizo n a  or K lebsiella  g roups. W ith in  th e se  groups b e ta -a lan in e  
n e g a tiv e  and  p o s itiv e  b io ty p es  can be  d is tin g u ish ed .
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B ac te ria l enzym es ac tin g  on b e ta -a la n in e  cause e ith e r  an  o x id a tiv e  b r e a k ­
dow n of th e  am ino  acid  or a tra n s a m in a tio n  in to  L -a lp h a-a lan in e . E r l a n d s o n  
an d  R u ii l  [2] who exam ined  th e  e ffec t o f a Sh. f lexner i  3 c u ltu re  on am ino  ac ids 
b y  th e  W arb u rg  m eth o d , observed  th a t  th e  s tra in  n e ith e r  oxidized b e ta -a la n in e  
n o r p ro d u ced  am m onia  from  it. M e y e r  and  Ca m e r o n ’s [5] m an o m etric  e x p e r i­
m en ts  w ith  b ruce llae  a n d  re la te d  o rgan ism s show ed th a t  Brucella melitensis ,  
Moraxella bovis and  Bordetella bronchiseptica  exerted  a s ligh t o x id a tiv e  a c tio n  
on b e ta -a lan in e . H a y a s h i  et al. [4] p re p a re d  a p u rified  tra n sa m in a se  fro m  
a Pseudomonas fluorescens  cu ltu re , w h ich  ca ta ly sed  th e  tra n sa m in a tio n  b e tw een  
b e ta -a la n in e  and  p y ru v ic  acid a n d  th u s  p roduced  m a lo n y lsem ia ld eh y d e  a n d  
L -a lp h a-a lan in e . D urham  et al. [1] p rep a red  an a m in o tra n sfe rase -c o n ta in in g  
e x tra c t  from  a F lav o b ac te riu m  species w hich, when in c u b a te d  in th e  p resen ce  
o f p y ru v a te , b e ta -a lan in e  and  p y rid o x a l p h o sp h a te , p ro d u ced  L -a lp h a -a lan in e .

U nd er our exp er im en ta l co n d itio n s  tran sam in ation  cou ld  be e x c lu d e d  
b ecau se o f  th e  ab sen ce o f  an a m in o  accep tor (and o f  p y rid o x a l p h o sp h a te ) .  
T h e a lk alin e p rod u ct (am m onia) w as th e  resu lt o f eith er an o x id a tiv e  d e a m in a ­
tio n  o f  b eta -a la n in e , or an en d ogen ou s ox id a tio n . G enerally , th e  sam e stra in s  
g a v e  p o sitiv e  reaction s in b eta -a la n in e-ço n ta in in g  and in th e  con tro l am in o  
acid -free m ed ium . A lk a liza tion  in  b eta -a la n in e  so lu tion  p rob ably  occurs o n ly  
as a resu lt o f en d ogen ou s o x id a tio n , b ut b eta -a lan in e exerts  a c a ta ly t ic  a c tio n  
on th is p rocess. Gale  [3] assu m ed  a sim ilar ca ta ly tic  a c t iv ity  to  ta k e  p la ce  
in con n ection  w ith  tin* o x id a tio n  o f  am ines.
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Summary. W ith 6 phages isolated from natural sources and 4 phages obtained from  
Brucella cultures, 117 B. abortus, 44 B. suis  and 26 B. melitensis  strains have been ty p ed . 
Phage suspensions at RTD and 10,000 x R T D  lysed abortus strains in 94.8, suis strains in 11.4, 
and m elitensis strains in 19.3 per cent. Only 10,000 x R T D  lysed  2.6 per cent of abortus strains  
and 61.4 per cent of suis strains. To 10,000 X RTD abortus strains were resistant in 2 .6 , suis 
strains in 27.2, and m elitensis strains in 80.7 per cent. In ly tic  a c tiv ity , phages iso la ted  in 
Hungary were sim ilar to phages received from other countries. W hen the source of the e x a m ­
ined strain is known, the key elaborated in this study allow s differentiation of the 3 B rucella  
species. For the identification  of strains w ith irregular phage sensitiv ity , the conventional 
typing m ethods should be em ployed.

As th e  co n v e n tio n a l b iochem ical, b io log ical an d  serological m e th o d s  
used for th e  d iffe re n tia tio n  of th e  3 B rucella species are  b ased  m ain ly  on  th e  
detection  of q u a n ti ta t iv e  d ifferences, several a ty p ic a l s tra in s  are en c o u n te re d . 
Since a t  le a s t 6  p ro p ertie s  should  he observed  fo r a p roper id e n tif ic a tio n , 
th e  co n v en tio n a l m ethod  is tim e-consum ing  a n d  lab o rio u s.

In  v iew  o f th e  p rom ising  d a ta  concern ing  th e  id en tifica tio n  of B ru c e lla  
species hy  m ean s of phages, i t  seem ed desirab le to  p e rfo rm  classification  s tu d ie s  
w ith  our 10 p h ag e  s tra in s  iso la ted  in th e  course  o f a p rev ious in v es tig a tio n  [9]. 
O f th e  10 ph ag e  s tra in s  6  w ere iso la ted  from  th e  g as tr ic  con ten ts of a b o r te d  
c a ttle  an d  sw ine foe tuses, from  th e  urine  o f  a cow  w ith  contagious a b o r t io n , 
from  a b a tto ir  sew age a n d  from  liqu id  m an u re  o f  in fec ted  ca ttle  a n d  p ig s ; 
3 phages w ere iso la ted  from  H un g arian  B. abortus s tra in s  and 1 p h ag e  w as 
released h y  a suis-like B rucella  s tra in  iso la ted  in  R o u m an ia  from  a h a re .

The sp ec ific ity  o f B rucella  phages has b een  n o te d  b y  several a u th o r s  
[3, 6 , 8 , 13]. C onsiderab le  w ork  has been d ev o ted  to  e luc ida te  the  s u ita b i l i ty  
of these  p h ag es for th e  d iffe ren tia tio n  of B ru ce lla  species [2 —4, 7, 8 , 12 — 15, 
17—19]. T h e  p ro b lem  has also been d ea lt w ith  a t  th e  M eeting of th e  S u b ­
com m ittee  on T ax o n o m y  o f th e  G enus B ru ce lla  o f th e  In te rn a tio n a l C om ­
m ittee  on B ac te rio log ica l N o m en cla tu re , M on trea l, 1962. On the  basis o f se v e ra l 
rep o rts , th e  in te rn a tio n a lly  accep ted  views on b ruce lla -phages h a v e  b e e n  
su m m arized  b y  S t a b l e f o r t h  and  J o n e s  [1] as follow s.

N o n -p o ly v a len t b ruce lla -phages lyse th e  c lassical and  d y e -se n s itiv e  
B. abortus ty p e s . T h ey  a c t also on s tra in s  e x h ib itin g  th e  cu ltu ra l a n d  b io -
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ch em ica l p ro p e rtie s  o f B . abortus an d  th e  sero log ica l p roperties o f B. melitensis. 
B .  suis  and  m e d ite r ra n ia n  B. melitensis  s t r a in s  are re s is tan t to  th e se  phages. 
S om e phag e-sen sitiv e  m elitensis-like s t r a in s  including cu ltu re s  iso la ted  in 
E n g la n d  w here g o a ts  a n d  sheep are free  f ro m  m elitensis in fec tio n , w ere re ­
c o v e red  from  cows. O n th e  o ther h an d , s tr a in s  iso lated  recen tly  in  M alta  from  
cow s, were re s is ta n t  to  these  phages. T h u s  i t  can be concluded  t h a t  M altese 
cow s acqu ired  c h a ra c te r is tic  m elitensis s tr a in s  from  goats. F ro m  M e y e r ’s  

o x id a tiv e  m e tab o lic  te s ts  i t  is ev id en t t h a t  th e  phages are  ab le  to  lyse only 
th o s e  s tra in s  w h ich  y ie ld  m e tabo lica lly  ch a rac te ris tic  B. abortus  cu ltu res. 
S tra in s  iso la ted  fro m  cows and  id en tified  b y  th e  classical m e th o d s  as B . meli­
te n s is , can be d iv id e d  b y  th e  phage te s t  in to  tw o groups: phage sen s itiv e  cu l­
tu re s  w ith  a b o r tu s , a n d  phage re s is ta n t c u ltu re s  w ith m elitensis , m etabo lic  
p a t te r n .  In  ly tic  a c t iv i ty  and  serological b e h a v io u r , phage “ T b ”  a n d  P a r n a s ’ 

p h a g e s  10/1, 24/11, 3 7 4 /X X IX  and  212 /X V  a re  identical.
None of th e  22 B. suis  cu ltures w ere ly se d  b y  the R T D , b u t  w ith  10,000 X 

X R T D  m any  o f th e m  show ed c h a ra c te r is tic  lysis. In  c o n tra s t, B . melitensis  
s t r a in s  were r e s is ta n t  to  u n d ilu ted  p h a g e  suspensions. In  th e  o p in io n  of th e  
S u b co m m ittee , th e  p ro b lem  of lysis b y  10,000 X RTD  of B. suis  s tra in s  needs 
f u r th e r  in v e s tig a tio n , as th e  reaction  cau se d  b y  th e  u n d ilu ted  su sp en sio n  m ay  
b e  confused  w ith  p seudo lysis . I t  has been  em phasized  th a t  on ly  S o r  S I phase 
s t r a in s  should  be u se d  fo r the  phage te s t .  P ro v id ed  th a t  such  c u ltu re s  are 
e m p lo y ed , th e  m e ta b o lic  an d  p h ag e-ty p in g  re su lts  are in ag reem en t. T h e  e x te n ­
siv e  use of p h a g e -ty p in g  is lim ited  b y  th e  la c k  of specific B. su is  a n d  B . meli­
tensis  phages. T h u s  i t  is d ifficult to  a ssu m e  th a t  p h ag e-ty p in g  is v a lu ab le  
in  th e  defin ition  o f B ru ce lla  species. A cco rd in g  to  the  S u b co m m ittee , i t  is n o t 
y e t  possib le to  p re p a re  a com plete key  fo r  th e  d e te rm in a tio n  of th e se  o rgan ism s. 
S u ch  a key, h ow ever, w ould  be a d v a n ta g e o u s  in  rou tine id e n tif ic a tio n . The 
p h a g e  te s t  is sim ple a n d  can easily be in c lu d e d  am ong th e  ro u tin e  m e th o d s, 
as p ro p a g a tio n  of p h ag es  can be s ta n d a rd iz e d , th e  phage suspensions m ay  be 
s to ra b le  for long p e rio d s  o f tim e w ith o u t loss in  titre , and  th e  ty p in g  re su lts  
a re  easily  read  a n d  in te rp re te d .

M aterials and  m eth o d s

Brucella strains and identification tests. P a r t l y  H u n g a r i a n ,  p a r t l y  f o r e i g n  c u l t u r e s  

i n c l u d i n g  1 1 7  B. abortus ,  4 4  B. suis  a n d  2 6  B. melitensis  s t r a i n s  w e r e  e x a m i n e d .  T h e  c o n v e n t i o n ­

a l  m e t h o d s  u s e d  f o r  s p e c i e s  d e t e r m i n a t i o n  w e r e  a s  f o l l o w s .  G r o w t h  i n  t h e  p r e s e n c e  o f  1  : 5 0 , 0 0 0  

t h i o n i n e  a n d  1  :  1 0 0 , 0 0 0  b a s i c  f u c h s i n  o n  b r o m t h y m o l  b l u e  ( 1  : 1 5 , 0 0 0 )  a g a r ;  H 2 S  p r o d u c t i o n  

i n  H u d d l e s o n  a g a r ;  c a t a l a s e  a c t i v i t y  w i t h  N y i r e d y ’s  r a p i d  t e s t  [ 1 1 ] ;  a n d  u r e a s e  a c t i v i t y  w i t h  

H u d d l e s o n ’s t e s t  [ 5 | .  A n t i g e n i c  s t r u c t u r e  o f  t h e  c u l t u r e s  w a s  e x a m i n e d  w i t h  m o n o s p e c i f i c  

a b o r t u s  a n d  m e l i t e n s i s  s e r a .  A s  o n l y  S  f o r m s  a r e  s u i t a b l e  f o r  p h a g e  t y p i n g ,  a l l  s t r a i n s  w e r e  

t e s t e d  w i t h  B u r n e t ’s t h e r m o a g g l u t i n a t i o n  m e t h o d .  C u l t u r e s  s h o w i n g  t r a c e s  o f  a g g l u t i n a t i o n  

w e r e  e x c l u d e d .

Propagation o f  phages.  T h e  1 0  p h a g e  s t r a i n s  w e r e  p r o p a g a t e d  o n  s t r a i n  B 1 9  u s i n g  

D r o z e w k i n a ’s m e t h o d  [ 3 ] .  P h a g e  s u s p e n s i o n s  a t  1 . 2  — 1 . 5  m l  a n d  5  h o u r  M a r t i n  b r o t h  c u l t u r e s  

a t  0 . 6 — 0 . 8  m l  a l i q u o t s  w e r e  p i p e t t e d  i n t o  5 0  m l  p H  7 . 2  M a r t i n  b r o t h .  T h e  i n o c u l a t e d  m e d i a
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were kept a t 4 °C for 4 —6 hours, then incubated at 37 °C for 14— 16 hours. During incubation  
the cultures were shaken several tim es. B acterial cells were then rem oved by filtration through  
G5 glass filters. Propagation was repeated until a titre o f 109 had been reached.

Phage titration  was performed by A d a m s’ double agar layer technique [1]. Strain B 19  
was cultured in 5 m l Martin broth for 6- 12 hours, then 0.9 m l o f the culture and 0.1 m l o f  
each of 1 : 10— 1 : 10,000,000 Martin broth d ilutions of the phage suspension were m ixed w ith  
3 ml aliquots o f  0.7 per cent agar cooled to 46 °C. The m ixtures were layered over agar p lates  
poured and dried previously. W hen the seed-layer hardened, the plates were incubated  at 
37 °C for 24— 48 hours. The phage titre w as determ ined by m ultip ly in g  the number of p laques  
by the corresponding dilution.

L ytic  activity  was determ ined as recom m ended by the Brucella Subcom m ittee, w ith  tw o  
phage concentrations. For the routine test d ilution  (RTD ) the concentrated  phage suspensions 
were d iluted 1 0 wi t h Martin broth; the undiluted phage suspension itself was designated  
10,000 X R T D . The exam ined strain was suspended in Martin broth to contain approxim ately  
500 m illion cells per ml, then a 1 ml a liquot o f the suspension w as distributed evenly on the  
surface of a well-dried agar plate. After rem oving the excess suspension, the plate was dried  
at 37 °C for 1 — 2 hours. Then, to separate the phages, the sterilized end of a cork borer 10 m m  
in diam eter was sunk into the agar at 8 -10  different sites. The circular fields obtained in th is 
manner were seeded by m eans of a calibrated platinum  loop w ith  0.02 ml am ounts o f R T D  
and 10,000 X R T D  phage suspensions. Sterile Martin broth placed on one circular field  o f each  
plate served as the control. P lates inoculated w ith B. abortus were incubated in the presence  
of 10 per cent C 0 2; B. suis  and B. melitensis were incubated in norm al atm osphere. All strains 
were exam ined on 3 parallel plates. R eadings were made after 24 and after 48 hours’ in cu b a­
tion at 37 °C.

The 10 phages used in these experim ents were compared w ith  phages isolated by other  
authors, 10/1, 212/X V , 37 1 /X X IX  (P a rn a s), “ T b” (U .S .S .R .) and F25U (van D r im m e l e n ).

R esu lts

All p h ag e  s tra in s  w ere ac tiv e  a g a in s t 111 (94.8 p e r cent) ou t of 117 B.  
abortus s tra in s  a t  b o th  R TD  anti 10,000 X RTD  co n cen tra tio n s . Three s tra in s  
(2.6 p e r  cen t) were lysed b y  10,000 X  R TD  only. No p h ag e  suspension re a c te d  
w ith  3 (2.6 p e r cen t) s tra in s .

B o th  p h ag e  suspension co n c e n tra tio n s  lysed  5 (11.4 per cent) su is-like  
s tra in s . As reg a rd s phage sen s itiv ity , these  cu ltu res w ere accord ingly  c lassified  
as a b o r tu s  s tra in s . H ow ever, in v iew  o f th e ir  high c a ta la se  a c tiv ity  an d  u re a se  
p ro d u c tio n  c h a ra c te ris tic  of suis s tra in s , these  cu ltu re s  could  no t be in c lu d e d  
in th e  a b o r tu s  group . The m a jo rity  o f suis s tra in s  (27 o u t of 44, 61.4 p e r cen t) 
w ere ly sed  b y  10,000 X RTD phage suspensions. T w elve s tra in s  (27.2 p e r cen t) 
were re s is ta n t  to  u n d ilu te d  phages.

W ith  b o th  d ilu ted  and  u n d ilu te d  phage suspensions 5 (19.3 p e r  cen t) 
o u t o f 26 m elitensis  s tra in s  show ed lysis. F o u r of th ese  cu ltu re s  o rig inated  from  
I ta ly , 1 of th e m , w hich h ad  been iso la ted  from  sheep , w as a Polish s tra in . 
A ccord ing  to  th e  s ta n d p o in t of th e  B rucella  S u b co m m ittee  as to  th e  b io log ica l 
ch a rac te rs  o f  ab o rtu s  s tra in s , th e  4 I ta lia n  s tra in s  be longed  to  ty p e  5, th e  
Polish  s tra in  to  ty p e  7, o f B. abortus. T he rem ain in g  21 m elitensis s tra in s  
(80.7 p er cen t) were re s is ta n t even to  u n d ilu te d  ph ag es.

T h e  5 foreign phage s tra in s  w ere id en tica l in ly tic  ac tiv ity  w ith  o u r 
phages.
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D iscussion
I t  has been  show n  th a t ,  s im ila rly  to  p hages iso la ted  in  o th e r  coun tries, 

H u n g a r ia n  phage s tra in s  are  u su a lly  a c tiv e  ag a in st B. abortus cu ltu res. T he 
n u m b e r  of B. suis  a n d  especially  B. m elitensis  s tra in s ly sed  b y  these  phages 
is  co n sid e rab ly  sm alle r. This find ing  is in d ic a tiv e  of th e  id e n t i ty  o f all H u n g a ­
r ia n  an d  foreign p h ag es . This has been  co n firm ed  by  p rev ious s tu d ies  show ing 
t h a t  th e re  was no  d ifference  am ong o u r p h ag es  as to  a d so rp tio n  v a lu e , a d so rp ­
t io n  ra te  c o n s tan t, la te n t  and  ac tiv e  m u ltip lic a tio n  period , p h ag e  yields p er 
in fe c te d  ce ll,n e u tra liz a tio n  ra te  c o n s ta n t ,a n d  sen s itiv ity  to  p h y s ica l e ffec ts[1 0 ].

F rom  th e  f in d in g  th a t  th e  10 H u n g a r ia n  as well as th e  in te rn a tio n a lly  
reco g n ized  5 fo re ign  p hages lysed m a in ly  B . abortus s tra in s , i t  h as  been con­
c lu d e d  th a t ,  a t le a s t fo r th e  tim e being , we h a v e  only one b ru ce lla  phage w hich 
is specific  for th e  a b o r tu s  group. T his h as  b een  supported  b y  th e  o b se rva tions 
o f  fo re ign  au th o rs .

F rom  p rev ious re su lts  i t  w ould a p p e a r  t h a t  there  is no specific  suis phage, 
o r , a t  least, i t  h as  so fa r  n o t been e n c o u n te re d , because o u r  p h ag es iso la ted  
f ro m  th e  gastric  c o n te n ts  of a swine fo e tu s  a n d  from  th e  liq u id  m an u re  of pigs 
as w ell as phage 212 /X V  ob ta in ed  b y  P a r n a s  from  a B. suis  c u ltu re  w ere n o t 
m o re  ac tive  a g a in s t su is s tra in s  th a n  p h ag es  o rig inating  fro m  c a ttle  [1 0 ]. 
T h a t  th e  phage s tra in  iso la ted  from  th e  g a s tr ic  co n ten ts an d  fro m  suis cu ltu re  
is n o t  specific for B . su is ,  is also in d ic a te d  b y  th e  fac t th a t  th e se  phages p ro p ­
a g a te  m uch b e tte r  on a b o rtu s  th a n  on su is  s tra in s . M oreover, an tip h ag e  sera 
p re p a re d  w ith  p h ag es  o rig in a tin g  fro m  c a t t le  n eu tra lized  “ su is”  phages in  
a s im ila r  degree as b o v in e  phages.

O n th e  basis o f  th e  p resen t f in d in g s  a k e y  has been c o n s tru c te d  for th e  
d iffe re n tia tio n  of B ru ce lla  species. P ro v id e d  th a t  the  source o f th e  exam ined  
s t r a in  is know n (c a ttle , sheep, goats, p ig s, h a re s , etc .) th is  k ey  allow s a reliab le 
c la ss if ic a tio n :

(1) S tra in s o f b o v in e  origin th a t  a re  ly sed  by  b ru ce lla -p h ag es a t  R TD  
o r 10,000 X RTD co rresp o n d  to  B. abortus.

(2) S tra ins w h ich  w ere iso la ted  fro m  p igs and  hares a n d  are  lysed  only  
b y  10,000 X RTD suspen sio n s or are re s is ta n t  even to  th e  c o n c e n tra te d  phage, 
a re  re g a rd e d  as B. su is .  P hage re s is ta n t c u ltu re s  of u nknow n  orig in  m ay be 
B . su is  or B. melitensis.

(3) S tra in s re s is ta n t  to  10,000 X  R T D , if  iso la ted  from  sheep  or goats, 
a re  c lassified  as B . melitensis.

A ll th ree  g ro u p s o f b rucella  c o n ta in  som e in te rm e d ia ry  s tra in s . T hus 
p h a g e  ty p in g  does n o t  m ak e  th e  classical m e th o d s  en tire ly  u n n ecessa ry . These 
a re  g en era lly  su p e rflu o u s  w hen th e  a n im a l species from  w hich  th e  s tra in  has 
b e e n  recovered  is k n o w n . O therw ise th e  ta x o n o m ic  position  of th e  cu ltu re  
c a n n o t  be p ro p erly  d e te rm in ed  w ith o u t p e rfo rm in g  c o n v en tio n a l biological 
a n d  serological te s ts  in  ad d itio n  to  p h a g e  ty p in g .
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LYSOGENIC PROPERTIES OF VARIOUS 
STAPHYLOCOCCUS AUREUS PHAGE-TYPES
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Summary. Close association  has been established betw een Staphylococcus aureus phage  
group 1 strains responsible for a hospital outbreak and phage typ e  52B strains occurring in  the  
same departm ent. L ysogenization w ith  suitable phages converted the strains into the other  
phage type. When different phage pattern staphylococci are iso lated  from a hospital outbreak, 
I t  should be considered th a t th ey  m ay originate from the sam e source.

In  th e  course of s tap h y lo co cca l o u tb reak s i t  h as  o ften  been observed  
th a t  screen ing  e x am in a tio n s  perfo rm ed  a fte r  th e  iso la tio n  of th e  ep idem ic 
organism  freq u en tly  rev ea l v a r ia n ts  d iffering from  th e  a g e n t responsib le  for 
th e  in fec tions. On th e  b asis  of epidem iological f in d in g s i t  h as  been concluded  
th a t  th ese  v a r ia n ts  m ay  develop  from  th e  epidem ic s tr a in  as a re su lt o f ly so ­
gen iza tion .

F ir s t  B u r n e t  an d  L u s h  [1],  th en  S m i t h  [2] a n d  R o u n t r e e  [3] h av e  
called  a tte n tio n  to  th e  ly so gen ic ity  of staphy lococci a n d  to  th e  fac t th a t  th e  
phenom enon  inay in fluence  th e  phage ty p e  of th e  s tra in . L o w b u r y  [4] and  
W a h l  an d  F ouace  [5] h av e  o bserved  th a t  th e  sp o n ta n e o u s  loss of th e  p ro p h ag e  
causes an  a lte ra tio n  in p hage  sen s itiv ity . The m e n tio n e d  au th o rs  h av e  also 
s tu d ied  a rtific ia l ly so g en iza tio n , w hich is easy to  ca rry  o u t  w ith  s taphy lococc i. 
I t  is connected  w ith  th e  change of phage ty p e . In  som e cases th is  m an ifes ts  
itse lf  in a resistance a g a in s t th e  lysogenizing p h ag e , in  o th e rs  th e  change is 
assoc ia ted  w ith  a loss of se n s itiv ity  to  a v a r ie ty  of p h ages.

C hanges in th e  phage ty p e  of phage group I s tra in s  have  been described  
b y  A s h e s h o v  and  R i p p o n  [6 ], C o m t o i s  [7], R o s e n b l u m  a n d  J a c k s o n  [8 J an d  
S a k u r a i c í o /. [9]. A fte r ly so g en iza tio n  some ty p e  80/81 s tra in s  becam e u n ty p -  
able. In  o u tb reak s due to  80/81 s tra in s  phage ty p e s  52/52A/80/81 and  52/52A/80 
were also observed. It w as d e m o n s tra te d  th a t  b y  ly so g en iza tio n  w ith  su ita b le  
serological groups of p h ag es th e se  th ree  typ es could  be  co n v erted  in to  each 
o th e r. L ysogen ization  w ith  serogroup  A phages n o t o n ly  induced  resis tan ce  
ag a in s t A phages h u t also sh ifted  th e  s tra in  sensitive  to  В phages. T hese p hages 
were te rm ed  by  R o u n t r e e  co n v ertin g  phages [10]. L a te r  she showed th a t  
conversion was th e  re su lt of th e  su b s titu tio n  of th e  p ro p h ag e , in o th e r  w ords 
th e  defective p rophage  of s tra in  80/81 was able to  reco m b in e  w ith  co n v e rtin g  
phage A, b u t was u n ab le  to  produce  phages.
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The p u rpose  of th e  p re sen t p a p e r is to  give an a c c o u n t o f th e  origin of 
s tap h y lo co cca l s tra in s  d iffe ren t in  p h ag e  ty p e  b u t  s im ila r  in  biochem ical 
b eh av io u r.

M aterials an d  m ethods

Strains. The m ajority o f  Staph, aureus strains used in this study were isolated  from throat 
or ear swabs taken from  p atien ts treated in the Children’s D epartm ent o f the 2nd Municipal 
H osp ita l, Szeged. Sm aller part of the sam ples were received from the Children’s H ospital, 
N ew -Szeged , and the D epartm ent of Paediatrics, U n iversity  Medical School, Szeged.

Cultural examination.  The m aterials were seeded into broth conta in ing  4 per cent potas­
sium  rhodanate. Subcultures were plated on blood agar.

Phage-typing  was perform ed as described by B la ir  and W ill ia m s  [12]. In addition to 
th e  basic set o f phages (29, 52, 52A, 79, 80, ЗА, 3B , 3C, 55, 71, 6, 7, 42E , 47, 53, 54, 75, 77, 
83A , 42D , 81, 187), and additional phages (42B , 47C, 52B, 69, 73, 78 ,D , B 5 , 77A), phages 304, 
377 , 756 and 950 iso lated  in the Phage Laboratory, State Institu te o f H ygiene, B udapest [13], 
and phages 13, 2042 and 1380 introduced in the R egional Public H ealth  and Infectious Disease 
S ta tio n  Phage Laboratory, B ud apest [14], were also em ployed.

Biochemical reactions. The coagulase te st w as routinely perform ed w ith  the slide method  
u sin g  citrated rabbit p lasm a. W hen the slide m ethod gave negative resu lts, the reaction was 
carried out in tubes w ith  citrated  rabbit blood. The tube test was read after 4 hours incubation. 
F erm entation  of m annitol w as exam ined in S k o r k o v sk y ’s m edium  [15], phosphatase produc­
tio n  was tested on phenolphtlia lein -phosphate-contain ing agar p lates; both  tests were read 
after  16 hour’s incubation . H aem olysin  production was read after 16 hours on agar plates 
conta in ing  15 per cen t ox  blood.

Antibiotic sensitivity  was tested by the use of penicillin, strep tom ycin , chloram phenicol, 
Chlortetracycline, te tracycline, neom ycin , po lym yxin  В and erythrom ycin  discs (Institute  
for Serobacteriological P roduction  and Research “ H um an” , B udapest).

Detection o f  lysogenic strains.  Phages were obtained by using the supernatant o f 4-hour 
b roth  cultures. In parallel experim ents the bacterial strain was inoculated  into broth pre­
h ea ted  to 56 °C, then after keeping at 56 °C for 2 m inutes the suspension was cooled and placed 
in  an incubator at 37 °C for 4 hours. The supernatants o f the unheated and heated cultures 
w ere tested  w ith an em pirically  selected series o f indicator strains consisting m ainly of cultures 
u sed  for propagation (6, 7, 47, 53, 54, 77, 83A, 73, 52B , D, B5), and o f a strain (162) isolated  
in  our laboratory, w hich was sensitive  to all o f our phages. The degree o f lysis was expressed 
as recom m ended by the Stap hylococcus Reference Laboratory, London.

R esults

The m a jo rity  o f s tra in s  h a d  been iso la ted  from  seco n d ary  s taphy lococca l 
in fec tio n s  occu rring  am o n g  p a tie n ts  a d m itte d  in th e  course o f  a sp ring-tim e 
in flu e n z a  epidem ic to  th e  C h ild ren ’s D e p a r tm e n t of th e  M un ic ipa l H osp ita l, 
Szeged . By ro u tin e  p h a g e -ty p in g  th e  s tra in s  were classified  as belonging  to  
p h a g e  group I . A t R T D  th e y  w ere p a r t ly  ly sed  by  ph ag e  29; a t  1000 R TD  
d if fe re n t degrees o f lysis w ere observed  w ith  phages 29/80/52/52A . Phage 
52B  lysed  all s tra in s  a t  R T D .

T he second g roup  o f s tap h y lo co cca l s tra in s  inc luded  m u ltip le  an tib io tic  
r e s is ta n t  phage ty p e  52B cu ltu res . These o rganism s w ere co m m o n ly  found  in 
v a r io u s  d e p a rtm e n ts  o f th e  h o sp ita l.

Som e re p re se n ta tiv e s  of th ese  cu ltu re s  w ere exam ined  m ore  tho ro u g h ly  
fo r  b iochem ical a n d  lysogen ic  p ro p ertie s  (T able I).

T he cu ltu res w ere fa ir ly  sim ilar in  a n tib io tic  se n s itiv ity  sp ec tru m . T hey  
w ere  generally  re s is ta n t  to  a n tib io tic s  ex cep t neom ycin  a n d  po ly m y x in  B;
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T ab le  I

Properties o f  the examined strains

Antibioti • sensitivity Phage type Biochemieal ret étions

.a 1 c. « ■S Basic phages
Addi- c.

<75
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c.
4,
_o я яU u

У.

У
£
_

Er
yt

hr
om

RTD 1000 RTD

tional
phages
RTD

*o
u
_я
bita

M
an

ni
to

l «_c
£

CL.

628 — -Y + 29 29/80(52) 52 B + + +
629 + + + 29/80 52 B + + 4 - +
645 + + (29) 29 80(52 5 2 A) 52 B + + 4 -

646 ± + (29) 29 80(52 52Л) 52B + -J-

647 80 52 B ± 4 - +

657 ± + (29/80) 29/80(52) 52B + ±
658 + + “h (29) 29 80(52 52A) 52 B + ±
660 + + + (29) 29/80(52) 52 B 1_ 4 - ±
945 + + 4 - 29 52 B + + 4 - 4-

578 — 52B + + + 4 -

591 + + 52 B + + + 4 -

603 52B + + +
614 + + 52B + 4 - 4 - +
616 + + 52 B + 4 - 4 - +
617 + + 52 B + 4 - 4 - 4 -

633 + -f 52 B + + ±
642 + + 52 B 4 - 4 - ±

644 + + 52 B 4 - 4 - ±

■ antib iotic  sensitive; intensive enzym e production  
i  m oderately antibiotic sensitive: moderate enzym e production  

=  antib iotic  resistant
=  coagulase reaction unstable; for explanation see tex t

p a rt o f th e  s tra in s  be longing  to  group I were m o d e ra te ly  sensitive to  c h lo r­
am phenico l. All s tra in s  p ro d u ced  haem olysin  an d  fe rm e n te d  m annito l. C o ag u ­
lase p ro d u c tio n  b y  g roup  1 s tra in s  was n o t c o n s ta n t: b y  th e  slide te s t in c i t r a te d  
ra b b it p lasm a th e y  re a c te d  n eg a tiv e ly , b u t  b y  th e  tu b e  te s t  in c itra ted  r a b b i t  
blood th e y  show ed a po sitiv e  reac tio n  in 2 —4 h o u rs . P h ag e  type  52B s tr a in s  
gave p ositive  reac tio n s in b o th  te s ts . T he fo rm er g ro u p  of stra ins e x e r te d  a 
w eak p h o sp h a ta se  a c tiv ity . Some w eakly  p h o sp h a tase -p o sitiv e  c u l tu re s  
o c cu rred  also am ong phage ty p e  52B stra in s.
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Table II

Host range o f  induced phages

Induced  phages Indicator strains

S train Group 6 7 47 53 54 83A 42C 73 52R D B5 162

6 2 8 ’ I +  + +  + — — — — — + + +  + —

6 2 9 ’ „  + + + + +  +
_ — — — — +  + +  + —

6 4 5 ’ „  + + + + +  + — — — - +  + +  + —
6 4 6 ’ +  + +  + — — — — +  + +  + —

6 4 7 ’ „  + + + + +  + — — — - +  + +  + —

6 5 7 ’ ?? - Ы - + + +  + — — — — — — +  + + + —

6 5 8 ’ «  +  + + + +  + — — — — — + + +  +

6 6 0 ’ »  + + +  + +  + — — — — - +  + + +
945’ „ ■ + + + + +  + — +  + +  + — +  + + + + + +  + —

578' 52B +  + + + +  + — — — — +  + + —

591’ +  + + + +  + — — - — +  + + + —
603’ +  + + + +  + — — - — + + +  + —
614’ +  + + + +  + — — — — + + +  + —
616’ ” , +  + + + +  + — — - — + + +  + —
617’ „ +  + + + +  + — — — - — — +  + + + —
6 3 3 ’ +  + + + +  + — +  + +  + — +  + + + + + +  + —
642’ 11 +  4~ + + +  + - — — — — +  + +  + —
644’ „ + + +  + +  + — — — — + + + + —

915’ N1'. +  + + + +  + — + + +  + +  + + + + + + + —

918’ 99 +  + +  + +  + — +  + +  + — +  + +  + +  + +  + —
949' ” +  + + + +  + — + + +  + — + + — +  + +  +

=  more than 50 plaques; -f- =  20 - 5 0  plaques; +  =  less than  20 plaques; 

— = no lysis.

P h ag e  lib e ra tio n  ex perim en ts re v e a le d  th a t  all s tra in s  w ere lysogenic. 
A s to  h o s t ran g e , th e ir  p rophages w ere  m o s tly  iden tical. O n ly  tw o  s tra in s  
c a r r ie d  p ro p h ag es d iffe ren t from  th o se  o f  th e  o ther cu ltu re s . T h u s  i t  was 
s u p p o s e d  th a t  th e  s tra in s  carried  re la te d  i f  n o t  iden tical p h ag es a n d  th u s  no 
c ro s s -se n s it iv ity  or lysis could be e x p e c te d . W hen the lib e ra te d  p hages were 
d e p o s ite d  on to  p la te s  seeded w ith  th e  e x a m in e d  cu ltures, lysis w as observed  
o n ly  w ith  th e  tw o  phages th a t  d iffered  in  h o s t  range from  th e  o th e rs  (T able I I ) .

In  v iew  o f th e  sim ilar b iochem ical p ro p e rtie s  of s tra in s  b e lo n g in g  to  th e  
tw o  g roups, i t  m a y  be assum ed th a t  th e  d ifference in th e ir  p h a g e  ty p e  has 
d ev e lo p ed  as a re su lt of lysogen iza tion .
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Table I I I

Phage pattern o f parent and lysogenized cultures

D ilu tio n  o f  s ta n d a rd  phages L ysogenizing  phages

S tra in s 2 9 ( B ) 5 2 ( B ) 52A (B) 80 (B) 52B (B) 633’
(B)

915’
(B)

918 ’
(B)

949’
(B)

945 ’
(F)

R T D 1000 cc R T D 1000 cc R T D 1000 cc R T D 1000 cc R T D 1000 cc cc cc cc cc cc

6 4 5  “ I ”  + + + + + — + +  + — + +  + — + + +  + + + -J- -f- +  + +  + + + +  + + + + +

6 4 5 ( 6 3 3 ’) — + — + — — + — — — + + + + +  + — — — + + +  +

6 4 5 ( 9 1 5 ’) — + — + — — + — - — + + + + +  + — — — + + +  +

6 4 5 ( 9 1 8 ’) — ± + + + +  + — — — + + +  +

6 4 5 ( 9 4 9 ’) — + + + + +  + + + + + +  + — +  +

6 4 5 ( 9 4 5 ’) + + + + + — + +  + — + +  + — + +  + + + + + +  + + + + + + + + + —

6 4 2 “ 5 2 B ”  - — 0 — — 0 — 0 — 0 + + + + +  + + + + + +  + + + +  +

6 4 2 ( 6 3 3 ’) — + — — — — — - — — + + + +  + — — — + + + +

6 4 2 ( 9 1 5 ') — + ± + + + — — — + + + +

6 4 2 ( 9 1 8 ’) + — — + — — — — ± + +  + — — — + +

6 4 2 ( 9 4 9 ’) + — — + — + — — ± ± + +  + + + + + +  + — + +

6 4 2 ( 9 4 5 ’) + + + + — — +  + — — + — + + + + + + + +  + +  + +  + +  + + + —

m o r e  t h a n  5 0  p l a q u e s ;  - } -  =  2 0  — 5 0  p l a q u e s ;  +  =  l e s s  t h a n  2 0  p l a q u e s ;  

0  =  i n h i b i t i o n ;  ( B ) .  ( F )  =  s e r o l o g i c a l  g r o u p  o f  p h a g e s .
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F or inducing  ly so g e n ic ity  in th e  tw o  groups, we h a d  to  choose phages 
e x h ib itin g  a b ro a d -sp e c tru m  a c tiv ity  on th e  in d ica to r  s tra in s  a n d  also lysing 
s t r a in  52B used fo r p ro p a g a tio n  (th e  ex am in ed  s tra in s  w ere  also lysed by  
p h a g e  52B). S u itab le  p h ag es  were o b ta in e d  from  s tra in s  633 (type  52B), 
945  (group I , ty p e  29 /52B ) an d  from  th re e  u n ty p a b le  c u ltu re s . H eat-induced  
p h a g e s  p ro p ag a ted  on su ita b le  s ta n d a rd  s tra in s  were se ro log ica lly  grouped by  
th e  an tip h ag e  serum  n e u tra liz a tio n  te s t  a n d  w ere fina lly  u sed  fo r th e  lysogen- 
iz a t io n  of som e re p re se n ta tiv e s  of g roup  I  s tra in s . T he ly sogen ized  stra ins 
b e c a m e  n a tu ra lly  re s is ta n t  to  th e  lysogenizing  phage an d  th e ir  lib e ra te d  phages 
w e re  iden tica l in  ly tic  sp e c tru m  w ith  th e  lysogenizing p h ag e .

T able I I I  show s re p re se n ta tiv e s  o f g roup  I  an d  52B s tra in s  and  th e ir  
ly so g en ized  v a r ia n ts . T h e  lysogenized v a r ia n ts  of phage g roup  I  s tra in s  differed 
f ro m  th e  p a re n t c u ltu re s  in  phage p a t te rn :  w hen ly so g en iza tio n  h ad  been 
p e rfo rm e d  w ith  p h ag es b e long ing  to  serog roup  B, th e y  w ere sen sitiv e  only to  
p h a  ge 52B; w hen ly so g en iza tio n  h ad  b een  induced  w ith  p h a g e  945’ (sero­
g ro u p  F) th ere  w as no  ch an g e  in  phage p a t te rn .  I t  should  be n o te d  th a t  s tra in  
945  yield ing  phage 945’ belonged  to  phage g roup  I.

O f th e  ly sogen ized  v a r ia n ts  of ty p e  52B , only  th e  c u ltu re  lysogenized 
w ith  phage 945’ a c q u ire d  a m ore de fin ite  se n s itiv ity  to  g ro u p  I  phages; th is , 
h o w e v e r, was less m a rk e d  th a n  th a t  show n b y  phage g roup  I  s tra in s . A fter 
ly so g en iza tio n  w ith  se ro g ro u p  В phages, on ly  c o n c e n tra ted  g roup  I phages 
c a u se d  a slight lysis; th e  sen s itiv ity  of th e se  cu ltu res to  p h ag e  52В also 
d ec rea sed .

D iscu ssion

T he ro u tin e , less ex te n s iv e  p h ag e -ty p in g  m ethod  w hich  invo lves th e  use 
o f  a d d itio n a l phages o n ly  w hen th e  s tra in s  do n o t re a c t w ith  th e  basic  set of 
p h a g e s , m ay n o t re v e a l epidem iological associa tions ex is tin g  am o n g  d ifferent 
p h a g e  types. The fa c t t h a t  b y  ly sogen iza tion  s tra in s  be lo n g in g  to  seem ingly 
d if fe re n t phage g roups can  be con v erted  in to  th e  o th e r ph ag e  ty p e s  indicates 
t h a t  th e  change m ay  ta k e  p lace in vivo.

All phages used  fo r  lysogen iza tion  in  th e  p resen t s tu d y  h a d  orig inated  
f ro m  staphylococci iso la te d  in th e  C h ild ren ’s D e p a rtm e n t o f  th e  2nd M uni­
c ip a l H osp ita l or in  th e  D e p a r tm e n t of P a e d ia tr ic s , U n iv e rs ity  M edical School, 
S zeg ed . As the  tw o k in d s  o f stap h y lo co cca l ty p es  w ere p re v a le n t  in  th e  sam e 
co m m u n itie s , it m ay  b e  assum ed th a t  a lte ra tio n s  from  one ty p e  to  an o th er 
o c c u rre d  in  vivo. T h u s , ty p e  52B, f re q u e n tly  observed  in th e  C h ild ren’s D e­
p a r tm e n t  m ay have  a p p e a re d  du ring  th e  o u tb re a k  in  a m odified  fo rm : 29/80/52B.

T he ep idem io log ist shou ld  th ere fo re  be  aw are of th e  f a c t  th a t  stra ins 
w ith  d ifferen t phage p a t te r n  b u t  w ith  s im ila r b iochem ical a n d  bio logical p ro p ­
e r t ie s  m ay  have a co m m o n  origin.
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ACRIDINE ORANGE FLUORESCENCE 
OF TISSUE CULTURES INFECTED 

WITH AUJESZKY’S DISEASE VIRUS*

B y

L. B o d o n  an d  E m i l i a  G r é c z i

Veterinary M edical Research Institu te  (D irector : J .  M észáros) 
of the H ungarian A cadem y o f  Sciences, Budapest

( R e c e i v e d  F e b r u a r y  2 8 ,  1 9 6 6 )

S u m m a r y .  T h e  b e h a v i o u r  o f  t w o  s t r a i n s  ( w i l d  a n d  v a c c i n e  s t r a i n )  o f  A u j e s z k y ’ s  d i s e a s e  

( A y )  v i r u s  l i a s  b e e n  e x a m i n e d  i n  t w o  k i n d s  o f  c e l l  c u l t u r e s  ( c a l f  t e s t i c l e  a n d  p o r c i n e  e m b r y o  

k i d n e y  e p i t h e l i u m  c e l l s ) .  I n  2 4 — 2 8  h o u r s  a f t e r  i n f e c t i o n ,  b o t h  s t r a i n s  c a u s e d  “ c h r o m a t i n -  

g r a n u l a t i o n ”  o f  n u c l e i ,  t y p i c a l  o f  D N A  v i r u s e s ,  i n  b o t h  c e l l  c u l t u r e s .  T h e  w i l d  A y - v i r u s  s t r a i n  

c a u s e d  t h e  f o r m a t i o n  o f  g i a n t  s y n c y t i a  s o m e t i m e s  c o n t a i n i n g  5 0 — 1 0 0  n u c l e i  i n  b o t h  c e l l  

c u l t u r e s ,  w h e r e a s  t h e  v a c c i n e  s t r a i n  c a u s e d  o n l y  t h e  r o u n d i n g  o f f  o f  t h e  c e l l s  o r  i f  i t  c a u s e d  

s y n c y t i u m  f o r m a t i o n ,  t h i s  w a s  o f  a  m i n o r  d e g r e e ,  c o n s i s t i n g  o f  2 — 5  n u c l e i  d e t e c t a b l e  o n  c a r e f u l  

e x a m i n a t i o n .

T he c y to p a th ic  effect o f A u jeszk y ’s d isease v iru s (A y-virus) in tissu e  
cu ltu res  has been  described  by n u m ero u s in v e s tig a to rs  [1 —14]. In  th e  in fe c te d  
tissue  c u ltu re s  C ow dry ty p e  A acidoph ilic  n u c lea r inclusions were o b se rv ed  
[1 —3, 5, 14]. As A y-v irus b eh av ed  d iffe ren tly  in th e  d ifferen t tissue c u ltu re s , 
we exam ined  its  c y to p a th ic  effect in cu ltu re d  cells by  the  acrid ine  o ran g e  
(AO) fluorescence  m ethod  [5 — 19].

M aterials and m ethod s

V irus strains. ( 1 )  W i l d  A y - v i r u s  s t r a i n  m a i n t a i n e d  i n  c a l f  t e s t i c l e  t i s s u e  c u l t u r e  f o r  a n  

i n d e f i n i t e  t i m e .  I n  o u r  l a b o r a t o r y  i t  w a s  c a r r i e d  t h r o u g h  3  p a s s a g e s  i n  t h e  s a m e  t i s s u e  c u l t u r e .  

I n  t h e  p r e s e n t  e x p e r i m e n t s ,  m a t e r i a l  f r o m  t h e  3 r d  p a s s a g e  w a s  u s e d .  T i t r e :  1 0 7 T C I D S( ) / m l .  

( 2 )  A y - v i r u s  v a c c i n e  s t r a i n  [ 1 0 ] ,  m a i n t a i n e d  i n  c a l f  t e s t i c l e  t i s s u e  c u l t u r e  s i n c e  1 9 6 1 .  T i t r e :  

1 0 7  T C I D 5 0 / m l .

Tissue culture. P r i m a r y  m o n o l a y e r  c u l t u r e s  p r e p a r e d  f r o m  c a l f  t e s t i c l e  a n d  p i g  e m b r y o  

k i d n e y  e p i t h e l i a l  c e l l s  b y  t r y p s i n i z a t i o n  w e r e  u s e d .  T h e  c e l l  s u s p e n s i o n s  w e r e  d i s t r i b u t e d  i n  

s t e r i l e  t e s t  t u b e s  i n  e a c h  o f  w h i c h  w a s  p l a c e d  a  s t e r i l e  g l a s s  s l i d e  m e a s u r i n g  7  c m  b y  0 . 7  c m .  

A f t e r  i n o c u l a t i o n  o f  t h e  v i r u s ,  t h e  s l i d e s  w e r e  s t a i n e d  w i t h  A O ,  w h e r e a s  t h e  m o n o l a y e r s  g r o w n  

o n  t h e  t u b e s ’ w a l l s  w e r e  s t a i n e d  w i t h  h a e m a t o x y l i n - e o s i n  f o r  c o n t r o l  p u r p o s e s .

А О -staining  was perform ed accord ing  to  M ayor [18].
A pparatu s. F o r  f l u o r e s c e n c e  a s s a y ,  a  Z e i s s  H B O  5 0  h i g h  p r e s s u r e  m e r c u r y  v a p o u r  

l a m p  w a s  u s e d  a s  a  l i g h t  s o u r c e .  L i g h t  w a s  t r a n s m i t t e d  t h r o u g h  a  B G  3 / 4  f i l t e r  a n d  a  G G  9 / O G  1  

o c u l a r  f i l t e r .

Photography. P h o t o s  w e r e  t a k e n  o n  O r w o  ( A g f a )  c o l o u r  U T  1 5  o r  1 6  d i a f i l m  s t r i p s ,  

w i t h  a n  e x p o s i t i o n  t i m e  o f  1 5  m i n u t e s ,  f o r  a  m a g n i f i c a t i o n  o f  4 0 0 .

*  P a p e r  r e a d  a t  t h e  S e s s i o n  o f  t h e  D i v i s i o n  f o r  B a c t e r i o l o g y  a n d  V i r o l o g y  o f  t h e  H u n g a ­

r i a n  A s s o c i a t i o n  o f  M i c r o b i o l o g i s t s ,  B u d a p e s t ,  J a n u a r y  2 9 ,  1 9 6 5 .
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R esu lts

In  n o n -in fe c te d  ca lf  testic le  cell c u ltu re s , cellu lar cy to p lasm s s ta in e d  
b ro w n , th e  n ucle i g reen  an d  th e  nucleo li o ran g e , w ith  AO (Fig. 1). In  cu ltu re d  
c a lf  tes tic le  cells in o c u la te d  w ith  w ild A y -v iru s , sy n cy tia  co n ta in in g  n u m ero u s , 
so m etim es 50 — 100 n u c le i, were fo rm ed  in  24 — 28 hours a fte r in fec tio n  (F ig . 2). 
T h e  n uc lear c h ro m a tin  becam e g ra n u la te d  a n d  exh ib ited  an in ten s iv e  green 
fluorescence  ow ing  to  th e  accum ulation  o f  deoxyribonucle ic  ac id  (D N A ). T he 
n u c le i ex h ib ited  a s lig h t swelling (F ig . 3). T h e  cy top lasm ’s ribo n u c le ic  acid  
(R N A ) c o n te n t w as a p p a re n tly  n o rm al as i t  show ed a brow n sh ad e  e n tiie ly  
id e n tic a l w ith  t h a t  seen in th e  n o n -in fe c te d  cells. S even ty -tw o  h o u rs  a fte r  
th e  in fec tion  th e  w ho le  cell layer was d is ru p te d , its  form er c o n tin u ity  being  
in d ic a te d  by  long  cy to p lasm ic  th re a d s  c o n n e c tin g  th e  d egenera ted  cell g roups. 
T h e  cells were ro u n d e d  off, th e ir  cy to p la sm s d isap p eared  alm ost e n tire ly  an d  
th e y  a rran g ed  e i th e r  single or in m ino r g ro u p s  (F ig. 4).

In  c u ltu red  p ig  em bryo  k idney  cells, w ild  A y-virus ex h ib ited  an  essen ­
t ia l ly  sim ilar b e h a v io u r  as in calf te s tic le  cells.

In  calf te s tic le  tissu e  cu ltu re , th e  v acc in e  s tra in  of A y-v irus caused  as 
a ru le  only a d is ru p tio n  of the co n flu en t cell sh e a t and  a ro u n d in g  o ff of th e  
cells.

In  pig em b ry o  k id n e y  cell cu ltu re , th e  vacc in e  s tra in  of A y-v irus b eh av ed  
s im ila rly  as in  c a lf  te s tic le  cells, causing  ty p ic a l g ranu la tion  of th e  ce llu lar 
n u c le i in 24 — 28 h o u rs , while th e  c y to p la sm  rem ained  a p p a re n tly  in ta c t  
(F ig . 5). Owing to  th e  accum ulation  of D N A , th e  nuclei ap p eared  in a v iv id  
green  or even yellow ish-g reen  hue. S e v e n ty -tw o  hours a fte r th e  in fec tio n  the  
cell lay e r d is ru p te d , th e  cells becam e ro u n d e d  o ff and  th e ir  cy top lasm  ap p eared  
as a narrow  b o rd e r. In  th e  rounded  cells, h o w ev er, 2 — 5 sh runken  nucle i were 
observed  on ca re fu l ex am in a tio n  (Fig. 6 ).

D iscussion

The ex am in ed  tw o  stra ins of A y -v iru s  cau sed  n uclear changes ty p ic a l of 
D N A  viruses b o th  in  ca lf  testic le  an d  p o rc in e  em bryo  k idney  cell cu ltu res . 
I n  24 — 28 hours a f te r  in fection  th e  n u c le a r  c h ro m a tin  becam e g ra m d a te d  an d  
ap p e a re d  in a green  or yellow ish-green co lo u r owing to  the  accu m u la tio n  
o f  D N A . In  ca lf te s tic le  cell cu ltu res, th e  w ild  s tra in  of A y-v irus p ro d u ced  
sy n c y tia  c o n ta in in g  n um erous, som etim es 50 — 100 nuclei. In  p ig  em bryo  
k id n e y  cells, th e  s y n c y tia  contained m u ch  less nuclei. The vaccine  s tra in  of 
A y -v iru s , how ever, p ro d u c e d  no sy n cy tia  in  e ith e r  cell cu ltu re . I ts  c y to p a th ic  
e ffec t m an ifested  i ts e lf  in the  ap p e a ra n ce  of po lynuclear cells com posed  of 
2 — 5 sh runken  n u c le i a n d  of rounded  o ff sing le  cells in w hich th e  cy to p lasm  
a p p e a re d  only  as a sm all border a ro u n d  th e  sh ru n k en  round  nucleus show ing 
an  in tensive  yellow  fluorescence.
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F ig. 1. Noil-infected calf testicle cell culture. AO staining; m agnification, X 400

Fig. 2. Calf testicle cell culture 24 hours after infection with wild Ay-virus. Large syncytium  
with numerous nuclei. AO staining; m agnification, X 400
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Fig. 3. Calf testicle cell culture 24 hours after infection w ith wild Ay-virus. Mote “ chrom atin  
granulation” , accum ulation of DNA and sw elling  of nuclei. AO staining; m agnification , X  400

Fig. 4. Calf testicle cell culture 72 hours after infection with wild Ay-virus. D isruption  of 
cell layer, rounding off o f cells, disappearance o f cytoplasm . AO staining; m agnification , X 400





Fig. 5. Pig em bryo kidney cell cu lture 24 hours after in fection  with the vaccine strain of 
Ay-virus. Note the typical “ chrom atin granulation” in nuclei w ith intact cytoplasm . AO stain­

ing; m agnification, X  400

Fig. 6. Pig em bryo kidney cell cu lture 72 hours after infection  with the vaccine strain of Ay- 
virus. N ote the disrupted cell layer, rounding off of cells contain ing each 2 —5 shrunken nuclei.

AO sta in in g; m agnification, X  400





A C R I D I N E  O R A N G E  F L U O R E S C E N C E 1S7

N e ith e r th e  w ild n o r th e  vaccine s tra in  of A y-v irus p ro d u ced  n u c le a r  
inclusions u n d e r th e  p re se n t e x p e rim e n ta l cond itions. T his is in c o n g ru e n t 
w ith  th e  find ings of severa l o th e r  in v e s tig a to rs  [1 —3, 5, 14]. F u r th e r  e x p e r i­
m en ts  are  in  progress to  c larify  th e  cause  o f th e  in co n sis ten cy  of ou r re su lts .

Acknowledgement. We are indebted to Dr. J . K o jn o k  (P hylaxia  State Vaccine In sti­
tu te, B udapest) for the vaccine strain of A y-virus.
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FURTHER STUDIES ON HAEMAGGUUT1NATING 
AGENTS OBTAINED FROM ACUTE HEPATITIS SERA

By

S . N a GYLUCSKAY and  J .  Ä N G Y A L

Institute o f  Hygiene (D irector : I. V e d r e s ), University M edical School, Budapest and N ational 
Institu te o f  Dermatology and Venereology (D irector: F . F ö ld v á ri), B udapest

(R eceived  Septem ber 30, 1965)

Summary. Earlier findings have been confirmed in th a t in the allantoic flu id  o f chick  
em bryos inoculated w ith the acute-phase sera of patients suffering from viral hepatitis a 
haem agglutinating agent develops sim ilar to that contained in the serum. The agent can he 
m aintained through num erous serial passages w ithout loss o f  titre. H epatitis convalescent  
sera m ostly inhibit the haem agglutinating agent obtained either from the acute-phase sera 
or in the allantoic fluids. The sera of tw o rabbits im m unized w ith  an IH  and SH agent, respec­
tively , showed only hom ologous inhibition. Preliminary neutralization tests in ovo seem  to 
be consistent w ith the results o f the haem agglutination inh ib ition  tests. The agents have  
proved to be highly resistant to heat; heating to 100 C for 20 m inutes failed to in activate  
their haem agglutinating capacity  and their m aintainability in serial egg passages.

I t  has been show n [1, 2] th a t  acu te -p h ase  serum  sam ples o f p a tie n ts  
w ith  v ira l h e p a titis  a g g lu tin a te  in  high titre s  (1 : 3 2 — 1 : 6144) ta n n in - tre a te d  
h u m an  R h-p o sitiv e  g roup  0 e ry th ro cy tes . Sera o f h e a lth y  sub jec ts or o f  those  
suffering  from  o th e r d iseases includ ing  hepa tic  d isease such as tox ic  h e p a tit is ,  
give th e  reac tio n  a t  m ost up  to  1 : 8  d ilu tion  a n d  th e  fac to r responsib le  for 
th is a g g lu tin a tio n  is ab so rb ab le  w ith  p a p a in - tre a te d  or u n tre a te d  e ry th ­
rocytes.

E x am in in g  th e  sp ec ific ity  o f th e  reac tion , we in o cu la ted  11-day em bryo- 
n a ted  h e n ’s eggs in tra -a lla n to ic a lly  w ith acu te -p h ase  h e p a titis  sera. T h e  a lla n ­
to ic flu ids h a rv es ted  th re e  d ay s  la te r  were fo u n d  to  ag g lu tin a te  th e  ta n n in - 
tre a te d  h u m a n  e ry th ro c y te s . T he h a em ag g lu tin a tin g  fa c to r  seems to  be id e n ­
tical w ith  th e  serum  fa c to r  in  all ch a rac te ris tic s  te s te d . I t  was successfu lly  
passaged in  e m b ry o n a te d  eggs, in tw o cases o v e r 16, in tw o o th ers  o v er 2 0 , 
consecu tive  passages. In  th e  course of passages th e  h a em ag g lu tin a tio n  (H A ) 
titre  te n d e d  to  increase.

In  th e  p resen t s tu d y  a t te m p ts  have been m ad e  to  cha rac terize  th e  HA
agent.

M ateria ls and m ethods

Sera. Acute-phase blood sam ples were taken under sterile  circum stances from 99 hepa- 
itis patients in the first five-d ay  period following the first sym ptom s of the disease. The 

separated sera were tested for bacteriological sterility and kept in the refrigerator (0 -j-4° C)
for a period not longer than 48 hours. Before experim ent the sera were heated to 60 C for 
30 m inutes.
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Convalescent sera were taken  from 13 patients w ith  the clinical diagnosis o f  infectious 
h ep a titis  (IH ) and from 5 w ith  serum  hepatitis (SH ). These and serum sam ples from  5 healthy  
donors (controlled by the N ational Blood Transfusion Service, B udapest) were tested for 
H A -inhib iting (H I) antibod ies against the haem agglutinating agent.

Im m une sera were produced in rabbits. The IH  antigen was a haem agglutinating allan­
to ic  flu id  from the 9th  egg passage of an agent derived from the serum of an IH  patient; 
th e  SH  antigen was an allan toic flu id  from the 4th egg passage of an agent originally  obtained  
from  th e  serum of an SH  p atien t. The im m unization schem e has been described elsewhere [3]. 
T he im m une sera were absorbed w ith  a normal a llantoic flu id  before used.

H A  test with tannin-treated erythrocytes [1 ,2 ] .  H um an R h-positive group 0 blood was 
defibrinated  by shaking w ith  glass beads. The erythrocytes were separated b y  centrifugation  
and washed at least four tim es w ith  saline. Subsequently, 8.5 ml o f 0.5 per cen t analytical 
q u a lity  tannic acid (Merck) d issolved in saline was added to 1.5 ml erythrocyte sedim ent. After 
vigorou s shaking the ery th rocyte  suspension was p laced in the incubator for 30 m inutes. The 
sed im en t was washed once w ith  saline and made up to 100 ml w ith the diluting flu id  (see below) 
o f  1 8 — 20° C. After shaking the conglom erated erythrocytes (2 — 10 per cent o f  th e  total) sedi­
m en ted  and the supernatant containing about 1 per cen t hom ogeneously d istributed  erythro­
c y te s  w as sucked off. The suspension was stored in sealed  sterile am poules at 0 — 4° C for at 
m o st six  days. The diluent contained  0.4 per cent NaCl and 5 per cent glucose in  Sorensen’s 
p h osp hate  buffer o f pH  7.4. T he erythrocytes were n ot treated w ith form alin e ither before or 
after  tanninization.

H A titration was u su a lly  carried out in T a k á t s y ’s Microtitrator [ 4 ] .  T he titres are 
expressed  in the highest d ilu tion  showing positive reaction  after 70 m inutes a t  10— 15° C 
or 30 m inutes at 10— 15° C and 0 — + 4 °  C overnight. The reaction was accepted  as positive  
if  th e  bottom  pattern characteristic o f agglutinated erythrocytes was seen.

Inoculation o f eggs. E leven-day-old  em bryonated eggs were inoculated in traallantoically  
and incubated at 37° C for further three days. The harvested  allantoic flu ids were tested for 
s ter ility  and heated to 100° C for 15 m inutes before tested  for HA.

H I  test. Three parallel tw ofold  dilution series, from  1 : 2 to 1 : 16, were prepared in 
the w ells o f the M icrotitrator p late from each of the sera to be tested for anti-haem agglutinin. 
To each  dilution an equal vo lum e of diluted haem agglutinating serum or a llan to ic  fluid was 
dropped . The haem agglutinin conten t o f the allantoic flu id  am ounted to 2 to 32 H A  units in 
th e  te s ts  carried out on d ifferent days. The m ixtures were kept at 37° C for tw o hours, where­
after  tanninized erythrocytes were added. In the follow ing the procedure was the same as 
described for the HA test. B ecause of the fluctuation  in the quantity o f haem agglutinin, 
e x a c t  H I titres cannot be presented . The HI test was considered positive w hen H A  did not 
d ev e lo p  in any of the wells o f  the three parallel series not even in the wells w ith  the 1 : 16 
d ilu ted  serum. Control tests w ith  known negative and positive sera were perform ed in every  
case and the haem agglutinin (serum  or allantoic flu id) used in the test was exam in ed  w ithout 
serum  as well.

R esults

T ab le  I sum m arizes th e  resu lts  o f th e  egg passages in it ia te d  w ith  acu te- 
p h a se  sera of p a tie n ts  su ffe rin g  from  v ira l h e p a titis .

Eggs were in o c u la te d  w ith  99 acu te -p h ase  sera. The h a rv e s te d  a llan to ic  
f lu id  ag g lu tin a ted  ta n n in iz e d  red  cells in 96 cases. In  3 cases no a g g lu tin a tio n  
w as observed . O ut o f th e  96 agen ts 27 w ere su b jec ted  to  fu r th e r  passages, 
in  24 cases w ith  success. T w o agen ts were su b je c te d  to  tw o , one a g e n t to  th ree , 
tw o  ag en ts  to  16 an d  tw o  ag en ts  to  2 0  a llan to ic  passages.

F o r contro l pu rp o ses  se rum  sam ples o b ta in e d  from  28 b lood  donors k e p t 
u n d e r  th e  contro l o f th e  N a tio n a l B lood T ran sfu s io n  Service w ere in o cu la ted  
in to  eggs. No H A  w as o b se rv ed  th o u g h  19 sera  w ere su b jec ted  to  tw o , 4 to  six 
a n d  5 to  eight serial passag es. In  ad d itio n , se ru m  sam ples o b ta in e d  from  43 
p a t ie n ts  suffering from  d iseases o th e r th a n  h e p a titis  were in o cu la ted  an d  su b ­

je c te d  to  1 — 8  serial passag es. In  th e  f irs t passag e  h a em ag g lu tin a tin g  a llan to ic

A cta  Microbiologica Academiae Scientiarurv Hungaricae 13 (1966)
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Table I

The history o f  haem agglutinating agents in em bryonated eggs

Inoculum
No. of 
samples 

inoculated

Successful j Unsuccessful

inoculation

Acute phase serum 99 96 3
1st passage allantoic fluid (AF) 27 24 3
2nd passage AF 7 7 —
3rd passage AF 5 5 —
4th— 16th passage AF 4* 4 —
17th— 20th passage AF 2** 2 —

*, ** Number of agents carried over 16 and 20 passages, respectively

Table II

H aem agglutination inhibition ( H I )  tests

Sera tested for HI

Haemagglutinating
fluids

Rabbit immune sera Convalescent sera Control sera

anti-1II
(i)'

anti-SH
(i)

IH
(13)

SH
(5)

rabbit
(i)

human
(3)

Acute IH  sera (6)

No. o f tests 6 6 78 30 6 30
Inhibition 4 — 46 l — —
No inhibition 2 6 32 29 6 30

Acute SH sera (4)

No. o f tests 4 4 52 20 4 20
Inhibition — 3 15 8 — —
No inhibition 4 1 37 12 4 20

IH agent in AF** (14) 

No. o f tests 14 14 182 70 12 68
Inhibition 7 — 63 — — —

No inhibition 7 14 119 70 12 68

SH agent in AF** (9)

No. o f tests 9 9 117 45 9 45

Inhibition — 8 30 20 — 1
No inhibition 9 1 87 25 9 44

* In parentheses, the num ber o f sera and allantoic flu ids tested  
** AF - allantoic fluid
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f lu id s  w ere h a rv es ted  in  7 cases, b u t  th e  h aem ag g lu tin a tin g  a g en t could no t 
b e  p assaged  and  d id  n o t re -a p p e a r in  th e  course of fu r th e r  passages. F inally , 
a lla n to ic  fluid sam ples from  74 n o n in o cu la ted  eggs w ere te s te d  for H A . From  
s ix  a llan to ic  flu ids e igh t serial b lin d  passages were m ade, w ith  n eg a tiv e  resu lts. 
T a b le  I I  shows th e  resu lts  o f H I  te s ts .

A n ti-IH  and  an ti-S H  ra b b it  sc ru m  p rev en ted  H A  in th e  m a jo rity  of the  
a c u te -p h a se  IH  and  SH  sera  re sp ec tiv e ly , w hile cross reac tio n s n ev e r occurred. 
E a c h  o f th e  convalescen t sera  in h ib ite d  th e  H A  of som e o f th e  acu te-phase  
se ra . In  a few cases, how ever, cross reac tio n s were o b served , irresp ec tiv e  of 
w h e th e r  acu te-phase  serum  or a llan to ic  flu id  was used as th e  h a e m a g g lu tin a t­
in g  ag en t. A m ong th e  sera  o f h e a lth y  sub jec ts  a single one in h ib ite d  th e  SH 
a g e n t (6 th  allan to ic  passage). T h e  seropositive  person d id  n o t rem em ber any  
h e p a ti t is  infection  and  la b o ra to ry  te s ts  and  clinical ex a m in a tio n s  provided  
n o  ev idence of disease.

P re lim in ary  s tu d ies  h av e  su p p lied  d a ta  in d ica tin g  t h a t  th e re  m ay be 
so m e correlation  betw een  th e  H I reac tio n  un d er s tu d y  and  th e  n eu tra liza tio n  
te s t  in  ovo.

D iscussion

B o th  our earlie r an d  th e  p re sen t s tud ies have show n th a t  th e  allantoic 
f lu id s  o f a g rea t p a r t  o f th e  ch ick  em bryos inocu la ted  w ith  serum  sam ples 
o b ta in e d  from  p a tie n ts  w ith  acu te  v ira l h ep a titis  d isp lay  h aem ag g lu tin a tin g  
a c t iv i ty  sim ilar to  th a t  e lic ited  b y  th e  serum  itself. T he h aem ag g lu tin a tin g  
a g e n ts  could be m a in ta in e d  th ro u g h  n u m ero u s consecutive p assages in  em bryo- 
n a te d  eggs.

T he n a tu re  o f th e  ag en ts  has n o t b een  de te rm ined  e x a c tly . T h e ir  resistance 
to  h e a t  is rem arkab le . A fte r be ing  h e a te d  a t  100° C for 20 m in u te s , th e  agents 
(50 a llan to ic  fluids ou t o f 52) still a g g lu tin a te d  tan n in ized  h u m a n  e ry th ro cy tes . 
T h e  sam e tre a tm e n t n ev e r p re v e n te d  th e  agents from  being  m a in ta in ab le  in 
egg passages.

T h e  fact th a t  h e p a titis  co n va lescen t-phase  sera o ften  in h ib ited  the 
h a e m a g g lu tin a tin g  ag en ts  an d  th is  in h ib itio n  seems to  d is tin g u ish  IH  from  
S H  p o in ts  to  a possible specific  re a c tio n  o f th e  organism  a g a in s t th e  haem agg lu ­
t in a t in g  agents.
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Sum m ary. Reproduction of influenza A (PR 8) and parainfluenza type 1 (Sendai) 
viruses on chorioallantoic membrane p ieces was not influenced by heparin and hyaluronic  
acid at concentrations of 10, 100, 1000 /ig/m i and of 1, 10, 100 jUg/ml, respectively. These  
substances had no influence on the interferon’s inhibitory action on the growth of Sendai 
virus. The reproduction of Herpes sim plex virus in chick em bryo fibroblast cultures was 
inhibited by heparin, but not by hyaluronic acid. When heparin was added sim ultaneously  
with interferon, the inhibitory effect exh ib ited  sum m ation while hyaluronic acid had no 
influence on the interferon action.

I t  has been show n by  sev era l au th o rs  th a t  th e  re p ro d u c tio n  of H erp es 
sim plex  v iru s was inh ib ited  by  h e p a rin  in a v a rie ty  of tissue  cu ltu res  [1, 2, 3, 4 ]. 
T he re le v a n t resu lts  have been su m m arized  b y  V a h e r i  [5].

H ep arin  is a polyanionic p o ly sacch arid e  com posed o f  g lucosam ine a n d  
g lucuronic  acid [6, 7]. I ts  v iru s in h ib ito ry  action  has b een  ascribed  to  th e  
su lp h a te  g roups responsible for th e  anionic c h a rac te r  o f th e  com pound ; th e y  
are supposed  to  a tta c h  to  o p p o site ly  charged  groups on th e  v irio n ’s su rface , 
th u s  re su ltin g  in th e  fo rm ation  o f  a heparin -v iru s com plex  incapab le  to  p e n e ­
t r a te  in to  th e  susceptib le  cell [5]. A ccording to  recen t co n cep ts , th e  h e p a rin  
p resen t u n d e r n a tu ra l conditions in  th e  d ifferen t tissues o f th e  liv ing  o rg an ism , 
m ay  be regarded  as an  unspecific , n a tu ra l ,  in  vivo p ro tec tiv e  m easure in h ib itin g  
th e  sp read  o f th e  invading  v iru s  in to  th e  suscep tib le  o rgan ism  th ro u g h  th e  
above ou tlin ed  m echanism  [3, 5, 8, 9].

I t  has also been show n th a t  in te rfe ro n  inh ib its  th e  rep ro d u c tio n  of sev era l 
v iruses [10]. T he action  of in te rfe ro n  (as w^ell as th a t  o f th e  recen tly  d esc rib ed  
in te rfe ro n -lik e  substances) is in tra c e llu la r . Several a u th o rs  ascribe an  im p o r­
t a n t  role to  in te rfe ro n  in th e  reco v e ry  o f the  organism  from  virus in fec tio n s, 
as its  ap p ea ran ce  is know n to  p reced e  th a t  of th e  specific an tibod ies [11, 12, 
13, 14]. S everal au th o rs  h av e  ch a rac te rized  in te rfe ro n  as a basic p ro te in  
[15, 16, 17].

I t  seem ed to  he of in te re s t  to  s tu d y  th e  p o ssib ility  of an in te ra c tio n  
b e tw een  h ep a rin  or hyalu ron ic  ac id  an d  in terferon .
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M aterials an d  m ethods

Viruses. Strain P R 8  o f influenza A virus and strain Sendai o f  typ e  1 M yxovirus para- 
influenzae were used. B o th  strains were m aintained in  chick em bryo allantoic cav ity  by serial 
transfers and stored at — 20° C until used.

Herpes sim plex v irus w as isolated in th is laboratory and has been m aintained in HeLa  
cell cultures by serial transfer. The virus m aterial w as stored at + 4 °  C until used.

Tissue cultures. For th e  experim ents in roller drum , the m ethod of H o r v á t h  was used 
[18]; the virus was grow n on aliquots of chopped chorioallantoic m em brane.

Tube cultures o f ch ick  embryo fibroblasts were prepared b y  trypsinization . P a r k e r ’s 
m edium  199 w ith 10 per cen t calf serum was applied during outgrow th. As m aintenance or 
diluent fluid a m ixture o f equal volum es of P a r k e r ’s m edium  and H a n k s ’ solution w ith 10 
per cen t calf serum w as em ployed .

Preparation o f  interferon. Eleven days old chick em bryos were infected w ith PR8  
viru s by inoculation in to  the allantoic cavity. A fter 72 hours’ incubation at 35° C, the allantoic 
flu id s were harvested. T he v iru s was destroyed and the interferon partially  purified and con­
centrated  by the m ethod  o f Z em la  and V il c e k  [19], using chilled acetone for precipitation.

H eparin. A preparation  o f the G. R ichter Pharm aceutical W orks, B udapest, was used. 
E a ch  5 ml ampoule conta ined  50 000 /ig/ml active  substance. D ilutions were freshly prepared 
in  th e  appropriate m edium . H yaluronic acid w as a preparation o f the In stitu te  for Pharm a­
ceu tica l Research, B ud apest.

Titration o f in fectiv ily . T he infective titres o f  P R 8 and Sendai viruses were determined  
b y  the roller drum m eth od  o f  H o r v á t h  [ 1 8 ] .  T itres are expressed in  term s of ID,->0.

Quantitation o f  interferon. The method has been described earlier [20]. Twofold dilution  
series were prepared from  th e  concentrates o f interferon and added each to an am poule in 
th e  roller drum. After 24 hours’ incubation, 100 I D 5n Sendai virus w as added per ampoule. 
A fter  60 hours of additional incubation, the virus con ten t was determ ined by the haemagglu- 
tin a tio n  test, using T a k á t s y ’s micro-method [21].

Interferon a c tiv ity  w as expressed as the h igh est dilution still resulting in the inhibition  
o f  Sendai virus rep lication  in  h a lf of the am poules tested .

Heparin-interferon, an d  hyaluronic acid-interferon combinations. The action of the 
above com binations on Sendai virus was exam ined in the roller drum. E xperim ents w ith Herpes 
sim plex  virus were carried ou t in chick embryo fibroblasts.

R esults

In  p re lim in ary  ex p erim en ts  in ro lle r d ru m s th e  a c tio n  of h ep arin  and  
h y a lu ro n ic  acid on th e  g ro w th  of P R 8  a n d  S endai v iru ses w as exam ined . No 
e ffec t w h atev er w as o b se rv ed  w ith  h e p a rin  an d  h y a lu ro n ic  acid  w ith in  th e  
co n cen tra tio n  ranges 10 — 1000 /tg/ml an d  10— 100 fig/ml,  re sp ec tiv e ly . N eith er 
w as a n y  effect o b se rv ed  on the  a c tiv ity  o f  in te rfe ro n  in  th e  sam e system , 
w ith  e ith e r of th e  ab o v e  substances in th e  c o n c e n tra tio n  ranges g iven. T he t i t re  
o f  th e  in terferon  p re p a ra tio n  used in th is  ex p erim en t w as betw een  1 : 16 
a n d  1 : 32. These e x p e rim e n ts  were p e rfo rm ed  exclusively  w ith  Sendai v irus.

T he lack o f a c tio n  on  th e  grow th o f  S endai v irus o f h ep a rin  suggested  
th e  necessity  to  ex am in e  th e  effect of a co m b in a tio n  o f h e p a rin  an d  in terferon  
on  a v iru s sensitive to  b o th  substances. T h e  v iru s  of H erpes sim plex  was chosen 
fo r th is  purpose an d  th e  effects of h y a lu ro n ic  acid an d  in te rfe ro n  were also 
ex am in ed  in th e  sam e sy s tem . The fina l c o n cen tra tio n s  o f h ep a rin  an d  h y a l­
u ro n ic  acid in th e se  ex p e rim en ts  were 2.5 f ig /ml  and  100 /tg /m l, respective ly . 
In te r fe ro n  and  h e p a rin  a lo n e  each reduced  th e  v iru s t i t r e  b y  a b o u t 1 log u n it.
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The s im ultaneous  add it ion  of  th e  two substances  re su lted  in a t i t re  decrease  
of a b o u t  2 log. H y a lu ron ic  acid  alone had no effect on the  virus, its  s im u l­
taneous  app lica t ion  with in te rfe ron  did no t affect th e  l a t t e r ’s ac t iv i ty .

The effect o f  hep ar in  and  interferon on t h e  reproduc tion  of  H e rp es  
simplex v irus was ex am in ed  also in different pH  ranges .  The final co n cen tra t io n  
of heparin  in these  exp er im en ts  was 2.5 /ig/ml.

As show n in Tab le  I ,  v irus  growth was m ore  inh ib ited  a t  p H  6.5 t h a n  
a t  p H  7.2.

Table I

Multiplication o f  Herpes simplex virus in the presence 
of  interferon and heparin , at p H  7.2 and 6.5

pH

Difference in infectivity titres as related to the 
control (log10) in the presence of

interferon heparin
interferon 
-f heparin

7 .2 1.0 1.0 2.0

6 .5 1 .5 1 .5 2 .5

D iscussion

The aspecific p ro tec t ive  factors against v ira l  infections of th e  o rgan ism  
are th e  increase of te m p e ra tu re ,  a slight low ering  of p H ,  fu r th e r  in te rfe ron  
and  cer ta in  t issu la r  m ucopolysaccharides [9, 22, 23]. O f the  m uco p o ly sacch a ­
rides heparin  m igh t  be considered  the  most im p o r ta n t .  The substance  is p re se n t  
in blood as well as in th e  t issues. I ts  s torage a n d  release during in f la m m a to ry  
processes have  ex tensively  been  studied [24, 25]. Virus infection caus ing  local 
tissu lar  reac tions  is supposed  to  induce a re lease  of heparin.

The polyanionic  h epar in  m ay  a t tach  to  a w ide  v a r ie ty  of basic su b s tan ces ,  
am ong th e m  to pro te ins  [26, 27, 28, 29, 30]. T h e  p H  an d  the ionic com posit ion  
of th e  m ed ium  have a rem arkab le  influence on  these  reactions [31, 32, 33]. 
A ccording to  p resen t  concep ts  [3, 5], the  a n t iv i ra l  ac t iv i ty  of heparin  has  th e  
sam e m echan ism  of ac tion . The heparin -v ir ion  com plex is supposed  to  be 
unable  to  p e n e tra te  in to  th e  sensitive cells.

V iral infections are know n to result in c e r ta in  cases in th e  p ro d u c t io n  
of in terferon . This su bs tance  is a basic p ro te in ,  th u s  it m ay  be su p p o sed  to  
reac t  w ith  heparin . This w ould probab ly  im p a i r  th e  ac t iv i ty  of in te rfe ron .  
The p resen t  experim en ts  have  shown th e  absence  of such a reac tion . I n  th e  
case of H erpes  sim plex virus , th e  inh ib ito ry  ac t io n  of  heparin  an d  in te rfe ron  
was m ore  in tensive  th a n  t h a t  o f  the  two su b s tan ces  applied sepa ra te ly .  H y a l­
uronic acid failed to  in h ib i t  th e  ac t iv i ty  of in te rfe ron .
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Sum m ary. The influence of exogenous heparin has been exam ined on the grow th of  
Herpes sim plex virus (HSY) in the skin of rabbits. H eparin adm inistered 1 or 18 hours prior 
to infection  was found to inhibit in dependence on the concentration the growth o f several 
HSV strains and the developm ent o f cutaneous lesions. U nder the experimental applied co n ­
ditions a defin itely  neurovirulent strain of HSV was not inh ib ited  by heparin. The possible  
m echanism  of the protective action of heparin against HSV infection and the correlation  
between neurovirulence and heparin sensitiv ity  are discussed.

Sim ultaneous  in jec tion  o f  Herpes simplex v irus  (HSV) and h y a lu ro n i-  
dase has  been found to  resu lt  in th e  deve lopm en t o f  well-defined c h a rac te r is t ic  
local lesions [1]. The lesions d isappeared  sp o n tan eo u s ly  after  a period o f  8  to  
10  days,  as a residt of th e  d eve lopm en t of specific im m u n ity  [2 ] and  o th e r  
non-specific  factors inh ib it ing  viral g row th  a n d  pa thogen ic i ty  [8 ]. O f  th e  
la t te r  fac tors ,  hepar in  m ay  h av e  a decisive im p o r tan ce .  The present p a p e r  is 
a re p o r t  on studies  concerned with th e  effect o f  exogenous heparin  on  th e  
rep lica t ion  o f  HSV s tra ins  and th e ir  p a th o g en ic i ty  in animals.

Materials and m ethods

Viruses. Strains PM, TM, D E , GE and CsR were iso lated  from clinically typ ica l lip 
m ucosa lesions. Strain OB was isolated  from the contents o f vesicles having developed re ­
peatedly on the thigh. All strains were isolated in hum an em bryonic fibroblast cell cu ltures, 
and all b u t OB caused in both em bryonic fibroblast and H eLa cell culture the developm ent 
of diffusely localized small rounded refractile cells. H um an em bryonic fibroblast and H eL a  
cell cultures infected w ith strain OB underwent cy topath ic  (CP) changes characterized by  
focal appearance of small rounded refractile cells and polynuclear giant cells. All strains were 
stored at -j-4° C until used.

Preparation o f  inocula for animal experiments. The strains stored at -j-4° C were in o c­
ulated into hum an em bryonic fibroblast cell cultures. After the generalized CP effect had 
developed, the cells were scraped from  the fla sk s’ walls and suspended in the original m edium . 
Cells were disintegrated by sonication using a MSE apparatus (1.5 A, 3/4” , Titan son icator, 
in 10 ml volum e). Cell debris were rem oved by centrifugation. U ninfected cultures treated  in 
an identical way served as controls. The inoculum  was a lw ays prepared in a way to ensure the  
presence of 20,000 T C ID 50 virus in 0.5 ml. For growth as well as for dilution of viruses P a r k e r ’s 
No. 199 m edium  was used throughout.

Inoculation o f  rabbits. Male rabbits weighing 2.5 kg and bred in this Institute were used. 
The back o f the anim als was depilated. The depilated area w as divided into four circles, 6 cm  
in diam eter each. Into the centre of each circle 30 I.U . (0 .2  ml) hyaluronidase so lution  and 
im m ed iately  afterwards 0.5 ml o f the inoculum  specified above was injected. Heparin w as
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in jected  1 or 18 hours prior to virus infection in to  tw o individual circles on the sam e animal. 
Three rabbits were used in each experim ent w ith  th e  individual virus strains and three with  
th e  sam e strains and heparin. The developm ent o f  lesion s was exam ined daily. In  the absence 
of heparin, the lesions atta ined  their m axim um  on the fourth post-infection day . The lesions 
show ed oedem atous sw elling and hyperaemia w ith  nodules and vesicles.

Determination o f  v irus content of  the skin.  A t appropriate points o f tim e, the circles w ith  
th e  lesions were cut o u t o f the skin together w ith  the fascia. The skin-fascia sam ples were 
w ashed free of blood, m inced w ith scissors and hom ogenized with seasand of ana ly tic  purity  
in P a r k e r ’s 199 m edium . Ten per cent suspensions were prepared, and centrifuged for 5 m in­
u tes at 1000 rpm. T he pH  o f the supernatant w as ad ju sted  to pH 7.2 by bubbling C 0 2 through  
th e  flu id . A series o f ten fo ld  dilations was th en  prepared and 0.1 ml each were inoculated  
in to  hum an em bryonic fibroblast cell culture tu b es. Adsorption was allowed to take place at 
37° C for 1 hour. 0.9 m l o f P a r k e r ’s 199 m edium  w as then added to each tube. T he infected  
cultures were incu b ated  at 37° C and exam ined m icroscopically after 3 days. T C ID 50 was 
calculated  according to  R e e d  and MuENCH [4].

Determination o f  v irus content in the central nervous system. Brain and spinal cord of 
anim als exhibiting neurological sym ptom s were rem oved  and processed in a m anner similar 
to  th a t described for th e  skin. The method of v iru s assay was also identical.

Chemicals. H yalu ron id ase solution (O rganon, Oss, Holland) contained 150 I .U . per ml. 
H eparin (Gedeon R ich ter  Pharm aceutical W orks L td ., Budapest) contained 25,000 I.U . 
per 5 ml. B oth su bstances w ere diluted appropriately in P a r k e r ’s 199 m edium .

Histological examination.  Excised skin specim ens were fixed  in 4 per cen t formalin 
for 48 hours. To p reven t dissolution of m ucopolysaccharides, one specim en was alw ays fixed  
in  a solution containing 6 per cent cetylpyrim idium  chloride in 4 per cent form alin for 48 hours. 
F ixed  specimens were em bedded in paraffin and cu t into  7 [i sections. The preparations were 
sta ined  w ith haem atoxylin -eosin  and azan stains. For the detection of acid m ucopolysaccha­
rides, an 0.1 per cen t so lution  of toluidine blue (pH  2.0) was used. Part o f the preparations 
were digested w ith hyaluronidase for 18 hours a t room  temperature.

R esu lts

Table  I show s th e  effect of d iffe ren t  doses of heparin  on th e  g row th  of 
s t r a in  PM of HSV in r a b b i t  skin and on th e  d eve lopm en t of c u ta n e o u s  lesions. 
T h is  s tra in  h ad  id en t ica l  characters  b o th  in  vivo and  in vitro w i th  all th e  o ther  
H SV  stra ins e x a m in e d  (except for s t ra in  O B).

Table I

Effects o f  different amounts o f  heparin on the replication 
o f  an H S V  strain ( P M )  in rabbit skin

Dose of 
heparin in 

H g  injected 
one hour 

before 
infection

D iam eter in 
mm of skin 

lesion on 4 th  
day*

Virus content 
of the lesion* 

(log TCID50/ml)

0 35 6.00

40 35 6.00

400 25 5.75

800 25 5.25

1200 0 4.50

* Average of three experim ents
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As shown in T ab le  I u n d e r  th e  used ex p e r im en ta l  conditions inh ib ition  
was dem onstrab le  on ly  w ith  1 2 0 0  //g heparin  ino cu la ted  in to  the  r a b b i t ’s 
skin. The extension o f th e  lesions was re la ted  to  th e  d e m o n s t ra b le  am o u n t  of 
virus.

Fig. 1 shows th e  g row th  curve  of the  sam e v irus  as m easured  by d e te r ­
mining th e  v irus c o n te n t  of skin specimens t r e a te d  or n o t  t r e a te d  with h epar in  
prior to  infection.

As shown in F ig . 1, m ost  of the  inocu la ted  a m o u n t  of virus was 
recovered from th e  h e p a r in - t re a te d  skin specimens, while m u ch  less from th e

Fig. 1. Replication of a HSV strain (PM) in rabbit skin pretreated (1) and not pretreated (2) 
w ith 1200 fig of heparin, as indicated by virus assay in hum an em bryonic fibroblast cultures.

T h e  i n d i v i d u a l  p l o t s  a r e  a v e r a g e s  f r o m  t h r e e  e x p e r i m e n t s

u n tre a te d  ones, as d e te rm in ed  e ight hours a f te r  infection . L a te r  no significant 
v irus  replica tion  to o k  place in th e  hep a r in - t rea ted  an im als .  A fter  the  5 th  d a y ,  
the  am o u n t  of v irus in h e p a r in - t rea ted  and u n t re a te d  sk in  specimens was v e ry  
similar, b o th  exh ib i t in g  a decreasing tendency .

In  Table  I I  a re  show n th e  effects of h ep a r in  c o n cen tra t io n  (1200 ft a) 
on the  grow th of some o th e r  s tra ins  of HSV. T he  p resence  or  absence of n e u ro ­
logical sym ptom s as well as th e  dem ons trab i l i ty  o f  th e  v irus  in the  cen tra l  
nervous  system  h ave  also been  included in Tab le  I I .

According to  th e  d a ta  in Tab le  I I ,  all th e  e x a m in e d  s tra ins  were found  
to  have  grown a p p ro p r ia te ly  in th e  rabb it  skin and  p ro d u ce  typ ica l lesions 
on th e  fourth  day . E x c e p t  for s t ra in  OB, none of th e  s t ra in s  were able to  grow 
a p p ro p r ia te ly  in th e  presence of heparin ;  con seq u en t ly  t h e  lesions were also 
absen t .  D uring  a 1 -m on th  period  of observation  none of th e  s tra ins  were found
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to  h a v e  produced  d em ons trab le  neuro logical changes. V irus  was n o t  dem on­
s t r a b le  in th e  cen tra l  nervous  sys tem  a f te r  7 to  14 days. S t ra in  OB, however, 
w as  n o t  inh ib ited  b y  1 2 0 0  /лg h e p a r in  u n d e r  the  p resen t  e x p e r im e n ta l  con­
d i t io n s .  A t te m p ts  to  recover v irus  f ro m  th e  central ne rvous  sy s te m  were suc­
cessful; th e  anim als developed serious encephalitis  and  m yelit is  a f te r  7 to

T ab le  II

Replication o f  H S V  strains in rabbit skin infiltrated with 1200 fig o f  heparin

Diameter in min of Virus content of lesion

Designation

lesion on 4th day log TCIDs„/nil on 4th day
Neurological Virus isolation 

from central
of strain after pretreatment with signs* nervous system

Heparin Parker’s 199 Heparin Parker’s 199

PM — 3 5 4 . 5 5 . 8 Absent N egative

TM — 3 0 4 . 5 5 . 5 Absent N egative

D E — 3 0 4 . 0 5 . 2 Absent Negative

GE — 3 0 4 . 6 5 . 8 Absent Negative

CsB — 2 5 4 . 5 5 . 5 Absent Negative

OB 2 5 2 5 5 . 6 5 . 7 P resent* * P o s it iv e * * *

* One-month observation period
** General weakness, depression, fever, spasm s on the 7— 14th day  

*** 10,000,000 T C ID 50/5 g

T ab le  I I I

Replication o f  an H S V  strain ( P M )  in rabbit skin* infiltrated 18 hours prior  
to infection with heparin, resp. P a b k e r ’s N o. 199 medium

Pretreatment Lesion on 
4th day

Virus titre on 
4th day 

(log TCID60/ml)

2 0 0 0  ^ g  o f  h e p a r i n 0 4 . 5 0

P a r k e r ’s N o .  1 9 9 + 5 . 7 5

N o  p r e t r e a t m e n t -f- 5 . 8 0

* Average of three experim ents

14 d ay s .  Thus, th e  cu taneous ly  in o c u la te d  virus a t ta in e d  h igh  t i t r e s  also in 
t h e  cen tra l  nervous sys tem .

In  Table  I I I  is shown th e  in h ib it ion  o f  viral g row th a n d  th e  deve lopm ent 
o f  lesions by 2000 fi g heparin  a d m in is te re d  18 hours p rior  to  infec tion . The PM 
s t r a in  was used a n d  h ep a r in  was a d m in is te re d  d irec tly  in to  th e  skin  region 
d e s ig n a te d  for being infected .

U n d e r  the  p re sen t  ex p e r im en ta l  conditions, hep ar in  in h ib i ted  b o th  the  
g ro w th  of virus and  th e  dev e lo p m en t  o f  sk in  lesions.
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Fig. 2 d e m o n s tra te s  a histological p re p a ra t io n  s ta in ed  with to lu id in e  
blue. The specim en  had  been  o b ta in ed  18 hours a f te r  th e  injection of h e p a r in  
and the  p re p a ra t io n  was d igested w ith  hyalu ron idase .

As show n  b y  Fig. 2, m e tach ro m a tica l ly  s ta in in g  acid po lysaccharides  
were p re sen t  in large am o u n ts  in th e  p ro life ra t ing  connective  tissue cells. 
The su b s tan ce  is supposed to  rep resen t  h epar in  in co rp o ra ted  by th e  cells. 
The connec tive  t issue m a tr ix  failed to  exhib it  th is  ty p e  o f  staining.

Fig. 2. Incorporation of exogenous heparin by connective tissue cells of rabbit skin 18 hours 
after the intracutaneous injection of heparin. Stained w ith  toluidine blue at pH  2.0, after  

digestion w ith hyaluronidase. M agnification, X 800

D iscussion

Several au th o rs  have s tu d ied  th e  effect o f  heparin  on th e  g ro w th  of 
HSV in  vitro [5, 6 , 7, 8 , 9, 10]. To our best know ledge, no studies in vivo  have  
been perfo rm ed  w ith  th is  v irus ,  though  n u m e ro u s  o the r  viruses h a d  been  
exam ined  in an im al experim en ts  in respect o f  th e i r  inhibition  by  h e p a r in  or 
o the r  po lyan ions  [11, 12, 13, 14].

T h e  p resen t  experim en ts  have show n t h a t  in th e  h e p a r in -p re t re a te d  
ra b b i t  sk in  th e  grow th of HSV is inhibited  in dependence  on the  ap p l ied  con­
cen tra t io n  o f  heparin . A correlation  has also been  observed  betw een th e  deve l­
o p m en t  o f  lesions an d  th e  grade  of virus m u lt ip l ica t ion .  This fact is in  ag ree­
m en t w ith  th e  observations of  F o r c e  et al. [1], who have found t h a t  only 
rep lica t ing  HSV p roduced  lesions in the  r a b b i t  skin. H eparin  c o n c e n tra t io n s  
in h ib i to ry  for virus g row th  inh ib ited  also th e  deve lopm ent of lesions.

In  accordance  w ith  H i g g i n b o t h a m ’s [15] sim ilar  observations we found 
connec tive  tissue cells to  ta k e  up heparin .  W e therefore  supposed  t h a t  the  
h epar in -v iru s  complex m a y  e n te r  the  connec tive  tissue cells and  m a y  even 
develop  in th em . The fu r th e r  course of infection  m a y  depend  on f u r th e r  events
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w ith in  th e  cell ( in ac t iv a t io n  of the  v irus ,  possib le  la ten t  infection or replication). 
T h e  supposed role of  h e p a r in  in v ira l in fec t ions  has been d iscussed previously
[9, 21 ] .

One m a y  ask  how  far  these an im a l  experim ents  m a y  be  considered a 
m o d e l  of n a tu ra l  in fec tion . Large a m o u n ts  o f  heparin  were fo u n d  to  inhibit  
v i ru s  replication , b u t  u n d e r  n a tu ra l  co n d it ions  no com parab le  a m o u n ts  of 
v i ru s  m ay  gain access to  th e  organism. As shown b y  others  a n d  also b y  us 
[9, 1 0 ] in experim en ts  in vitro growth of H S V  was inhibited  b y  0.1 to  1 0  /xg/ml 
o f  h epar in .  Considering t h a t  th e  p lasm a  is supposed to  con ta in  1 to  2 fig/ml 
h e p a r in  [16] and , also, t h a t  th is  co n c e n tra t io n  m ay  considerab ly  increase a t 
t h e  site  of infection, it  m a y  be supposed t h a t  in certain cases o f  n a tu r a l  viral 
in fec t io n  heparin  m ig h t  have  some in f luence  on the  fu r th e r  course  of  the 
p rocess .

The capab il i ty  of  th e  individual H S V  s tra ins  to  invade  th e  nervous 
s y s te m  m ight be q u i te  d ifferen t Go o d p a s t u r e  et al. [17, 18] h a v e  repo r ted  
a b o u t  a s tra in  p roduc ing  encephalitis  in r a b b i t s  when inocu la ted  b y  corneal 
sca r i f ica t io n  or b y  in ocu la t ion  into th e  m a s s e te r  muscle.

T he  HSV s tra in  u sed  by  F orce et al. [1] multiplied well in th e  skin of 
r a b b i t s ,  b u t  failed to  in v a d e  th e  cen tra l  n e rv o u s  system. The neurov iru lence  
o f  H S V  s tra ins  has been  th o u g h t  by  severa l  au th o rs  to  be re la te d  w i th  some 
p a r t ic u la r i t ie s  o f  th e  cy to p a th ic  effect. K o h l h a g e  et al. [19] descr ibed  th a t  
H S V  s tra in s  causing th e  appearance  of  sm a ll  g ian t cells in  t is su e  cu ltu re  
e x h ib i te d  an  encephalogenic  character . A s im ila r  observation has  b een  m ade 
b y  W h e e l e r  [20]. T he  O B  s tra in  iso la ted  in  th is  labo ra to ry  a n d  app lied  in 
t h e  p re se n t  s tu d y  grew well in th e  skin of  r a b b i t s ,  p roduced encepha li t is  and 
m y e l i t i s  w ith in  a few d ay s  following th e  in fec t io n  and was n o t  in h ib i te d  b y  
h e p a r in  a t  the  con cen tra t io n s  applied in th e  p re se n t  experim ent. As fa r  as one 
m a y  ju d g e  from  th e  b e h a v io u r  of a single su c h  s tra in ,  there  m ig h t  b e  some 
re la t io n  be tw een  th e  neurov iru lence  or n e u ro t ro p y  and the  sens i t iv i ty  to  h e p a ­
r in  o f  a given s tra in  of  HSV.

A c k n o w le d g e m e n ts . We are indebted to Dr. B. M Á N D Y  for preparation and evaluation 
of histological sections. The skilful technical assistance of Mrs. Zs. H e r p a y ,  Mrs. L. J e n k e y  
and Miss E .  M i r ó  is duly acknowledged.
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S u m m a r y .  The oligosaccharide utilization of alkaloid positive and negative Claviceps 
strains isolated from rye and grass has been examined. Three strains were shown to possess 
(i-fructo-furanosidase and one another endosaccharase. The former enzyme was shown to 
have transfer activity even in Claviceps strains. Strains freshly isolated from the sclerotium 
exhibited high trehalase activity. The utilization of maltose was demonstrable in some strains 
depending on uptake, respectively induction. None of the strains utilized lactose or melibiose.

Since th e  ’tw en ties  o f  th is  cen tu ry ,  th e  s a p ro p h y t ic  cu ltivation  o f  C lav i­
ceps s tra in s  has been s tud ied  in order to  develop  facilities for the  p ro d u c t io n  
of ergo t a lkaloids b y  fe rm en ta t ion .  The f irs t  im p o r ta n t  result of these  s tu d ie s  
was th e  d e m o n s t ra t io n  of  th e  dependence of  s a p ro p h y t ic  alkaloid p ro d u c t io n  
on th e  a c tu a l ly  used s tra in .  A m ong th e  s tra in s  p ro d u c in g  alkaloid in th e  scle- 
rotial phase  of  th e ir  paras i t ic  life cycle, v e ry  few were found to  be ab le  to  
produce a lkaloid  when  m a in ta ined  u n d e r  s a p ro p h y t ic  conditions [1]. A lka lo id  
p roduc tion  in vitro was more frequen t  w ith  Claviceps species parasit ic  in  w ild  
grasses t h a n  w ith  species of the  secale ty p e .  In  case of  clones o b ta in ed  from  
one and  th e  sam e sc lerotium , th e  incidence of  a lka lo id  positivity  in  vitro was 
increased b y  t r e a tm e n t  w ith  m u tagens  [2 ].

W ith  th e  s tra ins  capable  of p roduc ing  a lkalo id  in vitro, it has beco m e  
possible to  produce  in superficial or shaken  cu l tu re s  or in fe rm en to rs  t h e  
following substances :  agroclavine and  elim oclav ine  [1, 3], lysergic acid  a m id e  
and  lysergic ac id -m ethy lcarb ino lam ide  [4], e rg o m e tr in e  [5] and o th e r  a lk a ­
loids. F o r  cu lt iva t ion ,  m ain ly  A b e ’ s  m edium  [1] or its modifications w i th  
mono- or oligosaccharides e i ther  alone or in co m b in a t io n s ,  as main c o m p o n e n t ,  
were used. W ith in  certa in  limits, th e  a t ta in a b le  a lka lo id  level is r e la te d  w i th  
the  a m o u n t  of  th e  added  saccharide. The im p o r ta n c e  o f  th e  saccharide a c tu a l ly  
used for th e  p ro duc tion  of alkaloid has p ro m p te d  us to  s tudy  the  su g ar  d e c o m ­
posing and  utiliz ing a c t iv i ty  of alkaloid positive  an d  negative C lav iceps 
s tra ins  of  d ifferent origin. The p resen t  p a p e r  is a re p o r t  on our s tu d ie s  w i th  
oligosaccharides m ain ly  saccharose.
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Materials a n d  methods

Strains,  (a) Claviceps sp. Ix 1326 mutant. The strain was isolated and selected from 
a mutagen-treated culture of a strain typically producing ergotoxin on rye. The mutant pro­
duced ergotoxin and ergometrin in vitro, (b) Claviceps sp. T. 20. The strain produced typically 
ergotamine on rye, being alkaloid-negative in vitro,  (c) Claviceps sp. Se 1. Sesleria coerulea 
A rd .  sclerotium (from the collection of T. Poes) yielded in this laboratory a strain alkaloid 
negative in vitro, (d) Claviceps sp. В 35. The strain originated from Pennisetum lyphoideum  
Rich, and produced agroclavine and elimoclavine in  vitro. It was kindly supplied by Prof. 
A .  T o n o l o .

Maintenance o f  the strains and preparation o f  cultures. The strains were maintained on 
saccharose glycine agar by transfer at one or bi-monthly intervals. Maintenance cultures were 
transferred to a liquid enrichment medium and the mycelia obtained were homogenized. 
An amount of mycelium suspension representing a 5 per cent final concentration was trans­
ferred to the following medium: saccharose, 10 per cent; succinic acid, 1 per cent; KH2P 0 4, 
0.25 per cent; MgS04, 0.25 per cent; FeS04, 0.9 mg per 100 g; ZnS04 0.3 mg per 100 g. The pH 
was adjusted to 5.5 with ammonium hydroxide. The cultures were incubated for 96 hours at 
24° C in a rotary shaker.

Activity of live cells or acetone-dried cells or cell-free extracts was examined under 
semi-anaerobic conditions [6], to facilitate demonstration of cleavage products. The bulk of 
mycelia obtained after 96-hour incubation was sedimented by centrifugation, washed three 
times in saline and used for the preparation of the following specimens: (a) 13 g (wet weight) 
of mycelia were suspended in a final volume of 40 ml; (b) acetone powder corresponding to 
13 g wet weight of mycelia was suspended in 40 ml buffer; (c) 13 g wet weight mycelium was 
ground with quartz-sand in the presence of a buffer aliquot. After centrifugation, the mycelium- 
free supernatant was made up to 40 ml with buffer. Each of the above specimens was distri­
buted to tubes in 4 ml aliquots.

As aerobic controls, (d) washed mycelia were suspended in buffer at the ratio given 
above and incubated in a rotary shaker.

The sugars examined were saccharose, raffinose, maltose, lactose, and trehalose at an 
initial concentration of 2 per cent. With aerobic incubation the utilization of glucose, fructose, 
and galactose, corresponding to cleavage products, was examined, too.

The medium was adjusted to pH 5.5 with 1/15 M  phosphate buffer. The substrate was 
added at 0 time and samples were taken at 0, 1, 2, 4, 6 and 8 hours. The enzyme was inacti­
vated by boiling for 2 minutes. Cleavage, or saccharide utilization was followed up by chro­
matography of 5 ,ul of a centrifuged supernatant on Macherey—Nagel 214 filter paper. Chro­
matograms were run in n-buthanol : acetic acid : water ( 4 : 1 : 1 )  solvent by the ascending 
technique and developed with benzidine.

Results

Claviceps sp.  I x  1326 mutant.  All th e  t h r e e  ty p es  of mycelium  p re p a ra t io n s  
(a, b  a n d  c, see above) decomposed saccharose ,  raffinose and treh a lo se  u n d e r  
sem i-anaerob ic  cond itions .  The ac t iv i ty  of  live  mycelia and of cell-free e x t ra c ts  
w as re la t ive ly  low. M altose was decom posed  only by  the  ace tone  pow der  
w hile  ne i th e r  lac tose  n o r  melibiose were decom posed  by  any  o f th e  p r e p a r a ­
t io n s .

Cleavage of  saccharose  yielded beside  glucose and fructose also a b en z i­
d ine  positive  p ro d u c t  w ith  an R f  va lue  low er  t h a n  th a t  of saccharose . The 
l a t t e r  were t e n ta t iv e ly  designated  as o ligosaccharides . None of th e  a d d e d  or 
p ro d u c e d  saccharides were m etabolized b y  a n y  of the  samples (Fig. 1).

Cleavage of saccharose  and raffinose w as m ore intensive in sh a k e n  th a n  
in sem i-anaerob ic  cu ltu res  (Fig. 2). The oligosaccharides formed from  sa c c h a ­
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rose as well as th e  produced and ad d ed  glucose were u tilized , whereas meli-  
biose, fructose  and galactose were no t .  The live cell suspension was inac t iv e  
aga ins t  m altose  even under  aerobic  conditions.

Claviceps sp. T. 20. W hen  in cuba ted  un d e r  sem i-anaerobic  cond it ions ,  
the  ac e to n e - tre a te d  cells showed a slight saccharose and  raffinose decom posing

a b c
о  0  © • о  •:;© о  • о  G  © •

Tr s Cl 4  1 2 i  B D Tr s  0 '/г 1 2 « S D Tr s 0 /2  1 2 R 8 D

d e f
• O 0  O • •

•  • • • • O ©

M s o k l  2 l e D M s 0 Vil 2 i  8 D M s Ô '/2  î 2 1+8 D

о  O G U ë  Ф °
h

0  O 0  
о  «;« о  0 0  •

i
O G 0  

о  0  O  0  © •
•  • • • 0 0 0

С» о 0 0  0
•  • • • © © ©

0  0 0 * 0
•  • • • © © ©

S S 0 4 f  2 i  в D F S s 0 '/2 l 2 i  в D F S s O /г 1 2 9 6 D F

J О о  0 ^ 0 к Í5 O 0 ^ 0 L а о  *  0

•  o * ç  
•  • • • • © ©

•  O #  © 
•  • • • • © ©

•  0  0  © 
•  • • • • © ©

R Mes 0 /г1 2 9 в  D F R Mes 0 '/21 2 i  в D F R Mes i) f r i  2 Ь в D F

F ig . 1. Chromatographic analysis of oligosaccharide splitting by Claviceps sp. Mutant lx  1326. 
Semi-anaerobic incubation, (a) live cells -\- trehalose; (b) acetone treated cells { trehalose; 
(c) cell free extract -f- trehalose; (d) live cells -|- maltose; (e) acetone-treated cells -(- maltose; 
(f) cell-free extract -\- maltose; (g) live cells +  saccharose; (h) acetone-treated cells -f- saccha­
rose; (i) cell-free extract -(- saccharose; (j) live cells -f- raffinose; (k) acetone-treated cells -f~ 
raffinose; (1) cell-free extract -J- raffinose. The first one or two and the last one or two samples 
on the chromatograms are standards and the sample preceding 0 time is the control of the

culture
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F ig .  2 . Chromatographic analysis of oligosaccharide splitting by Claviceps sp. Mutant lx  1326. 
Aerobic incubation, (m) live cells -+- saccharose; (n) live cells -f- maltose; (o) live cells -}- raf­
finose; (p) live cells -Г glucose; (q) live cells -f- fructose; (r) live cells -f- galactose. For other

explanations, see Fig. 1
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ac t iv i ty .  Trehalose w as  decomposed b y  all th e  th ree  p rep a ra t io n s .  No saccha­
ride  was consum ed u n d e r  semi-anaerobic conditions (Fig. 3).

In  shaken c u l tu re s ,  decomposition o f  saccharose and  raffinose was more 
in tens ive  and glucose w as  utilized. N e i th e r  galactose no r  f ructose  was con­
su m e d  by this s t r a in  (F ig .  4).
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Fig. 3. Chromatographie an a lysis of oligosaccharide sp litting by Claviceps sp. T. 20. Semi- 
anaerobic incubation, (a) liv e  cells -f- trehalose; (b) acetone-treated  cells trehalose; (c) cell- 
free extract -f- trehalose; (d) l iv e  cells +  m altose; (e) acetone-treated cells -f- m altose; (f) cell- 
free extract -f- m altose; (g) l iv e  cells -f- saccharose; (h) acetone-treated cells -f- saccharose; 
(i) cell-free extract -f- saccharose; (j) live cells raffinose; (k) acetone-treated cells +  raffi­

nose; (1) cell-free ex tra ct +  raffinose. For other explanations, see Fig. 1
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Fig. 4. Chromatographie an a lysis of oligosaccharide sp litting  by Claviceps sp. T. 20. Aérobic 
incub ation , (m) live cells -f- saccharose; (n) live cells -(- m altose; (о) live cells raffinose: 
(p) liv e  cells -f- glucose; (q) liv e  cells -j- fructose; (r) live  cells -j- galactose. For other explana­

tions, see Fig. 1

Claviceps sp. Se  1. U n d e r  sem i-anaerobic  conditions, all th e  th ree  p rep ­
a ra t io n s  exhibited  m o d e ra te  cleavage of  saccharose  and  raffinose, and  in ten ­
sive  decomposition o f  t reh a lo se .  None of t h e m  was active  aga ins t  m altose ,  
lac to se  or melibiose.
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Paralle l  to  th e  c leavage of saccharose, oligosaccharides  were p roduced . 
No su g a r  consum ption  was dem onstrab le  (Fig. 5).

I n  shaken  cu ltu res ,  cleavage of saccharose  a n d  ra ff inose  was rem ark ab ly  
m ore in tensive  and th e  oligosaccharides p roduced  as well as glucose and m o d ­
e ra te ly  also fructose were utilized.
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Fig. 5. Chromatographic analysis of oligosaccharide sp litting by Claviceps sp. Se. 1. Sem i- 
anaerobic incubation, (a) live cells -f- trehalose; (b) acetone-treated  cells -\- trehalose; (c) cell- 
free ex tract -f- trehalose; (d) live cells m altose; (e) acetone-treated  cells -f- m altose; (f) cell- 
free extract +  m altose; (g) live cells - f  saccharose; (h) acetone-treated  cells -f- saccharose; 
(i) cell-free extract +  saccharose; (j) live cells +  raffinose; (k) acetone-treated cells +  raffi­

nose; (1) cell-free extract -f- raffinose. For other explanations, see Fig. 1
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Fig. 6. Chromatographie analysis of oligosaccharide sp litting by Claviceps sp. Se. 1. Aerobic 
incubation , (in) live cells -f- saccharose; (n) live cells -f- m altose; (о) live cells -j- raffinose; 
(p) live  cells +  glucose; (q) live cells -f  fructose; (r) live cells -j- galactose. For other ex p la ­

nations, see Fig. 1

T he s tra ins ex h ib i te d  no ac t iv i ty  aga ins t  ga lac tose  (Fig. 6 ).
Claviceps sp.  В  35.  U nder sem i-anaerobic  cond it ions ,  saccharose was 

de f in i te ly  decom posed by  th e  cell-free e x t ra c t ,  t h e  ace tone  pow der was r e m a r k ­
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a b ly  less ac tive , w hile live m ycelia  w ere perfec tly  in ac tiv e . N o cleavage of 
ra ff in o se , treh a lo se , m alto se  or lac to se  w as observed. N o su g a r u tiliz a tio n  
o c c u rre d  under sem i-anaerob ic  co n d itio n s (F ig. 7).
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F ig .  7 .  C h r o m a t o g r a p h i c  a n a l y s i s  o f  o l i g o s a c c h a r i d e  s p l i t t i n g  b y  C l a v i c e p s  s p .  B .  3 5 .  S e i n i -  

a n a e r o b i c  i n c u b a t i o n ,  ( a )  l i v e  c e l l s  - f -  t r e h a l o s e ;  ( b )  a c e t o n e - t r e a t e d  c e l l s  - f -  t r e h a l o s e ;  ( c )  c e l l -  

f r e e  e x t r a c t  +  t r e h a l o s e ;  ( d )  l i v e  c e l l s  - f -  m a l t o s e ;  ( e )  a c e t o n e - t r e a t e d  c e l l s  - + -  m a l t o s e ;  ( f )  c e l l -  

f r e e  e x t r a c t  +  m a l t o s e ;  ( g )  l i v e  c e l l s  - f -  s a c c h a r o s e ;  ( h )  a c e t o n e - t r e a t e d  c e l l s  +  s a c c h a r o s e ;  

( i )  c e l l - f r e e  e x t r a c t  - f -  s a c c h a r o s e ;  ( j )  l i v e  c e l l s  - f -  r a f f i n o s e ;  ( k )  a c e t o n e - t r e a t e d  c e l l s  - f -  r a f f i -  

n o s e ;  ( 1 )  c e l l - f r e e  e x t r a c t  +  r a f f i n o s e .  F o r  o t h e r  e x p l a n a t i o n s ,  s e e  F i g .  1
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F ig .  8 .  C h r o m a t o g r a p h i c  a n a l y s i s  o f  o l i g o s a c c h a r i d e  s p l i t t i n g  b y  C l a v i c e p s  s p .  B .  3 5 .  A e r o b i c  

i n c u b a t i o n ,  ( m )  l i v e  c e l l s  +  s a c c h a r o s e ;  ( n )  l i v e  c e l l s  - f -  m a l t o s e ;  ( o )  l i v e  c e l l s  +  r a f f i n o s e ;  

( p )  l i v e  c e l l s  - + -  g l u c o s e ;  ( q )  l i v e  c e l l s  +  f r u c t o s e ;  ( r )  l i v e  c e l l s  +  g a l a c t o s e .  F o r  o t h e r  e x p l a n a ­

t i o n s ,  s e e  F i g .  1

In  shaken  cu ltu res , co n su m p tio n  o f saccharose as well as o f m altose  
w as d em o n strab le . No cleavage p ro d u c ts  o f saccharose w ere o b ta in e d . O ut of 
th e  a d d e d  m onosaccharides , glucose an d , to  a m odera te  degree, also fruc tose , 
w ere  u tiliz ed  (Fig. 8).
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Discussion

Claviceps l x  1326 mutant .  On the  basis of th e  saccharose  cleavage observed  
w ith  all p repa ra t ions  o f  th is  s tra in ,  the  presence o f  inve r ta se  was dem onstrab le .  
The cleavage of raffinose, th e  p roducts  o b ta in ed ,  a n d  th e  oligosaccharide p ro ­
duc tion  parallel to  th e  decomposition o f  saccharose  suggested  th e  presence 
of /J-fructofuranosidase, a lipid so lv en t- re s is tan t  [6 , 7, 8 ] enzym e localized 
ou ts ide  th e  perm eab le  b a rr ie r  of th e  cell [9]. T h e  p ro d u ced  oligosaccharides 
m a y  be regarded  as p ro d u c ts  of the  t ra n s fe r  reac t io n  f i rs t  described in connec­
tion w ith  yeas t  inver tases  [1 0 ] on the  basis  o f  th e i r  close re la tionship  w ith  
saccharose and  its c leavage produc ts ,  and  th e i r  Rj  values . Beside the  t ra n s fe r  
a c t iv i ty  of yeas t  inv e r ta se ,  th e  t ransfe r  ab i l i ty  of  E uascom ycetes -inver tases  
has also been shown [11, 12]. W ith  this o b se rv a t io n  a new family has been  
included  in th e  subclass. T he  t ransfe r  p ro d u c ts  th u s  form ed are ch rom ato -  
g raphically  separable  in to  four  com ponents ,  to  he described in detail elsewhere.

In v e r ta se  ac t iv i ty  showed an increase on aerobic  incubation . This m a y  
have been  a direct ac tion  or else the indirect result o f  th e  util ization  o f  glucose 
p roduced  un d er  such conditions. A n o th e r  consequence  of glucose u p ta k e  was 
th e  g radua l  d isappearance  of the  form ed oligosaccharides . U nder iden tica l 
conditions a fu r th e r  increase  of the  ra te  o f  saccharose  cleavage and  t ra n s fe r  
p ro d u c t  uti l ization  m a y  be achieved by  increasing  th e  ra te  of glucose u til iza t ion , 
for exam ple  b y  add ing  am m o n iu m  salts of o rganic  acids. U n d e r  such conditions 
a ce r ta in  fructose u p ta k e  was also dem ons trab le ,  th u s  ou r  s ta te m e n t  concern ing  
th e  inac t iv i ty  against fructose  should he com ple ted  by  a d m it t in g  the  influence 
of ex per im en ta l  conditions. According to  E d e l m a n  [12],  th e  presence of  g lu ­
cose m a y  have an influence on invertase  a c t iv i ty  b y  p e rm it t in g  a s im ultaneous  
p a r t ia l  saccharose re-syn thes is  parallel to  saccharose  decom position  w ith  
glucose as an accep to r  in th e  trasfe r  reac tion .

A ccording to  G o ttsch alk  [13], P h il l ip s  [14], N ovak  and Zsolt  [15], 
th e  cleavage of treha lose  is indicative o f  th e  presence of  trehalase ,  no o th e r  
x-glucosidase being able to  decompose th is  sugar. T he  enzym e has been know n  
to  be f irm ly  bound  [16, 17] as shown also in our s tud ies  by  the  high ac t iv i ty  
of ace tone  pow der p re p a ra t io n .  A sim ilarly  b o u n d  ace tone-res is tan t  t reh a la se  
has a lready  been described  with  Procandida ( Ca ndida) albicans [15].

D ifferent enzym es h ave  been know n  to  c leave m altose [18, 19, 20, 21], 
th u s  ou r  studies do no t  allow for any o th e r  conclusion b u t  to  the presence of 
an ace tone  resistant endom altase .  The lack of m altose  consum ption  b y  live 
cells m a y  be expla ined  by  th e  lack of u p ta k e  of  th is  pa r t icu la r  sugar.

Claviceps sp. T  20.  T he  results o b ta in ed  w ith  saccharose and raffinose 
u n d e r  sem i-anaerobic  conditions po in ted  to  th e  presence of an inver tase .  
A ctiv i ty  was nevertheless poor and only w ith  th e  ace tone  powder. In v e r ta se  
p ro d u c t iv i ty  of th is  s t ra in  was clearly ev id en t  in sh ak en  cultures.
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A fu n d am en ta l  d ifference was d em o n s trab le  in th e  a c t iv i ty  of  th e  inver- 
t a s e s  of  the  two s tra in s  o b ta in ed  from  rye . W ith  alkaloid n e g a t iv e  s tra in s ,  
i n t a c t  cells cleaved saccharose  only u n d e r  aerobic conditions, while w ith  
a lk a lo id  positive s t ra in s ,  a c t iv i ty  decreased  s lightly  u n d e r  sem i-anaerob ic  
co n d i t io n s .  No such difference was d em o n s trab le  w ith  acetone po w d er  p r e p ­
a ra t io n s .  This w ould suggest t h a t  th e  b o u n d in g  of th e  su b s tra te  b y  th e  enzym e 
(a c t iv e  substra te  u p ta k e  or enzym e l ibera tion) requires an  ac t ive  aerobic  
process  in the live cell. T h is  process seem ed less im p o r ta n t  w ith  th e  a lkaloid  
p o s i t iv e  strain, an ob se rv a t io n  in accordance  w ith  the  m orphological d iffer­
ences  of  the  h y p h a  cells o f  th e  two s tra in s ,  suggesting cer ta in  differences in 
t h e i r  cell walls. H y p h a  cells of the  alkaloid nega tive  stra in  form ed th in ,  h igh ly  
re f rac t i le  hair-tress-like bund les ,  whereas th o se  of the  alkaloid pos i t ive  s t ra in  
w ere  short ,  s tou t,  o f ten  swollen spherical cells. I n  microscopic p re p a ra t io n s ,  
r u p t u r e  of the  cell wall a n d  cy top lasm ic  leakage  has f requen tly  been  observed . 
T h is  m orphology has been  regarded  ch a rac te r is t ic  of th e  a lkalo id  positive  
s t r a in s  also by  T onolo  [4].

T he two s tra ins  were d ifferent in th e  in ten s i ty  of t rehalose  decom posit ion  
a n d  in maltose c leavage.

Claviceps sp. Se 1. T h e  s tra in  possesses an invertase  and , in  in ta c t  cells, 
ae ro b ic  conditions are n o t  requ ired  for th e  e n zy m e’s full a c t iv i ty .  This  p h e n o m ­
e n o n  appears to  be q u i te  [»articular, th e  s t ra in  being a lkaloid  nega tive .  
I t  shou ld ,  however, be n o te d ,  t h a t  th e  s t ra in  freshly  isolated from  a sc lero tium  
sh o w e d  characteris tics  s im ila r  to  those  of  s t ra in  T 20 a n d  m o d e ra te  semi- 
an a e ro b ic  saccharose a n d  raffinose decom posit ion  only ap peared  a f te r  re p e a te d  
t r a n s f e r  in the  lab o ra to ry .  In  th e  Figures on ly  th e  la t te r  s ta te  has b een  included, 
as t h e  different s tra in s  iso la ted  a t  d ifferen t occasions could be co m p ared  only 
a f t e r  a certain n u m b e r  o f  passages in th e  lab o ra to ry .

T he  n um ber  of t ran s fe rs  following th e  s t r a in ’s isolation from  a sc lero tium  
a p p e a re d  to  have a ce r ta in  influence on th e  func tion  of o th e r  enzym es. T re ­
ha lo se  decomposition was th e  m ost active  in freshly  isolated Se 1 s t ra in ,  w h e re ­
as  in  T  20 and lx  1326 it  decreased in th e  said order. S tra in  В 35 iso la ted  in 
1954 [3], is entire ly  lack ing  th is  ac t iv i ty .  T h e  saccharide ch a rac te r is t ic  o f  th e  
sc le ro t iu m  is t reha lose ;  s tra in s  recovered  therefrom  will com prehens ive ly  
e x h ib i t  reduced specific enzym e p ro d u c t io n  on m a in tenance  on o th e r  carbon  
sources .  Finally, th e  enzym e ac t iv i ty  is lost.

Claviceps sp. В  35.  T he  enzym e responsib le  for saccharose d ecom posit ion  
b y  th is  s tra in  differs f ro m  those  described for th e  o ther  th ree  s t ra in s .  I t  does 
n o t  decompose raff inose, its a c t iv i ty  in  ace to n  pow der is re la t iv e ly  slow even  
u n d e r  aerobic conditions as com pared  to  cell-free ex trac ts .

The enzym e is ace tone  sensitive. This  ty p e  of endosaccharase  has f i rs t  
b e e n  described in y e a s t  b y  Lindegren et al. [22, 23], la te r  also b y  us in fu r th e r  
ty p e s  of yeasts [8 , 25, 26, 27].
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The stra in  can be d iffe ren tia ted  f rom  th e  o th e r  e x a m in e d  strains besides  
its  fa ilure  to  a t ta c k  t reha lose  also b y  th e  u t i l iza t ion  of  m altose by  aerob ic  
in cu b a t io n  of live cells. Considering th e  m e th o d  of inocu lum  p re p a ra t io n ,  
ind u c t io n  b y  m altose can n o t  be exc luded .

All the  s tra ins ex am in ed  failed to  a t t a c k  lactose, melibiose and galac tose .
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Summary. Separation of rabbit antibodies against ovalbu m in  w ith a yield o f 66 — 80 
per cent has been achieved by dissociating ovalbum in—antiovalbum in  precipitates in N  acetic  
acid, followed by gel-filtration on Sephadex G-200. The iso lated  antibodies sedim ented at 
6.4 S in the ultracentrifuge and were identified as y  G -globulins by im m unoelectrophoresis. 
Separation of antibodies resulted in practically no loss o f precip itin  properties against o v a l­
bum in, while a fourfold ac tiv ity  over whole im m une serum  w as observed in an ap hylax is  
experim ents.

Separa tion  of  an tibodies  from im m u n e  sera  m a y  be accom plished b y  
specific p rec ip i ta t ion  em ploying th e  hom ologous an t ig e n ,  followed by  d isso ­
cia tion  of the  d issolved p rec ip i ta te  an d  b y  s e p a ra t io n  of  the  dissociated c o m ­
ponents  a t  the  p H  of d issociation [1], th is  last s tep  b e in g  th e  most critical one.

E m ploy ing  th e  gel-filtration tech n iq u e  of  P o r a t h  [2, 3, 4], su b s ta n c e s  
different in m olecular  w eight m ay  be se p a ra te d  over  w ide p H  ranges, as e x e m ­
plified by  th e  sep a ra t io n  of lysosyme a n t i ly so sy m e  or ribonucléase a n t i  
ribonucléase, on S ep h ad ex  G-75 [5]. On th e  o th e r  h a n d ,  a t te m p ts  to  s e p a ra te  
ova lbum in  and  a n t io v a lb u m in  on th e  sam e gel t y p e  were unsuccessful.

F l o d i n  and  K i l l a n d e r  [6 ] and  F i r e m a n  et al. [7] succeeded in iso la t ing  
se rum  proteins on m olecular  weight basis em p loy ing  Sephadex  G-200. Most 
recen tly ,  B o y n s  a n d  H a r d w i c k e  [8 ]  h ave  r e p o r te d  on the  sep a ra t io n  b y  
S ephadex  G-200 of bov ine  serum  a lbum in  ra b b i t  a n t ib o d y  complexes d isso lved  
in an tigen  excess. T h e  d a ta  p resen ted  below deal w i th  th e  separa tion  on S e p h a ­
dex  G-200 of o v a lb u m in -an t io v a lb u m in  com plexes dissociated a t  acid  p H ,  
resu lting  in the  iso lation  of  an t iova lbum in  an tibod ies .

Materials and  m ethods

Proteins, (a) O valbum in prepared at our In stitu te  w as crystallized three tim es and  
found hom ogeneous by paper electrophoresis (ОЛ). Im m unodiffusion analysis revealed the  
presence of three contam inating com ponents [9 |. The m olecular w eight of the main com ponent 
of ovalbum in preparation was 41,000, as determ ined in the ultracentrifuge, (b) O valbum in  
separated by gel-filtration was labelled w ith 13,I [10], I3,I (O A). (c) Normal rab b ity  G -globulin  
was prepared at our In stitu te  [11].

Antiserums,  (a) R abbit immune serum against three tim es crystallized ovalbu m in  
(OA — IS), (b) Goat im m une serum against whole rabbit serum .
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Antigen-antibody complex.  One part o f O A— IS w as m ixed w ith one part physiological 
sa lin e  and with the am ount o f  gel-filtrated OA required for m axim um  precip itate form ation, 
as determ ined in previous q u a n tita tive  precipitation studies. The m ixture w as k ep t at 37° C 
for 2 hours and centrifuged a t 4° C. The sedim ent w as washed twice w ith  cold physiological 
sa lin e  and dissolved in 1 to 2 m l N acetic acid. A n y  insoluble precipitate w as centrifuged o ff  
and discarded.

Gel-filtration on Sephadex G-200. 1.0— 1.5 g Sephadex G-200 (L ot N o. To-6471) was 
a llo w ed  to swell in 0.1 M  N aC l, washed and filled  in  a glass tube of 50 cm  b y  1.0 cm. The  
co lu m n  was washed w ith  pH  2 .4  N acetic acid for 2 days. Protein solutions or ovalbu m in— 
antiova lbu m in  com plexes were applied in 0.2— 2.0 m l sam ples and elution w as carried out 
w ith  N  acetic acid at room  tem perature at a flow  rate  o f  20 ml/hour. Fractions o f 2.0 ml were 
co llec ted  and tested for p rotein  concentration b y  absorbance m easurem ents a t 280 m (i in an 
U n ica m  SP-500 spectrophotom eter, em ploying calibration  curves taken  w ith  rabbit y  G- 
g lo b u lin  and OA of know n N -con ten t. R ad ioactiv ity  o f eluates was determ ined in  a Frieseke— 
H oepfner  apparatus, em ployin g  an FH  421/Z6 ty p e  N aJ(T l) well-type sc in tilla tion  detector. 
A c tiv it ie s  thus obtained were converted into N -va lu es on the basis of a c tiv ity  m easurem ents 
o f  13II — OA solutions of k n ow n protein content. E lu a te  fractions for further analysis were 
d ia ly se d  against pH 7.0 ph ysio logical saline. T he precip itate was rem oved b y  cen trifugation  
an d  th e  supernatant was te sted  for protein content.

Immunoelectrophoresis w as performed according to the Sc h e id e g g e r  m icrotechn ique  
[1 2 ], a t a voltage gradient o f  3.05 V/cm  in a pH  8.2 diethylbarbiturate buffer for 5 hours.

Ultracentrifugation w as carried out in a P h yw e U  type apparatus.
Quantitative precip ita tion studies were d one  acco rd in g  to  H e id e l b e r g e r , as desc rib ed  

p re v io u s ly  [13].
Passive sensitization. A ntiovalbum in iso lated  b y  gel-filtration was in jected  intracar- 

d ia lly  to  guinea pigs o f 170 to  380 g body w eight, in doses of 0.48, 0.24, 0.12 or 0.06 m g/kg  
b o d y  w eight. The anim als w ere shocked by 4.0 m g OA given intrajugularly after 48 hours 
in te r v a l [14].

Results

T he  f iltra tion d ia g ra m  of OA is i l lu s t ra te d  b y  curve 1 in F ig . 1. Beside 
t h e  ova lbum in  peak  w i th  th e  m ax im u m  a t  th e  34th ml two m in o r  peaks  a t  
t h e  1 4 th  and 20th m l, respec tive ly ,  can  be  seen resulting  from  c o n ta m in a t in g  
c o m p o n e n ts  of h igher m o lecu la r  weight. I n  o rd e r  to  avoid the  d is tu rb in g  effect 
o f  th e s e  com ponents on  a n t ib o d y  iso la tion , an tio v a lb u m in  p re c ip i ta t io n  was 
c a r r i e d  out with o v a lb u m in  samples purif ied  b y  gel-filtration. C urve  2 visualizes 
t h e  e lu t ion  of no rm al r a b b i t  y  G-globulin w i th  th e  m ax im um  p ro te in  co n ten t  
in  t h e  22nd ml. T h e  m ix tu re  of 131I — OA a n d  norm al r a b b i t  y  G-globulin 
y ie ld e d  the  f i l t ra t ion  d ia g ra m  i l lu s tra ted  b y  curve 3. The f i rs t  p e a k  a t  th e  
2 2 n d  ml coincides w i th  curve  2 and corresponds  to  ra b b i t  y  G-globulin. 
T h e  d o t te d  line (curve  4) exhibits  the  N -v a lu es  of eluted 13]I —OA. T h e  p eak  
o b ta in e d  at the 34 th  m l perm its  iden t i f ica t io n  of the second f l a t  p eak  of 
c u r v e  3, resulting also f ro m  ovalbum in . T h e  ascending slope of  y  G-globulin 
c o n ta in s  no ova lbum in . T h e  f irs t  4 ml e lu a te s  af te r  the  globulin p e a k  con ta in  
4 t o  5 per cent of o v a lb u m in ,  while e lua tes  corresponding to  th e  descending  
s lo p e  of  curve 3 co m p rise  increasing a m o u n ts  of ovalbum in . R a b b i t  y G -  
g lo b u l in  and OA were m ixed  in p ro p o r t io n s  corresponding to  th e  expec ted  
a n t i g e n —antibody  ra t io s .

Based on th e  possib ilities  of sep a ra t io n  as illustra ted  above , iso lation  of 
a n t io v a lb u m in  was a t t e m p te d  from the  d issoc ia ted  antigen a n t ib o d y  complex.
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Antibodies  were p re c ip i ta te d  q u a n t i ta t iv e ly  from  im m u n e  serum , the  re su l t in g  
o v a lbum in  an t io v a lb u m in  complexes were d issocia ted  a t  p H  2.4 and ap p l ied  
to  th e  Sephadex G-200 column.

Fig. 2 i l lus tra tes  the  f i l t ra t ion  d iag ram  o f  th e  com plex  (curve 5) a n d  
th e  131I — OA c o n te n t  o f  eluates, b a sed  on ac t iv i ty  m easu rem en ts  (curve 6 , 
d o t te d  line). The f i rs t  p eak  of cu rve  5 a t  th e  15th  — 16 th  ml corresponds v e ry

Fig. 1. Fractionation o f  proteins on Sepha­
dex G-200 gel

Curve 1: F iltration  diagram of О A 
Curve 2: F iltration  diagram of normal 

rabbit у  G-globulin
Curve 3: F iltration  diagram of a m ix ­

ture o f normal rabbit у  G-globulin and l31I—OA 
Curve 4: P rotein  values of elu ted  

131I OA, expressed in fig N . Right scale  
refers only to Curve 4

Fig. 2. F ractionation  o f proteins on S ep h a ­
dex G-200 gel

Curve 5: F iltration  diagram of d isso ­
ciated ovalbum in-rabbit antiovalbum in  
com plex

Curve 6: Protein values o f elu ted
l31I -  OA expressed in fig N. R ight scale  
refers only to Curve 6

likely to  dissolved b u t  n o t  fully d issoc ia ted  an t ig en  — a n t ib o d y  complexes, s ince  
i t  coincides w ith  a m in o r  peak seen also on th e  Ш 1 — OA curve. The h ig h es t  
p eak  w ith  the  m a x im u m  a t  the  22nd  ml corresponds to  ra b b i t  у G-globulin. 
D issociated 13lI — OA results  in a th i rd  p eak  a t  th e  33rd  ml. F ractions b e tw e e n  
th e  18th and 26 th  m l were collected and  th e  re su l t in g  10  ml solution w as  
considered to be pu rif ied  an t io v a lb u m in ,  co n ta in ing  on ly  a b o u t  5 to 12 per  c e n t  
o f  1311 OA , as d e te rm in e d  in 8  s e p a ra te  experim en ts .

The purified  an tio v a lb u m in  sed im en ted  w ith  s 20, v  =  6.4 S in the  u l t r a ­
centrifuge. I t  was su b jec ted  to im m u n o e lec tro p h o re t ic  analysis, em p loy ing  
the  gel-filter у  G -frac tion  pa r t ly  as a n t ib o d y ,  p a r t ly  as antigen. R esu lts  o f  
these  studies are i l lu s tra te d  in Fig. 3.
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In  the  first p ic tu re  the up p er  a n t ig e n  well conta ined  th re e  t im es  c ry s ta l ­
l ized  OA which was n o t  subjec ted  to  ge l-f i l tra tion . After e lec trophores is ,  th e  
o v a lb u m in  yielded a b road  p rec ip i ta t io n  b a n d  with the  hom ologous an t ise ru m  
filled  in to  the  ce n tra l  well. Besides, 3 a rcs  ind ica ting  th e  p resence  of c o n ta m i­
n a t in g  proteins were observed. In  th e  second  a rrangem en t th e  sam e  OA p re p ­
a r a t io n  was su b jec ted  to  e lectrophores is , while the  a n t ib o d y  well co n ta in ed

Ï

1

Fig. 3. Im m unoelectrophoresis of rabbit an tiova lbu m in  isolated by gel-filtration  on Sephadex  
G-200. For detailed exp lan ation  see in text

t h e  s u p e rn a ta n t  resu l t in g  after th e  a b s o rp t io n  of an tise rum  a g a in s t  o v a lb u m in  
w i th  ova lbum in  p u r if ied  by  g e l-f i l t ra t ion .  The arc of o v a lb u m in  is ab sen t ,  
w hile  th e  co n ta m in a t in g  protein  b an d s  a re  well distinguished. T h e  th i r d  p ic tu re  
i l lu s tra te s  th e  re a c t io n  of the sam e O A  p rep a ra t io n  aga ins t  a n t io v a lb u m in  
iso la ted  by  ge l-f i l tra tion . One single a rc  corresponding to  o v a lb u m in  can be 
seen  w ith  no in d ica t ion  of  co n ta m in a t in g  an t ig en  an t ib o d y  sys tem s. T hus  th e  
a n t ib o d y  frac t ion  iso la ted  by  ge l- f i l t ra t io n  conta ined  purif ied , hom ogeneous 
a n t io v a lb u m in .  I n  th e  fourth  p ic tu re  t h e  u p p e r  antigen  well was filled w ith  
g e l- f i l t ra ted  a n t io v a lb u m in ,  th e  low er an t ig en  well co n ta in ed  1 : 8  d i lu ted  
n o rm a l  rab b i t  se ru m  as a control. A f te r  e lectrophoresis, th e  ce n tra l  well was 
f i lled  w ith  goat im m u n e  serum a g a in s t  w hole  rabb it  serum . As seen, th e  iso­
l a t e d  a n t io v a lb u m in  corresponds to  y  G-globulin, with no d e te c ta b le  traces  
o f  o th e r  im m unoglobulins .

N ex t,  th e  gel-filtered a n t io v a lb u m in  was tes ted  in q u a n t i t a t iv e  p rec ip ­
i t a t io n  experim en ts ,  em ploying p u r i f ie d  OA added in p H  7.0 buffe red  p h y ­
siological saline.
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Table I

Quantitative precipitation studies with antiovalbumin preparations isolated 
on Sephadex G-200 fro m  individual rabbit immune sera

No. of 
preparation

Protein content 
of gel-filtered 

antibody 
fraction, 

jug N/0.5 ml

Protein content 
of precipitate 
derived from 

gel-filtered 
antibody 
fraction,

jug N/0.5 ml

A ntigen — 
antibody 

molecular ratio 
of gel-filtered 

antibody 
fraction

Antigen—  
antibody 

molecular ratio 
of whole 

immune serum

l . 50 45 2.46 3.1
2. 100 105 3.06 3.1

3. 78 85 2.46 2.6

4. 65 52 2.02 2.26

5. 75 80 2.80 2.26

Table II

A naphylax is  experiments on guinea p igs pass ively  sensitized 
with antiovalbumin isolated by gel-filtration on Sephadex G-200

Body 
w eight 

of guinea 
pigs

ß

Sensitizing dose 
of antibody

Mg N/ kg

Eliciting dose 
of antigen, 

mg
R eaction after challenge

260 480 4 Fatal shock w ithin 2 min.
310 480 4 Fatal shock within 1 min.

360 240 4 Fatal shock within 2 min.

277 240 4 Fatal shock within 2 min.

380 120 4 Fatal shock within 2 min.

370 120 4 Fatal shock within 2 min.

338 120 4 Fatal shock within 4 min.
355 120 4 Severe shock, survived

372 120 4 Fatal shock within 2 min.

306 120 4 Fatal shock within 2 min.

270 120 4 Fatal shock within 2 min.

226 120 4 Fatal shock w ithin 2 min.

213 120 4 Fatal shock w ithin 2 min.

228 120 4 Fatal shock within 2 min.
256 60 4 Mild shock sym ptom s

246 60 4 Severe shock, survived

337 60 4 Severe shock, survived
173 60 4 Fatal shock within 2 min.

178 60 4 Severe shock, survived
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According to  th e  d a t a  compiled in  T ab le  I ,  the  purified  a n t io v a lb u m in  
r e ta in e d  its precip itin  a c t iv i ty  to  near ly  100 p e r  cent. Antigen a n t ib o d y  molec­
u l a r  ra t io  measured a t  th e  po in t o f  equ iva lence  was found  so m ew h a t  lower 
t h a n  in  th e  case o f  whole  im m une  serum .

F inally , guinea pigs were passively  sensitized w ith  d ifferen t am oun ts  
o f  iso la ted  a n t io v a lb u m in  and  challenged w ith  4.0 mg OA 48 h o u rs  la ter .  
R e s u l t s  of passive a n a p h y la x is  experim en ts  are shown in T ab le  I I .

L e tha l  an a p h y la c t ic  shock could be  elicited no t  only  a f te r  th e  usual 
sen s i t iz in g  dose of  480 fig a n t ib o d y -N /k g  b o d y  weight, b u t  also in  animals 
sen s i t iz ed  with only  240 or even 120 fig a n t ib o d y -N /k g  b o d y  w eigh t .  Since in 
p re v io u s  experim ents  th e  m in im um  sensitiz ing  dose of im m une  serum  for le thal 
a n a p h y la x is  p roved  to  be  480 fig a n t ib o d y -N /k g  body  w eight for  th e  used 
g u in e a  pig s tra in  [14], o u r  p resen t s tud ies  ind ica ted  a fourfold  increase  in 
b io log ica l ac t iv i ty  of  a n t io v a lb u m in  an tibod ies  purified b y  gel-f i l tra tion .

The final ques t io n  to  be answ ered refers to  th e  yield of an tibod ies  after  
ge l-f i l tra tion . Losses d u r in g  p re p a ra t io n  m a y  be a t t r ib u te d  to  th e  following 
c ircum stances .  (1) A f te r  q u a n t i ta t iv e  p rec ip i ta t io n  the  p rec ip i ta te s  ob ta ined  
c a n n o t  be dissolved com ple te ly  in N acetic  acid. (2) Only a 10 ml com bined 
p o r t io n  of eluates is considered  to  be pu r if ied  an t io va lbum in ,  while som e a n t i ­
b o d y  is obviously co n ta in e d  also in o th e r  frac tions. (3) D uring  neu tra l iza t io n  
o f  t h e  10  ml com bined  e lua te  p rec ip i ta te s  are formed, consisting  m a in ly  of 
o v a lb u m in  having re m a in e d  in th e  e lua te  b u t  comprising also a n t ib o d y  mole­
cu les .  The sum m ed effect o f  these fac to rs  resu lted  during p re p a ra t io n  in an 
a n t ib o d y  loss of  a b o u t  21 — 34 per cen t .  Considering th a t  a n t io v a lb u m in  iso­
la te d  b y  gel-filtration re ta in e d  near ly  1 0 0  pe r  cent of its p rec ip i t in  ac tiv ity ,  
t h e  described m e th o d  allowed to  iso late  a n d  recover ab o u t  6 6  to  80 per  cent 
o f  t h e  antibodies of  whole  an tio v a lb u m in  im m une  serum.

Discussion

In  our in t ro d u c to ry  experim ents  S ep h ad ex  G-200 gel was fo u n d  suitable  
fo r  th e  separa tion  of  o v a lb u m in  from  n o rm a l  ra b b i t  у  G-globulin. T he  th u s  
i so la te d  rabb it  у  G -globulin  re ta ined  on ly  4 to  5 per cen t of th e  ova lbum in  
c o n te n t  of the  m ix tu re .  I t  seemed the re fo re  likely t h a t  Sephadex  G-200 would 
s e p a ra te  also th e  co m p o n en ts  o f  d issocia ted  ova lbum in  rab b i t  a n t io v a lb u m in  
c o m p le x  on a m o lecu la r  w eight basis. T h e  prerequis ite  for se p a ra t io n  is the  
co m p le te  dissociation o f  th e  antigen  a n t ib o d y  complex, as d e m o n s t ra te d  by 
B ennett and H aber [15].

In  the  p resen t  e x p e r im en ts  an tigen  a n t ib o d y  complexes were dissociated 
b y  N  acetic acid. A t te m p ts  were, how ever ,  also m ade to  p ro m o te  dissociation 
b y  changing th e  p H  o f  th e  solutes. T h u s ,  th e  prec ip ita tes  were dissociated
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according to L e e  et al. [16] in alkaline m edium . T h e  resu lt ing  m arked  re d u c t io n  
in flow ra te ,  however, has  m ade  us to  abandon  th is  modification. C om ple te  
d issolution of p rec ip i ta te s  could be achieved a t  p H  1.0 in 0.1 N  h yd roch lo r ic  
acid. The q u a n t i ty  of  o v a lb u m in  rem ain ing  in th e  y  G-globulin fraction d u r in g  
gel-f i l tra tion  was n o t  inferior to  t h a t  observed in  th e  case of dissociation  in 
N  acetic  acid. On th e  o th e r  h an d ,  0.1 N  hydroch lo r ic  acid is close to  th e  degree  
of ac id i ty  t h a t  would  e x e r t  a deleterious effect on Sephadex  gel. C onsidering 
these  tw o c ircum stances ,  d issociation in hyd roch lo r ic  acid was d is rega rded .

As d e m o n s tra te d  in  T ab le  I I ,  a one-fourth  dose of  an tiova lbum in  s e p a ­
ra te d  by  gel-fi l tra tion  a n d  dissolved in physiological saline was only re q u ire d  
to  sensitize guinea pigs for le tha l an ap h y lac t ic  sh o ck ,  as com pared to  s e n s i t i ­
za tion  w ith  whole im m u n e  serum  [14]. This d isc rep an cy  m ay  have its e x p la ­
na t io n  in a com pe te t ive  effect be tw een  norm al g a m m a  globulin and im m u n o ­
globulin molecules of n a t iv e  ra b b i t  im m une  se ru m , sim ilar  to  th a t  o b se rv ed  
b y  B io z z i , H a l p e r n  a n d  B i n a g h i  [17] in pass ive  cu taneous  a n a p h y la x is  
experim en ts  on guinea pigs.

Acknowledgement. W e are indebted to Dr. M. S za b o lc s , Research Associate, Central 
Laboratory, U niversity M edical School, Debrecen, for the ultracentrifuge analyses.
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Summary. A ttem pts have been m ade to elicit by the intracutaneous adm inistration  
of antigen-antibody com plexes a passive Arthus  phenom enon and passive cutaneous a n ap h y­
laxis in rabbits and mice w ith alloxan diabetes. These skin reactions of allergic type were 
prevented or suppressed by the induction  of alloxan diabetes. H yperglycaem ia after glucose  
adm inistration had a sim ilar inhibitory effect. The decrease of the skin reactions m ight have  
been due to the suppression of histam ine release and im pairm ent of granulation tissue form a­
tion  by hyperglycaem ia.

Several au th o rs  have  observed  th e  influence of c a rb o h y d ra te  m e tabo lism  
on th e  in ten s i ty  of  reactions p rovoked  by d e x tra n  or ovom ucoid  [1  —4]. 
H yperg lycaem ia  h ad  a p ronounced  a n t i - in f lam m ato ry  effect,  while h ypo-  
g lycaem ia  p rom oted  in f lam m atio n .  In  our previous s tu d ie s  on animals w ith  
a lloxan  diabetes , J a n c so ’s te s t  [5] and  S hw artzman  p h en o m en o n  were less 
in tense  t h a n  in norm oglycaem ic  contro ls  [6 ].

T he  experim en ts  to  be re p o r te d  h ad  th e  a im  of c larify ing  th e  in fluence  
of  a l loxan  diabetes  an d  glucose ind u ced  hyperg lycaem ia  on allergic skin  re a c ­
tions, such as th e  local passive Art h u s  phenom enon, in f la m m a tio n  evoked b y  
a n t ig e n -a n t ib o d y  complexes, a n d  passive cutaneous anap h y lax is .

M ateria ls  and methods

Skin reactions were performed on rabbits and mice. A lloxan (R eanal, Budapest) in 
doses o f 100 mg per kg body w eight was injected intravenously to rabbits twice in a 24 hour 
interval, while the mice received a single intraperitoneal dose of 250 mg per kg body w eight. 
Transient hyperglycaem ia was induced in rabbits by the intravenous or subcutaneous in jec­
tion of 20 per cent glucose solution. Blood sugar levels were determ ined according to H a g e d o r n  
and J e n s e n .

Three tim es crystallized ovalbum in , and antiovalbum in rabbit im m une sera were used  
throughout. The local passive Arthus  phenom enon was elicited by the intracutaneous in jection  
of antiserum , 60 m inutes prior to the adm inistration of antigen into the sam e skin area. O val­
bum in was applied in a triple dose as compared to the antigen am ount at the poin t o f  
equivalence in quantitative precipitation studies.

A ntigen-antibody com plexes were prepared by m ixing the ingredients in ratios cor­
responding to the point o f equivalence, follow ed by incubation for 2 hours at 37° C and 48 
hours at 4° C. The resulting precipitate was exhaustively washed w ith  physiological saline in 
the cold, dissolved in a 3 4-fold excess o f  antigen at room tem perature and injected into the  
back skin of rabbits. The resulting reaction was read after 24 hours.
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The local passive A rthus  phenomenon and the skin reaction evoked b y  antigen-antibody  
com plex  were evaluated  according to the schem e o f C o c h r a n e  and W e i g l e  [ 7 ]  as follows.

+  : mild oedem a and erythem a, up to 15 m m  in diam eter; -j- +  : m ild to moderate 
oedem a and erythem a, 20 to  30 mm in diam eter; +  +  +  : m oderate oedem a and erythem a of 
30 to  40 mm with haem orrhage measuring 5 to  15 m m ; -j- -j- -j- : m arked oedem a and erythem a
o f  more than 40 m m , w ith  haemorrhage m easuring more than 15 m m , or necrosis.

Passive cutaneous anaphylaxis experim ents were performed on m ice. Injection of 
1 .5 — 2.0 /tg N of an tigen  in to  the abdominal sk in was followed 2 hours later by the intra­
ven o u s adm inistration o f 1.5 m g antibody-N  in a 0.5 per cent E v a n s  blue solution . The result­
ing  blue coloration read after 45 m inutes on the internal skin surface was evaluated according 
to  diam eter as follow s. +  = 5 — 10 mm; + - f -  =  10— 15 mm; +  +  +  =  15 — 20 mm; 
+  +  =  above 20 m m .

All experim ents inclu ded  appropriate controls; in these tests norm al rabbit serum was 
adm inistered instead o f  the anti-ovalbum in im m une serum, w ith uniform ly negative results.

Results

Local passive  A r t h u s  phenom enon w as elicited in r a b b i ts ,  w ith  im m une 
se ra  of varying t i t r e s .  As d em o n s tra ted  in Table  I , no rm oglycaem ic  control 
an im als  responded  w i th  m arked  skin reac tions .  On th e  o th e r  h an d ,  rabb its  
w i th  alloxan d iab e te s  a n d  a blood su g a r  level of above 250 m g p e r  100 ml

Table I

Local pass ive  A r t h u s  phenomenon in control rabbits

No. of 
animal

Antibody-N
mg

Ant igen-N 
mg

Blood sugar, 
mg per 100 ml

Reaction
intensity

l 0.17 0.078 85 +  +  +  +
2 0.17 0.078 113 + +  +
3 0.21 0.060 85 +  +  +  +
4 0.21 0.060 113 +  +  +
5 0.24 0.14 85 + + + +
6 0.24 0.14 113 +  +  +
7 0.24 0.14 75 + +  +
8 0.24 0.14 105 +  +
9 0.48 0.20 75 +  + + +

10 0.48 0.20 105 +  +  +  +
11 0.65 0.18 85 + + +  +
12 0.65 0.18 113 +  +  +

(T able  II)  exh ib ited  m ild  or no reaction. M yperglycaem ia due  to  glucose a d m in ­
i s t r a t io n  exerted  a s im ilar  suppressing effect on th e  local passive Arthus  
phenom enon.

A n tigen -an tibody  complexes were p re p a re d  from im m u n e  sera of various 
a n t ib o d y  con ten t .  A f te r  th e  in trad e rm a l  in jec t ion  of these  complexes normo-

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)



A L L E R G I C  T Y P E  S K I N  R E A C T I O N S 225

Table II
Local passive  A rthus phenomenon in rabbits with alloxan 

diabetes or glucose induced hyperglycaemia

No. of 
animal

Antibody-N
mg

Antigen-N
mg

Blood sugar, 
mg per 100 ml

Reaction
intensity

13* 0.17 0.078 183 +
H 0.17 0.078 143 +
15 0.17 0.078 385 —

16 0.21 0.060 385 —

17 0.21 0.060 385 -

18 0.24 0.14 183 +
19 0.24 0.14 266 —
20 0.24 0.14 280 —

21 0.24 0.14 385 —

22 0.48 0.20 280 —

23 0.48 0.20 266 —

24 0.65 0.18 183 +
25** 0.40 0.30 183 +  +  +
26 0.40 0.30 385 —

27 0.48 0.20 280 +
28 0.48 0.20 183 +  +
29 0.65 0.18 266 +
30 0.65 0.18 266 +

R abbits w ith  alloxan diabetes
R abbits w ith  glucose induced hyperglycaem ia

Table III
Skin  reaction evoked by antigen-antibody complex in control rabbits

No. of 
animal

Antibody-N
mg

Blood sugar, 
mg per 100 ml

Reaction
intensity

31 1.22 105 _j_

32 1.22 97 +  +  +  +
33 1.22 110 +  +  +
34 1.32 84 +  +  +  +
35 1.32 90 +  +  +  +
36 1.32 84 +  +  +  +
37 1.64 102 +  +  +  +
38 1.64 84 +  +  +  +
39 1.68 97 +  +  +  +
40 1.68 112 +  +  +  +
41 2.52 112 +  +  +  +
42 2.52 104 +  +  +  +
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Table IV

Skin reaction evoked by antigen-antibody complex in rabbits 
with alloxan diabetes or hyperglycaemia induced by glucose

No. of 
animal

Antibody-N
mg

Blood sugar, 
mg per 100 ml

Reaction
intensity

43* 1.22 279 +  +
44 1.22 340 —
45 1.22 295 +
46 1.37 349 —
47 1.37 322 —

48 1.37 315 —

49 1.64 385 —

50 1.64 355 —

51 1.68 385 —

52 1.68 340 —

53 2.52 315 —

54 2.52 263 +
55** 1.64 385 —
56 1.64 220 +  +
57 1.68 183 +  +  +  +
58 1.68 185 +  +  +
59 2.52 385 —
60 2.52 185 +  +  +

* Rabbits w ith a lloxan diabetes 
** Rabbits w ith  glucose induced hyperglycaem ia

g lycacm ic  rabb its  a lm os t  w ith o u t  ex cep t io n  displayed a m a x im u m  response 
(T a b le  I I I ) ,  whereas hyperg lycaem ic  r a b b i t s  failed to  exhib it  th e  cha rac te r is t ic  
sk in  reac tion  (Table IV).

I n  order to  clarify  w h e th e r  or n o t  th e  observed suppressing  effect was 
specif ic  to  the  ra b b i t ,  a series of e x p e r im e n ts  was perform ed in mice, this 
species  being very  su i tab le  for th e  in d u c t io n  of  b o th  alloxan d iabetes  a n d  passive 
c u ta n e o u s  anaphy lax is  [8 ]. As d e m o n s t ra te d  in Table  V, m a rk e d  diabetes  
fu l ly  p rev en ted  th e  dev e lo p m en t  of  pa ss iv e  cutaneous anap h y lax is  in  mice.

Discussion

I n  our previous s tud ies ,  d iabetes  or  glucose induced h y p e rg ly caem ia  was 
f o u n d  to  suppress or in h ib i t  J a n c s o ’s t e s t ,  b u t  to  exert  no effect on an a p h y la c t ic  
s h o c k  in th e  dog or th e  gu inea  pig [6 ]. T h e  role of h istam ine in th e  pa thogenes is
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Table V

Passive cutaneous anaphylaxis in control and diabetic mice

No. of 
animal

Blood sugar, 
mg per 100 ml

Reaction
intensity

61* 104 +  +  +
62 54 +  +  +  +
63 52 +  +  +  +
64 64 +  +  +
65 80 +  +  +  +
66 70 + +  +  +
67** 518 —

68 418 —

69 408 +
70 478 —

71 522 —

72 452 —

73 542 —

74 442 +
75 460 —

76 466 —

77 520 -
78 474 _

* Control mice
** Mice w ith alloxan diabetes

of an aphy lax is  in these  species is u n d o u b te d .  W e suggested  th a t  h y p e rg ly c a e ­
mia, while e x e r t in g  a defin ite  inh ib ito ry  effect on p ro t ra c te d  h is tam ine re lease , 
could no t  be  opera t iv e  w hen  h is tam ine  l ib e ra t ion  occurred  p ro m p tly ,  e.g. 
in th e  case of  acu te  anaphy lax is .

In  th e  p re sen t  experim ents  allergic skin reactions were suppressed  or 
p reven ted  by  a l loxan  d iabetes  or glucose-induced hyperg lycaem ia . Since h i s t a ­
mine plays an  im p o r ta n t  role in th e  deve lopm en t of allergic skin lesions [8 ], 
d iabetes and  h yperg lycaem ia  are likely to  exe r t  th e i r  inh ib ito ry  ac t ion  b y  
in terfering w ith  h is tam ine  liberation , as suggested  also in the  l i te ra tu re .  A c c o rd ­
ing to G o t ii  et al. [9], d iabetes  m ark ed ly  inh ib its  h is tam ine  release in d u ced  
by d ex tran .  F o w l e r , S z e g ő  and  S l o a n  [10] found  a signif icant drop in i n t r i n ­
sic h is tam ine release in th e  u te rus  of  ra ts  w ith  a l loxan  d iabetes. As r e p o r te d  
b y  S h e l d o n  a n d  B a u e r  [11], and  recently  b y  S a c r a  and  A d a m k i e w i c z  [12], 
hyperg lycaem ia  p rev en ted  d is rup tion  of m as t  cells and  suppressed th e  to x ic  
action of th e  h is tam ine  libe ra to r  com pound  48/80.
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The im p a irm e n t  o f  g ranula tion  t is su e  fo rm ation  b y  d iabe tes  a n d  hyper- 
g lycaem ia  [11, 13, 14] m a y  be a re la te d  phenom enon . Besides th e  inh ib it ion  
o f  h is tam ine  release, t h a t  effect m ay  c o n t r ib u te  to  the  m ark ed  depression of 
a llergic  skin lesions d u r in g  hyperg lycaem ia .
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Sum m ary. Previous studies showed th at the m ultip lication  of certain m utants o f haem - 
agglutinating echoviruses was enhanced in prim ary m onkey kidney (MK) cultures treated  
with hum an erythrocyte extracts (Н Е Е ). The practical applicability  of this phenom enon was 
studied in com parative virus isolation experim ents m ade in H EE-treated and u n treated  M K  
cultures. From  faecal specim ens of 175 healthy infants altogether 53 virus strains were iso lated ;  
o f these 32 were detectable in both  kinds o f cultures; one in untreated, and 20 in H E E -trea ted  
ones. Of the latter strains 13 belonged to haem agglutinating enterovirus types. T reatm en t o f  
MK cultures w ith Н Е Е  is recom m ended for routine d iagnostic tests, as the virus iso lation  
rate was significantly increased by this sim ple procedure.

Inv es t ig a t io n s  of  th e  action  of  cell e x t r a c ts  on haem ag g lu t in a t in g  echo- 
viruses led to  th e  d iscovery  th a t  ex trac ts  of h u m a n  cells — inc lud ing  e r y t h ­
rocytes — con ta in  substances  which enhance  th e  m ultip lication  o f  c e r ta in  
h aem ag g lu t in a t in g  viruses in p r im a ry  m o n k ey  k id n ey  cells. This e ffec t was 
f irst d e m o n s t ra te d  in th e  case o f  h a e m a g g lu t in a t in g  ( H + ) virus lines d e r iv e d  
b y  th e  te rm in a l  d ilu tion  techn ique  from p ro to ty p e  s tra ins of echov irus  ty p e  
3, 6 , 7 and  12, and  of some echovirus s t ra in s  p resen t  in faecal sam p le s  [!]• 
F u r th e r  s tud ies  on m u ta n ts  o f  echovirus ty p e  19 h ave  revealed th a t  j u s t  th o se  
H + v ir ions (m u ta n t  No. 6 ) are sensitive to  th is  ac t ion  of h u m an  cell e x t r a c t s  
which a p p e a r  to  rep resen t  th e  n a tu ra l  k ind of  th is  se ro type  [2]. T hus ,  i t  seem ed  
of in te re s t  to  s tu d y  the  p rac tica l  usefulness of th is  phenom enon  in v irus  iso la t io n  
experim en ts .  Faecal sam ples  of 175 h ea l th y  ch ild ren  under  2 years o f  age  w ere  
tes ted  for enteroviruses  b y  inocu la ting  th e m  in to  norm al monkey k id n e y  cell 
cu ltu res  and  those t r e a te d  w ith  h u m a n  e ry th ro c y te  ex trac t .

M aterials and m ethod s

Collection and preparation o f  faecal specimens. Faecal samples were taken from  175 
healthy infants between 3 m onths and 2 years o f age, in D ecem ber, 1964, i.e. before the start  
of a nation-w ide vaccination cam paign w ith live poliovirus vaccine. These sam ples co n stitu ted  
part o f the m aterial taken for virological control of vaccinations. The infants lived in 12 coun­
ties o f H ungary. Only one or tw o of them  belonged to the sam e child com m unity. T he sp eci­
mens were sent on by ordinary mail, and were prepared for virus isolation experim ents as 
described previously [3 1.

Acta  Л I icrob iolog ica Academiae Scientiarum Hungaricae 13 (1966)



2 3 0 M. S IM O N  a n d  I .  D Ö M Ö K .

Virus isolation experiments  were performed on prim ary monkey (rhesus) k id ney  (M K) 
cell cu ltures prepared b y  a m inor m odification of Y o u n g n e r ’s m ethod [4]. 7 to 9 d ay-o ld  tube  
cu ltures were used. All faecal specim ens were inocu lated  in to  6 tube cultures 3 o f w h ich  were 
pretreated  im m ediately before inoculation w ith hum an erythrocyte extract (Н Е Е ) as follow s. 
A fter the growth m edium  had been poured off, 0.1 m l o f Н Е Е  was added to the cultures and 
th ese  were allowed to stand in slanted position for 30 m inutes, at room tem perature. Н Е Е  
w as prepared as described previously [1] and d ilu ted  to  contain 1 HAI un its in  0.025 ml 
titra ted  against 8 HA u n its o f echovirus type 7 H + line [1]. B oth H EE-treated and untreated  
cu ltures were inoculated w ith  0.1 ml of faecal specim ens each and after 30 m inutes o f incuba­
tion  a t room tem perature 0.9 ml P a r k e r ’s m edium  N o. 199 was introduced.

The cultures were incubated at 37°C for 14 days and checked for the appearance of 
cy to p a th ic  alterations every  other day. On the 7th day  o f incubation the m edium  of all negative  
cu ltures was replaced by a fresh one. Blind passages w ere carried out w ith m edia o f cultures 
sh ow ing  toxic or uncharacteristic  alterations. H a rv ests  from  H E E -treated and untreated  
cu ltures were passaged in respective cultures. The cu ltures were investigated for 14 days in 
blind passages, too.

Virus isolation was attem p ted  also in prim ary hum an embryonic kidney cell cultures 
from  specim ens which prev iou sly  yielded virus in H E E -treated  MK cell cultures only. The 
m eth od  of inoculation, m aintenance, and observation o f these cultures was identical w ith  that 
of M K  cultures.

Identification o f  the isolates was carried out by the CPE neutralization test in the cell 
sy stem  in which iso lation  had been made. In the case o f haem agglutinating strains the iden­
tifica tio n  was first a ttem p ted  w ith  the haem agglutination inhibition test (H A I). R abbit im m une 
sera prepared against poliovirus type 1 — 3, coxsackievirus type A-7, A-9, В 1 — 6, echovirus 
ty p e  1 — 9, 11 — 27, 29, 30, 32, adenovirus type 1 — 7 and reovirus type 1, were used. T he sched­
u le  o f im m unization w as described previously [3]. H A  and H AI tests were carried out in 
T a k a t s y ’s M icrotitrator apparatus [5].

R esu lts

Virus isolations from  faecal specimens o f  in fan ts  in u n t re a te d  a n d  H E E -  
t r e a t e d  MK cu ltu res  are sum m arized in T a b le  I. Of 175 specimens 53 gave 
p o s i t iv e  results. All b u t  one of specimens y ie ld ing  virus in u n t r e a te d  MK 
c u l tu re s  were positive  in H E E - t r e a te d  ones, to o ,  b u t  in the  la t te r  20 add it iona l

Table I

Results o f  virus isolation experiments in untreated 
and HEE-treated monkey k idney  cell cultures

Isolation experiment 
in untreated cultures Total

positive negative No %

Isolation positive 32 20 52 30

experim ent in

H EE-treated negative 1 122 123 70

cultures

No 33 142 175

Total
0//0 19 81 100
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sam ples p roved  to  be positive. T hus ,  th e  n u m b e r  o f  isolates in  H E E - t r e a t e d  
cu ltu res  was m ore  th a n  one-and -a -half  t im es m ore  th a n  t h a t  o b ta in ed  in 
u n t r e a te d  ones.

T ypes  a n d  freq u en cy  of th e  viruses iso la ted  in u n t r e a te d  and  H E E -  
tre a te d  cultures are show n in T ab le  I I .  Of th e  20 s t ra in s  isolated in H E E -  
t re a te d  cultu res , 13 belonged to  th e  echovirus g roup , 1 to  th e  coxsackievirus 
group, 2 to  th e  reovirus  group; 4 rem ained  u n iden tif ied .  The la t te r  v iruses  
were e th e r  re s is tan t .  T h e ir  isolation was repea ted ly  successful in H E E - t r e a te d  
cultu res , th u s  th e y  h a d  v e ry  p ro b ab ly  orig inated  f ro m  faecal specimens a n d  
n o t  from  the  cell cu ltu res .  The m a jo r i ty  (15) of th e  ad d i t io n a l ly  isolated s t ra in s

T a b i c  I I

Type-distribution o f  strains isolated in untreated 
and HEE-treated monkey kidney cell cultures

N u m b er o f  s tra in s  iso-
lated in

V irus ty p es u n tre a te d I IE E - t re a te d

c u ltu re s

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

11 2* 4
12 2 5
13 1 1
И 4 4
19 0 4

Coxsackie В-2 6 6
В-3 4 5

Reovirus 1 3

Coxsackie В-2 +  Echo 12 1 1

Unidentified 4 8

Total 33 52

* One of these strains failed to be isolated in H E E -treated  cultures
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be longed  to  v irus ty p e s  capab le  of a g g lu t in a t in g  h u m an  e ry th ro c y te s  (echo- 
v i ru s  ty p e  3, 6 , 11, 12, 19; coxsackiev irus  B-3, reovirus).

Iso la tion  e x p e r im en ts  in h u m a n  em bryon ic  k idney  cu l tu re s  m ade with  
spec im ens  from w hich  v iru s  h ad  only been  isolated in H E E - t r e a t e d  cultures 
g av e  positive resu lts  in as few as 12 cases. One echo 11, tw o  echo 12, one 
Coxsackie B-3, one reov irus  an d  3 u n id en t i f ied  viruses failed to  be isolated 
in h u m a n  em bryonic  k id n ey  cells.

H E E - t r e a te d  cu ltu res  were m ore fav o u rab le  th a n  u n t r e a t e d  ones no t  
o n ly  w ith  respect to  th e  n u m b e r  of isolates b u t  also to  th e  av e rag e  in te rva l  
b e tw e e n  inocula tion  and  th e  f irs t  sign of  C P E , which in te rv a l  a m o u n te d  to  
4 d a y s  in co n tra s t  to  th e  9 days in u n t r e a te d  cultures. M oreover, toxic 
a l te ra t io n s  occurring a f te r  inocula tion  o f  faecal suspensions were s ignificantly  
less f req u en t  in H E E - t r e a t e d  cultu res .

D iscu ssio n

I t  has been show n earlier [1] t h a t  M K cells t rea ted  w ith  Н Е Е  or ex trac ts  
o f  p e rm a n e n t  h u m a n  cell lines yielded h igher  t i t res  of th e  haem ag g lu t in a t in g  
m u t a n t s  selected from  p ro to ty p e  s tra in s  o f  certa in  echovirus ty p es .  A la ter 
a n a ly s is  of th e  v ir ion  p o p u la t io n  of echov irus  ty p e  19 revealed  t h a t  ou t  of the  
n in e  m u ta n t s  o b ta in ed  (six H T and  th re e  H - ) only one H + m u t a n t  was en­
h a n c e d  b y  Н Е Е .  This  m u t a n t  seemed, how ever ,  th e  m ost im p o r ta n t  from th e  
p ra c t ic a l  point of view because  in c o n t ra s t  to  the p ro to ty p e  s t ra in  freshly 
i so la te d  s tra ins consis ted  p re d o m in a n t ly  or exclusively o f  such virions which 
th u s  m igh t  be reg a rd ed  to  rep resen t th e  n a tu ra l  kind of v irion  p redom ina ting  
t h e  v irus  popu la t ion  m u lt ip ly in g  in th e  h u m a n  in testina l t r a c t  [2]. We su p ­
p o se d  th a t  virions o f  all o f  those  sero types  th e  grow th o f w hich  was enhanced 
b y  Н Е Е  in MK cu ltu res  m igh t  have  been  sim ilar in n a tu re ,  i.e. such virions 
m a y  occur also in o th e r  echovirus ty p es .  As th is  kind of v ir ion  was observed 
to  g row  poorly in M K cells excep t when  Н Е Е  h ad  been ad d e d  to  th e  cultures, 
we assum ed  th a t  th e  iso lation  ra te  will be increased when H E E - t r e a t e d  MK 
cu l tu re s  are used in v iru s  isolation exp er im en ts .  The p re sen t  investiga tions 
h a v e  justif ied  t h a t  e x p ec ta t io n  since am o n g  th e  175 faecal specim ens the re  
w ere  20 which co n ta in ed  virions able to  m u l t ip ly  only in H E E - t r e a t e d  cultures. 
O f  th e  20 stra ins  iso la ted  in th is  w ay , 15 gave H A  with h u m a n  ery th rocy tes  
a n d  13 of the  l a t te r  belonged to  th e  en te ro v iru s  group. T l u s ,  i t  is suggested 
t h a t  th is  p a r t icu la r  k ind  of  virions occur m os t ly  in h aem ag g lu t in a t in g  en te ro ­
v iruses .

I t  is no t know n  which  co m p o n en t  o f  th e  cell ex trac ts  acts  as a m u ltip li­
ca t io n -en h an c in g  fac to r ,  b u t  i t  is co n ta in ed  only in cells o f  h u m a n  origin. 
T h e  sam e ex trac ts  also inh ib i t  th e  H A  of echoviruses, an d  t r e a tm e n ts  destroy-
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ing this ac t ion  deprive  th e  e x tra c ts  from th e  m u lt ip l ica t ion -enhanc ing  effect.  
There is also a positive corre la tion  between th e  tw o  actions [6 ], h u t  th e  a v a i l ­
able d a ta  are  n o t  sufficient for s ta t in g  th a t  th e  tw o  effects are due to  th e  sam e  
com pound. As to  th e  mode o f ac tion , our fu r th e r  s tu d ie s  [6 ] revealed t h a t  th e  
com ponen t o f  h u m a n  cell e x tra c ts  p rom otes th e  p e n e t ra t io n  of virions which 
in the  absence  of  h u m a n  cell ex trac ts  are able to  adsorb  to, b u t  u n a b le  to  
p en e tra te  in to ,  th e  M K cells.

L ee  et al. [7] observed t h a t  th e  hum an  k id n e y  cell culture  is th e  o p t im a l  
system  for iso la tion  of  viruses p resen t in th e  h u m a n  in testina l t rac t .  H u m a n  
k idney  cells su rpassed  th e  MK cells “ no t only in n u m b e r  of positive iso la t ions  
b u t  also in t h e  range of viruses iso lated” . As o u r  experim ents  have show n , 
H E E - t r e a te d  M K cells are more susceptible to  c e r ta in  viruses th a n  h u m a n  
k idney  cells. T here  are, however, no d a ta ,  w h e th e r  t h e  range of isolable v iru ses  
is widened b y  H E E - t r e a tm e n t  of MK cells. N everthe less ,  it is reco m m en d ed  
to  use Н Е Е  - t r e a te d  MK cu ltu res  instead of u n t r e a te d  ones for routine d ia g n o s ­
tic  purposes, because th is  simple procedure ensu res  significant increase  in  
isolation ra te .
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Summary. Cells of HeLa and of a permanent monkey kidney line (PM К 111/1 ) were 
treated with versene or trypsin for different periods of time prior to their infection with 
type 1 (Mahoney) poliovirus. Virus reproduction cycles were compared in cells suspended 
in H a n k s ’ balanced salt solution (HBS) with, or without, bovine albumin (BA).

In identically infected permanent monkey kidney (PMK III/l) cells the final virus 
yield was regularly 10 times higher in HBS - f  BA than in plain HBS. Pretreatment of cells 
with versene or trypsin did not affect the difference, only the absolute yields decreased moder­
ately parallel to the duration of trypsinization. The highest absolute titres were obtained in 
versenized cells.

In versenized or protractedly (30, 60 minutes) trypsinized HeLa cells, yields were iden­
tical in HBS and HBS -j- BA. The absolute titres were low. Trypsinization for 5 to 20 minutes 
resulted in a tenfold increase of the final yield in cells suspended in HBS +  BA.

Wherever the tenfold difference of yield occurred also the lag period was shortened 
in HBS +  BA.

HeLa cells seem to have three, whereas PMK III/l cells two, different kinds of receptor.

A ccording to  a recen t su rv ey  b y  H o l l a n d  [1], most studies on  th e  c o n d i­
tions o f  adso rp tion  and  eclipse of  en te rov iruses  in general a n d  of poliov iruses  
in p a r t ic u la r  have  been perfo rm ed  on H e L a  cells. Recent s tud ies  in  th is  lab o ­
ra to ry  [2] on th e  p e rm an en t  m o n k ey  k id n ey  cell line PM K I I I / l  h a v e  revea led  
an  in fec t ion-enhancing  effect of bov ine  a lb u m in  (BA), in a sy s tem  com pris ing  
ty p e  1 poliovirus in fected  cells su sp en d ed  in H a n k s ’ balanced  sa l t  so lu t ion  
(H B S). P e rm a n e n t  m onkey  k idney  cells being less f requen tly  u sed  b y  o th e r  
a u th o rs ,  it  seemed to  be of in te res t  to  check our observations also on th e  
p o liov iru s-H eL a  cell system  u n d e r  iden tica l  experim enta l  conditions.

Materials and  m ethods

HeLa cells were obtained from the M. R. C. Laboratory Hampstead, in 1964, and main­
tained since that time in this laboratory by serial transfers in a medium consisting of P a r k e r ’s 
medium No. 199 (P 199) and 10 per cent calf serum.

One day prior to each experiment, the growth medium was replaced by serum-free P 199.
T ryp s in  treatment o f  cells. An 0.25 per cent solution of Difco trypsin in Ca and Mg free 

PBS was used. Monolayers of HeLa or PMK III/l cells in culture bottles were washed three 
times with Ca and Mg free PBS. Trypsin solution heated to 37 C was then added and the 
bottles were incubated at that temperature. After one minute, the cells were suspended by 
shaking and incubation was continued as required in the actual experiment. Trypsin treatment
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was stopped by adding to the suspension 9 volumes of chilled HBS. The cells were washed 
3 times with HBS in the cold prior to addition of virus.

V e rs e n e  tr e a tm e n t  o f  c e lls . Monolayers washed 3 times with Ca and Mg free PBS were 
overlaid with an 0.1 per cent solution of versene in PBS. Incubation took place at 37°C for 
15 minutes with occasional shaking. Suspended cells were washed 3 times with HBS at room 
temperature.

Other details concerning materials and methods have been described previously [2].
In all the present experiments, cells were infected with an input multiplicity of 1 of 

strain Mahoney, type 1 poliovirus.

Experimental

In  the  f irst e x p e r im e n t ,  the  viral cycle was exam ined  in H eL a  cells 
su sp en d ed  by  v e rsen iza t io n  or t ryps in iza t ion  for 2 0  m inutes  a t  37°C. T im e 
o f  onse t ,  course of  rep l ica t io n  and final yield of  th e  v ira l  cycle were com pared

F ig .  1. Growth of poliovirus in versenized or trypsinized HeLa cells in Hanks’ balanced salt 
solution with and without bovine albumin
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in cells su spended  a f te r  adso rp tion  of  virus in H B S  w ith  or w ithou t  BA. 
Results are show n in Fig. 1.

E q u a l ly  low yields and r e ta rd e d  onset were obse rved  in b o th  media w h en  
versenized H eL a  cells were used. T ry p s in  t r e a tm e n t  re su l ted  in a tenfold in ­
crease of  th e  yield and  a sho r ten ing  of the  lag p h ase  in cells suspended  in

F ig . 2 . Growth of poliovirus in HeLa cells trypsinized for different periods and suspended 
in Hanks’ balanced salt solution with and without bovine albumin

H B S -f- BA following th e  infection. In  p la in  H BS, b o th  th e  yield and the  t im e  
of onset resem bled those  observed w ith  cells versenized p r io r  to  infection.

T rypsin  t r e a tm e n t  th u s  a p p e a re d  either  to  rem ove  some inhihitor(s) 
o f  infection or  to  ac t iv a te  (dem ask) certa in  efficient recep tors . The tim e  of 
onset a n d  th e  final yield of th e  v ira l cycle were, th e re fo re ,  exam ined  in cells 
t r e a te d  w ith  t ry p s in  for different periods of t im e  p r io r  to  th e  adsorp tion  oi 
virus. R esu lts  are shown in Fig. 2.
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H eL a cells t ry p s in iz e d  for 5 to  15 m in u tes  yielded in  a single cycle te n  
t im e s  more v irus  a f te r  a one ho u r  s h o r te r  lag in  H B S B A  t h a n  in p lain  
H B S .  T rypsin iza t ion  fo r  30 and  60 m in u te s  reduced  th e  y ie ld  in  H B S  -(- BA 
to  th e  level observed  in  p la in  H B S. D u r a t io n  of  t ry p s in  t r e a tm e n t  h a d ,  however, 
a  rem ark ab le  effect on th e  lag phase  o f  v ira l  cycle in cells m a in ta in e d  in plain 
H B S ,  since th e  longer  th e  period o f  t ry p s in iza t io n ,  th e  sh o r te r  was th e  lag 
p h a se  (Fig. 2B). T ry p s in  t r e a tm e n t  fo r  30 m inutes  abolished  th e  infection 
en h a n c in g  effect o f  B A , h u t  did n o t  a ffec t th e  lag phase. A f te r  60 m inutes ,

Table I

C o m p a r is o n  o f  a b so lu te*  a n d  r e la tiv e * *  f i n a l  p o l io v i r u s  y i e l d s  
i n  H e L a  a n d  P M K  I I I / l  c e lls  i n  H B S  +  B A  a n d  p l a i n  H B S

Cells M edium

V ersen e
F in a l  y ie ld  in  cells rea ted irio r to  in fec tio n  w ith  try p s in

fo r 5 m in . fo r 15 m in. fo r 30 m in . fo r 60 m in.

a b so lu te
re­
la ­
tive

abs. re l. abs. rel. abs. rel. abs. rel.

H e L a H B S  +  B A 2.5 X  104 3 .5 X  105 3.5 X lO 5 5 x  104 5 x l 0 4

l 14 14 l . i 1.25

H B S 2.5 X 10* 2.5 X 104 2 .5x10* 4.5 X  104 4 X 10*

P M K H B S + B A 1 .2 x  10G 5 x  105 3X 105 5 X  105 l x i o5
I I I / l 12 10 12 10 13

H B S IX  HP 5 x  104 2.5 X  104 5 x  104 7 .5 X  103

* P F U / m l

* *  Y i e l d  i n  H B S  +  B A  

Y i e l d  i n  H B S

how ever ,  the  effect o f  BA d isappeared  com plete ly  as regards red u c t io n  of lag 
a n d  increasing f ina l  y ie ld  (Fig. 2A).

To clarify w h e th e r  th is  effect o f  t r y p s in  t r e a tm e n t  was specific for H eLa 
cells, the  same e x p e r im en ts  were p e r fo rm e d  also w ith  P M K  I I I / l .  Results 
a re  com pared in T ab le  I.

As com pared  to  versen iza tion , t ry p s in iza t io n  for 5, 15 a n d  30 m inutes 
red u ced  the  final v iru s  yield in P M K  I i I / 1  cells by  2 to  3 fac to rs ,  w ithou t ,  
how ever,  affecting th e  tenfold difference betw een th e  yields in H B S BA 
a n d  plain HBS. T ry p s in iza t io n  for 60 m in u te s  caused an  a b o u t  tenfo ld  red u c ­
t io n  of yield as c o m p a re d  to  the  ve rsen ized  system , b u t  still d id  n o t  a lter the  
rough ly  tenfold difference betw een  yie lds  in the  two ty p es  of  m ed ia .

W ith  H eL a  cells trypsin ized  for  5, 15 or 20 m inu tes ,  an  a b o u t  tenfo ld  
increase  of yield was observed  in th e  presence  of BA. Yields were  in d ependen t
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of th e  presence of  BA in versen ized  cells as well as in those  t ry p s in ized  for 
30 to  60 m inu tes .  Among all th e  sys tem s te s ted ,  versenized H e L a  cells p ro ­
duced th e  lowest absolute  a m o u n ts  o f  virus.

D iscu ssion

T here  is a fair am oun t of in fo rm a tio n  availab le  on th e  n a tu re  a n d  m a n y  
charac ter is t ics  o f  the  en terovirus  recep to rs  o f  d ifferent norm al and  m a l ig n a n t  
p r im a te  cells in vitro and in vivo [1]. T he  specific substance  itse lf  has  b een  
iden tif ied  as a l ipoprotein able to  re a c t  w ith  th e  app ro p r ia te  en te ro v iru se s  
also in th e  form  of a solubilized “ in h ib i to r”  [3, 4]. The am o u n t  o f  recep to rs  
for en te rov iruses  is high in th e  m e m b ra n e  of H eL a  cells, while r e la t iv e ly  low 
in cu l tu red  m on k ey  k idney  cells [5]. A d so rp tion  studies in a p p ro p r ia te  sy s tem s  
using live u n t re a te d  HeLa cells h ave  show n th a t  large num bers  of  v irions m ay  
rap id ly  a t t a c h  to  m ost of the  cells [6 ]. N evertheless , a d iscrepancy was o b se rved  
b e tw een  th e  n u m b e r  of a t ta c h e d  a n d  v i r tu a l ly  eclipsed virions and  o f th o se  
effectively in i t ia t in g  infection [7, 8 ]. L a te r  it  was discovered th a t  th e  m a jo r i ty  
of v ir tu a l ly  eclipsed virus was a c tu a l ly  re jec ted  in an “ inac tive”  form in to  th e  
fluid phase  of  th e  system. The “ in a c t iv e ”  virions were d em o n s tra ted  to  h ave  
form ed a s tab le  complex w ith  recep to rs  and  were re jec ted  in th is  fo rm  [8 ]. 
P a r t  o f  th e  f irm ly  a t tach ed  vir ions rem ained  on th e  cell surface th ro u g h o u t  
the  whole rep lica tion  cycle in i t ia te d  b y  a t ru ly  eclipsed virion [9].

A d so rp tion  studies on m o n k e y  k id n ey  cells have  revealed  v e ry  little , 
if an y ,  re jec tion  of “ inac tive”  recep to r-v ir ion  complexes [10]. E v id en ce  is 
availab le  concern ing  the  possib ili ty  of  prolonged persistence of f irm ly  a t t a c h e d  
b u t  n o t  eclipsed fully active en te ro v iru s  virions on the  surface of c u l tu red  
m onkey  k id n ey  cells [1 1 ].

L as t  b u t  n o t  least it should  be rem em bered  t h a t  th e  sens i t iv i ty  to  polio­
viruses of H e L a  and  m onkey  k id n e y  cells is m ostly  qu ite  similar, th u s  b o th  
m ay  reasonab ly  be  supposed to  eclipse com parab le  n u m b ers  of virions in sy s tem s  
suspended  in a rich n u tr ien t  m e d iu m  with 5 to  10 per cent se rum  c o n te n t .

U sing haem ag g lu t in a t in g  a n d  n o n -h aem ag g lu t in a t in g  m u ta n ts  o f  ce r ta in  
en te rov iruses ,  ex trac ts  of H eL a  cells were found to  enhance th e  effic iency of 
infection of m on k ey  k idney cells b y  virions produc ing  norm ally  low t i t r e s  in 
these  cells [ 1 2 ].

I n  situ  recep to rs  of H eL a cells were shown to be sensitive to  th e  ac t ion  
of t ry p s in  as m easured  by  th e  cells’ cap ac i ty  m easu rab ly  to  reduce  th e  t i t r e  
of a given v irus  suspension [13]. E v e n  ex tensively  trypsin ized  H e L a  cells Mill 
fully regenera te  the ir  receptors w ith in  a short  t im e  [14]. H eL a  cu ltu res  are 
know n to  p roduce  considerable a m o u n ts  o f  s ilubilized receptors [12, 15] s i t t in g  
on blebs ex tens ive ly  released para l le l  to  th e  ageing of cells.
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Considering th e  above ,  the  presen t re su lts  h ave  been in te rp re ted  as fol­
lows. The PM K I I I / l  cells ca rry  a re la tive ly  sm all  a m o u n t  of receptors  which is, 
how ever, easily av a i la b le  for the  v irus a n d  ex h ib its  a considerable resistance 
to  tryps in .  H eL a  cells, on  the  o ther h an d ,  possess large am oun ts  of receptors. 
A m ajo r  p a r t  o f  th e se  is localized on th e  read i ly  detachab le  blebs covering 
la rge  areas of th e  su rface ,  whereas the  re s t  is to  be found on th e  sm ooth  areas 
of  th e  cell surface. T h e  form er m ay ac t  as “ v i r tu a l  inh ib ito rs”  of  infection. 
T h e  virions b o u n d  b y  th e m  are rejected in an  “ in a c t iv e ” form  to g e th e r  w ith  
t h e  whole bleb. T ry p s in iz a t io n  for sho r t  periods (up to  20 m inu tes)  appea rs  
to  rem ove the  d e ta c h a b le  receptors from H e L a  cells, th u s  fac ili ta ting  sterically  
th e  a t ta c h m e n t  to  recep to rs  on the res idua l  sm o o th  areas. The l a t te r  ty p e  of 
adso rp tion  offers a h ig h e r  probabili ty  of  a t r u e  eclipse, resulting  in th e  infection 
o f  th e  cell. V ersen iza t io n  of cells fails to  rem o v e  th e  de tachab le  recep to rs  
which  may, the re fo re ,  a c t  as vir tua l in h ib ito rs  o f  infection.

This concept w o u ld  explain the d ifferences observed  in the  t im e  of onset 
a n d  final yield in versen ized  or tryps in ized  H e L a  cells in cuba ted  a f te r  th e  
infection  in H B S -) BA. In  plain H B S, how ever ,  low b u t  reproducib le  yields 
were  obta ined  a p p a r e n t ly  independen tly  o f  p r e t r e a tm e n t  as well as o f  th e  
absence  or presence o f  B A  in the incu b a t io n  m ed ium . The la t te r  p h enom enon  
was observed also w i th  PM K  I I I / l  cells. T h u s  it  appea red  th a t  p a r t  of th e  
recep to rs  of p r im a te  cells exhibits a special av id i ty .  A t ta c h m e n t  to  an “ a v id ” 
recep to r  results in a r e a d y  eclipse in d e p e n d e n t ly  of th e  presence or absence 
o f  an  in fec t ion-enhanc ing  factor like BA. In  H e L a  cells tryps in ized  for 30 and 
60 m inutes  only th e se  “ a v id ” receptors will rem a in  in tac t ,  while th e  “ reject- 
a b le ”  as well as t h e  “ c o m m o n ” receptors  (i.e. those  requiring an  enhanc ing  
fa c to r  for t ru e  eclipse) a re  destroyed.

PM K I I I / l  cells fail to  have “ re je c ta b le ” recep tors , while th e y  possess 
b o th  “ com m on”  a n d  “ a v id ” ones. In  b o th  cell lines, th e  n u m b e r  of “ a v id ” 
recep to rs  is ten  t im es  low er  th a n  th a t  o f  th e  “ c o m m o n ”  ones. The re la tive  re s is t­
ance  to  tryps in  o f  “ c o m m o n ” receptors o f  P M K  I I I / l  cells rem ains to  be 
exp la ined . No ev idence  is available to  decide w h e th e r  th e  differences in th e  
b eh av io u r  of recep to rs  a re  of a q u a n t i ta t iv e  or  a qua l i ta t iv e  n a tu re .

F u r th e r  s tu d ie s  a re  in progress in th is  l a b o ra to ry  to  te s t  th is  t e n ta t iv e ly  
p roposed  hypothesis .
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STUDIES ON THE INITIAL PHASES 
OF POLIOVIRUS REPRODUCTION CYCLE

III. ACTION OF FATTY ACIDS A N D  T W E E N  80 

By
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National Institute o f  Public Health (Director : T. B a k á c s )  and Veterinary Research Institute  
of  the Hungarian Academy o f  Sciences (Director: J. M é s z á r o s ) ,  Budapest

(R eceived June 20, 1966)

Summary. Suspended cells o f a perm anent m onkey kidney cell line (PM K 111/1 ) in fected  
with type 1 (M ahoney) poliovirus yielded low am ounts of virus in plain H a n k s ’ balanced salt 
solution (H B S). Addition of 0.2 per cent bovine albumin (B A ) caused a tenfold increase of 
the yield. The possible similar action of fa tty  acids regularly present in BA and of T w een 80, 
present in P a r k e r ’s N o . 199 (P  199) m edium  has been studied.

Linoleic and oleic acids com pletely  suppressed virus reproduction when applied at 
10 -4 M  final concentration. A t the sam e concentration, arachidic and stearic acids exhibited  
about 50 per cent of the a ctiv ity  o f  BA. Palm itic acid was som ew hat less effective. At 10 ~5 M  
concentration, as referred to BA, the a ctiv ity  of arachidic acid was 90 per cent, that o f linoleic  
and oleic acids was 40 per cent, w hile stearic and palm itic acids exh ib ited  32 and 22 per cent 
activ ities, respectively. Arachidic acid showed 50 per cent a ctiv ity  at 10 ~7 M  concentration. 
Oleic acid had 30 per cent a c tiv ity , whereas stearic and palm itic acids were practically inactive  
at this concentration.

Tween 80 was inhibitory at 150 /fg/m l concentration, inactive  at 1.5 /ig/m l and as active  
as BA at 15 //g/m l concentration.

The activ ity  of fa tty  acids w ithin the concentration range o f 10 “4 to 10-7 M  appeared  
to depend on the concentration and the chain length. The higher the concentration and the 
longer the chain, the higher was the activ ity . The inhibitory action  of unsaturated fa tty  acids 
at high concentrations (10 ~4 M ) suggested the possible involvem ent of som e events sensitive  
to oxidation-reduction processes.

The presence of the tested fa tty  acids and of Tween 80 in the first hour of the cycle was 
necessary for ensuring the production of full final yield. Addition at later points of tim e failed  
to have any effect.

These substances are supposed to be factors facilitating the penetration of attached  
virions. A working hypothesis is presented.

As a lready  rep o r ted  [1], an  infection enhancing  ac t io n  of  bovine a lb u m in  
(BA) was observed in a sy s tem  comprising su sp en d ed  p e rm a n e n t  m o n k ey  
k idney  cells (PM K I I I / l )  infected w ith  ty p e  1 (M ahoney) poliovirus by  b r ie f  
exposure a t  an inpu t m u lt ip l ic i ty  1. The basal m a in te n a n c e  f lu id  was H a n k s ’ 

balanced salt  solution (H B S). A pre l im inary  assay  w i th  K -linoleate  p o in ted  
to  th e  probab le  im portance  of  f a t t y  acid c o n ta m in a n ts  o f  BA in th e  effect 
observed.

The p resen t rep o r t  deals w ith  some fu r th e r  s tud ies  of  some s a tu r a te d  
and  u n s a tu ra te d  f a t ty  acids a n d  th e  de te rgen t  Tw een 80.
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M aterials and m ethods

Cells, m edia, m ethods of infection, o f one-step  growth experim ent and of virus assay 
ha v e  been described previously  [1].

Chemicals. T w een 80 was a product o f H illtop  Labs., Cincinnati, Ohio, U .S.A . Appro­
priate dilutions were prepared in H BS.

F atty  acids. Stock solutions of 10 ~'г M  o f the fa tty  acids listed below  were prepared 
in  96 per cent ethanol. D ilu tions were also prepared in ethanol, so as to  allow  for a further 
1 : 100 dilution in H B S to  obtain the final concentration required in the actual experim ent. 
Arachidic (eicosanoic) acid, F luka A. G. Sw itzerland. Stearic (octadecanoic) and palm itic  
(hexadecanoic) acids, In stitu te  o f N utrition, B udapest. K -linoleate (octadeca-9,12-dienoic  
acid), Serva, G erm any. O leic (octadeca-9-enoic) acid, Institu te for P harm aceutical Research, 
B udapest. All substances including ethanol were tested  for acute tox ic ity  a t final concentrations 
tw ice  the highest one used in the one-step experim ent. In m onolayer tube cultures of PMK II I /1 
cells incubated w ith  the substances (five parallel tube cultures each) for 72 hours at 37° C. 
no m icroscopically detectab le  tox ic  effects were observed.

E xp erim en ta l

Final yields of  t y p e  1 (M ahoney) poliovirus in P M K  I I I / l  cells were 
iden tica l  in b o th  P a r k e r ’s  N o . 199 ( P  199) and  H B S B A  m edia .  On the  
basis  of some p re l im in a ry  assays th is  was considered an  in d irec t  evidence of 
th e  possible role o f  T w een  80 included a t  15 /rg/ml c o n c e n tra t io n  in to  P  199 
m ed iu m  as a d e te rg e n t  fac i l i ta ting  th e  so lu tion  of cholesterol and  fa t  soluble 
v i tam in s .  An e x p e r im e n t  w ith  K -lino lea te  ap p ea red  to  s u p p o r t  th e  assum ption  
t h a t  substances w i th  d e te rg en t  a c t iv i ty  m a y  be involved  in th e  “ infection 
e n h an c in g ”  ac t ion  of BA. The la t te r  has been  know n to be regu la r ly  c o n ta m ­
in a te d  w ith  f a t t y  acids.

The ex p e r im e n t  pe rfo rm ed  w ith  T w een  80 and  K -lino lea te  a t  different 
concen tra t ions  y ie lded  results  shown in F ig . 1.

The effect o f  l inoleate  was essentia lly  iden tica l w ith  t h a t  a l read y  reported . 
T w een  80, a t  150 /ig/ml concen tra t ion ,  com ple te ly  suppressed  v iru s  re p ro d u c ­
t io n .  A t a c o n c e n tra t io n  of 1.5 /ig/ml i t  h a d  no influence w h a te v e r  on th e  final 
v iru s  yield in H B S . A t  15 //g/ml co n cen tra t io n ,  Tween 80 was found  to  have 
an  effect essentia lly  iden tica l  with t h a t  o f  BA. Thus th e  role o f  Tw een 80 in 
P  199 appeared  to  be clarified.

At a p p ro p r ia te  concen tra t ions  in H B S , linoleate an d  T w een  had no t  only 
e leva ted  the  final y ie ld ,  b u t  also reduced  th e  lag phase in a w a y  sim ilar to  t h a t  
obse rved  with BA. T he  re la t ive ly  l im ited  co n cen tra t ion  range  in  which linoleate 
a n d  Tween 80 (co n ta in ing  oleic acid) were active, suggested  th e  possibility 
t h a t  a t  higher co n cen tra t io n s  the  p resence  o f  u n s a tu ra te d  b o n d s  m igh t  have 
b een  responsible for  th e  inhibition .

Oleic acid, p re se n t  in Tween 80 an d  ca rry ing  a single d oub le -bond ,  as well 
as some sa tu ra te d  f a t t y  acids of d ifferen t chain  lengths  were, there fo re ,  also 
exam ined .  R esu lts  of these  co m p ara t iv e  s tud ies  are shown in T ab le  I.

In  general, t h e  ac t iv i ty  of s a tu ra te d  f a t t y  acids ap p e a re d  to  be in d irect 
re la t io n  to  c o n c e n tra t io n  an d  chain  len g th .  A t con cen tra t io n s  of 10 “ 5 to
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10 ~ 7 M ,  a rach id ic  and  pa lm itic  acids ex h ib ited  th e  h ighes t  and lowest ac t iv i t ie s ,  
respectively . The ac t iv i ty  o f  s tear ic  acid was in te rm ed ia te .  A rachidic  acid  
was m o d e ra te ly  ac tive  a t  10 _4 M . U n ti l  fu r th e r  in fo rm atio n  will he a v a i la b le ,

Fig. 1. Growth curve of poliovirus strain in the presence o f Tween 80 (a), and K -linoleate (b),
at various concentrations

we ca n n o t  tell w h e th e r  th is  was th e  resu lt  of its poor solubility  in H B S  o r  of 
its t ru e  in h ib i to ry  action  a t  t h a t  concen tra t ion .

T he  in it ia lly  supposed in h ib i to ry  action  o f  doub le  bonds ap peared  to  be 
confirm ed also by  th e  fac t t h a t  a t  10 ~ 4 M ,  b o th  lino lea te  and oleic ac id  were  
s trong ly  inh ib i to ry ,  whereas s tear ic  acid was d is t in c t ly  active. A t  10 ■’ M
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Table I

Per cent f in a l  y ie ld  in Hanks' balanced salt solution supplemented  
with different fa t ty  acids as referred to that in  Hanks' plus bovine albumin

F a t ty  acid F in a l  y ie ld  (per cent) a t f a t ty  ac id  c o n c en tra tio n  (M )

N am e
C hain  length  
in  C atom s

Double
bonds

1 0 ‘
10~5 io-« 10-7

Arachidic acid 20 0 52 95 67 52

Stearic acid 0 52 32 22 11

Oleic acid 18 1 0.0006 45 41 30

P otassium  linoleate 2 0.005 40 70 n. d.

P alm itic  acid 16 0 40 22 11 11

n. d. =  not done

Table II

Increase o f  f in a l  virus yield in the presence o f  different substances added  
at different p o in ts  o f  time

S u b stan ce  ad d ed
T im e  о Г add ition  (m inu tes)

1800 30 60 120

B ovine albumin 0.2 per cent 10.0 5.0 2.0 1.0 1.0

Arachidic acid 10" 5 M 10.0 8.0 5.0 1.5 1.0

P otassium  linoleate 10- 5 iW 4.3 n. d. n. d. 1.0 n. d.

T w een 80 20 (ig/ml 9.7 4.4 3.0 1.5 1.0

H ank s’ balanced salt solution only 1.0 — — — —

n. d. =  not done

co n c e n tra t io n ,  all th e  th re e  fa t ty  acids c o n ta in in g  18 C a tom s e x h ib i te d  com ­
p a ra b le  ac tiv ities , i r respective  of the  p re sen ce  or absence of  doub le  bonds. 
T in  is th e  in h ib i to ry  ac t ion  of double b o n d s  appeared  to  be “ d i lu ted  o u t” 
a n d  on ly  the  d e te rg e n t  a c t iv i ty  m an ifes ted  itself. The ac t iv i ty  o f  f a t t y  acids 
w i th  doub le  bonds  ap p ea red  to  exceed t h a t  of stearic acid a t  low er ( 1 0  e 
a n d  10 “ 7 M )  concen tra t ions .

In d e p e n d e n t ly  of  th e i r  effects, all t h e  t e s te d  fa t ty  acids were un ifo rm ly  
re d u c in g  th e  lag p h ase  in th e  same degree as 0.2 per cent BA did. To clarify  
w h e th e r  f a t ty  acids a n d  B A  were in fac t r e q u i r e d  a t  the  same ph ase  o f  th e  v ira l 
cycle , experim en ts  were performed in w h ich  10 ~ 5 M  arachidic  acid or lino-
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leate , or 20 /ig/ml Tween 80 were added to  th e  sy s te m  a t  d ifferent phases  of 
th e  v ira l  cycle. Results as re fe r red  to  a control sy s tem  suspended  in  H B S  -|- BA 
are show n in Table II.

T he ac t iv i ty  of BA as well as th a t  of each o f th e  te s ted  su b s tan ces  was 
th e  lower th e  la ter th e  a d d i t io n  had  taken  place. F ro m  the  second ho u r  on, 
no a c t iv i ty  w hatever  o f  e i th e r  substance was d em o n s trab le .  This observa tion  
suggested  th e  necessary p resence  of these su b s tan ces  d u r ing  some ear ly  events  
o f  th e  v ira l  cycle b e tw een  th e  phases of ad so rp t io n  and  t ru e  eclipse. This 
a s su m p tio n  has been b ased  on  th e  fact t h a t  a d so rp t io n  of virions w as always 
allowed to  take  place p r io r  to  th e  transfer  o f  cells into th e  ex per im en ta l  
sy s tem  (0 minute) and  t h a t  pho tosensi t iv i ty  has  been  shown b y  W i l s o n  and 
Co o p e r  [2] to  be lost a f te r  90 to  120 minutes.

D iscussion

T he present p a ra g ra p h  contains a general discussion of all th e  th ree  
papers  o f  this fériés [1 , 1 0 ] and  a ten ta t iv e  w ork ing  hypothesis .

T he  vague schedule o f  a possible new a p p ro a c h  to  th e  p rob lem  of pene­
t r a t io n  of polioviruses in to  susceptib le  cells seems to  emerge from th e  experi­
m en ta l  results  ob ta ined  re c e n t ly  in th is  la b o ra to ry .  W e are perfec t ly  aware 
of th e  incompleteness of  in fo rm a tio n  available, y e t  are unable  to  resist the  
t e m p ta t io n  to  describe som e speculations in th e  fo rm  o f  a t e n ta t iv e  working 
hypo thes is .

As s ta ted  in a recen t  su rv e y  by P h i l ip s o n  [3], s tud ies  on th e  ea r ly  phase 
of a t t a c h m e n t  (adsorption) h ave  long shown the  genera l im portance  of  ionizable 
groups of the  virion a n d  th e  receptor. E x a m in a t io n  of the  e lec trophoretic  
m o ti l i ty  under different env iro n m en ta l  conditions y ie lded  im p o r ta n t  d a ta  on 
th e  average  net charges o f  several different k inds  of  virions and  cells as well 
as on th e  changes ind u ced  b y  the ir  m utual in te rac t io n s .  In  an  earlier  work 
from  th is  labo ra to ry  [4, 5, 6 ], th e  num ber  a n d  n a tu re  of ionizing groups of 
in f luenza  virus have been  de te rm in ed  by p o te n t io m e try .  R eac tion  of  th e  basic 
groups w ith  form aldehyde  was shown to resu lt  n o t  only  in th e  d isappearance  
of  th e  corresponding p a r t s  o f  th e  t i t ra t io n  curve , b u t  also in a paralle l  loss of 
in fec t iv i ty  and h a e m a g g lu t in a t in g  activ ity . T h u s  in  th is  case, th e  e lec tros ta t ic  
(Coulomb) na tu re  of  forces involved  has been d irec t ly  d e m o n s t ra te d  in the  
a t t a c h m e n t  of the  v irus  to  th e  receptor.

T he  present s tud ies  h av e  been perform ed in a poliovirus host cell 
sy s tem . Adsorption of v iru s  a t  an  input m u lt ip l ic i ty  of  1 was allowed to  take  
place in a highly c o n c e n t ra te d  system  (108 v ir ions an d  cells per 0.5 ml) for 
10 m in u tes  at room te m p e r a tu r e  and for an ad d i t io n a l  five m in u te s  a t  37° C. 
This  m e th o d  was supposed  to  limit the  in te rac t io n  to  th e  fo rm ation  of e lectro­
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s t a t i c  bonds. This phase  o f  en te rov iru s  — host cell in te rac t io n  has  repea ted ly  
b e e n  show n  by  others [7, 8 , 9] to  be reversible b y  ap p ro p r ia te  m e th o d s .

T h e  virion — cell c o m p le x  th u s  form ed was t ran s fe rred  in to  d iffe ren t  media 
a n d  t h e  one-step g row th  c u rv e s  were registered . In  p lain  H B S  th e  p en e tra t io n  
w a s  p o o r  as shown b y  t h e  low  fina l  yield and  th e  delayed onse t  o f  t h e  cycle. 
T h e  p resence  of BA or o f  a n  ap p ro p r ia te  f a t ty  acid  in th e  sam e sy s te m  resulted  
in  a  sho r ten ing  of th e  lag  p h a s e  and  an op tim a lly  ten fo ld  increase  o f  th e  final 
y ie ld .

C om parative  s tud ies  o n  H e L a  cells [10] h av e  shown t h a t  a s im ila r  effect 
o f  B A  was only d e m o n s t ra b le  w ith  cells t ry p s in ized  for a sho r t  pe r iod  (5 to 
20 m in u te s ) .  Versenized H e L a  cells p roduced b u t  po o r  yields a f te r  a prolonged 
lag  p h a s e ,  independently  o f  t h e  presence or absence  of BA.

I t  was supposed t h a t  in  u n t r e a te d  P M K  I I I / l  and  H eL a  cells t ryps in ized  
fo r  a  sh o r t  time there  w ere  tw o  similar recep to rs  p resen t ,  viz. one allowing 
fo r  p e n e t ra t io n  w ithou t  B A  (“ av id  recep to r” ) a n d  ano the r ,  r e q u ir in g  th e  p res­
e n c e  o f  BA for the successful p en e tra t io n  o f  a v ir ion  (“ co m m o n  re c e p to r” ). 
T h e  t h i r d  type , the  “ v i r tu a l ly  in h ib i to ry ”  recep to rs ,  observed in  versenized 
H e L a  cells, are th o u g h t  to  be th o se  localized on blebs being re leased  toge ther  
w i th  t h e  a t tached  virions, a n d  th u s  deprived of th e i r  chance to  in i t ia te  infection.

T h e  studied fa t ty  ac id s ,  as well as Tween 80, were found to  h av e  an  effect 
s im i la i  to  th a t  of BA. T h e  a c t iv i t y  of th e  ind iv idua l  f a t ty  acids a t  ap p ro p r ia te  
c o n c e n tra t io n s  appeared to  be re la ted  witli th e  cha in  length  and  th e  n u m b er  
o f  d o u b le  bonds present. T h is  im p o r tan ce  of chain  leng th  suggested  th e  requ ire ­
m e n t  o f  fairly  strict s teric  co n d i t io n s  for full effectiveness. I t  has  been  th o u g h t  
t h e r e f o r e  t h a t  fa t ty  acids m a y  be  involved in th e  form ation  of c e r ta in  hydro- 
p h o b ic  van  der Waals  t y p e  b o n d s  between th e  v ir ion  and  th e  recep to r .

A s to  possible m ec h a n ism  o f  action of f a t t y  acids, we p ropose  th e  follow­
in g  f a c t s  to  be considered.

I n  contrast  to  some o th e r  en teroviruses, th e  fine s t ru c tu re  of  th e  icosa- 
h e d r a l  capsid of poliovirus has  scarcely been  e lucidated . N everthe less  it  is 
q u i t e  ce r ta in  th a t  it  is c o n s t ru c te d ,  like any  o th e r  icosahedral v ir ion , of a cer­
t a in  n u m b e r  of identical e q u iv a le n t  sym m etr ica l ly  packed  s t ru c tu ra l  units 
a n d  o f  exac tly  12 ver t ices .  I n  th e  vertices, th e  a r ra n g e m en t  of  s t ru c tu ra l  
u n i t s  re su lts  in the ir  “ q u a s i  equ iva lence” , th u s  th e  icosahedron’s 12  vertices 
a re  l ik e ly  to  carry some “ e x t r a ”  e lectrostatic  charge . This w ould  suggest the  
s u p p o s i t io n  th a t  these p o in ts  m ig h t  p lay  th e  lead ing  role in t h e  o r ien ta ted  
a t t a c h m e n t  of the  v irion  to  c e r ta in  ap p ro p r ia te  opposite ly  ch a rg ed  groups, 
t e n t a t i v e l y  designated as “ r e c e p to r  sites” w ith in  a recep to r  region o f  the  cell.

T h e  receptor sites m a y  be  d is t r ib u ted  w ith in  a recep to r  reg ion  in  a pat-  
t e r n i z e d  or random  way. T h is  w ould  defin ite ly  in fluence  th e  possible m odes of 
a t t a c h m e n t  of a virion. I t  is easily  conceivable t h a t  the  o rde r ly  or  random  
d i s t r ib u t io n  of sites has l i t t le  influence on th e  p ro b ab i l i ty  of a one site one
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ve r tex  collision be tw een  a recep to r  and a v irion . Th is  fac tor  has, how ever ,  
an increasing im p o r tan ce  if  s im ultaneous collisions o f  tw o or th ree  sites w ith  
tw o or th ree  vertices are required .

Supposing a ra n d o m  d is tr ib u t io n  of sites, th e  p robab il i ty  of acc id en ta l  
f i t t ing  of  tw o or th ree  sites with two or th ree  ve r t ices  of a virion m u s t  be 
ex trem ely  small. The p ro b a b i l i ty  of a tw o-vertices tw o-s i tes  hit will r e m a rk a b ly  
increase if sites are d is t r ib u ted  in a nearly  re g u la r  t r ia n g u la r  plane n e t  w ith  
the ir  m u tu a l  dis tances v a ry in g  w ith in  a narrow  ra n g e  close to  the  leng th  of  one 
edge of  th e  ac tua l  virion. In  th is  sys tem  the  s im u ltan eo u s  f i t t ing  of th re e  sites 
to  th ree  vertices has still a v e ry  low probab il i ty ,  th e  accidental occurrence  of 
equ ila te ra l  tr iangles  in such a ne t  being d e p e n d e n t  m ere ly  on chance. Shou ld  
th e  sites be localized at  th e  in tersection  points o f  a pe rfec t ly  regular eq u i la te ra l  
t r ia n g u la r  plane net,  com pris ing  triangles exac tly  correspond ing  to those  fo rm ­
ing the  facets of the  viral icosahedron , the  f i t t in g  o f  tw o  vertices with tw o  sites 
would necessarily  involve th e  f i t t in g  of the th i rd  v e r te x ,  too  (Fig. 2). N a tu ra l ly ,  
th e  one-ver tex  one-site h i t ,  supposed  to  be th e  m a in  ty p e  of the  f irs t  re a c t io n  
bet ween virion and recep to r ,  w ould allow also for a w ide  var ie ty  of n o n - f i t t in g  
landings in an y  of th e  above  system s.

V ertex  to  site a t t a c h m e n t  is supposed to  in v o lv e  Coulomb forces. T hese  
forces are  know n to be q u ite  weak th ough  hav ing  re la t ive ly  wide ranges; th u s  
an ap p ro p r ia te  o r ien ta t io n  as well as a s table  a t t a c h m e n t  of a virion to  a re ­
cep to r  would ve ry  p ro b ab ly  require  th e  s im u ltaneous  a n d  cooperative fu n c t io n  
of several charged  groups at m in im ally  two ver t ices  and  two receptor sites.

A virion, landed  on one of  its facets, a n d  a t ta c h e d  th rough  its th ree  
corresponding  vertices to  th ree  ap p rop r ia te ly  a r ra n g e d  receptor sites seems 
therefore  to rep resen t  a lowest s ta te  of energy, i.e. an optim al a t t a c h m e n t .  
Should th e  a t ta c h m e n t  be of a two-vertices tw o-s i tes  type , th e  Coulomb  
forces on th e  th i rd  v e r te x  of  th e  icosahedron’s in v o lv ed  triangle fail to  p a r t i c ­
ipa te  in the  s tab il iza t ion  of  a t ta c h m e n t .  This s t a t e  is, therefore, reg a rd ed  
as subop tim al.  I f  only one v e r te x  reacts  with one s i te ,  th e  a t ta c h m e n t  is h ighly  
labile in respect of b o th  th e  v ir io n ’s statics an d  th e  s t ren g th  of th e  invo lved  
forces. Thus , a p p a re n t ly ,  th e  s ta t is t ica l  p ro b ab i l i ty  of  a given ty p e  of  a t t a c h ­
m ent is inversely  re la ted  to  its s tab ili ty .

T he  model proposed  would  explain  the  e x p e r im e n ta l ly  evidenced re la t iv e  
average s tab i l i ty  of a t t a c h m e n t  as well as its reve rs ib i l i ty  b y  factors e ff ic ien tly  
influencing th e  n e t  an d  to ta l  charges of th e  su rfaces  involved [3]. C u r ren t  
concepts on th e  p robab le  chemical com position  a n d  molecular s t ru c tu re  of 
en te rov irus  receptors [ 1 1 ] do n o t  seem to c o n t ra d ic t  this model.

On th e  basis of genera l in form ation  ava ilab le  on th e  in te rac tion  of  p ro ­
teins, it  appears  reasonable  to  suppose th a t  th e  s im u ltan eo u s  reaction o f  th re e  
recep to r  sites w ith  th ree  vertices  of th e  virion m a y  resu lt  in im p o r tan t  con fo r­
m ational changes in th e  involved  area of th e  re c e p to r  region. This, b y  i tse lf
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m a y  represen t a sa t i s fa c to ry  stim ulus for  th e  in i t ia t ion  of ex ten s iv e  molecular 
a n d  fine s t ru c tu ra l  changes  in the  cell m e m b ra n e .  Should the  a t t a c h m e n t  occur 
b e tw e e n  two vertices  a n d  two sites on ly , th is  stimulus m ay  conce ivab ly  be 
be low  th e  th resho ld  req u ired  for fu r th e r  changes.  In  the  la t te r  case, therefore , 
som e additional fac to rs  m a y  be necessary  to  induce  a p p ro p r ia te  changes in 
th e  cell m em brane.

c
F i g .2. Possible ways of the virion’s attachm ent to  th e  cell’s receptor sites, (a) O ne v ertex —one 
site  h it. Random  distribution  o f sites, (b) Two vertices — tw o sites attachm ent. Closely regular 
distribution  of sites, (c) Three vertices — three sites attachm ent. Perfectly regular distribution

of sites

Considering th e  resu lts  of our e x p e r im e n ts  with cell-virion complexes, 
su sp en d ed  in the  p resence  or absence o f  B A  or f a t ty  acids, th e  re la t iv e ly  low 
n u m b e r  of virions in i t ia t in g  infection in p la in  U B S m ay he th o se  w hich  are 
acc id en ta l ly  a t ta c h e d  a t  th ree  vertices  s im u ltaneously  (“ av id  re c e p to rs” ). 
A m a jo r  p a r t  of th e  Aurions a t ta c h e d  a t  tw o  vertices  only d id  n o t  in i t ia te  in ­
fec t ion  in the  absence  o f  an ap p ro p r ia te  fac to r ,  viz. BA or f a t t y  acid (“ com ­
m o n  recep to rs” ). In  th is  case, f a t ty  acids a p p e a r  to  be requ ired  to  stabilize
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a t t a c h m e n t  th ro u g h  Debye, Keesom  or London  forces. These forces are k n o w n  
to decrease b y  th e  7 th  power of  th e  distance. T h u s  a fa irly  close a d jacen cy  of 
molecules is requ ired  for th e  m an ife s ta t io n  of th e se  forces. The co rrespond ing  
t r ia n g u la r  facet o f  an icosahedral v ir ion  a t ta c h e d  to  th e  receptor th ro u g h  tw o

Virion

-Fatty acid

l £ ) Q  YD Receptor region of the 
yCett membrane

Non receptor-site part of 
the receptor

Receptor-site

Conformational
changes Hydrophobic bonds

Seated cell membrane

Pynocytotic vacuole 
comprising extensively 
altered ceil membrane 
and a virion with 
loosened capsid

Fig. 3. Supposed m echanism  of the v irion ’s engulfm ent

vertices appears  to  lie close enough  to  th e  cell wall to  allow for such in t e r ­
actions. Regions n ea r  the  th i rd  u n a t ta c h e d  v e r te x  of  th is  facet a p p e a r  liab le  
to  re a c t  w ith  th e  f a t ty  ac id’s p o la r  end. In te ra c t io n s  be tw een  the non -recep to r-  
site p a r ts  o f  the  recep to r  region w ith  th e  u n a t t a c h e d  v e r te x  of the  v ir ion  c h a r g ­
ed w ith  f a t t y  acids m ay result in orien ting  and  polariz ing effects su ff ic ien t  
to  increase above th e  th resho ld  th e  s tim ulus p ro d u c e d  b y  a two-vertices tw o-  
sites a t ta c h m e n t .  The in te rac t ions  involving f a t t y  acids arc considered n o n ­
specific in th e  s tr ic t  sense of th e  te rm .
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As shown in Fig. 3, it  has been su p p o se d  th a t ,  as a re su lt  o f  con fo rm a­
t io n a l  changes of  th e  recep to r  sites a n d  co n se q u e n t  u l t r a s t ru c tu ra l  changes in 
t h e  neighbouring  molecules, th e  cell m e m b ra n e  s ta r ts  to  develop  an  invag i­
n a t io n  a t  th e  a rea  o f  v irus  a t ta c h m e n t .  C onsequen tly ,  the  p resence  of  fu r th e r  
r e c e p to r  sites in th e  neighbouring  area m a y  conceivably  resu lt  in th e  fo rm ation  
o f  f u r th e r  v ir io n -v e r tex  to  receptor site a t ta c h m e n ts ,  fac i l i ta t ing  fu r th e r  in ­
v a g in a t io n  of th e  cell m em b ran e  th ro u g h  ap p ro p r ia te  changes.

In  th e  absence, scarc i ty  or irregu la r  d is t r ib u t io n  of recep to r  sites in the  
r e c e p to r  region, th e  above  described effect is supposed to be in d u c e d  b y  the  
f a t t y  ac id -m ed ia ted  m echanism . This a s s u m p t io n  appears th e  m ore  probab le  
as e n te ro v iru s  recep to rs  have  been show n  to  be lipoproteins [11]. T h e  process 
o f  in v ag in a t io n  b y  a n y  o f the suggested  m echan ism  continues s tep  by  s tep  
u n t i l  a com plete  p in o cy to t ic  vacuole has  been  fo rm ed  and the  u n im p a ire d  parts  
o f  t h e  cell wall a re  sealed together. P a ra l le l  to  th e  developm ent of  a vacuole, 
t h e  in v o lv ed  area of  th e  cell m em brane  as well as the  v ir ion’s cap s id  undergo 
in c reas in g  a l te ra t io n ,  th u s  by  th e  t im e  o f  th e  vacuole’s full d e v e lo p m e n t ,  bo th  
i ts  wall and  the  enclosed v ir ion’s capsid deve lop  sensitivity  to  t h e  pro teo ly tic  
en z y m e s  released from  lysosomes. This  “ non-specif ic” enzym e ac tion  would 
r e p re s e n t  th e  end o f  p en e tra t io n  and th e  s t a r t  o f  t rue  eclipse.

D ependence  of  th e  infection en h a n c in g  ac tion  on the  f a t t y  a c id ’s chain 
le n g th  appears  to  p o in t  to  the  s tr ic t  s te r ica l  requ irem ent of t h e  form ation  
o f  h y d ro p h o b ic  bonds  involved  in th e  recep to r-v iru s  in te rac t ion .  A t  certa in  
c o n c e n tra t io n s ,  linoleic and  oleic acids ex h ib i ted  activities c o m p arab le  to 
t h a t  o f  s a tu ra te d  s tear ic  acid. At h ig h er  concen tra t ions ,  how ever ,  th e  tw o 
f a t t y  acids w ith  doub le  bonds were s t ro n g ly  inh ib ito ry . This ph en o m en o n  
a n d  th e  role of S H -g roups  observed b y  o th e rs  [3] and  b y  ourselves [1] 
s t ro n g ly  favoured  th e  supposition  t h a t  c e r ta in  o x ida tion -reduc tion  reactions 
o r  t h e  necessity  o f  p ro tec t io n  of cer ta in  sens i t ive ,  active groups m ig h t  be of 
co ns ide rab le  im p o r ta n c e  in the  process o f  p en e tra t io n .

T h e  full effectiveness of th e  in fec t ion-enhanc ing  ac t iv i ty  of  th e  stud ied  
fa c to rs  is l im ited  to  a sho r t  period, viz. t h e  f i r s t  30 — 60 m inu tes  o f  th e  cycle. 
T h is  seem s to  suggest th e  possibility t h a t  a f t e r  a certa in  t im e  th e  virions a t ­
ta c h e d  in a su b o p t im a l  w ay  undergo som e a l te ra t io n  rendering th e m  inacces­
sible to  th e  in fec t ion-enhancing  factor. S u ch  active, no t p e n e t ra t in g  virions 
h a v e  rep ea ted ly  been  shown to be reco v e rab le  b y  different m e th o d s  or to  
in i t ia te  infection of  th e  sam e cell a f ter  a p p ro p r ia te  t r e a tm e n t  [12]. T h e  la t te r  
e x p e r im e n ts  were, how ever ,  perform ed u n d e r  conditions fu n d a m e n ta l ly  dif­
fe r ing  from  those used  b y  us.

S tud ies  pe rfo rm ed  in bo th  PM K  a n d  H e L a  cells [10] a p p e a r  to  su p ­
p o r t ,  o r  a t  least n o t  to  exclude, the  v a l id i ty  of the  proposed m odel. As to 
t h e  ro le  of “ v ir tu a l ly  in h ib i to ry ” recep to rs  o f  H eL a cells, we h a v e  a lready  
o ffe red  an  exp lan a t io n .  T he  release of  b leb s  carry ing  a t ta c h e d  vir ions and
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resulting  in  a low efficiency of infec tion  are in accordance  w ith  the  observations 
of F e n w i c k  and  C o o p e r  [13] a n d  J o k l i k  and  D a r n e l l  [14]. Blebs ap p ea red  
to  be rem ovab le  b y  short  t ry p s in iza t io n .

C om para tive  studies p e rfo rm ed  in HBS and P  199 m ed ia  [1] suggested  
th a t  th e  m ain  consti tuen t  o f  P  199 in respect of v irus  rep ro d u c t io n  m a y  well 
be th e  d e te rg en t  Tween 80. This ob se rv a t io n  correlates well w i th  t h a t  of D a r n e l l  

and L e v i n t o v  [15], who found  t h a t  poliovirus was sy n th es ized  from th e  in t r a ­
cellular m etabo li te  pool and  n o t  from  th e  ex trace llu lar ly  availab le  substances.

R ecen t  studies b y  S t r a n d s t r ö m  [16] on th e  effects  of lysolecithin and  
some o th e r  phospholipids on th e  in te rac t ion  of host cells and  a t t e n u a te d  polio­
virus suggest t h a t  these su b s tan ces  m a y  also act in a w ay  essentially  s im ilar 
to  t h a t  observed in this l a b o ra to ry  w ith  fa t ty  acids a n d  Tween 80.

B ased  on the  presen t w o rk ing  hypothesis , f u r th e r  s tud ies  are in progress 
to  produce  add itiona l evidence to  fill the  gaps of o u r  hypo thes is  w ith  ex p e r i­
m ental d a ta .
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PATHOGENESIS OF THE WASTING SYNDROME 
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Sum m ary. (1) The w asting syndrom e follow ing neonatal thym ectom y appears earlier 
and is more severe in mice infected intracerebrally w ith  lym phocytic choriom eningitis (LCM) 
virus at the tim e of weaning.

(2) All the mice surviving neonatal thym ectom y and the subsequent intracerebral LCM 
virus infection  proved to be virus carriers. Im m unologically , however, they did n ot behave  
uniform ly. A bout half of them  gave an im m une response w hile the others proved to be tolerant. 
Irrespective o f their im m unological status, m ost o f the m ice showing the w asting syndrom e  
had died by the 80th postinfection day.

(3) Based on the corresponding literature and our own experience we assum e th a t in 
the sta te  o f im m unological depression the organism  can only give a nonspecific response, 
i.e., develop the wasting syndrom e, to various antigenic stim uli.

(4) A possible analogy betw een the hum an neonatal and senile atrophies and the p ath o­
genesis o f the wasting syndrom e are discussed.

T h e  decisive role of th e  th y m u s  in th e  deve lopm en t of im m unolog ica l  
com petence  has been generally  accepted . Mice th y m ec tom ized  im m e d ia te ly  
af te r  b i r th  develop im munological depression an d ,  w ith in  several w eeks, th e  
w asting  sy n d ro m e  [1, 2]. To s tu d y  th e  im m unological depression following 
n eo n a ta l  th y m e c to m y ,  o th e r  investiga to rs  [3 — 6 ] and  ourselves [7 — 9] have 
found lym p h o cy t ic  choriom eningitis  (LCM) v irus  infection to  be an  a p p ro ­
pr ia te  m odel. We h ad  supposed and  la te r  h av e  shown ex p e r im en ta l ly  t h a t  
mice in th e  s ta te  of im m unological depression due  to  neona ta l t h y m e c to m y  
fail to  develop  fa ta l  meningitis ,  th e  ch a rac te r is t ic  response of n o rm a l  an im als  
to  LCM infection. In  spite  of this , only p a r t  o f  such mice su rv ived  for  longer 
periods, viz., 2 — 1 0  weeks, a f te r  infection; th e  re s t  died a t  th e  sam e t im e  as the  
n o n - th y m ec to m ized  infected anim als, i.e., 8 — 1 0  days af te r  infection , w i th o u t  
d isp lay ing  m eningeal sy m p to m s.  These in fo rm a tiv e  experim ents  still fa iled  to  
reveal th e  cause o f  th e  early  dea th s  a n d  supp lied  no ex per im en ta l  d a t a  on 
the  im m unological s ta tu s  of th e  v irus ca rr ie r  mice showing th e  w a s t in g  sy n ­
drom e. W e only  a ssum ed t h a t  LCM virus m ig h t  ag g rav a te  the  w asting  sy n d ro m e .

T he  a im  of the  p resen t experim en ts  was to  e lucidate  the  cause  o f  the  
early  d e a th  and  the  im m unological s ta tu s  o f  mice su rv iv ing  for longer  periods 
in sp ite  o f  developing th e  w asting  syndrom e.

* D eceased in 1965.
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Materials and m e th o d s

Experimental animals , thymectomy and virus:  see o u r  earlier re p o rt [9].
Не-isolation o f  v irus . T o re -iso la te  v irus, sam ples o f b ra in , blood, liver an d  a sc itic  f lu id  

w ere  in o cu la ted  in to  m ice in tra ce re b ra lly . The b ra in  a n d  liver sam ples w ere g ro u n d  w ith  
q u a r tz  san d  and  su spended  in  sa line . T hen  th e  tissue  fra g m e n ts  were allowed to  se d im e n t an d  
th e  su p e rn a ta n ts  w ere used  fo r  in o cu la tion . H ep arin ized  b lood  sam ples w ere ta k e n  fro m  th e  
o r b i t ,  u n d e r  e th e r a n ae sth es ia .

Excretion test. T h ree  a d u lt  m ice were k e p t fo r 3 — 6 w eeks to g e th e r w ith  each  of th e  m ice 
to  b e  te s te d  for v iru s ex cre tio n . T h e  te s t  anim als w ere su b seq u e n tly  challanged  w ith  100 to  300 
L D 5 0  o f  v iru s each. F ro m  th e  o rb it  o f the  su rv iv o rs  b lo o d  was tak e n  for c o m p le m e n t-f ix a ­
t io n  te s t .

Complement-fixation ( C F )  test. LCM an tig en  w as k in d ly  supplied  by  Italdiagnostic Ltd. 
T h e  te s t  was perfo rm ed  acco rd in g  to  th e  original p re sc r ip tio n . Im m u n e  serum  w as p re p are d  
a s  reco m m en d ed  b y  T ra ub  [10]. T h e  CF titre  of th is  se ru m  w as 1 : 256 while th e  n e g a tiv e  sera  
sh o w ed  no fix a tio n  a t  1 : 4 d ilu tio n . The h ighest d i lu t io n  te s te d  was 1 : 16.

Immunization.  Mice w ere  im m unized  by  a sing le  in tra p e rito n e a l in jec tio n  of 0.5 m l of 
a  c o n c e n tra te d  in fluenza  A-2 a n tig e n  (h aem ag g lu tin a tio n  t i t r e :  1 :20,000). To t i t r a te  haem ag g lu - 
t in a t io n - in h ib it in g  an tib o d ies , T a k á t sy ’s M ic ro titra to r  te c h n iq u e  w as used.

Histological technique. S ec tio n s from  th e  b ra in , sp leen , liv e r and  th y m u s  of e x p e rim e n ta l 
a n im a ls  w ere s ta in ed  w ith  h aem ato x y lin -eo sin . In  th e  sp leen  a tte n tio n  was p a id  to  th e  ly m p h o ­
c y te  c o u n t, th e  n u m b er o f fo llic les, th e  degree of a tro p h y  a n d  th e  signs suggestive  o f re ticu lo s is  
a n d /o r  fib rosis.

Control animals.  N o n -o p e ra te d  mice of th e  sam e age served  as con tro ls in  e v e ry  e x p e ri­
m e n t.  T h e  organs of th ese  an im a ls  w ere sub jected  to  th e  sam e histological ex am in a tio n .

Experim enta l

A hu n d red  and  s ix ty  mice th y m ec to m ized  on the  f irs t  d ay  a f te r  b i r th  
w e r e  d iv ided  a t  w ean ing  in to  tw o groups: in  g roup  “ 0 ”  (opera ted) th e  con ­
seq u en ces  of neo n a ta l  t h y m e c to m y  were o b se rv ed ,  whereas group “ O -j-LCM ” 
s e rv e d  for the  o b se rv a t io n  of  th e  jo in t  effect o f  neona ta l  th y m e c to m y ,  and  
in t r a c e re b ra l  LCM virus infection  at the  t im e  o f  weaning ( three weeks of  age). 
L i t te r -m a te s  of th e  mice inc luded  in th e  tw o  ex per im en ta l  groups, a to ta l  of 
160, were  sh a m -th y m e c to m iz e d  or used as n o n -o p e ra te d  controls. T h e  period  
o f  o b se rv a t io n  a f te r  w ean in g  was 120 days.

D a ta  concerning th e  developm ent of  t h e  wrasting  syndrom e are  su m ­
m a r iz e d  in Figs 1 a n d  2.

Fig. 1 show's th e  m o r ta l i ty  w ith  w a s t in g  disease and  th e  inc idence  of 
sp leen  a tro p h y  and  o f re ticu losis . In  group “ O ” , 32 per cent of th e  m ice d ied 
w i th in  120 days a f te r  w ean ing . All these sh ow ed  gross and microscopic signs 
ch a ra c te r is t ic  of th e  w a s t in g  disease. The r e s t  (68 per cent) were still alive 
a n d  a p p a re n t ly  h e a l th y  on  th e  120th d ay  w h e n  th e y  were killed a n d  p re p a re d  
fo r  histological ex a m in a t io n .  Severe a t ro p h y  o f  spleen was found  in 16 per  
c e n t ,  w'hereas p ro n o u n ced  reticulosis in th e  sp leen  w'as presen t in 28 pe r  cent. 
I n  24 p e r  cent no h is to log ica l abn o rm ali ty  w as found.

T h e  severe splenic a t r o p h y  was considered  a histological sign of  w as t in g  
d isease ,  therefore  th e  m ice  w i th  this find ing  w ere  classified w'ith th o se  hav in g  
d ev e lo p ed  the  w asting  disease. Poor or lack ing  im m u n e  response to  in f luenza  
A-2 an t ig en  su p p o r ted  th is  classification.
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E3 reticulosis in the spleen 
□  macroscopic thymus residue

Fig. 1.  M o rta lity , splenic a tro p h y  a n d  re ticu losis in th e  sp leen  in  th y m ec to m ized  m ice a n d  in 
mice th y m ec to m ized  and  in fected  w ith  LCM virus

F ig .  2 .  C u m u la tiv e  m o rta lity  o f m ice show ing the  w astin g  sy ndrom e. “ O ”  =  th y m e c to m y  
on th e  f ir s t  d a y  a fte r  b ir th ; “ 0  -(- LCM ”  = th y m ec to m y  on th e  first day  a f te r  b i r th  -f- i n t r a ­

cereb ral LCM infec tion  a t  w eaning
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According to  th is  in te rp re ta t io n ,  48 p e r  cen t  of our th y m ec to m ized  not- 
in b re d  mice deve loped  th e  wasting sy n d ro m e .

The 24 per  c e n t  o f  th e  “ 0 ” mice, th o se  showing no histological ab n o r ­
m a li ty ,  h ad  res idua l  th y m u s  tissue sa t i s fa c to ry  to  p re v e n t  a n y  sign of th e  
w as t in g  syndrom e.

In  group “ O +  L C M ”  65 per cent o f  t h e  mice h ad  died w ith  th e  w asting 
sy n d ro m e  by  th e  120 th  postinfection d ay .  O nly  11 per  cen t su rv ived . These 
h a d  severely a t ro p h ie d  spleen (6 per cen t)  o r  showed reticulosis in th e  spleen 
(5 p e r  cent). Thus , 71 p e r  cen t of the  th y m e c to m iz e d  and  su b seq u en t ly  infected 
mice were considered to  have developed w as t in g  disease. In  th e  rem ain ing  
24 p e r  cent the  t h y m e c to m y  proved to  be incom ple te .  These mice nevertheless  
d ied  because th e i r  re s idua l  thym us  t issue  was sufficient to  develop  th e  im ­
m unological conflic t  a f t e r  LCM virus in fec tion . Thus , these  mice d ied with 
t h e  characteris tic  m en in g ea l  sym ptom s, s im u ltan eo u s ly  w ith  th e  non-opera ted  
contro ls .  A t a u to p s y  t h e  th y m u s  residue could  be found  in eve ry  case. The 
m ice showed th e  c e re b ra l  lesions ch a rac te r is t ic  of LCM infection.

The cum u la t iv e  m o r ta l i ty  curves for  g roups “ 0 ”  an d  “ 0 -) -L C M ” are 
show n in Fig. 2. I n  b o th  groups the  m a jo r i ty  of  dea ths  occurred 8 to  70 days 
a f te r  weaning. I n  g ro u p  “ 0-j-LCM ” a s t r ik in g  n u m b e r  of mice died be tw een  
th e  8 th  and 20 th  d a y s .  Only from th e  2 0 th  d a y  on show th e  tw o  curves a 
para lle l  course.

The th y m e c to m iz e d  mice which died 8 to  15 days a f te r  in fec tion  seemed 
to  be normal. T h e y  sh ow ed  neither  convulsions nor an y  gross or microscopic 
sign of meningitis. H o w ever ,  each of th e m  h a d  an  a troph ic  spleen. On the  
o th e r  hand , the  m ice  w h ich  died a f te r  th e  15tli day , exh ib ited  sy m p to m s  of 
w as t in g  disease: su ch  as d iarrhoea, d e rm a t i t i s ,  h u m p e d  back , etc.

The th y m e c to m iz e d  mice th a t  h a d  s u rv iv e d  LCM infection b y  a t  least 
th r e e  weeks were t e s t e d  for  virus carr ie rsh ip .  I t  was a t t e m p te d  to  re-isolate 
th e  v irus from th e  b lo o d ,  in several cases f rom  th e  ascitic f lu id  an d ,  when an 
an im al  had died, f ro m  i ts  b ra in  and liver. V irus  was re-isolated from  56 mice. 
T h e  samples ta k e n  20 to  70 days a f te r  in fec t ion  were all positive. The five 
nega tive  results were  y ie lded  by  sam ples ta k e n  a t  a la ter  t im e .

F o r  virus e x c re t io n ,  12 mice were e x am in ed  during  th e  period  30 to 
45 days after in fec t ion  a n d  four mice from  th e  75 th  to  th e  120th pos t in fec t ion  
d a y .  In  the  earlier p e r io d  seven mice, in th e  la te r  period tw o of th e  four  mice 
were  found to ex c re te  v irus .

The th y m e c to m iz e d  mice th a t  h a d  s u rv iv e d  LCM infection were te s ted  
for  CF antibodies to  LCM  virus on each o f th e  20 th , 75th , 125th a n d  162nd 
d ay s .  On the  2 0 th  d a y  50 per cent h a d  an tibod ies  d e tec tab le  u p  to  1 : 16 
d i lu t ion . The o the rs  w ere  negative even  a t  1 : 4  d ilution. B y  th e  second 
bleed ing  (75th day )  m o s t  of the  mice h a d  died  w ith  th e  w as ting  syndrom e, 
irrespective  of th e i r  a n t ib o d y  s ta tus  on th e  20 th  day.
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O f th e  mice th a t  h a d  su rv ived  infection hy  120 days only one (No. 16) 
failed to  give a n t ib o d y  response, even af te r  superin fec tion .  This m ouse  w as  
excre ting  v irus  a n d  th e  v irus  could be re-isolated f ro m  its blood, too. No t h y m u s  
residue, e i ther  gross or microscopic was found in i t .  I t s  spleen was sev e re ly  
a troph ied .

Table I

S o m e  d a ta  o f  s i x  th y m e c to m iz e d  m ic e  s u r v i v in g  
f o r  lo n g  p e r io d s  a fte r  L C M  v i r u s  in fe c t i o n

Desig­
na tio n

of
mouse

E>tamiii ations performed o i l  day H i s to lo g y

20 75 125 162
T h y m u s  1 
residue j

A t r o ­
p h i c

sp leenCF 1 Vi CF V E Vi Ch CF V E Vi Ch CF VE

1 6 < i 4 + + — <1  : 4 0 + + +

5 1 > i : 1 6 ! + — > i i 6 + +  +

3 9 > i 1 6  + + — > 1  : 1 6 + +  +

2 6 > i 1 6 — — — >1  : 1 6 ± +  +

78 > i : 1 6 — — — > i i 6 ± —

A >1  : 1 6 — > i 1 6 0 —

CF serum CF titre 
Vi =  re-isolation of virus 
V E  =  virus excretion  
Ch =  challenge

The o th e r  mice th a t  were still alive on th e  120th postinfection d a y  h a d  
CF an tibodies  a t  least up to  1 : 16 dilution. T h e ir  carr ie rsh ip  was f lu c tu a t in g ,  
th e y  h a d  a m in im al th y m u s  residue and  severe ly  a tro p h ie d  spleen, o r  r e t i c ­
ulosis in th e  spleen.

D iscussion

In  th e  p re sen t  s tu d y  48 p e r  cent of the  th y m e c to m iz e d  mice (group “ O ” ) 
developed th e  w asting  sy n d ro m e ;  tw o-th irds  of  th e se  (32 per cent) h ad  d ied  
w ith in  1 2 0  days a f te r  weaning, whereas th e  re m a in d e r  (16 per cent) su rv iv e d  
th e  observa tion  period. Most of th e  dea ths  occu rred  be tw een  the  8 th  a n d  7 0 th  
days a f te r  w eaning , in a nea r ly  even d is t r ib u t io n .

A m ong th e  th y m ec to m ized  and  su b se q u e n t ly  infected mice (g ro u p  
“ O-f-LCM” ) 71 per cen t developed th e  w as t in g  synd rom e . Most o f  th e se  
(65 per cent) h a d  died w ith in  120 days a f te r  w ean in g  (i.e ., after in fec t ion) ,  
only 6  pe r  cent su rv ived  th a t  period. In th is  g ro u p ,  too , m ost of th e  d e a th s  
occurred be tw een  th e  8 th  and  th e  70th days, b u t  th e  d istr ibu tion  in t im e ,  
unlike t h a t  in group “ 0 ” , was uneven , showing a w ell-pronounced c u m u la t io n  
from 8 to  2 0  days  a f te r  infection.
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In  brief, th e  w as t in g  syndrom e d u e  to  thy m ec to m y  on th e  f irs t  day 
o f  life developed m ore  f requen tly  and m o re  rap id ly  in group “ O +  LCM ”  th an  
in  g roup  “ O ” .

I t  has, how ever,  been reported  t h a t  th e  LCM virus i tse lf  m a y  cause 
so m e  w asting  in  an im als  with insuff ic ien t  im m une  ap p a ra tu s .  H o t c h i n  [11] 
in fec ted  im m unologically  im m atu re  mice in  th e  neonata l phase  o f  physiological 
im m u n e  depression. D uring  the  su b se q u e n t  10 15 days he o b se rv ed  loss of
w e ig h t ,  w asting  a n d  d e a th .  P resu m ab ly  in  th e  present ex p e r im e n ts  th e  same 
effec t of the  LCM v irus  h a d  manifested i t s e l f  dur ing  the p e rs is ten t  im m uno log i­
ca l depression due to  th e  neonata l th y m e c to m y .  This effect led to  th e  high 
m o r ta l i ty  be tw een  th e  8 th  and th e  2 0 t l i  postinfection days.

The animals alive th ree  weeks a f te r  infection  all carr ied  th e  v irus ,  h u t  
d id  n o t  behave  u n ifo rm ly  from the  im m uno log ica l  point of v iew . F i f ty  per 
c e n t  o f  th e m  p ro d u ced  antibodies, th e  o th e r s  were to le ran t  im m unologically .  
T h is  a p p a ren t ly  he te rogenous  residt m ig h t  be explained in th e  sense of the  
e x p e r im e n ts  of H o t c h i n  and V o l k e r t  [ I I ,  12]. According to  th e se  au thors  
n o r m a l  mice are in  th e  s ta tu s  of im m uno log ica l  depression in t h e  f i rs t  2 — 12  

h o u rs  af te r  b ir th .  A n tigen  ad m in is te red  in  this period induces  to lerance . 
A f te r  th e  6 th  or 7 th  d a y  of life, on th e  o th e r  hand , the  response  to  antigenic  
s t im u l i  is specific, i.e., in the case o f  t h e  LCM virus it  inc ludes  an  a u to ­
im m u n e  process. B e tw een  the 12th h o u r  a n d  the  6 th  d ay  th e re  is a period 
w h e n  p robab ly  th e  th y m u s  plays the  m o s t  im p o r ta n t  role. A n tig en  adm in is­
t e r e d  in th is  period induces either to le ra n c e  or  an an tibody  response , d e p en d ­
in g  on the  t im e  of adm in is t ra t io n  w ith in  t h e  period and th e  in te n s i ty  of the  
an t ig en ic  s tim ulus.  O ur mice were th y m e c to m iz e d  during th e  f i r s t  24 hours 
a f te r  b ir th ,  b u t ,  since th e  hour of b i r th  h a d  no t  been recorded , p a r t  of the  
a n im a ls  were c e r ta in ly  opera ted  upon  as l a t e  as during th e  second  12  hours, 
w h e n  according to  H o t c h i n  and V o l k e r t  even  to ta l  t h y m e c to m y  m a y  fail 
to  cause  to lerance . T h u s ,  the  mice o p e ra te d  upon in th e  second  ha lf-day  
m ig h t  have  becom e e i th e r  to le ran t  or c a p a b le  of  producing an t ib o d ies .  F u r th e r ­
m ore ,  th y m e c to m y  in th is  t ran s i to ry  p e r io d  m ight have p re p a re d  th e  mice 
for  th e  w asting  effect o f  th e  LCM v irus .

W e sum m arize  ou r  opinion as follows. In trace reb ra l  LCM v iru s  infection 
o f  non -opera ted  contro l anim als leads to  a n  im munological conflict accom pan ied  
b y  lym p h o cy t ic  choriom eningitis ,  w hich  is an  au to im m une  p rocess  of  fa ta l  
o u tc o m e  [13, 14]. I n  successfully th y m e c to m iz e d  mice th e  a u to im m u n e  reac ­
t io n  e i ther  fails to  ensue  or proceeds in a n  un u su a l  way. The m ice  t h a t  died 
8  to  15 days pos t in fec t ion  had no t enough  t im e  to  develop th e  ty p ic a l  w asting  
sy n d ro m e ;  a t ro p h y  o f t h e  lym pha tic  a p p a r a tu s  was the  on ly  sign ch a rac ­
te r is t ic  of th e  synd rom e . In  these cases t h e  im m edia te  cause of  d e a th  m ight 
h a v e  been  a deve loping  w asting  sy n d ro m e  and/or an LCM v iru s  infection 
m od if ied  by  the  p e rs is t ing  im m unological depression.
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In  th e  mice which died 15 to  20 or even m ore days a f te r  infec tion  th e  
w as t in g  synd rom e  was p re d o m in a n t  as the  jo in t  consequence of the  p e rs is te n t  
v irus  m ultip lica tion  and th e  lack  of thym us .  T h e  v irus  could he re-iso la ted  
from  all th e  animals t h a t  d ied  in th is  period. F i f ty  per cen t of th e se  were 
sim ilar  to  th e  to le ran t  mice o f  T r a u b  [10]: th e y  carried  th e  v irus w ith o u t  
p ro duc ing  antibodies. H ow ever ,  T r a u b ’s  to le ra n t  mice were sy m p to m -free ,  
w hereas  ou r  experim ents  an d  th o se  of o ther inves t iga to rs  have  unequ ivoca lly  
ev idenced  th a t  pers is ten t ca rr ie rsh ip  is no t a physiological s ta te  in  th e se  
an im als .  T h ey  sooner or la te r  develop sym ptom s n o t  specific for th e  v irus ,  
in s tead ,  characteris tic  of th e  w as t in g  syndrom e. A ccording to  p resen t  k n o w l­
edge these  sym ptom s are a u to im m u n e  in n a tu re  [16, 17]. Most of ou r  carr ie r  
mice died of  w asting  disease; am o n g  those surv iv ing  1 2 0  days tw o were found 
to  ca rry  v irus  and  even these  were ill and died soon. T he  non-carrier  su rv iv o rs  
show ed on ly  microscopical s igns o f  th e  w asting  disease.

T he  pathogenesis  of th e  w as t in g  syndrom e is a d e b a ted  question . R e c e n t  
s tud ies  h ave  called a t te n t io n  to  th e  role of various antigens [17, 18], which  
m a y  o rig inate  from any  so r t  o f  pa thogen ic  or nonpa th o g en ic  m icroorgan ism s, 
e.g., from  some m em bers of  th e  in testina l f lora  [19]. Germfree mice fail to  
develop th e  w asting synd rom e  a f te r  neona ta l  th y m e c to m y  [17, 20], th o u g h  
th e ir  be ing  in immunological depression is clearly  p roven  b y  th e  successiu l 
t a k e  of he te rograf ts  [17]. T he  sam e was observed  w hen  s trep tococcus  or 
s taphy lococcus  antigen had  b een  given to mice in th e  physiological s t a t e  o f  
neona ta l  im m unodépression  [21]. In  the  presen t s tud ies  48 per  cen t  o f  th e  
mice th y m ec to m ized  on th e  f i r s t  d ay  after b i r th  (group “ O ” ) deve loped  
w as ting  disease owing to  n a tu ra l  antigenic s tim uli .  In  group “ O }- LCM ” , 
besides an tigens occurring a t  ra n d o m , a massive dose of LCM virus  an t ig e n  
and  th e  persistence of this v irus  p layed  a role in induc ing  th e  w asting  disease, 
which th u s  occurred m ore f re q u e n t ly  and developed more rap id ly .  I n  c o n ­
sequence of this, most o f  th e  carr ie r  mice died, w hereas tw o - th ird s  o f  th e  
mice th a t  su rv ived  120 days were n o t  carriers. I t  should  be no ted  t h a t  p a t h o ­
genic b ac te r iu m  could n ev e r  be isolated from th e  mice which h a d  died  of  
w as ting  disease, in spite o f  th e  occasional occurrence of hepa tic  necrosis and  
ascites.

B ased  on th e  presen t ex p e r im en ts  and l i te ra ry  d a ta  we m ay  s ta te  t h a t  
in th e  s ta tu s  of im m unological depression of var ious  origin (n eo n a ta l  age, 
n eo n a ta l  th y m ec to m y ,  cortisone  t r e a tm e n t ,  X - ra y  i r rad ia t ion ,  etc.) t h e  m o s t  
diverse an tigens [11, 17, 19, 20, 22] m ay  induce th e  sam e nonspecific  re sponse ,  
which resu lts  in w asting disease usually  fa ta l in ou tcom e. Unlike th is ,  th e  
o rganism  possessing a th y m u s  a n d  an  in tac t  im m u n e  a p p a ra tu s  re sponds  to  
an tigen ic  stim uli in a specific w ay ,  usually p ro tec t in g  the  organism  a g a in s t  
th e  agen t.  In th e  organism  ren d e red  im m unologically  depressive b y  t h y m ­
ec to m y  or any  o ther  in te rv e n t io n ,  foreign an tigens  induce processes w h ich
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a re  considered to  be a u to im m u n e  in n a tu re  [23]. In  our opinion these  processes 
im p a i r  the  whole o rg an ism  and their  consequences are in d e p e n d e n t  of the  
specif ic ity  of th e  an t ig en .

This in te rp re ta t io n  of  th e  w asting  s y n d ro m e ’s pa thogenesis  might 
fu rn ish  an ex p lana tion  o f  some conditions of  h u m a n  im p o r tan ce ,  v iz ., those 
re sem bling  w asting  d isease  and developing on th e  grounds of immunological 
depression . Such are  for  instance  some cond it ions  due to  infectious diseases 
inc lud ing  certa in  fo rm s o f  a t rophy  of p r e m a tu re  and  new born  in fan ts . I t  
w o u ld  be reasonable to  e x te n d  this co n cep t io n  to  th e  old organism  as well. 
I t  is well-known t h a t  w hile  the  im m unological reactions of th e  organism  are 
declin ing in old age, th e  o rganism  is exposed  to  extrinsic  an tigens  to  th e  same 
e x te n t  as in young age. I n  th e  s ta te  of senile im m unological depression various 
an tigen ic  stimuli m a y  in i t ia te  a process resem bling  w asting  disease and 
e v e n tu a l ly  leading to  th e  well-known senile a t ro p h ic  a l te ra t ions .  E x p e r im en ts  
concern ing  this qu es t io n  a re  in progress.

A c k n o w le d g e m e n ts .  T h e  a u th o rs  are in d eb te d  to  I ta ld iag n o s tic  L td .,  R om a-C iam pino , 
fo r  LCM CF an tigen , to  D r. G y . T akátsy , N a tio n a l I n s t i tu te  fo r P ub lic  H e a lth , B u d ap est, 
fo r  co n ce n tra ted  pu rified  in f lu e n za  A-2 an tigen , a n d  to  Miss M. B a r b ie  fo r sk ilfu l technical 
a ss is tan ce .
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HAS THE NERVOUS SYSTEM A ROLE 
IN THE ENDOTOXIN-INDUCED ALTERATION 

OF CELL METABOLISM?
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K l a r a  S. V u k á n  and P .  K e r t a i  
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(R eceived Ju ly  12, 1966)

Summary. After parenteral adm inistration of endotoxin, no difference was dem onstrable  
in the m etabolism  of cells w ith  and w ithout nerve supply.

In  a Balassa m em oria l  lec ture  in 1948, G. M a n s f e l d  s ta te d  t h a t  th e  
ac t ion  o f  bacteria l endo- and  exotoxins  requires th e  presence  of  nerve  supp ly .  
He believed th a t ,  like th e  cen tr ip e ta l  m igra tion  o f  te ta n u s  exotoxin , any  
e n d o to x in  entering th e  cen tra l  nervous system  is p roceed ing  centr ifugally  along 
a n e u ro n  to  reach th e  ta rg e t  cell [1]. This concep t ,  da r in g  and b r igh t  as it  
was, has  ne ither  been  p roved  nor d isp roved  ever since. In  fact,  no m etabo lic  
process of  the cell has  been know n to  be p a r t ic u la r ly  enhanced  or inh ib ited  
b y  endo to x in  action. A ssay  of th e  effect of en d o to x in  on cell m etabolism  has 
begun  in 1960 [2 8 ]. In  th is  c o n te x t ,  one o f  th e  m o s t  im p o r ta n t  find ings
has b een  th a t  end o to x in s  enhance  aerobic  glycolysis in various k inds of  cells. 
In  possession of th is  in fo rm atio n  we h a d  a sufficient basis  to  s ta r t  inves t iga t ion  
of th e  influence in v ivo  of p a ren te ra l ly  adm in is te red  endo to x in  on tin* aerobic  
glycolysis of cells w ith  and w ithou t  nerve  supply .

Materials and methods

Albino rats from the inbred strain o f our Institute were used throughout. The anim als 
were given intraperitoneally 0.1 ml/100 g body weight o f Salmonella typh i  endotoxin extracted  
according to B oivin and Mesro beanu  [9 |. This caused the death  of about 10 per cent o f the  
anim als. Forty-eight hours after toxin adm inistration the rats were killed by decapitation  
and their organs to be exam ined were rem oved. Innervated cells were studied in specim ens 
of k idney and small in testinal mucosa. Aerobic glycolysis o f non-innervated cells was studied  
on thym ocytes, granulocytes and macrophages. To obtain granulocytes, 10 ml/100 g of sterile 
broth was injected intraperitoneally 8 hours prior to the experim ent. G ranulocytes obtained  
from the peritoneal ca v ity  were washed w ith  physiological N a-c itrate  solution and suspended  
in K rebs’ phosphate buffer, pH 7.4. M acrophages were obtained  by injecting sterile broth  
intraperitoneally 72 hours prior to the experim ent. O xygen u p take and lactic acid production  
were measured after 1 hour incubation at 37 C, using the traditional Warburg and the  
D ie sc h e — László m ethod, respectively [1 0 1.
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R esu lts

T he exam ina tions  revea led  no n o ta b le  influence of  en d o to x in  on th e  
o x y g e n  up take  of  n o n - in n e rv a te d  cells, excep t  for g ran u lo cy te s  where a 
s ig n if ican t  difference has  been  found. In  c o n tra s t ,  d istinct d ifferences in lactic 
ac id  p roduction  in th e  presence  and  absence of  oxygen h ave  been  observed 
w it l i  g ranulocytes  and  m acrophages .  W ith  thym ocy tes ,  th e re  w as no dem on­
s t r a b le  increase in lac tic  acid p roduc tion .

Г I Control

ш \  dô hours a fte r  endotoxin administration

Fig. 1. 0 2-uptake and aerobic glycolysis in non-innervated cells, in term s o f ^1/10G cells/hour 
and ^g/107 cells/hour, respectively . A bbreviations: T =  thym ocytes; G =  granulocytes;

M =  m acrophages

Previous in jec tion  o f  endo tox in  d id  no t  enhance aerobic  glycolysis in 
t h e  sm all  intestinal m ucosa ,  a l though  i t  is know n to h av e  a v e ry  d is tinc t 
g ly co ly t ic  ac tiv ity  also no rm ally .  E n h a n c e m e n t  of aerobic glycolysis was 
b o rd e r in g  significance in  th e  k idney . S im ultaneously ,  no n o ta b le  oxygen 
u p t a k e  a lteration  to o k  p lace  in th e  in te s t in a l  epithelium  a n d  k id n ey  spec­
im en s .

I n  a subsequent series o f  experim en ts  th e  left k idney  of a lb ino  ra ts  was 
d e n e r v a te d  surgically. D e n e rv a t io n  was fu r th e r  ensured b y  phen o l  t r e a tm e n t  
o f  t h e  renal hilum. F o u r  o r  five days la te r  L D 10 tox in  was in je c te d  into the  
a n im a ls  and 48 hours  l a t e r  th e  re sp ira t ion  a n d  aerobic glycolysis o f  th e  in n e r­
v a t e d  and  denerva ted  k id n ey s  was com pared .  No notab le  difference was found.
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□  Control

Ш  d 8 hours of fer endotoxin administration

Fig. 2. O.,-uptake and aerobic glycolysis in innervated cells, in term s of /<1/100 mg wet weight 
hour, and /tg/100 mg w et weight/hour, respectively. A bbreviations: I — sm all intestina/

mucosa; К  =  k idney specim ens

300- 

250- 

200-  

150- 

' 1001 

50-

I 1 Control

Г~~1 4-8 hours after endotoxin administration
Fig. 3. O.,-uptake and aerobic glycolysis in denervated and innervated cells, in term s of  
/<1/100 m g wet w eight/hour and /<g/100 m g w et weight/hour, respectively . A bbreviations 

I innervated kidney; D = denervated kidney

Discussion

T he  experim ents  im ply  with g re a t  c e r ta in ty  t h a t  th e  endo tox in  induced  
a l te ra t io n  of the  cells’ aerobic  glycolysis depends n o t  so m u ch  on th e ir  nerve  
su p p ly  as on the ir  m e tab o l ic  type . O u t  of the  e x am in ed  n o n - in n e rv a ted  cells, 
th y m o c y te s  showed no  increase in oxygen  u p ta k e  or  lac tic  acid p roduc tion
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in  th e  presence o f  endo tox in . In c rea sed  lactic  acid p ro d u c t io n  was observed 
w i th  granulocytes  a n d  m acrophages .  T h e  form er even show ed an  increased 
o x y g e n  u p take .  S im ilar  con trad ic t io n s  were observed also w i th  th e  in n e rv a ted  
cells. Lactic acid p ro d u c t io n  of  k id n e y  specimens increased m o d e ra te ly ,  while 
t h a t  o f  the  in te s t in a l  m ucosa was n o t  affected. This d ifference canno t be 
a sc r ibed  to an  e v e n tu a l  s to rage  of e n d o to x in  in the  cells, since according to  
r e c e n t  d a ta  no t  even g ranu locy tes ,  showing the  m ost  d is t in c t  m etabolic  
a l te ra t io n s ,  are capab le  of  s to ring  en d o to x in  [11]. The s im ila r i ty  of  m etabolic  
a c t iv i ty  in in n e rv a te d  an d  d e n e rv a te d  cells also shows t h a t  a nerve  supp ly  
is n o t  indispensable  for th e  d ev e lo p m en t  of endotoxin  ac t ion . This , however, 
is n o t  exclusive of  an  ac t ion  of e n d o to x in  on th e  nervous sy s tem . T he  presence 
o f  t a rg e t  cells in th e  cen tra l  n e rv o u s  system  has been  described  recently  
[12 — 14]. All we wish to  no te  is, the re fo re ,  t h a t  th e  p re se n t  s tu d y  failed to  
s u p p ly  evidence o f  th e  passage of  e n d o to x in  along th e  n e u ro n s  as well as of 
a n y  definite, ind ispensab le  role of  th e  nervous system  in en d o to x in  action . 
A ccord ingly , th e  re su lts  have  n o t  b een  support ive  of M a n s f e l d ’s theory .

Acknowledgement. T he skilful technical assistance of Miss Gy . Tu sc h ek  is gratefully  
acknow ledged.
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DATA ON THE CYTOTOXICITY OF ANTI-TUMOUR
SERA

By

G.  E l e k  and L.  V e k e r d i

Institute o f  Oncopathology (Director:  B. K e l l n e r ^ , Budapest  

(R eceived  April 14, 1966)

Summary, Im m une sera to N K /L y mouse ascites tum our were prepared in  rats. Such 
sera contain incom plete antibod ies producing a cy to tox ic  effect only in association  w ith  
com plem ent. A ttem pts were m ade to adapt for qu antitative  assay a c y to to x ic ity  te st in vo l­
v ing  the neutralization of tum our cells w ith  tumour im m une serum in the presence o f com ple­
m ent, and adm inistration o f this m ixture to animals.

A sim ilar, though less cy to to x ic  antiserum  was obtained w ith spleen hom ogenate from  
norm al m ice. On adsorption to m ouse spleen cells the cy to tox ic  effect disappeared. W hen 
exam ined at a concentration of 800.000 ascites tum our cells/m l, the adsorbed anti-tum our  
serum  contained no cy to tox ic  an tibody capable o f ensuring the survival o f experim ental 
anim als.

The adsorbed anti-tum our serum , however, prolonged the anim als’ survival w ith  a few  
days when the cy to tox ic ity  test was carried out w ith the low est cell count su ffic ien t for the 
tum our to take. Further studies are required to elucidate w hether or not this effect has been 
brought about by the action of a tum our specific antigen induced antibody.

T he purpose  of th e  p re se n t  experim en ts  was to  exam ine  w h e th e r  N K /L y
[1 ] ascites tu m o u r  co n ta in ed  a tum our-specif ic  an t ig en  an d  w h e th e r  an  a n t i ­
se rum , con ta in ing  an tib o d ies  exclusively to  t h a t  an tigen  m ig h t  be o b ta in ed .  
I n  th is  rep o r t  ex p e r im en ts  b ased  on th e  cy to tox ic  effect o f  h e te ro a n t ib o d ie s  
are  discussed.

As a ru le , a n t i - tu m o u r  se rum  is p roduced  in an an im al species n o t  sus­
ceptib le  to  t h a t  p a r t ic u la r  tu m o u r .  Since N K /L y  ascites ly m p h o m a  w as found  
to  ta k e  read ily  in m a n y  in b red  m ouse  s tra ins  [2 ] as well as in r a n d o m  b re d  
alb ino mice, th e  use of  m ouse  im m u n e  serum  (iso im m une serum ) was b e y o n d  
co n s id e ra t io n .

Iso im m u n e  serum  shou ld  he preferred  for th e  d em o n s tra t io n  of  t u m o u r  
an tigen  [3], as h e te ro im m u n e  sera conta in  various an tibod ies  (agg lu tin in ,  
lysin) [4, 5] most of which are  not tum our-specif ic , be ing  fo rm ed  r a th e r  ag a in s t  
n o rm a l  tissues or cells. Therefo re  of the  ava ilab le  co m bina tions  of  e x p e r ­
im en ta l  an im als  we have  chosen the  m ouse-ra t  sy s tem .T h is ,  a l th o u g h  a h e te ro l ­
ogous sys tem , seemed to  be m ore su itab le  for our purposes  th a n  th e  r a b b i t  
m ouse  sys tem . The mouse a n d  rat belong to th e  sam e tax o n o m ic  o rd e r  (R oden-  
t ia )  an d  fam ily  (M uridac), be ing  phy logenetica lly  m ore closely r e la te d  th a n  
th e  m ouse and  th e  ra b b i t ,  ra b b i ts  be ing  classified in to  a d ifferen t o rd e r  (Lago- 
m orpha)  [6 ]. O ur supposit ion  seem ed to be su p p o r te d  b y  the  fac t  t h a t  in ra ts
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i m m u n e  tolerance could  b e  induced  to m ouse e ry th ro c y te s  [7] d u ly  considered 
a  v e r y  complex m ouse a n t ig e n .

Materials and m ethods

Antigen. As tum our a n tig en , we used freshly harvested  10-days old N K /L y  ascites from  
th e  50th  to 60th passage in Sw iss mice. Of 10-day ascites cells only 8 — 10 per cent stained  
w ith  a 1 per cent solution o f  tryp an  blue.

Normal mouse tissu e specim ens (spleen, liver, lung, k idney) used for im m unization or 
im m u n e  serum adsorption w ere excised  from the killed m ice under sterile conditions. The speci­
m en s were minced w ith sc issors and suspended in saline in  a Potter all-glass homogenizer. 
A lth o u g h  cells are im paired b y  hom ogenization (15 per cent o f the suspended spleen cells 
s ta in e d  w ith trypan blue), no notab le  loss of antigen was dem onstrable. The hom ogenate was 
f ilte re d  through two sheets o f gauze , centrifuged and diluted  in saline or serum , depending on 
i t s  u se  for im m unization or adsorption  purposes. The sed im ent of the hom ogenate was sus­
p en d ed  to contain 80 — 120 m illion  nucleated cells per ml.

Immune serum. Two groups, each containing forty  CB W istar rats were im m unized with  
1 0 -d a y  N K /Ly ascites and norm al mouse tissue hom ogenates (spleen, liver, lung, kidney), 
resp ectiv ely . The rats have b een  in  kin breed for about 10 years. Im m unization w ith tum our 
c e lls  w as done in traperitoneally  three tim es weekly for three weeks, using 0.5 ml o f tum our cell 
su sp en sion  (about 40 m illion cells) per animal on each occasion.

On the first occasion, th e  antigen was m ixed w ith  adjuvant prepared as follows. One 
m l o f fluid culture of Mycobacterium butyricum in Sauton broth was centrifuged, the sedim ent 
susp en ded  in 1 ml sterile paraffin  oil and mixed w ith 100 m g of alum inium  stearate. The anti­
g en  and the adjuvant were m ix ed  for 30 minutes prior to inoculation [8]. The adjuvant used 
for  second inoculation did n o t contain m ycobacteria and further inoculations were made 
w ith o u t adjuvant. One w eek  after  last im m unization all anim als were exsanguinated through  
th e  cervical vein under sterile  conditions. Sera of each group of anim als were pooled. The 
an tib od ies obtained were id en tified  by agglutination, ly sis and com plem ent fixation  tests  
carried  out with T a k a t s y ’s m icro-m ethod [ 9 ] .  Agar gel diffusion precipitation was performed 
according to O u c i i t e r l o n y  [10].

Evaluations were based  on  the fact that in m ice, 8 —10 m illion intraperitoneally adm in­
istered  N K /Ly tumour cells g a v e  rise to ascites in 6 — 8 days, and killed the anim als in about 
15 days. A part of the tum our cells that had contacted im m une serum and com plem ent was 
d estroyed  and in anim als in o cu la ted  with such cells tum our developm ent was protracted. The 
in ocu la ted  animals were ex a m in ed  three times w eekly for half a year. Dead anim als were 
dissected . As com plem ent and control, serum pools o f fresh sera from at least 10 normal rats 
w ere used.

Results

Results of se ro log ical tes ts  and agar gel diffusion p rec ip i ta t ion  tes ts  per­
fo rm e d  with a n t i tu m o u r  s e ru m  are shown in T ab le  I.

As shown in T a b le  I ,  antibodies were p re se n t  in th e  sera of th e  im m u ­
n iz e d  animals. An a g g lu t in a t io n  reaction to o k  p lace  only when the  te s t  was per­
fo rm e d  in m acro m o lecu la r  m edium . This is ty p ic a l  of incom plete  agglutin ins.

Next, the c y to to x ic  effect of a n t i - tu m o u r  se rum  was s tud ied . T en-day  
N K / L y  ascitic fluid w as  cen tr ifuged  and th e  sed im en ted  cells were resuspended  
in  im m u n e  serum, co rre sp o n d in g  in volum e to  th e  ascitic sam ple ’s fluid phase.

The suspension w as  incuba ted  a t  37°C u n d e r  gentle  shaking. Samples 
w e re  tak en  every 30 m in u te s  and inocula ted  in to  Swiss mice. As a control, 
t u m o u r  cells su spended  in norm al ra t  serum  were used un d er  th e  sam e experi­
m e n ta l  conditions. R e s u l t s  of repeated  e x a m in a t io n s  are shown in Tab le  II.
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Table I

Serological reactions with anti-tumour serum

Test Antigen Antibody Titre No. of assays

Complement fixa­
tion

W ashed N K /L y ascites 
tum our, at 10 million 
eells/m l concentration

Pool of immune 
sera inactivated  
at 56 °C for 30 
m inutes

32 64 3

Lysis 2.5 per cent mouse 
erythrocyte suspension

Pool of fresh 
im m une sera 2 - 1 6 5

Agglutination

Suspension of washed 
N K /L y ascites tu ­
mour cells

Pool of heat in­
activated  
im m une sera 0 6

2.5 per cent mouse 
erythrocyte suspen­
sion

Pool o f heat in­
activated  
im m une sera

0 3

Agglutination in a 
medium contain­
ing 5 per cent 
human albumin 
and made up 
with 1/20 vol. 
of Plasm odex  
solution

2.5 per cent mouse 
erythrocyte suspension

Pool of heat in­
activated  
immune sera

8 - 1 6 3

Agar gel diffusion Filtrate of N K /L y asci­
tes tumour cells ho­
mogenized in dist. 
water; ascitic fluid 
(7%  protein)

Pool o f fresh 
immune sera 
undiluted or 
diluted 1 : 2, 

1 :4

No precip­
itation 
line

3

W hen th e  cells h a d  been in cu b a ted  w ith  th e  a n t i tu m o u r  se rum  fo r  90 
m inu tes ,  no ascites t u m o u r  developed  until  th e  1 0 t h  d ay ,  whereas in th e  co n ­
tro ls  it  had regularly  ap p ea red  by  th a t  time. A v e rag e  survival of th e  a n im a ls  
was 15 days.

The phen o m en o n  seemed to  be due to  a dec rease  of live cell c o u n t  in 
th e  im m une  serum . This was in d ica ted  by  th e  o bse rva tion  th a t ,  un l ik e  th e  
controls , th e  cells kep t  in im m u n e  serum for 1 0  m in u te s  and th en  d ilu ted  ten -  
fold d id  n o t  induce tu m o u r  in ten  days. The im m u n e  serum  tre a te d  cells were  
exam ined  e lec tronm icroscop ically  [16]. T he  co rre la t ion  between m o r ta l i ty  
ra te  a n d  th e  n u m b e r  of inocu la ted  tu m o u r  cells will be discussed e lsew here.

T he  cy to tox ic  t i t r e  o f  th e  im m une  serum  w as  expressed in te rm s  o f  the  
su rv iva l  of an im als  inocu la ted  with im m une  serum  t r e a te d  tu m o u r  cells. E ig h ty  
million INK/Ly cells were suspended  in 1 ml se ru m  dilu tion  and  in c u b a te d  
for 90 m inu tes  a t  37 °C. F ro m  this  m ix tu re  in d iv id u a l  doses of 0.2 m l were
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Tabic II

Growth o f  implanted tumour cells in  dependence on the period  
o f  incubation with immune serum

Duration of treatment 
with immune serum at 

37 °C (minutes)

Number of mice injected 
intraperitoneally with 
0.2 ml of treated tumour 

cells

Number of mice develop­
ing ascites one week later

30 10 10

60 10 3

90 10 0

10
then inoculum  diluted  

tenfold w ith  saline

10 0

90
exposed to control 

serum
10 10

10
in control serum , then 

inoculum diluted  
tenfold w ith  saline

10 10

in o c u la te d  in t ra p e r i to n e a l ly  into mice. F ig .  1 shows the  su rv iva l  o f  these  an i­
m a ls .

Fig. 1 shows t h a t  50 per cent of th e  c o n tro l  animals d ied b y  th e  15th 
d a y .  In c u b a t io n  of t u m o u r  cells w ith  u n d i lu te d  im m une  serum  p ro longed  the  
s u rv iv a l  tim e. W ith  1 : 2 d i lu ted  im m une  se ru m , th e  50 per  cen t  su rv iv a l  tim e

jFig. 1. Survival of m ice inoculated  with N K /L y  cells treated w ith different dilutions of 
tu m ou r im m une serum (In cu bation  mixture: 80 m illion  cell per ml serum. Inoculum : 0.2 ml

of incubation m ixture)
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was 90 days. A t  d ilu tion  of  1 : 8 , th e  im m une  serum  had h a rd ly  a n y  effect. 
The re la t ive ly  low pro tec t ive  a c t iv i ty  of u n d i lu te d  im m une  serum  seem ed  to 
he due to  its  tox ic i ty  [1 1 ]; th is  how ever, rem ains  to  he inves t iga ted .

P re l im in a ry  experim en ts  h av e  shown t h a t  th e  in trap e r i to n ea l  a d m in is ­
t r a t io n  of a reduced  n u m b e r  of  t u m o u r  cells w ould  resu lt  in a de layed  d e v e l ­
o p m en t  of  ascites, prolonged su rv iva l  t im e  a n d  a h igher incidence o f  solid 
tu m o u rs  th a n  of ascitic ones.

D ead  mice were sub jec ted  to  post m o r tem  exam in a t io n .  The n a tu r e  o f  
gross lesions is shown in Tab le  I I I .  P a r t  of th e  mice su rv ived  for a long  t im e .  
F ive per  c e n t  of th e m  developed  leukaem ia  (en la rgem en t of spleen a n d  ly m p h  
nodes) in a b o u t  1 m on th .  F ive  to  ten  per cen t developed a solid t u m o u r  in 
th e  ab d o m en . In  more th a n  50 p e r  cen t ascites was conspicuous a f te r  one m o n th  
only.

In  th e se  cases, too, th e  cell co u n t  in the  ascitic  fluid was low and  tu m o u r  
nodules a p p e a re d  in th e  p an c reas  and  on th e  p e r i toneum . T h u s  p a r t  o f  th e  
in t ra p e r i to n e a l ly  inocu la ted  cells h ad  a p p a re n t ly  su rv ived  th e  9 0 -m inu te  a n t i ­
se rum  t r e a tm e n t  and  it  was in on ly  a b o u t  one th i rd  o f  th e  an im als  t h a t  asc i tes  
failed to  a p p e a r  during  a long observa tion  period.

F resh  a n t i - tu m o u r  se ru m  loses its cy to to x ic i ty  by  inac t iv a t io n  a t  56 °C 
for 30 m inu tes .  This effect of h e a t  in ac tiva t ion  is, however, reversib le  b y  th e

Table III

Gross lesions in mice died after the injection of immune serum treated ascitic cells

No. of Swiss 
mice given 0.2 
ml intraperi­
toneally of the 

inoculum

Post mortem findings
Inoculum:

80 million tumour cells No lesions
per ml immune serum, 
treated for 90 min.

Ascites
tumour

Solid
tumour Leukaemia for half 

year
after 

half a
year

Undiluted serum n o 57 10 6 18 19
Diluted 1 : 2 30 18 1 2 2 7

Diluted 1 : 1 30 19 2 1 2 6

Table IV

Role o f  thermolabile complement factors in cytotoxicity assay

Incubation at 37 C for 
90 minutes; cell count 

80 million
Number of mice 

inoculated with 0.2 ml
Number of mice with 
ascites in 10 days

H eat inactivated immune 20 20
serum

H eat inactivated immune 20 0
serum -f- fresh normal rat 
serum v/v
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a d d i t io n  of fresh n o rm a l  se ru m . Since h e a t  t r e a t m e n t  is know n to des tro y  m a in ­
ly  th e  com plem ent, th e  l a t t e r ’s presence seem s to  be requ ired  for th e  develop­
m e n t  of the  a n t ib o d y ’s cy to to x ic  action.

A n ti- tu m o u r  a n t ib o d ie s  m ay be a d s o rb e d  w ith  N K /L y  ascites cells 
(T ab le  V). F or  th is  p u rp o s e ,  the  im m une se ru m  is in cu b a ted  for a sh o r t  time 
w i th  tu m o u r  cells, a n d  cen tr ifuged . This t r e a t m e n t  deprives th e  r a t  im m une  
se ru m  of the  cy to to x ic  princip le .  The a d so rp t io n  p rocedure  was re p e a te d  twice 
w i th  each im m une se ru m . T h e  N K /L y  ascites t u m o u r  being  a ly m p h o m a , we used 
n o r m a l  mouse spleen t is su e  as the  control. L y m p h  nodes would  h ave  been  more 
su i ta b le  for this p a r t i c u la r  purpose, b u t  th e i r  collection in a d e q u a te  am o u n t  
w o u ld  have been too  d iff icu lt .  The cen tr ifuged  sp leen  sed im en t was suspended  
in im m u n e  serum to  m a k e  a concentra tion  of  a b o u t  80 — 1 2 0  million nuc lea ted  
cells per  ml. A fter  in c u b a t io n  for 90 m in u te s  a t  37°C, th e  suspension  was 
cen tr ifuged  and th e  s e ru m  adsorbed again  w i th  spleen cells. The adso rbed  se­
r u m  was tes ted  for c y to to x ic i ty  in the  presence  of  fresh com plem en t a n d  t u ­
m o u r  cells.

Table V

Cytotoxicity assay with adsorbed anti-tumour serum

Incubated at 37°C for 
90 minutes; cell count 
80 million per ml of 

serum

Number of mice 
inoculated 
with 0.2 ml

Number of mice 
developing ascites 

in 10 days

Serum adsorbed w ith  NK /Ly 20 20
cells

Serum adsorbed w ith  mouse
spleen cells 20 18

The cy to tox ic  p r in c ip le  was equally  ad so rb ed  b y  two cycles of  t r e a t ­
m e n t  w ith  mouse sp leen  hom ogenate . E x c e p t  for a few an im als  developing 
asc i te s  only by  th e  1 5 th  t o  18th  day a f te r  ino cu la t io n  b y  th e  2 0 th  d a y  th e y  
all died.

Thus, mouse sp leen  cells were capable  o f  b in d in g  th e  cy to tox ic  antibodies  
p re se n t  in a n t i - tu m o u r  se ru m . I t  was su p p o sed  t h a t  if spleen cells a n d  tu m o u r  
cells have  a com m on a n t ig e n ,  a cy to tox ic  s e ru m  m igh t be p rep a red  also w ith  
m o u se  spleen cells.

F o r  this pu rp o se ,  20 W is ta r  ra ts  w ere  im m u n ized  w ith  m ouse  spleen 
h o m o g en a te  in th e  sam e  w a y  as in the case o f  t u m o u r  cells.

The action of  1 : 2 d i lu ted  fresh im m u n e  serum  was assayed  on tu m o u r  
cells (Table VI).

As shown in T a b le  V I  and  Fig. 2, th e  cy to to x ic  a c t iv i ty  of anti-spleen 
s e ru m  was w eaker t h a n  t h a t  of the  a n t i - tu m o u r  serum , th e  fo rm er causing a
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Table VI

Cytotoxicity assay icith sera from rats immunized with mouse spleen 
and mouse tumour homogenates

Incubated at 37 C for 
90 minutes; cell count 
80 mill, per ml of serum

Number of animals 
inoculated 

with 0.2 ml

Number of mice 
developing 

ascites tumour 
in 10 days

In twofold diluted tumour 
immune serum 20 0

In twofold diluted spleen 
immune serum 20 10

20

16

5  12
9

^  g

4

0
0 30 60 90 120 150 180

Days
Fig. 2. Survival o f mice inoculated w ith tum our cells treated w ith tum our serum and anti­
spleen serum (Incubation m ixture: 80 m illion cells per ml serum; inoculum : 0.2 ml o f incuba­

tion  m ixture)

h a rd ly  tw ofo ld  pro longation  of  surv ival.  The effect of an ti- l iver ,  a n t i - lu n g  
an d  a n t i -k id n e y  sera was even less.

A ccordingly , an ti-sp leen  se rum , though  being  cy to tox ic  for t u m o u r  cells, 
was less ac tive  th an  a n t i - tu m o u r  serum . In  c o n tra s t  to  th e  above descr ibed  
adso rp t io n  ex per im en t,  th is  o bse rva tion  suggested  th e  d iss im ila r i ty  of  ly m ­
phoid and  ly m p h o m a  cell an tigens.

T herefore ,  in fu r th e r  assays lower num bers  of  tu m o u r  cells were used to 
te s t  th e  cy to to x ic i ty  of a n t i - tu m o u r  sera adsorbed  w ith  spleen cells.

E ig h t  million or 800,000 tu m o u r  cells per  ml were in c u b a te d  for 90 m in ­
u tes  in n o rm a l  and  spleen ad so rb ed  a n t i - tu m o u r  sera w ith  com p lem en t .  A fte r  
in cuba tion ,  th e  m ateria ls  were in jec ted  in trap e r i to n ea l ly  in to  mice in 0 .2  ml 
ind iv idual doses. Thus th e  ino cu la ted  cell coun t per  m ouse  in th e  f i r s t  case 
was 1.6 million an d  in th e  second  case 160,000. A m ong  th e  an im als  in o c u la te d  
w ith  the  lower dilu tion , d e a th s  occurred  s im u ltaneously  in th e  e x p e r im e n ta l
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a n d  contro l groups. T h e  dev e lo p m en t  of t u m o u r  cells t r e a te d  w ith  norm al 
re sp e c t iv e ly  adsorbed  i m m u n e  serum  differed on ly  in  th e  g roup  in o cu la ted  w ith  
t h e  h ig h er  dilution. A n im a ls  h a v in g  received a h ig h er  d i lu tion  of th e  tum our-cell  
i m m u n e  serum com plex  deve loped  tu m o u r  a n d  died, h u t  th e  presence of 
im m u n e  serum caused a de lay ed  growth of th e  tu m o u r  (Fig. 3). The a n t i ­
t u m o u r  serum did  n o t  k il l  all  tu m o u r  cells. In  fa c t ,  tu m o u r  cells dam ag ed  b y  
spec if ic  an tibody  t r e a t m e n t  were still capab le  of  induc ing  tu m o u r  g row th  in 
m ice  a n d  killed th e m  w i th  20 days delay w i th in  a period  of  90 days.

“ I— J -------- L Adsorbed immunt 
■j serum diluted 1:

—

i1 ?

______ 11______ L
11

_ L
I1__

1
L !;

i Control serum  *-------
__.__L____ .__ *____*__*_____ L— Î! . _____ 1— .— 1— J ------- ,_______ I______ I_____ 1_____ .____________.______:_____ l i____ I______I____________  ' »

0 15 30 15 60 75 90
Days

Fig.  3. Survival of m ice in ocu la ted  w ith tumour cells incubated w ith  tum our antiserum, 
p rev iou sly  adsorbed w ith  norm al spleen (Incubation m ixture: 800 thousand cells per ml serum; 

inoculum : 0.2 m l o f incubation m ixture 160,000 cells)

According to  f u r t h e r  s tud ies ,  3 -m onth  old Swiss mice su rv ive  th e  in t r a ­
p e r i to n e a l  inoculation of 16,000 to  2 0 ,0 0 0  t u m o u r  cells b y  m ore  th a n  six m onths.  
P a r t  o f  these anim als  fail  to  develop tu m o u r .  T h is  allows th e  conclusion th a t  
t r e a t m e n t  with a n t i - tu m o u r  serum  had been  su rv ived  b y  more th a n  2 0 ,0 0 0  

o f  t h e  160,000 tu m o u r  cells used for inocula tion .

Discussion

According to D ulaney and  Arnesen [12J, sera from ra b b i ts  im m unized 
w i th  mouse tu m o u r  a n d  n o rm a l  mouse o rgans differ only in the  degree of the ir  
c y to to x ic  effect on tu m o u r  cells. From  tu m o u r  an tise ra  p ro d u ced  in rabb its  
t h e  cy to tox ic  principle  cou ld  he adsorbed w i th  hom ogena tes  of n o rm a l  organs. 
T h e  specific antigen of m u r in e  lym phoid  tu m o u r  was, how ever, dem onstrab le  
in  iso im m une  system  [3, 17 J. T hus  the  a n im a l  species u sed  for a n t ise ru m  p ro ­
d u c t io n  should carefu lly  b e  chosen. In  th e  case of  in a d e q u a te  choice, a small 
p ro p o r t io n  of the  a n t ib o d ie s  in the  a n t ise ru m  will only be  tum our-specif ic , 
b e in g  surpassed by  th e  la rg e  a m o u n t  of specific an tigens  [13].
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W e, too, have  found  t h a t  r a t  an tise ra  to  m ouse  spleen an d  m ouse t u ­
m o u r  differ in t i t re  va lues .  R a t  an tise rum  to  m ouse  tu m o u r  had  lost  th e  hu lk  
of  its cy to tox ic  a c t iv i ty  a f te r  adso rp tion  w ith  n o rm a l  m ouse spleen. Y e t  when 
th e  cy to tox ic  te s t  was se t  up  w ith  a low tu m o u r  cell c o u n t , th e  adso rbed  im m une  
serum  b ro u g h t  a b o u t  a s ligh t b u t  d is tinc t p ro longa tion  of su rv iva l  in  co m p ar i­
son to  th e  controls. T h is  m eans  t h a t  for th e  d iffe ren tia t ion  of m ouse  an tigens 
in th e  cy to tox ic  te s t ,  r a t  an t ise ra  are m ore eff ic ient th a n  ra b b i t  an tisera .

A fte r  adso rp tion  w ith  no rm al organ h o m ogena tes  of iso im m une sera 
to  ly m p h o id  tu m o u rs  G o r e r , M a u r e e n  and  B a t c h e l o r , too, failed to  o b ­
serve a tum ouric ide  a c t iv i ty  and  registered m erely  th e  surv ival,  or p ro longa­
tion  o f  survival of p a r t  o f  th e  anim als  [14].

In  order to conclude to  the  presence of a specific tu m o u r  an tigen  un d er  
our experim en ta l  cond itions ,  f i rs t  of all i t  is necessary  to  adsorb  th e  control 
sera in the  cy to tox ic  te s t  w ith  spleen hom ogenate .  A lth o u g h  it is h a rd ly  pos­
sible t h a t  the  fac to r  responsible  for the  p ro longa tion  of su rv iva l  should  origi­
n a te  from  the  spleen, th is  ty p e  of control te s t  is ind ispensab le  in view of th e  
tu m o u r  cell im pair ing  ac t ion  of spleen ex tra c ts  [15]. F inally ,  th e  sens i t iv i ty  
of th e  n eu tra l iza t ion  te s t  should  also be increased, as u n d e r  th e  given condi­
tions only a slight d ifference in the  lower t i t re  range  was d em ons trab le  be tw een  
ad so rbed  im m une  se rum  and  norm al serum.
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EFFECT ON INFLUENZA VIRUS OF A MODIFIED 
FRANCIS INHIBITOR AND ITS ACETONE-SOLUBLE

FRACTION

II. ST U D IE S ON T H E  M ODE OF ACTION IN D E -E M B R Y O N A T E D  EGGS

By

I. H o l l ó s

National Institute o f  Public Health (Director : T. B akács), Budapest  

(R eceived June 20, 1966)

Sum m ary. Francis inhibitor (K,,), its  d iethyl-p-phenylene-d iam ine-diazonium -salt de­
rivative (m odified  Francis inhibitor or 8m)  and the acetone-soluble fractions of these substances  
( K ()ac and 8ac)  were exam ined for inhibitory action on the m ultiplication of the B udapest 
4/49 strain o f influenza A —1 virus in the cells o f the chorioallantoic membrane of de-em bryo- 
nated eggs.

(i) T w enty  mg per ml K ()ac or 5 mg per ml 8ac added to the medium half an hour after  
infection com pletely  prevented the reproduction of in fective  virus, whereas 20 mg per ml of

or 8m  caused no inhibition.
(ii) T w enty  mg per ml Sac, adm inistered 1 hour after infection stopped virus m u ltip lica­

tion. The sam e dose given at 5 hours acted also im m ediately , considerably reducing th e  y ield  of 
the cycle in progress and preventing further cycles. Its adm inistration at 10 hours prevented  
further cycles.

(iii) The duration of the events sensitive to 8ac depends, among others, on the dose of 
the inhibitor: those (or that) sensitive to 5 mg per ml take(s) place from 30 m inutes to 2 hours; 
those sensitive  to 7.5 or 10 mg per ml start between 30 and 120 minutes and last un til the end 
of the eclipse. It appears likely that som e viral constituents which have not stab ilized  until 
6 hours rem ain sensitive to large doses of 8ac. The progress o f the inhibitor-sensitive process 
of virus syn thesis runs parallel with the appearance of in fective virus in untreated controls. 
After rem oval of 8ac virus synthesis regenerates and after a very short lag phase proceeds at 
the sam e rate as in the control membranes.

P rev io u s  s tud ies  [1, 11] have shown t h a t  th e  acetone soluble f ra c t io n  
(Нас) o f  o u r  8m  p rep a ra t io n  (F ranc is  in h ib i to r  coup led  with d ie th y l-p -p h en y l-  
ene -d iam ine-d iazon ium  chloride) s ign if ican tly  inh ib its  the  m u lt ip l ic a t io n  of 
influenza v irus  in th e  roller d ru m  as well as in de-em bryona ted  eggs. V irus  
g row th  w as  m easured  b y  t i t r a t io n  of th e  h aem ag g lu t in a t in g  (HA) a c t iv i t y  of 
the  m ed iu m . The degree of inh ib it ion  d ep en d ed  on th e  inh ib ito r  c o n c e n t ra t io n  
and , n o t  a lw ays  s ignificantly , on th e  size of th e  inoculum .

In th e  p resen t  work tw o questions have been  s tud ied  in th e  d e -e m b ry o ­
na ted  egg, (i) the  correla tions be tw een  in h ib i to r  concen tra t ion  and  degree  of 
inh ib it ion , considering th e  infective t i t re  of th e  m em b ran e  h o m o g e n a te  a t  a 
given t im e  to  rep resen t  the  index of virus m u lt ip l ica t io n ;  (ii) to  d e te rm in e  th e  
inh ib i to r -sen s i t iv e  period of th e  re p ro d u c t io n  cycle.
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Materials and m e th o d s

Follow-up o f  the reproduction cycle. The strain B ud apest 4/49 of influenza A — 1 virus 
w as used  throughout. T he procedure of de-em bryonation has been published [1].

The inoculum  w as p laced in  each D E E  in 3 m l m edium . Then the D E E s were rolled at 
37° C for 30 or 60 m inutes and rinsed twice. Su bseq u en tly  10 ml medium, w ith  or w ithout 
in h ib itor , was added. A t in tervals, sam ples of 0.1 m l vo lum e were taken from each D E E  and 
those taken  from the sam e group of eggs were pooled. A t th e  same tim es three chorio-allantoic  
m em branes (CAM) were rem oved  from each group. T hese were rinsed separately three tim es  
each in  a Petri dish. T he flu id  on the surface of the CAMs was removed by repeated pressing  
betw een  sterile b lotting  papers; the CAMs were ground w ith  quartz sand suspended in 10 ml 
saline each. After centrifuging at 3000 r. p. m. for 10 m inutes the supernatants were sucked  
off and signed as 10° d ilu tion  o f the CAM extract.

B oth  the pooled m edium  and the CAM ex tra ct were titrated in the roller drum  [2] in  
3 hours after preparation, using 10 -0 '5 fold dilution series and 4 ampoules for each dilution. 
A fter th e  drums had rolled for 72 hours at 37°C, th e  H A  titres of the m aintenance fluids 
were determ ined [3]. T he in fectiv ity  titre was expressed in  ID 60 per 0.1 ml un its [4]. The vo ­
lum e o f  both  the m aintenance flu id  and the CAM ex tra ct being 10 ml, the to ta l am ount of 
virus produced was 102 tim es the value obtained.

To control the reproducib ility  o f the titres, we titra ted  a stock virus preparation 10 
tim es w ith in  a period o f 5 w eeks. The standard d ev ia tion  o f  the ID 50 per ml values w as 100,18.

Change o f  medium.  The m edium  of the D E E  w as sucked off w ith a syringe and cannula  
through  a hole m ade in  the p lastic  cap of the D E E . A fter  rinsing the membrane tw ice  w ith  
the m edium , 10 m l fresh  m edium  was added.

Designation o f  the inhibitor preparations. K 0 =  F rancis inhibitor prepared from  hum an  
serum  [11]; 8m  =  diethyl-p-phenylene-d iam ine-diazonium -chloride derivative o f K 0; 8ac =  
acetone-soluble fraction o f 8m; K„ac =  acetone-soluble fraction of K„.

Results

Correlation between the dose o f  inhibitor and  the inhibition o f  v iru s  m u lti­
p lica tio n  in  the C A M  o f  the D E E . E ig h ty -e ig h t  D E E s  were in fec ted  w i th  108 

I D S0 o f  v irus  each , ro lled  for  30 m inutes  a n d  r in sed .  Then  8  D E E s  w ere  filled 
w i th  inh ib ito r-free  m e d iu m , whereas th e  re m a in in g  D E E s  were d iv ided  into 
2 0  eq u a l  groups, each  o f  which received in h ib i to r  a t a given co n cen tra t ion .  
T h u s  each  of th e  fo u r  p re p a ra t io n s  were t e s t e d  a t  concentra tions o f  20, 10 ,5 ,  
2.5 a n d  1.25 m g p e r  ml. F o u r  of the  con tro l  D E E s  were opened a f te r  4 -hour  
in c u b a t io n  in th e  ro ller a p p a ra tu s ,  i. e. still in th e  eclipse phase; th e  re m a in ­
ing  eggs were op en ed  a n d  used for virus t i t r a t i o n  a f te r  16 hours.

I n  th e  pe r iod  f ro m  4 hours to  16 h o u rs  t h e  infec tiv ity  o f  th e  contro l 
CAMs rose from  103'5 to  105 0. In  the  presence o f  K 0 or8 m  a t  th e  above  concen­
t r a t io n s ,  the  in fec tive  t i t r e  of th e  CAM pools a t ta in e d  the  control level, ind i­
c a t in g  t h a t  these  p re p a ra t io n s  h a d  no t in h ib i te d  v irus  m u ltip lica tion . In  the  
p resence  of 20 m g p e r  m l K 0ac the  t i t re  r e m a in e d  a t  th e  4-hour level, in d ic a t ­
ing a com plete  or a lm o s t  com plete  inh ib it ion  o f  v irus  m ult ip l ica t ion , w hereas 
10 m g  p e r  ml of th e  sam e  p rep a ra t io n  show ed  no  inhibition. Of 8ac even  5 mg 
p e r  m l  caused  100 p e r  c e n t  inhibition, w h e reas  in  th e  presence of 2.5 m g or 
1.25 m g  per  ml m e d iu m  th e  infec tiv ity  inc reased  to  104'1 and 105' 0, respec tive ly ,  
in d ic a t in g  87 and  0 p e r  c e n t  inhibiton.
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F rom  th is  ex per im en t tw o  conclusions can be  d raw n , viz. (i) on ly  th e  
acetone-soluble  p rep a ra t io n s  in h ib i te d  th e  rise of  t h e  in trace llu la r  v irus  t i t r e  
when such a la rge  v irus in ocu lum  was used; (ii) t h e  dose-response curves for  
th e  two effective substances a re  steep.

The resu lts  o f  th is  e x p e r im e n t  are consis ten t  w i th  th e  experience p u b ­
lished in th e  f i r s t  rep o r t  of th is  series [1 ]; th en  th e  sam e  conclusion was b a se d  
ind irec tly  on th e  H A  t i t re  o f  th e  m edium .

A ttem pts to determine the inhibitor-sensitive p eriod  o f  the reproduction
cycle.

(a )  F ollow -up o f  virus m ultip lica tion  and release (Table I, Fig. 1). D E E s  
were infected w i th  10«'3 ID 50 each . A fte r  1 hou r  a d so rp t io n  period th e  seed v iru s  
was rem oved  b y  rinsing the  CAMs. Samples were t a k e n  1, 3, 5, 7, 12, 24 a n d  
32 hours a f te r  infection.

Table I

Multiplication of in f  luenza virus in de-embryonaled eggs (D E E ) in the 
presence and absence o f  8 ac

Strain: A—1 Budapest 4/49 Inoculum: lO®-8 ID5,/DEE

Adsorption ratio: 76%

8ac added Specimen
Infeetivity titres'* of samples taken

ut
1 3 5 7 1 12 24 32

hours after inoculation

membrane 3.3 2.2 2.2 2.2 4.0 4.3 4.3

medium 3.5 ' 3.3 3.0 5.0 7.0 6.5

1 hour
membrane 3.0 3.0 3.0 3.0 3.0 1.0

medium 1.0 1.0 3.0 2.3 3.0 2.3

5 hours
membrane 1.2 2.0 2.0 1.7

medium 1.0 1.0 3.4

3.(1

1.5

10 hours
membrane 3.3 3.0

medium 2.0 1.0 1.3

*log II )50 in 0.1 ml

T it ra t io n  of th e  pooled m a in te n a n c e  f lu id  a t  one h o u r  showed t h a t  a b o u t  
76 per cen t (10*-78 I D 50) of th e  seed virus had been  ad so rb ed  to cells; f ro m  the  
difference b e tw een  th is  and th e  th ree -h o u r  CAM t i t r e s  i t  was es tab lished  t h a t  
1 0 « -  ID 50 p e r  CAM had tu rn e d  in to  eclipse.
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Fig. 1A shows th e  dynam ics  of v iru s  in fec t iv i ty  in th e  c o n t ro l  CAM and 
m e d iu m  pools. The in fec t iv i ty  of th e  CAM rose after th e  7 th  h o u r  only, to 
a t t a i n  104' 0 hy  th e  12 th , and  1()4'3 b y  th e  2 4 th  hour. Then it  r e m a in e d  a t  the  
s a m e  level. The t i t r e  of th e  m edium  to o  b e g a n  to  rise af te r  7 h o u rs ;  i t  reached

hours

Fig. 1. The virus-reproduction-inhibiting effect o f 8ac when added to D E E  at different tim es 
after  inoculation  w ith in fluenza virus. Strain: A — 1 Budapest 4/49, inoculum : 10l;'9 ID 50; 
adsorp tion  time: 1 hour; virus turned into eclipse: 10fi'77 I D 50; dose of inhibitor: 20 mg per ml 
m ed iu m . A: in fectiv ity  curves w ithout inhibitor (virus control); B, C, D: in fec tiv ity  curves 
w h en  inhibitor was added at 1, 5 and 10 hours, respectively . 1: titre in CAM; 2: titre  in  medium

105 a n d  107 by  12 a n d  24 hours, respec tive ly .  Such a b e h a v io u r  speaks for a 
m u l t ic y c l ic  m u lt ip l ica t ion .

F ig . IB  shows th e  effect of 20 mg p e r  m l 8ac added to  th e  sy s te m  one hour 
a f t e r  infection . Rise in  th e  CAM’s in fe c t iv i ty  could no t be d e m o n s t r a te d ,  in

Acta Microbiologica Academiae Scientiarum  Hungaricae 13 (1966J1967)



E F F E C T  O N  I N F L U E N Z A  V I I U J S  O F  A  M O D I F I E D  F R A N C IS  I N H I B I T O R 281

sp ite  o f  frequen t  sam plings .  The sligh t rise in th e  t i t r e  o f  th e  m edium  b e tw een  
5 hours  and 7 hours a n d  its s tagna tion  a t  th e  sam e level in th e  presence of th e  
v iruc ida l  8ac shows t h a t  some virus was neverthe less  re leased  into the  m edium . 
T he  p eak  a t  the  level o f  103-0 was, how ever ,  n o t  c o m p arab le  w ith  the  107 t i t r e  
o f  th e  control m ed ium .

A no the r  d ifference betw een  th e  contro l m e m b ra n e s  and those t r e a te d  
w i th  8ac was th a t  in th e  fo rm er th e  l i t r e  fell from 103'3 to  102'2 during  the  f i rs t  
tw o  hours after  in fec t ion , p resum ab ly  as a re su l t  o f  a con tinuous  tu rn in g  of 
v iru s  in to  eclipse: a s im ilar  drop could  n o t  he obse rved  in th e  CAMs t h a t  
h a d  received 8ac a t  1 h o u r ,  suggesting t h a t  8ac m a y  cause a t ra n s i to ry  d i s tu r b ­
ance  in p ene tra t ion  or  in tu rn in g  in to  eclipse.

In  the  th ird  p a r t  ol th e  e x p e r im en t  (Fig. 1C) 8ac was added  in th e  
second th ird  of the  re p ro d u c t io n  cycle, a t  5 hours. S u bsequen tly ,  th e  CAM’s 
infective  t i t re  d ro p p ed  f rom  102-2 to  101'2, th e n  rose to  102' 0 and  rem ained  a t  
th is  level till the  end of th e  experim ent.  T he  fu r th e r  course of  th e  curve did n o t  
differ significantly  f ro m  th a t  seen in Fig. IB . T h e  red u c t io n  in the  CAM’s 
in fec t iv i ty  m ight he exp la ined  by a forced release of  virions which had been  
adso rbed  hu t  had n o t  p e n e t ra te d .

In  the  fou r th  p a r t  of the  sam e ex p e r im e n t  8ac was added  a t  10 hours .  
H ere, too , there  was no fu r th e r  rise in th e  t i t re s  a f te r  a d d i t io n  of 8ac. The dec lin ­
ing t i t r e  of the  m e d iu m  a f te r  10 hou rs  showed t h a t  f u r th e r  cycles had failed  
to  proceed.

( b) .  A ttem pts to determ ine the inhibitor-sensitive period o f  the reproduction  
cycle by varying the tim e  o f  adding or o f  removing 8ac , and  titra ting  CA M  in fec­
tiv ity  at a constant tim e.

Since the  v iruc ida l  effect of 8ac p re v e n ts  th e  ana lys is  o f  its effect on v irus  
a d so rp t io n ,  inh ib ition  o f  in trace llu la r  v irus m u lt ip l ica t io n  was ana lyzed  by  
com bin ing  two m e th o d s .

(i) U nder ex p e r im e n ta l  conditions resu lting  in an  ap p ro x im a te ly  one- 
s tep  reproduc tion  8ac was added to  th e  sys tem  a t  d if fe ren t  t im es a n d  left in 
th e  m ed ium  until  th e  en d  of the  ex per im en t.  The l a te s t  t im e  a t  which the  a d d i ­
tion  of 8ac still caused  100 per cen t inh ib it ion  w as considered  to  ind ica te  th e  
beg inn ing  of the inh ib ito r-sens i t ive  processes. T h e  earlies t  t im e  a t  which th e  
a d d i t io n  failed to re su l t  in inhibition was considered  to  in d ica te  the  end o f th e  
sensitive  processes.

(ii) 8ac was a d d e d  im m ed ia te ly  a f te r  the  end  of th e  adso rp tion  period  
a n d  th e  tim e of its re m o v a l  was va r ied .  T in1 v iru s  y ield  was e s t im a ted  a t  a 
c o n s ta n t  po in t of t im e  ( I I  or 16 hours a f te r  infection  in d iffe ren t  experim ents) .  
T he  la te s t  time a t  w hich  th e  rem oval of 8ac was still followed by  an a p p ro x i ­
m a te ly  100 per cen t y ield  was considered to in d ica te  th e  onset of the  sensitive 
processes, while th e  ear l ies t  rem oval which was followed by th e  lowest y ie ld  
was considered to in d ica te  the  end of the  sam e processes. On th e  basis o f  ex-

irta Microbiologica Acadetniae Scientiarum  Httngaricae 13 (1)6(11)67)



282 I .  H O L L Ó S

p e r im e n ts  of th is  t y p e  we a t t e m p te d  to  e s t im a te  th e  lag phase  of t h e  reg en e ra ­
t io n  of  virus r e p ro d u c t io n  from  th e  d ifference  in t im e  needed  for p ro d u c in g  th e  
s a m e  yield b y  th e  t r e a te d  CAMs a f te r  rem o v in g  th e  in h ib i to r  a n d  b y  th e  con­
t ro l  CAMs a f te r  infection .

D E E s  were in fec ted  w ith  107'4I D 5O of v irus  each a n d  ro lled  for  30 m inu tes .  
T h e n  th e  m ed ium  was sucked off a n d  th e  m em branes  were w ashed . F ro m  
th e  t i t r e  of th e  m ed iu m  the  a m o u n t  of  in fec tive  v irus t h a t  h a d  been  adsorbed  
to  a CAM was e s t im a te d  a t  100-9 I D g0. In fec t iv i ty  of con tro l  CAMs was

Fig. 2. Correlation betw een the tim e of addition  or rem oval of 8ac and the inh ib ition  of virus 
m ultip lication  in the CAM of the D E E . Virus: A — 1 B udapest 4/49; inoculum : 107'4 Ш 50 РеГ 
CAM; adsorption period: 30 m inutes; dose of 8ac:  10 mg per ml. T itration of in fectiv ity  at 11 
hours, in  control CAMs at the indicated tim es. Virus titre expressed in  per cent o f the titre o f the

control CAM extract at 11 hours
E xplanation : Each em pty-circle (O --------------O ) in the curve indicates the virus y ield obtained
a t 11 hours when 8ac was added at the tim e ind icated  by the position of the em pty  circle.
E ach  full triangle (A ---------- A) in  the curve ind icates the virus yield obtained at 11 hours
w h en  8ac was added at 30 m inutes after in fection , and rem oved at the tim e ind icated  by the

position of the fu ll triangle

t i t r a t e d  a t  3, 5, 8 a n d  11 hours a f te r  in fec t ion .  The t i t re  a t  3 hours  was consider­
ed as 0 per cen t m u lt ip l ica t ion ,  t h a t  a t  11 hours as 100 p e r  cent. T h e  curve  in 
t h e  r ig h t  of Fig. 2 shows th e  dy n am ics  of  m ult ip l ica t ion  in  th e  con tro l  system .

The m ed iu m  o f  groups 1 —5 was ch an g ed  for a m ed iu m  c o n ta in in g  10 mg 
p e r  ml 8ac a t  30 m in u te s ,  2, 4, 6 a n d  8 hou rs ,  a f te r  infec tion  (see th e  e m p ty  
circles in Fig. 2). A t  11 hours ,  i.e. w h en  th e  f i rs t  cycle h a d  p ra c t ic a l ly  come to  
an  en d ,  th e  groups of  CAM were t i t r a t e d .  T ak in g  the  11-hour t i t r e  o f  th e  con­
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tro l g roup as 100 p e r  cent, th o se  fo r  groups 1 — 5 were  28, 31, 18, 62 a n d  82 
in th e  o rder  of th e  t im e  of a d d in g  th e  inhibitor.

F o u r  fu r th e r  groups of  D E  F  were given Нас in th e  301li m in u te  a f te r  
infection. The inh ib i to r  was ch a n g e d  for inh ibitor-free  m ed iu m  a t  2, 4, 6 a n d  
8 hours  a f te r  infection (see th e  filled triangles in Fig. 2). All th e  CAM hom o g e­
na tes  were t i t r a t e d  a t  11 hours .  In  these  cases the  v irus  t i t r e  a t  11 hours w as 
57, 67, 25 and  28 per  cent of th e  11-hour value of th e  con tro l ,  in th e  o rd e r  of 
the  t im es of rem ov ing  the  in h ib i to r .

Accord ing  to  these  d a ta ,  n e i th e r  100 per cen t inh ib i t io n  nor 100 per  cen t  
m u lt ip l ica t io n  (i.e. regenera t ion  of  th e  m ult ip l ica t ion)  occurred  in the  CAMs 
once t r e a te d  w ith  10 mg 8ac p e r  m l. I f  50 per cen t m u lt ip l ic a t io n  is accep ted  
as p rac t ica l ly  u n im pa ired ,  th e  sens i t ive  process m a y  be  considered to  occur  
before 6 hours  a f te r  infection.

A lth o u g h  a rep roduc tion  cycle  in this system  does n o t  last  longer t h a n  
11 or 12 hours ,  it  was neverthe less  supposed  t h a t  a p ro lo n g a t io n  of the in c u b a ­
tion m igh t  he favourab le  for ap p ro a c h in g  100 per cen t m u lt ip l ica t ion  even a f te r  
a period  of t r e a tm e n t  w ith  Нас.

D E E s  were infected w ith  108 I D 5() of virus each  a n d  rinsed a f te r  30- 
m in u te  rolling. Then  six groups of  D E E  were given 5 m g p e r  ml Нас, w hereas  
seven groups received the  inh ib i to r - f ree  m edium. CAM hom ogena tes  o b ta in ed  
from  th e  contro l g roup  were t i t r a t e d  4, 6, 8, 12 an d  16 h o u rs  af te r  infection . 
T he  4 -hour  level was considered 0 p e r  cent, the  16-hour level 100 per cent, m u l ­
t ip lica tion . In  Fig. 3 th e  v irus  t i t r e s  o f  the control m e m b ra n e  hom ogenates  a re  
in d ica ted  by  a solid line and  full circles. The e m p ty  circles in d ica te  th e  a d d i ­
tion of 5 m g per  ml Нас a t  2 or 4 hours .  Filled tr iang les  ind ica te  rem oval  of 
the  in h ib ito r  an d  su b s t i tu t io n  w i th  th e  inh ibitor-free  m ed iu m  (five groups). 
In fec t iv i ty  was t i t r a t e d  a t  16 h o u rs  in all groups.

F ive  mg per  ml Нас a d d e d  a f te r  30-m inute  in c u b a t io n  w ith  th e  v iru s  
caused 100 per cent inh ib ition . T h e  sam e concen tra t ion ,  how ever ,  failed to  in ­
h ib it  v iru s  m u lt ip l ica t ion  w hen a d d e d  a t  2 or 4 hours .

Accord ing  to  th is  ex p e r im e n t  th e  process which  is m o s t  sensitive to  su ch  
a m in im u m  co n cen tra t ion  of Нас t a k e s  place be tw een  30 m in u te s  and  2 h o u rs  
a f te r  v irus h ad  been added  to  th e  m em branes .  R e g e n e ra t io n  ensues w i th o u t  
a n y  d em o n s trab le  lag phase  or re d u c t io n  in the  final t i t re .

T he  ex p e r im en ta l  cond itions  a n d  the  symbols in F ig . 4 are th e  sam e as 
for th e  p rev ious exp e r im en t  and  F ig . 3. The only d ifference was in the  con cen ­
t ra t io n  of  Нас, th is  hav ing  been  tw ice  higher, i.e. 10 mg p e r  ml. F ive g roups  
of D E E  were given in h ib ito r  a t  0.5, 2, 6, 8, and 12 hou rs ,  respectively , i n f e c ­
t iv i ty  of all these groups was t i t r a t e d  a t  16 hours, w hereas  inh ib ito r-free  g roups  
were t i t r a t e d  a t  4, 8, 12 and  16 hou rs .

This large dose of in h ib i to r  caused  100 per c e n t  inh ib i t io n  even w h en  
added  to  th e  sys tem  af te r  4 -h o u r  in cuba tion  w ith  th e  v irus .  A ddition  o f  t h e
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F ig .  3. Correlation betw een  th e  tim e of addition or rem oval of 8ac and the inhibition of virus 
m ultip lication  in  the CAM o f th e  D E E . Virus strain: A — 1 Budapest 4/49; inoculum : 10s ID 50 
per CAM; adsorption period: 30 m inutes; concentration of Sac: 5 m g per ml. Infectiv ity  
t itra tio n  at 16 hours and in control CAMs at the indicated tim es. Virus titre expressed in per 
c en t  o f the infectivity o f th e  control CAM extract estim ated at 16 hours. E xplanation: See

under Fig. 2

F ig .  4. Correlation betw een  the tim e of addition o f 8ac and the inh ib ition  of virus m ultiplica­
t io n  in  the CAM of the D E E . Virus strain: A — 1 B udapest 4/49; inoculum : 108 ID 5<I per CAM; 
adsorption period: 30 m inutes; concentration of 8ac: 10 mg per ml. In fec tiv ity  was titrated at 
16 hours and in control CAMs also at the ind icated  tim es. Virus titre  expressed in per cent of 

the titre of the control CAM extract at 16 hours. Explanation: See under Fig. 2
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in h ib i to r  a t  6 , 8  an d  12 hours  re su lted  in 90, 50 a n d  0 p e r  cen t  in h ib it ion  of 
v irus  m u lt ip l ica t ion , respectively  .This w as consis ten t w ith  th e  fo rm er  e x p e r im en t .  
A ccord ing  to  th e  control g roup th e re  w as still no n ew ly -p roduced  infective v irus  
in th e  CAM hom ogenate  a t  8  hours.

T he  event(s) sensitive only  to  th is  r e la t ive ly  large dose of  in h ib i to r  s t a r t e d  
in th e  4 th  h o u r  and  cam e to  an en d  betw een  8  a n d  12 hours, i.e. in th e  
period  of th e  appearance  of new  v ir ions  in th e  contro l m em b ran es .  M eanw hile  
th e  p ro d u c ts  of these even ts  seem ed to  grow in a m o u n t  a n d /o r  s tab il i ty .  G iven 
a t  12  hours ,  even th e  large dose of вас  failed to  in h ib i t  th e  fu r th e r  processes 
of  rep ro d u c t io n .  The existence of a p rocess tak in g  place a f te r  12 hours  is ev i­
denced  b y  th e  steep rise of th e  contro l cu rve  betw een  12 a n d  16 hours. T here  
is l i t t le  d o u b t  t h a t  th is  process was th e  bu ild ing  up o f th e  v ir ion  from  th e  v ira l  
c o m p o n en ts  th e  p roduc tion  of  w hich  h ad  come to  an  end b y  12  hours. I f  th e  
rise in in fec t iv i ty  be tw een  12  and  16 h o u rs  had been due  to  a second cycle of 
rep ro d u c t io n ,  th is  — being  in an  ea r ly  p h ase  of th e  cycle — w ould h av e  been  
in h ib ited  by  the  вас ad d ed  a t  12  hours .

T h e  results  of p revious th ree  ex p e r im en ts  suggest t h a t  th e  in h ib i to r -sen ­
sit ive  phase  of th e  rep roduc tion  cycle s t a r t s  a t  a b o u t  th e  30 th  m in u te  of  th e  
in c u b a t io n  w ith  v irus and  th e  p ro d u c t(s )  of the  inh ib ito r-sens i t ive  processes 
rem a in  in an un s tab le  s ta te  in w hich  th e y  canno t resist a large dose of  Sac.

F o r  th e  n e x t  e x p e r im en t  th e  v iru s  inoculum  was ra ised  to  10'J‘5 I D 50, 
w hereas  th e  concen tra t ion  of th e  in h ib i to r  was red u ced  to  7.5 mg p e r  ml. 
O therw ise  th e  experim en t,  a n d  also th e  sym bols in Fig. 5, co rresponded  to  th e  
p reced ing  experim en t,  вас  was ad d e d  a t  30 m inu tes  and  rem oved  from  th e  
fo u r  groups a t  4, 6 , 8  and  12 hours, respectively .

Owing to  th e  large inocu lum , a considerab le  rise in th e  in fec t iv i ty  of  th e  
con tro l  CAMs was observed  as soon as a t  4 hours. R e m o v a l  of th e  in h ib i to r  
a t  2 hours  resu lted  in 100 per  cen t m u lt ip l ica t ion ,  suggesting  t h a t  the  14-hour 
pe r iod  a f te r  rem oval was suffic ient to  com ple te  th e  re p ro d u c t io n  cycle. R e m o v a l  
a t  4, 6  and  8  hours (followed b y  12, 10 and  8  hours  of re - in cu b a t io n  in in ­
h ib ito r-free  m edium ) resu lted  in 81, 54 a n d  44 per  cen t  m u lt ip l ica t io n ,  re? 
spec tive ly .  R em ova l a t  12 hou rs  (followed b y  4 -hour  re - incuba tion )  was too  
la te  to  allow any  rise in in fec t iv i ty  m easu rab le  a t  16 hours .

This  ex p e r im en t  has shown t h a t  a f te r  th e  in h ib i to r  h a d  been rem o v ed  
CAM cells were again able to  co n tinue  th e  in te r ru p te d  cycle and  p roduce  th e  
sam e infective v irus  yield as th e  u n t r e a te d  cells, p ro v id ed  th e re  was enough  
t im e  to  com plete  a rep ro d u c t io n  cycle u n ti l  t i t ra t io n .

I t  m a y  he concluded t h a t  th e  sens i t ive  process s ta r te d  at a b o u t  th e  
2 nd h o u r  and  cam e to an  end  a f te r  t h e  eclipse had been f in ished .

T he  tw o curves in Fig. 5, i. e., t h e  curve  rep re sen t in g  v irus  p ro d u c t io n  
and  th a t  rep resen ting  th e  reg en era t io n  of  v irus re p ro d u c t io n  a f te r  rem o v a l  of
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t h e  inh ib ito r , were in close re la tion , sugges t ing  t h a t  v irus  m ult ip l ica t ion  p ro ­
ceeds  a t  the  sam e r a t e  w h e th e r  or n o t  th e  cells have  b een  p r e t r e a te d  w ith  8ac.

To visualize t h e  expec tab le  lag ph ase  be tw een  th e  rem o v a l  of 8ac a n d  
t h e  regenera tion  of  th e  rep ro d u c t io n  cycle, a g raphic  m e th o d  was applied  
(F ig . 5). A ho r izo n ta l  l ine  was d raw n from  each of th e  filled tr iang les  re p re se n t ­
in g  v irus  p ro duc tion  a f te r  th e  rem oval of 8ac a t  th e  co rrespond ing  tim e. These  
h o r iz o n ta l  lines in te r s e c t  th e  control v irus  p ro d u c t io n  cu rve  (a curve d raw n

F ig. 5. Correlation b etw een  the rem oval o f 8ac and the inh ib ition of virus m ultiplication in  
th e  CAM of the D E E . Virus strain: A — 1 B udapest 4/49; inoculum : 109"5 ID 50 per CAM; con­
centration  of 8ac: 7.5 m g per ml. In fectiv ity  was titrated  at 16 hours and in control CAMs 
also  at the indicated tim es. Virus titre expressed in  per cent of the titre  of the control CAM 

ex tra ct at 16 hours. E xplanation: See under F ig. 2

a rb i t r a r i ly  th ro u g h  th r e e  exp e r im en ta l ly  de te rm in ed  po in ts) .  F ro m  each of 
t h e  in tersection  p o in ts  t h e  pe rp en d icu la r  line to  th e  t im e  co-ord inate  axis  
w as  d raw n to show  th e  period  of t im e  necessa ry  for p ro d u c in g  b y  th e  contro l 
m em b ran es  th e  s am e  a m o u n t  of in fec tive  v irus  w hich  w as p roduced  u n t i l  
t h e  t i t r a t io n  t im e  b y  th e  CAMs from  w h ich  th e  in h ib i to r  h a d  been  rem oved  
a t  th e  given t im e .  A n y  de lay  in v irus  rep ro d u c t io n  in th e  p re - t re a ted  CAMs 
w a s  considered to  be  in fo rm a tiv e  of th e  lag ph ase  of reg en era t io n .  Fig. 5 shows 
som e  delays, b u t  th e se  correspond  to  v e ry  sh o r t  lag  phases .  P ro d u c t io n  of 
a y ie ld  equal to  t h a t  p ro d u c e d  b y  th e  p re - t r e a te d  CAMs d u r in g  12, 10 a n d  8 

h o u rs  took  a p p ro x im a te ly  11 hours 45 m in u te s ,  8 hou rs  40 m inu tes ,  a n d  7 
h o u rs  45 m inu tes ,  re sp ec t iv e ly ,  in th e  con tro l  m em branes .  T h u s ,  th e  e s t im a ted  
l a g  phases app ea r  to  r a n g e  be tw een  15 a n d  80 m inu tes .
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Discussion

T h e  roller d rum  m e th o d  [2] is a sensitive p rocedure  for  t i t r a t in g  th e  in ­
h ib ito rs  of in fluenza  virus m u lt ip l ica t io n .  T he  m ethod  has ,  however, tw o d is ­
ad v a n ta g e s :  (a) th e  yield m ostly  consis ts  in incom plete  v irus ,  which c a n n o t  
be t i t r a t e d  h u t  b y  its HA effect; (b) th e  in h ib i to r  once a d d e d  can n o t  he rem oved  
from  th e  sys tem . Thus , ev a lua tion  of  th e  t ru e  effect on v ira l  rep ro d u c t io n  is 
d is tu rb ed  if  th e  inh ib i to r  influences v irus  adso rp tion  or v iru s  HA , or b o th .  
T he  presence of  our inh ib ito r  in h ib i te d  b o th .

T he  D E E  techn ique ,  on th e  o th e r  hand ,  has been  used  on a wide scale 
to  s tu d y  th e  rep roduc tion  of in f luenza  virus [5— 8 ] and  th e  an t iv ira l  effect of 
chemical com pounds  [9, 10]. V irus p ro d u c t io n  is m easu rab le  w ith  th e  g ro w th  
of in fec t iv i ty  in bo th  th e  CAM cell h o m o g en a te  and  th e  f lu id  medium .

Using large inocula in th e  D E E ,  only  tw o of ou r  F ra n c is  inh ib i to r  d e r iv ­
a tives  (K nac a n d  8ac) have  p roved  to  in h ib i t  viral r e p ro d u c t io n  to  an e x te n t  
m easu rab le  b y  th e  reduced  in fec t iv i ty  of  th e  CAM. B o th  of these  der iv a t iv es  
are soluble in organic  solvents a n d  fail to  p rec ip i ta te  d u r in g  dialysis a g a in s t  
distilled w a te r .  8m , on th e  o th e r  h a n d ,  which had p roved  m ore effective th a n  
K nac w hen te s te d  in th e  rolling d ru m ,  had  no such effect. O ur  earlier p r e p a r a ­
t io n  te rm e d  No. 8  [11], which in h ib i ted  th e  m u lt ip l ica t ion  of the  in f luenza  
v irus  in th e  e m b ry o n a te d  egg, was a m ix tu re  which co n ta in ed  p a r t  of th e  8ac 
f rac tion .

T he  investiga tions into th e  m ech an ism  of action  of 8ac have  a l re a d y  
p o in ted  to  several characteris tics .  T h e  effect of th e  su b s ta n c e  appears  v e ry  
soon a f te r  its add i t io n  to the  sy s te m , enforcing an  e lu tion  of  th e  ad so rbed  
virions and ,  possib ly  d is tu rb ing  th e  v iru s  release. A d is tu rb in g  effect on th e  
p e n e t ra t io n  or on tu rn in g  in to  th e  eclipse phase  can n o t  he excluded, e i ther .

T h e  le n g th  of th e  period of v iru s  syn thesis  which is sensitive to  8ac d e ­
pends on th e  dose of the  in h ib i to r  (and  on th e  leng th  of th e  observation).  T h e  
corre la tion  w i th  th e  dose m ig h t  be ex p la in ed  by  assum ing  t h a t  a larger dose 
inh ib its  m ore  processes or t h a t  th e  ea r ly  p roduc ts  o f  v ira l rep roduc tion  are  
labile a n d  th e i r  s tab iliza tion  is in h ib i te d  b y  large doses of  8ac. A ccordingly , 
th e  sensitive even ts  s ta r t  be tw een  30 m in u te s  and  2 hours ,  th is  is followed b y  
a s tab il iza t ion  period  of 2 hours  to  6  hou rs  and  te rm in a te s  a t  th e  end of th e  
eclipse period.

S ens it iv i ty  to  large doses of in h ib i to r  does no t  cease before th e  en d  of 
th e  eclipse phase .  The processes in p rogress  are slowed dow n b y  th e  a d d i t io n  
of  large dose of  8 ac and  th en  new cycles are p reven ted .

Virus rep ro d u c t io n  soon reg en e ra te s  a f te r  8ac has  been rem oved.
E lu c id a t io n  of th e  effect in vivo  o f  8ac and  its m ode of ac tion  on th e  s y n ­

thesis of v ira l con s t i tu en ts  needs f u r th e r  studies.

Acta Microbiologica Academiae Scientiarum Hungaricac 13 (1966/1967)



288 I .  H O L L Ó S

L IT E R A T U R E

1. H o l l ó s , I.: A cta m icrobiol. Acad. Sei. hung. 13, 133 (1966).
2. H o r v á t h , S.: A cta  m icrobiol. Acad. Sei. hung. 1, 481 (1954).
3. T a k á t s y , G y . :  A cta  m icrobiol. Acad. Sei. hung. 3 , 191 (1955).
4. R e e d , L. J., M u e n c h , H .: Amer. J. H yg. 27, 493 (1938).
5. B e r n k o p f , H.: J. Im m unol. 65, 571 (1950).
6. F u l t o n , F., A r m i t a g e , P . :  J. H yg. (bond.) 4 9 ,  247 (1951).
7. D a n i e l s , J. B ., E a t o n , M. D., P e r r y , M., E . :  J . Im m unol. 69, 321 (1952).
8. F i n t e r , N. B., L iu , O. C., L i e h e r m a n n , M., H e n l e , W .: J. exp. Med. 100, 33 (1954).
9. L iu , O. C., M a l s b e r g e r , R. G., C a r t a e , J. E ., D e S a n c t i s , A. N ., W i e n e r , F. P . ,  H a m p i l ,

B.: J. Im m unol. 78 , 214 (1957).
10. S p r ö s s i g , M., M ü c k e , H .: U n d int. Sym p. Chem otherapy 1961. Vol. II. 318 (1963).
11. H o l l ó s , I.: A cta m icrobiol. Acad. Sei. hung. 7, 231 (1960).

A d d re ss  o f  the  au th o r:
I v á n  H ollós
N a tio n a l  In s t i tu te  o f  P u b lic  H e a l th ,  
G y ű li ú t  2 — 6, B u d ap est I X ,  H u n g a r y

Acta Microbwlogica Acuderniae Scientiarum Hungaricae 13 (1966/1967)



Acta microbiol. Acad. Sei. hung. 13, 289 — 294, 1966/1967

TICK-BORNE ENCEPHALITIS: A COMPARATIVE 
SEROLOGICAL SURVEY IN HUNGARY

B y

E l i s a b e t h  M o l n á r  a n d  T a m a r a  K u b á s z o v a  

N a t io n a l  I n s t i t u t e  o f  P u b lic  H e a lth  ( D i r e c t o r : T. B a k á c s ) ,  B u d a p e s t  

(Received J u n e  21, 1966)

Sum m ary. From 1037 acute neurological cases observed in Hungary in 1963 1965,
serum sam ples were exam ined w ith  the q u a n tita tiv e  neutralization and haem agglutination  
inh ib ition  tests. Neutralizing antibodies to the H ungarian K E m , strain of tick-borne encep ha­
litis virus were found in 23 per cent o f the cases o f  encephalitis and 10 per cent o f those of  
aseptic m eningitis. The haem agglutination in h ib ition  test was positive more often than the  
neutralization  test and the two tests gave d ivergent titres in the sam e serum sam ples. On the  
basis o f  the divergencies it is supposed that som e other arbovirus of Casals’s group В is preva­
lent in  H ungary.

A c u te  neurological cases, caused b y  th e  t ick -borne  encephalit is  (T B E )  
v irus ,  occur  sporadically  in a lm ost th e  w hole  area of H u n g a ry  in ev e ry  y ea r .  
One o f us (E . M.) has ex am in ed  th e  f re q u e n c y  of neu tra l iz in g  an t ib o d ie s  to  
th e  T B E  v irus  in th e  sera of  such p a t i e n t s  since 1958. Out of th e  cases of e n ­
cepha li t is  an d  aseptic m eningitis  e x a m in e d  un t i l  th e  end  of 1962, 25 p e r  cent 
a n d  13 p e r  cent, respectively , p roved  to  b e  seropositive  [I] .  T he  p re se n t  r e p o r t  
describes sim ilar  serological studies for t h e  yea rs  1963 — 1965. F or  co m par ison ,  
para lle l  w ith  th e  neu tra l iza t io n  te s t  in H e L a  cu ltures ,  th e  sera were t e s te d  for 
h a e m a g g lu t in a t io n - in h ib i t in g  (H I)  a n t ib o d ie s  w ith  an an t ig en  p re p a re d  f rom  
T B E  v irus .

M aterials and m ethods

S e r u m  s a m p le s .  Sera subm itted to the Virus D epartm ent of this In stitu te  from  
1037 neurological cases c lin ically  suspect o f T B E  or other virus infection were inactivated  
at 56°C for 30 m inutes and kept at —7° until tested .

V ir u s  s t r a in .  The K E nq  strain of T B E  virus was isolated in H ungary from ticks [2J 
and carried over numerous passages in the m ouse brain before adapted to H eLa cells |3 |.

H e L a  ce ll s u s p e n s io n . Fifteen thousand H eL a cells per ml were suspended in a m edium  
containing 90 per cent Hanks’s balanced salt so lu tion  enriched w ith 0.5 per cent lacta lbu m in  
hydrolysate, and 10 per cent calf serum [4].

N e u tr a l i z a t io n  test. A hundred CPD-„ o f v irus was m ixed w ith  an equal volum e of the 
indicated serum  dilution. The m ixture was kep t a t 37°C for 90 m inutes, then added in a test 
tube to the freshly prepared H eLa cell suspension. T he test was described in detail elsew here [ 1 1.

H a e m a g g lu t in a t in g  a n t ig e n .  Noninfectious T B E  virus antigen for the group-specific HI 
test was k indly supplied by the Poliom yelitis and  Viral Encephalitis Research In stitu te  o f the 
USSR A cadem y of Medical Sciences, Moscow.

H a e m a g g lu t in a t io n - in h ib i t io n  test. Sera were freed from  nonspecific inh ib itors and  
haem agglutinins by adsorption w ith 25 per cent kaolin and a 10 per cent goose eryth rocyte  
suspension, respectively. The test was perform ed as recom m ended by C l a h k e  and C a s a l s  [5].

As neuratralization and HI titre the h igh est serum dilution preventing the c y to -  
path ic effect and haem agglutination, respectively , was considered.
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R esu lts

In the  y ears  1963— 1965, 1500 serum  sam ples  o b ta in ed  from  1037 cases 
w ere  exam ined  w i th  v iru s  neu tra l iza t io n  te s t .  T he  diagnosis was encepha li t is  
in  462 cases a n d  a se p t ic  m eningitis  in 575 cases. N eu tra l iz ing  se rum  an tib o d ies  
w ere  presen t in 23 p e r  cen t of th e  encepha li t is  cases an d  10 per  cent of th e  
a se p t ic  m eningitis  cases (Table 1).

Table I

I n c id e n c e  o f  n e u tr a l i z in g  s e r u m  a n tib o d ie s  to the  К Е т л s t r a in  o f  T B E  v i r u s  in  p a t ie n t s  w ith  v a r io u s
a c u te  n e u r o lo g ic a l d ise a se s  

(1 9 6 3 -1 9 6 5 )

Y ear

E n cephalitis A se p tic  m en in g itis T o ta l

N o. o f 
cases 

te s te d

P ositive N o. o f  
cases 

te s te d

P o s itiv e N o. of
cases

tes ted

P o s itiv e

N o. % N o . % No. %

1963 106 20 19 250 28 11 356 48 13

1964 132 22 17 174 7 4 306 29 9

1965 224 65 29 151 19 13 375 84 22

1 9 6 3 -6 5 462 107 23 575 54 10 1037 161 16

Table  I I  show s th e  neu tra l iza t io n  t i t re s  o f  th e  pa ired  sera of 294 p a t ie n ts :  
253 cases were n e g a t iv e ,  antibodies  were p resen t  in 41 conva lescen t-phase  
sam ples .  In  9 of t h e  seropositive  cases th e  acu te -p h ase  sam ple  con ta ined  high- 
t i t r e  an tibody . In  t h e  rem ain ing  32 cases th e  rise in t i t r e  was significant.

Table II

N e u tr a l i z a t io n  t i tr e s  o f  p a i r e d  sera  
(1963 — 1965)

C o n v alescen t sam ples
T o ta l

^10 100 ^1000

Acute
^ 1 0 253 3 20 276

sam- 100 0 0 9 9

pies
1000 0 1 8 9

Total 253 4 37 294

‘ R e c i p r o c a l s
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In  Table  I I I  th e  H I  ti tres  o f  221 serum  pairs  are presented . O u t  o f  these  
76 p ro v e d  to  be seropositive in th e  conva lescen t  phase ; 33 p a t ie n ts  h a d  a n t i ­
bodies in the  acu te  phase  a lready .

T ab le  III

II I  titres o f paired sera to the group В o f  arboviruses 
(1964 1965)

T itres*
C o n v alescen t sera

T o ta l
< 1 0 * 4 0 — 160 320— 640 ^ 1 0 0 0

Acute
10 145 19 6 « 170

phase 40- 160 4 17 15 2 38

sera
320 640 1 5 7 0 13

Tota 150 41 28 2 221

*Reciprocals

A com parison  of the  results o f  th e  n e u tra l iza t io n  te s t  w ith  th o se  o f  th e  
H I te s t  (Table IV) has  shown t h a t  o u t  of th e  1007 sam ples exam ined  w ith  b o th  
te s ts  124 proved  to  be positive (N P  in th e  following) while 718 p ro v e d  to  be 
n e g a t iv e  w ith  b o th  te s ts ;  165 p a t i e n t s  h a d  only  H I  antibodies (H I P - N N  
cases). I t  should be em phasized t h a t  all the  N P  sera  b ad  group-specific H I  a n t i ­
bodies as well.

Table IV

C o m p a r iso n  o f  l  l i l '.  v ir u s  n e u tr a li z a t io n  a n d  g r o u p - s p e c i f ic  I I I  titre s  in  sera
(1964 1965)

T itres*
N e u tra l iz a t io n  t it re s

T o ta l
^10+ 100 ;>iooo

(Лa;
10 718 0 0 718

•2 40 320 128 35 69 232

*  640- 1000 37 3 17 57

Total 883 38 86 1007

* Reciprocals

Fig. 1 shows th e  incidence b y  age a n d  sex o f  th e  N P  cases. As seen, th e  
incidence of se roposit iv i ty  grew w i th  th e  age, be ing  5, an d  26 per  cen t  in th e  
th re e  age groups, irrespective  of sex . O f th e  1037 pa t ien ts  653 (63 p e r  cen t)
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w ere m ales and 384 (37  p er cent) fem ales . T h e  se x  in cid en ce am on g  th e  d is­
ea sed  persons w as a b o u t  th e  sam e, 16 an d  15 p er cen t, re sp ectiv e ly .

M ost sero p o sitiv e  cases occurred in th e  p eriod  from  M ay to  A u g u st (F ig . 
2). T h e in cid en ce o f  N P  cases was th e  h ig h e st  in  J u n e  in b o th  1964 an d  1965. 
T h e cu rve rep resen tin g  th e  H IP -N N  cases rea ch ed  its  peak in J u ly ;  in  1965  
i t  rem ain ed  at th e  sa m e le v e l in A u gu st (F ig . 2).

276 139 121 82 219 133 37 30 653 38Í

F ig. 1. Incidence of cases w ith  neutralizing antibodies to the T BE virus, distributed by age
and sex (1963 — 1965)
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T h e  geographical d is t r ib u t io n  o f  th e  N P  cases observed in  th e  y ears  
1958— 1965 is shown in Fig. 3. I t  is c lea r  t h a t  th e  incidence was h ig h es t  in  th e  
reg ion  n e a r  the  w estern  bo rde r  of H u n g a r y .  O u t  of th e  305 cases 159 (52 p e r  cent) 
occu rred  in four counties, where on th e  average  more th a n  30 p e r  cen t  (in 
G yőr-S opron  cou n ty  50 per  cent) o f  t h e  cases p roved  to  be positive .  In  the

О
0 % 1-9% 10-14-% 15-25% 40-50%

F ig . 3. G e o g r a p h i c a l  d i s t r i b u t i o n  o f  s e r o p o s i t i v e  p a t i e n t s  s u f f e r i n g  f r o m  a c u t e  d i s e a s e s  o f  t h e  

c e n t r a l  n e r v o u s  s y s t e m .  N u m e r a t o r :  c a s e s  w i t h  n e u t r a l i z i n g  a n t i b o d y  t o  T B E  v i r u s .  D e n o m i ­

n a t o r :  a c u t e  n e u r o l o g i c a l  c a s e s  t e s t e d .  E n c i r c l e d  f i g u r e s :  c a s e s  w i t h  H I  a n t i b o d i e s  h a v i n g  n o

n e u t r a l i z i n g  a n t i b o d i e s

o th e r  15 counties th e  average  p o s i t iv i ty  was 10 per  cent. P e s t  c o u n ty  a n d  th e  
to w n  of B u d ap es t  are t r e a te d  to g e th e r  in  th e  m ap. T hus  th e  11.2 p e r  cen t  posi­
t iv i ty  of  neurological cases in a m o s t ly  u rb a n  popu la t ion  appears  re la t iv e ly  
high. M an y  of these p a t ie n ts  m ust h a v e  had  acqu ired  th e  in fec tion  in th e  
c o u n t ry .  In  th ree  counties  no N P  cases were observed. F ro m  these  counties ,  
how ever ,  few (a l toge ther  62) serum  sam p les  were su b m it ted .

T h e  incidence of I l I P - N N  cases is also shown in Fig. 3; m ore  t h a n  60 
pe r  cen t  o f  these cases were observed  in tw o counties a t  th e  so u th w e s te rn  
bo rder .
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Discussion

T h e  clinical d iagnosis  of T B E  presen ts  g re a t  difficulties  in th e  early  phase ,  
w h en  th e  com pla in ts  are  in d is t inc t  a n d  th u s  suspec tion  usua lly  arises a f ­
t e r  seve ra l  d ay s’ o b se rv a t io n  only, w hen specific  se ru m  antibod ies  h ave  a lread y  
a p p e a re d .  Moreover t h e  m a jo r i ty  of p a t ie n ts  are  a d u l t  m en, who usually  con­
su l t  a physic ian  a f te r  th e y  have developed  neuro logical sy m p to m s.  In  th is  
la te  p h ase  a fu r th e r  rise in an t ib o d y  t i t r e  c a n n o t  h e  expec ted  an d  a p e rs is ten t  
h igh  t i t r e  m a y  e q u a l ly  in d ica te  a c u r re n t  o r  a p rev ious  infection.

I t  is w ell-know n t h a t  u n d e r  th e  t e m p e r a te  c l im a te  cum ula tion  of a rb o ­
v iru s  infections occurs  from  the early  su m m e r  to  th e  a u tu m n ,  depend ing  on 
th e  b lood-suck ing  a r th r o p o d  vector. In  th e  p re se n t  s tu d y  th e  p eak  of th e  curve  
re p re se n t in g  th e  inc idence  of H IP -N N  cases fo llowed th e  p eak  of th e  N P  curve  
w i th  a delay  of one or  tw o  m on ths ,  sugges t ing  t h a t  th e  fo rm er cases shou ld  
re p re se n t  infections w i th  a group В a rb o v iru s  of  d iffe ren t  ecology. The d iv e r ­
gencies be tw een  th e  H I  a n d  neu tra l iza t io n  t i t r e s  in  th e  N P  group ap p ea r  to  
s u p p o r t  th is  view.

D a ta  suggestive  of th e  occurrence of a n o th e r  g roup В arbov irus  have 
been  rep o r ted  re c e n t ly  from  A ustr ia  [7] a n d  C zechoslovakia  [8 ]. In  b o th  c o u n ­
tr ie s  a rea s  n ea r  th e  H u n g a r ia n  b o rd e r  a p p e a r  to  be  affected . The m ost  affected  
a reas  o f  H u n g a ry  a re  th e  valleys of th e  r ivers  e n te r in g  th e  co u n try  from  th e  
a f fe c ted  areas of A u s t r ia  a n d  Czechoslovakia, a n d  now we m u s t  reckon w ith  
m o sq u i to -b o rn e  a rb o v iru se s  in those  valleys.

A kn o w le d g em e n t.  T h e  a u t h o r s  a r e  i n d e b t e d  t o  P r o f e s s o r  M . P .  C h u m a k o v  ( M o s c o w )  f o r  

s u p p l y i n g  t h e  a n t i g e n  u s e d  i n  t h e  I I I  t e s t s .
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SEROLOGICAL PROPERTIES OF PSEUDOMONAS
AERUGINOSA

I. GROUP-SPECIFIC SOMATIC ANTIGENS

B y

II. LÁNYI

N a t io n a l  I n s t i t u t e  o f  P u b lic  H e a l th  ( D i r e c to r : T .  B a k á c s ) ,  B u d a p e s t  

( R e c e i v e d  J u n e  2 1 .  1 9 6 6 )

S u m m i t r y .  I m m u n e  s e r a  p r e p a r e d  w i t h  b o i l e d  s u s p e n s i o n s  o f  P s. a e r u g in o s a  a g g l u t i n a t e d  

m o s t  d e f i n i t e l y  l i v i n g  c e l l s  a n d  c u l t u r e s  h e a t e d  f i r s t  a t  1 0 0 ° C  f o r  2 %  h o u r s  t h e n  a t  1 3 0 ° C  f o r  

1  h o u r .  M i l d  h e a t i n g ,  a l c o h o l ,  s a t u r a t e d  s o d i u m  c h l o r i d e  a n d  f o r m a l i n  r e n d e r e d  P s . a e r u g in o s a  
c u l t u r e s  O - i n a g g l u t i n a b l e .  H e a t i n g  a t  1 0 9 °  t o  1 3 0 ° C  r e s t o r e d  O - a g g l u t i n a b i l i t y  p r o p o r t i o n a l l y  

t o  t h e  t i m e  a n d  t e m p e r a t u r e  o f  e x p o s u r e .  A c i d  t r e a t m e n t  e x e r t e d  a n  e f f e c t  s i m i l a r  t o  t h a t  o f  

h i g h e r  t e m p e r a t u r e s .  W h e n  s u b j e c t e d  t o  t h e  a b o v e  t r e a t m e n t s ,  s o m a t i c  a n t i g e n s  r e t a i n e d  

t h e i r  i m m u n o g e n i c i t y  a n d  a g g l u t i n i n - b i n d i n g  c a p a c i t y .

O n  t h e  b a s i s  o f  s t u d i e s  o n  2 1 9 7  P s . a e r u g in o s a  s t r a i n s  i s o l a t e d  f r o m  v a r i o u s  m a t e r i a l s ,  

a n  a n t i g e n i c  s c h e m a  c o n t a i n i n g  1 3  О  g r o u p s  h a s  b e e n  d e v i s e d .  B y  d i a g n o s t i c a l l y  i m p o r t a n t  

p a r t i a l  a n t i g e n s  s e r o g r o u p s  3 ,  4 ,  5 ,  7  a n d  1 0  w e r e  f u r t h e r  d i v i d e d  i n t o  1 3  s u b g r o u p s .  I n  a d d i t i o n  

t o  g r o u p - s p e c i f i c  a n t i g e n s  m o s t  P s. a e r u g in o s a  s t r a i n s  c o n t a i n e d  a  c o m m o n  s o m a t i c  f a c t o r .  

N o  t h e r m o l a b i l e  s o m a t i c  a n t i g e n s  w e r e  d e t e c t a b l e  b y  a g g l u t i n a t i o n  t e s t .

P a r a l l e l  t u b e  a g g l u t i n a t i o n  w i t h  h e a t e d  s u s p e n s i o n s  a n d  s l i d e  a g g l u t i n a t i o n  w i t h  l i v i n g  

b a c t e r i a  i n d i c a t e d  t h a t  t h e  t w o  m e t h o d s  w e r e  e q u i v a l e n t  f o r  t h e  d e t e r m i n a t i o n  o f  g r o u p - s p e c i f i c  

a n t i g e n s .  A  d e t a i l e d  d e s c r i p t i o n  o f  t y p e  s t r a i n s  a n d  m e t h o d s  f o r  t h e  p r e p a r a t i o n ,  c h e c k i n g  a n d  

a b s o r p t i o n  o f  t y p i n g  s e r a  i s  p r e s e n t e d .  T h e  g r o u p  a n d  s u b g r o u p  d i s t r i b u t i o n  o f  2 1 9 7  s t r a i n s  i n  

v a r i o u s  m a t e r i a l s  i s  d i s c u s s e d .

T he im p o r ta n c e  of the serological d if fe ren tia t ion  of Pseudom onas a eru ­
g in o sa  is clearly shown b y  the  fa c t  t h a t  since J a c o b s t h a l ’s  studies  in 1912 
[1] a t  least 47 p a p e rs  dealing w ith  th is  p rob lem  h a v e  been published. I n v e s t ig a ­
tions perfo rm ed  u n t i l  1961, the re su lts  of which  h av e  been excellently  rev iew ed  
b y  V e r d e k  an d  E v a n s  [2], in d ic a te d  genera lly  t h a t  Ps. aeruginosa  w as  a 
serologically hete rogeneous  species. A ltho u g h  th e  f i rs t  inves tiga to rs  a l r e a d y  
re fe rred  to  th e  possible presence o f  d is t in c t  th e rm o s ta b le  and th e rm o la b i le  
an tigens ,  la te r  som e au tho rs  c la im ed  t h a t  unlike in th e  fam ily  Enterobacteri- 
aceae, th e  som atic  a n d  flagellar a n t ig e n s  of Ps. aeruginosa  canno t be d i s t in ­
gu ished  serologically. O the r  a u th o rs  suggested  t h a t  th e  p rec ip i ta t ion  te s t  w ith  
an t ig en ic  e x tra c ts  was more helpfu l fo r  th e  serological division of Ps. aerug i­
nosa. T he  c o n tra d ic to ry  findings o f  earlier  w orkers  are explained by  th e  fa c t  
t h a t  in lack o f  a knowledge of th e  p ro p e r t ie s  of P s. aeruginosa  an t igens ,  m a n y  
of th e m  p erfo rm ed  serological s tu d ie s  in sys tem s n o t  allowing a su ff ic ien t sep ­
a ra t io n  of reac tions  given by  a n t ig e n s  w ith  d iffe ren t  physicochem ical p r o p ­
erties.

More recen t  au th o rs ,  u ti l iz ing  d a ta  of  th e  serological p roperties  o f  E n -  
terobacteriaceae, h av e  m ade a g re a t  progress in th e  e lucidation of th e  n a tu r e
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o f  P s. aeruginosa  a n tig e n s . H abs [3] in 1957 b y  th e  use o f  h ea ted  a n tig en s and  
im m u n e sera p rep ared  a g a in st them  d ev ise d  an  an tigen ic  schem a su ita b le  for  
th e  p ractica l d iffer en tia tio n  o f Ps. aeruginosa  stra in s. H a bs  d iv id ed  70 stra in s  
b y  th erm o sta b le  a n tig e n s  in to  12 groups. K l e in m a ie r  [4] sh ow ed  th a t  th e  
slid e  a g g lu tin a tio n  te c h n iq u e  was su ita b le  for  th e  d ifferen tia tion  o f  stra in s  
accord in g  to  H a b s ’ a n tig e n ic  schem a, as s lid e  ag g lu tin a tio n  w ith  liv in g  b a c ­
ter ia  in sera p rep ared  w ith  h eated  organ ism s an d  th e  tu b e a g g lu tin a tio n  te s t  
p erform ed  as d escr ib ed  b y  H abs a lw ays g a v e  s im ilar  resu lts. K l e in m a ie r  and  
M ü l l e r  [5] d em o n stra ted  th a t p rec ip ita tion  t e s t  in  sera prepared w ith  h eated  
b a cter ia  also g ave  id e n tic a l resu lts w ith  H a b s ’ ag g lu tin a tio n  te s t . M ü l l e r  and  
K l e in m a ie r  [6] co n firm ed  the H a bs  sc h e m a  w ith  th e  agar gel d iffusion  
te c h n iq u e .

K l e i n m a i e r , S c h r e i n e r  and  G r a e f f  [7] h av e  recognized t h a t  reac tions  
g iven  b y  th e rm olab ile  an tigens  can be d is t in g u ish ed  from those due  to  th e rm o ­
s ta b le  antigens on ly  in  sera devoid of a g g lu t in in s  reacting  w ith  th e  th e rm o ­
s ta b le  an tigen. W o rk in g  th u s  w ith  pu re  an t ib o d ie s ,  th e y  were ab le  to  d em o n ­
s t r a t e  a definite  d ifference  betw een  th e  g ra n u la r - ty p e  agg lu tina t ion  of  th e rm o ­
s ta b le  and  th e  f lu f fy - ty p e  agg lu tina tion  o f  the rm o lab ile  antigens. T h ey  also 
o b se rved  th a t  id e n t ic a l  or related th e rm o s ta b le  antigens m ay  he p re sen t  in 
s t r a in s  con ta in ing  d i f fe re n t  therm olab ile  fa c to rs .  These inves t iga t ions  gave no 
de f in i te  answer as to  w h e th e r  these th e rm o la b i le  factors were som atic  or f lag ­
e llar  com ponents .  V e r d e r  and E v a n s  [2] d iv ided  326 pyo cy an in -p ro d u c in g  
P s. aeruginosa  s t ra in s  in to  10 0  groups a n d  13 О subgroups. On th e  basis of 
10 H  fac tors  th e y  d is t ingu ished  29 se ro types .  In  th e  h is to ry  of P s. aeruginosa  
serology, V e r d e r  a n d  E v a n s  were th e  f i r s t  to  use th e  des igna tion  sys tem  
k n o w n  as “ a —b re la t io n s h ip ” , which has  r e c e n t ly  been em ployed  in  d ifferen t 
Enterobacteriaceae serological schem ata .

S a n d v ik  [8 ] in c lu d e d  the  m a jo r i ty  o f  87 stra ins  of an im al origin in to  
his antigenic  schem a  con ta in ing  7 0  g roups .  H e  com pared his ty p e  s tra ins  
w i th  those  of H a b s  a n d  th u s  f irs t  a t t e m p te d  to  coord inate  tw o in d e p e n d e n t ly  
e la b o ra te d  Ps. aeruginosa  antigenic sc h e m a ta .  G o u l d  and M cL e o d  19] ex a m in ­
ing  240 Ps. aeruginosa  s t ra in s  concluded t h a t  a t  leas t  4 different an tigen ic  com ­
p o n e n ts  were p re se n t  in  th e ir  strains. T h e y  obse rved  no difference in  im m uno- 
gen ic i ty  be tw een  a n t ig e n s  tre a te d  a t  low er a n d  h igher tem p era tu res .  M e i t e r t  
[1 0 ] b y  use of sera  p re p a re d  w ith  h e a te d  a n t ig e n s  and  h ea ted  suspensions d i­
v id e d  304 s tra ins  in to  10 О groups. M e i t e r t ’s 10 groups correspond  in rea l i ty  
to  8  groups, since d u e  to  b ila tera l  re la t io n sh ip s ,  groups I  and  IV as well as V I 
a n d  X  canno t be  considered  d is tinc t g roups .  H o b b s , Ca n n , G o w l a n d  and  
B y e r s  [11] show ed b y  agar  gel diffusion a n u m b e r  of d ifferen t an tigens  in 
p seu d o m o n ad s  a n d  o th e r  G ram  nega tive  b a c te r ia .  Of th e  6  com m on com po­
n e n ts  a t  least one w as  presen t in all e x a m in e d  Pseudom onas, Achrom obacter, 
V ibrio  and  A erom onas  s tra ins . W a h b a  [12] in a s tu d y  of 1961 P s. aeruginosa
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s t r a i n s  c o n f i r m e d  t h a t  l i v i n g  c u l t u r e s  c o u l d  b e  t y p e d  b y  s l i d e  a g g l u t i n a t i o n  

a c c o r d i n g  t o  H a b s ’ a n t i g e n i c  s c h e m a .

T he purpose of th e  present w ork  was to  e labo ra te  a simple, w e ll- rep ro ­
ducib le  m e th o d  for th e  serological ty p in g  of P s. aeruginosa , which, in a d d i t io n  
t h a t  it  allows the  d ifferen tia tion  o f  a re la t ive ly  large n u m b e r  of serological 
u n i ts ,  offers va luab le  inform ation to  t h e  epidem iologist.  In order to  e lu c id a te  
c o n tra d ic to ry  find ings of earlier a u th o r s ,  special a t te n t io n  has been p a id  to  
th e  p ropert ie s  of Ps. aeruginosa  an t igens .

M aterials and  methods

P s .  a e r u g in o s a  s t r a in s .  T h e  s o u r c e s  o f  t h e  2 1 9 7  s t r a i n s  i s o l a t e d  d u r i n g  t h e  y e a r s  1 9 5 8  —  

1 9 6 5  a r e  p r e s e n t e d  i n  T a b l e  X .  S t r a i n s  o r i g i n a t i n g  f r o m  n o n - f a e c a l  m a t e r i a l  w e r e  i s o l a t e d  o n  

c u l t u r e  m e d i a  u s e d  i n  r o u t i n e  b a c t e r i o l o g y  ( n u t r i e n t ,  b l o o d ,  c h o c o l a t e ,  e o s i n - m e t h y l e n e  b l u e  

a n d  b r i l l i a n t  g r e e n  a g a r ) .  P a r t  o f  t h e  f a e c a l  s a m p l e s  w a s  c u l t u r e d  o n  e o s i n - m e t h y l e n e  b l u e ,  

b r i l l i a n t  g r e e n ,  d e s o x y c h o l a t e  c i t r a t e  a n d  b i s m u t h  s u l p h i t e  a g a r ;  o t h e r  f a e c a l  s p e c i m e n s  w e r e  

s e e d e d  i n t o  l i q u i d  m e r t h i o l a t e - b r i l l i a n t  g r e e n  e n r i c h m e n t  m e d i u m  [ 1 3 ] .  W a t e r  a n d  s e w a g e  

s a m p l e s  w e r e  c u l t u r e d  b y  t h e  m e m b r a n e  f i l t e r  o r  t h e  m u l t i p l e  t u b e  d i l u t i o n  t e c h n i q u e  [ 1 3 ] .

I n  o r d e r  t o  o b t a i n  p u r e  c u l t u r e s ,  e a c h  p r i m a r y  i s o l a t e  w a s  s t r e a k e d  o n t o  a  b r i l l i a n t  

g r e e n  a g a r  p l a t e ,  t h e n  o n e  i s o l a t e d  c o l o n y  w a s  t r a n s f e r r e d  t o  a n  a g a r  s l a n t .  T h e  s t r a i n s  w e r e  

s t o r e d  i n  a  d a r k  p l a c e  a t  r o o m  t e m p e r a t u r e  i n  L i e b i g  e x t r a c t  a g a r  s t a b  c u l t u r e s  s t o p p e r e d  

w i t h  c o r k  s t e r i l i z e d  b y  h e a t i n g  i n  p a r a f f i n .  S u b c u l t u r e s  w e r e  m a d e  a t  1  %  t o  2  y e a r  i n t e r v a l s .  

M o r e  i m p o r t a n t  s t r a i n s  w e r e  m a i n t a i n e d  a l s o  b y  f r e e z e  d r y i n g .

I d e n t i f i c a t io n  o f  P s .  a e r u g in o s a . S t r a i n s  e x h i b i t i n g  t h e  f o l l o w i n g  p r o p e r t i e s  w e r e  r e g a r d e d  

a s  P s .  a e r u g in o s a :  c h a r a c t e r i s t i c  g r o w t h  a f t e r  1 8  h o u r s  a t  3 7 ° C o n  b r i l l i a n t  g r e e n  a g a r ,  g r o w t h  a t  

4 2 ° C  o n  b e e f  e x t r a c t  a g a r ,  p o s i t i v e  o x i d a s e  t e s t  [ 1 4 ] ,  o x i d a t i v e  d e c o m p o s i t i o n  o f  g l u c o s e ,  

r a p i d  l i q u e f a c t i o n  o f  g e l a t i n  [ 1 5 ] ,  r e d u c t i o n  o f  n i t r a t e  i n t o  n i t r o g e n  [ 1 6 ] .  P i g m e n t  p r o d u c t i o n  

w a s  a l s o  e x a m i n e d ,  b u t  b e c a u s e  o f  a  f a i r l y  f r e q u e n t  i n c i d e n c e  o f  p y o c y a n i n  n e g a t i v e  s t r a i n s ,  i t  

w a s  n o t  c o n s i d e r e d  a  d i f f e r e n t i a l  c r i t e r i o n .

P r e p a r a t io n  o f  im m u n e  se ra . 0  s e r a  w e r e  p r e p a r e d  w i t h  s t r a i n s  p r o d u c i n g  “ s m o o t h ”  o r  

“ m u c o i d ”  c o l o n i e s .  F r o m  a l l  s t r a i n s  s e l e c t e d  f o r  s e r u m  p r o d u c t i o n  a t  l e a s t  t w o  d i f f e r e n t  a n t i g e n s  

w e r e  p r e p a r e d  a s  f o l l o w s .  A n  1 8  t o  2 0  h o u r  n u t r i e n t  a g a r  c u l t u r e  o f  t h e  s t r a i n  w a s  w a s h e d  o f f  

w i t h  s a l i n e ,  t h e n  h a l f  o f  t h e  s u s p e n s i o n  w a s  h e a t e d  i n  a  7 5 ° C  w a t e r  b a t h  f o r  1  h o u r ;  t h e  o t h e r  

h a l f  w a s  s t e a m e d  a t  1 0 0 ° C  i n  a n  A r n o l d  s t e r i l i z e r  f o r  2 %  h o u r s .  T h e  s u s p e n s i o n  w a s  t h e n  

d i l u t e d  s o  a s  t o  c o r r e s p o n d  a p p r o x i m a t e l y  t o  t h e  d e n s i t y  o f  a  s t a n d a r d  s u s p e n s i o n  w h i c h ,  

w h e n  d i l u t e d  1  : 1 0  a n d  p l a c e d  i n  c u v e t t e s  w i t h  1 c m  l i g h t  p a t h ,  g a v e  6 0  p e r  c e n t  t r a n s m i t t a n c e  

i n  t h e  B e c k m a n  m o d e l  D U  s p e c t r o p h o t o m e t e r  s e t  a t  0 . 0 3  m m  s l i t  a n d  5 3 0  m fi  w a v e l e n g t h .  

R a b b i t s  w e r e  i n j e c t e d  t w i c e  w e e k l y  w i t h  g r a d e d  i n t r a v e n o u s  d o s e s  o f  0 . 5 —  1 . 0  2 . 0  —  4 . 0  —  5 . 0

m l .  W h e n  l i v i n g  a n t i g e n s  w e r e  u s e d ,  0 . 1  0 . 2  —  0 . 5  — 1 . 0  2 . 0  — 4 . 0  m l  d o s e s  w e r e  g i v e n .  T h e

s e r a  w e r e  p r e s e r v e d  w i t h  0 . 5  p e r  c e n t  p h e n o l  a n d  s t o r e d  a t  4 ° C .

S l id e  a g g lu t in a t io n  w a s  p e r f o r m e d  w i t h  1 8  t o  2 0  h o u r  o x - b l o o d  a g a r  c u l t u r e s  i n  t h e  

“ w o r k i n g  d i l u t i o n ”  o f  О  s e r a .  T h e  w o r k i n g  d i l u t i o n  c o r r e s p o n d e d  t o  a  d i l u t i o n  o f  t h e  s e r u m  i n  

w h i c h  t h e  h o m o l o g o u s  c u l t u r e  a n d  a n t i g e n i c a l l y  i d e n t i c a l  s t r a i n s  a g g l u t i n a t e d  s t r o n g l y  i n  1  t o  

4  s e c o n d s  ( +  +  +  ~ b  a g g l u t i n a t i o n ) ,  b u t  r e a c t i o n s  d u e  t o  m i n o r  a n t i g e n i c  r e l a t i o n s h i p s  w e r e  

w e a k  o r  a b s e n t .  T h e  s e r a  w e r e  d i l u t e d  w i t h  p h y s i o l o g i c a l  s a l i n e  c o n t a i n i n g  0 . 5  p e r  c e n t  p h e n o l .  

T h e  w o r k i n g  d i l u t i o n s  u s u a l l y  v a r i e d  f r o m  1 : 1 0  t o  1  : 3 0 ;  s o m e  s e r a  w e r e  u s e d  i n  d i l u t i o n s  1 : 5 0  

t o  1  : 1 5 0 .

T u b e  a g g lu t in a t io n .  A n a l y s i s  o f  0  a n t i g e n s  w a s  p e r f o r m e d  w i t h  s u s p e n s i o n s  h e a t e d  f i r s t  

f o r  2  1 / 2  h o u r s  a t  J 0 0 ° C  t h e n  f o r  1 h o u r  a t  1 3 0  ° C .  T h i s  a n t i g e n ,  r e f e r r e d  t o  i n  t h e  f o l l o w i n g  a s  

“ 2  1 / 2  h r .  1 0 0 °  - f -  1  h r .  1 3 0 ° ”  a n t i g e n ,  w a s  p r e p a r e d  a s  f o l l o w s .  T h e  g r o w t h  o f  n u t r i e n t  a g a r  

p l a t e s  w a s  s u s p e n d e d  i n  s a l i n e  a n d  s t e a m e d  f o r  2  1 / 2  h o u r s  a t  1 0 0 ° C  i n  a n  A r n o l d  s t e r i l i z e r .  

T h e  s u s p e n s i o n  w a s  c e n t r i f u g e d  a n d  t h e  b a c t e r i a  w e r e  r e s u s p e n d e d  i n  g l y c e r o l  ( 1  R o u x  f l a s k  

c u l t u r e  i n  2  t o  3  m l ) ,  p i p e t t e d  i n  5 0  m l  E r l e n m e y e r  f l a s k s  w h i c h  w e r e  t h e n  p l a c e d  i n  a  1 3 0  ° C  

h o t  a i r  o v e n  f o r  1  h o u r .  A f t e r  h e a t i n g  t h e  a n t i g e n s  w e r e  l e f t  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  

2  d a y s ,  t h e n  a d j u s t e d  p h o t o m e t r i c a l l y  w i t h  p h e n o l i z e d  s a l i n e  t o  t h e  d e n s i t y  o f  a  s t a n d a r d  g i v i n g  

7 4  p e r  c e n t  t r a n s m i t t a n c e  i n  1 : 1 0  d i l u t i o n  i n  l  c m  c u v e t t e s  o f  t h e  B e c k m a n  m o d e l  D U  s p e c ­

t r o p h o t o m e t e r  s e t  a t  0 . 0 3  m m  s l i t  a n d  5 3 0  i n / /  w a v e l e n g t h .
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T u b e  a g g l u t i n a t i o n  w a s  p e r f o r m e d  w i t h  0 . 5  m l  s e r u m  d i l u t i o n s  a n d  0 . 0 5  m l  b a c t e r i a l  

s u s p e n s i o n s .  R e a d i n g s  w e r e  m a d e  a f t e r  i n c u b a t i n g  t h e  t u b e s  i n  a  w a t e r  b a t h  a t  5 0 ° C  f o r  2 0  

h o u r s .

S p e c ia l  a n t ig e n s  f o r  lu b e  a g g lu t in a t io n . S e r o l o g i c a l  p r o p e r t i e s  o f  P s . a e r u g in o s a  w e r e  

e x a m i n e d  b y  u s e  o f  t h e  f o l l o w i n g  a n t i g e n s .  B a c t e r i a  g r o w n  f o r  1 8  t o  2 0  h o u r s  o n  a g a r ,  b l o o d  

a g a r ,  0 . 3  p e r  c e n t  s o d i u m  d e s o x y c h o l a t e - c o n t a i n i n g  b l o o d  a g a r  o r  e o s i n  m e t h y l e n e  b l u e  a g a r  

p r e p a r e d  w i t h  1  p e r  c e n t  M a v e k a l  ( a n i o n i c  d e t e r g e n t  [ 1 7 ] )  w e r e  u s e d  a s  l i v i n g  s u s p e n s i o n s  o r ,  

a f t e r  a n  e x p o s u r e  t o  v a r i o u s  t e m p e r a t u r e s ,  a s  h e a t e d  s u s p e n s i o n s .  A c i d  t r e a t m e n t  w a s  p e r ­

f o r m e d  b y  a d d i n g  3  v o l u m e s  o f  N  h y d r o c h l o r i c ,  0 . 1  N  h y d r o c h l o r i c ,  o r  g l a c i a l  a c e t i c ,  a c i d  t o  

s u s p e n s i o n s  a b o u t  t w o  o r  t h r e e  t i m e s  a s  c o n c e n t r a t e d  a s  t h e  s t a n d a r d  d e n s i t y  d e s c r i b e d  f o r  

t h e  “ 2  1 / 2  h r .  1 0 0 °  +  1  h r .  1 3 0 ° ”  a n t i g e n .  A f t e r  i n c u b a t i o n  a t  3 7  ° C  f o r  1  d a y  t h e  s u s p e n s i o n s  

w e r e  c e n t r i f u g e d  a n d  t h e  d e p o s i t  w a s  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e .  A l c o h o l i z e d  a n t i g e n  

w a s  p r e p a r e d  b y  a d d i n g  1  v o l u m e  o f  9 6  p e r  c e n t  e t h a n o l  t o  t h e  s u s p e n s i o n ,  t h e n  a f t e r  i n c u b a ­

t i o n  a t  3 7 ° C  f o r  2  d a y s  t h e  b a c t e r i a  w e r e  c e n t r i f u g e d  a n d  f i n a l l y  r e s u s p e n d e d  i n  s a l i n e .  S o d i u m  

c h l o r i d e  t r e a t m e n t  w a s  c a r r i e d  o u t  a s  f o l l o w s .  T h e  l i v i n g  s u s p e n s i o n  w a s  s a t u r a t e d  a t  3 7 ° C  

w i t h  s o d i u m  c h l o r i d e  t h e n  a f t e r  2  d a y s  i n c u b a t i o n  a t  3 7 ° C  t h e  s a l t  w a s  r e m o v e d  b y  c e n t r i ­

f u g a t i o n  o r  d i a l y s a t i o n  a g a i n s t  t a p  w a t e r .  F o r m a l i n i z e d  a n t i g e n  w a s  p r e p a r e d  e i t h e r  w i t h  

b a c t e r i a  c u l t u r e d  o n  t h e  a b o v e  m e d i a  o r  w i t h  b r o t h  c u l t u r e s  o f  s t r a i n s  p a s s a g e d  p r e v i o u s l y  i n  

U  t u b e s  c o n t a i n i n g  s e m i s o l i d  a g a r .  F o r m a l i n  w a s  a d d e d  t o  a  f i n a l  c o n c e n t r a t i o n  o f  0 . 5  p e r  c e n t ,  

t h e n  t h e  s u s p e n s i o n s  w e r e  i n c u b a t e d  a t  3 7 ° C  f o r  2  d a y s .  A l l  t h e  a b o v e  a n t i g e n s  w e r e  a d j u s t e d  

t o  t h e  a p p r o x i m a t e  d e n s i t y  d e s c r i b e d  f o r  t h e  “ 2  1 / 2  h r .  1 0 0 °  - f -  1  h r .  1 3 0 ° ”  a n t i g e n .

A b s o r p t io n  o f  a g g lu t in in s .  A b s o r b e d  s e r a  f o r  t h e  d e t e r m i n a t i o n  o f  О  s u b g r o u p s  w e r e  

p r e p a r e d  a s  f o l l o w s .  T h e  g r o w t h  f r o m  1 8  t o  2 0  h o u r  R o u x  f l a s k  c u l t u r e s  ( 1  R o u x  f l a s k  

c o n t a i n e d  a b o u t  1 3 0  m l  n u t r i e n t  a g a r )  w a s  s u s p e n d e d  i n  s a l i n e ,  s t e a m e d  a t  1 0 0 ° C  f o r  

1  h o u r  t h e n  c e n t r i f u g e d .  T h e  b a c t e r i a  w e r e  r e s u s p e n d e d  i n  s a l i n e  t o  a  v o l u m e  w h i c h  t o ­

g e t h e r  w i t h  t h e  c o n c e n t r a t e d  s e r u m  g a v e  t h e  r e q u i r e d  s e r u m  d i l u t i o n .  G e n e r a l l y ,  s e r u m  

d i l u t i o n s  3  t o  4  t i m e s  a s  c o n c e n t r a t e d  a s  t h e  w o r k i n g  d i l u t i o n  w e r e  a b s o r b e d .  T h e  s u s p e n s i o n s  

w e r e  i n c u b a t e d  f i r s t  f o r  2  h o u r s  a t  3 7 ° C  t h e n  o v e r n i g h t  a t  4 ° C .  A f t e r  c e n t r i f u g a t i o n  t h e  

s u p e r n a t a n t  s e r u m  d i l u t i o n  w a s  p r e s e r v e d  w i t h  p h e n o l  a t  0 . 5  p e r  c e n t  f i n a l  c o n c e n t r a t i o n .  

T h e  b a c t e r i a  r e m a i n i n g  i n  t h e  d e p o s i t  c o u l d  b e  u s e d  f o r  a  r e p e a t e d  a b s o r p t i o n ;  t h e y  w e r e  r e s u s ­

p e n d e d ,  h e a t e d  a t  1 0 0 ° C  f o r  1  h o u r ,  c e n t r i f u g e d  a n d  u s e d  f o r  e x h a u s t i n g  a  f r e s h  a l i q u o t  o f  

u n a b s o r b e d  s e r u m .  F o r  t h e  c o m p l e t e  r e m o v a l  o f  a l l  u n r e q u i r e d  a g g l u t i n i n s  a  c o n s i d e r a b l e  

a m o u n t  o f  c u l t u r e  w a s  n e e d e d  ( s e e  T a b l e  V I I I ) .

Results

1. Properties o f  P s. aeruginosa antigens

A g g lu tin a b ility . T he  properties  of P s. aeruginosa  an tigens were s tu d ie d  
on a n u m b e r  of d if fe ren t  s tra ins. B ac te r ia l  suspensions used in th e  e x p e r im en ts  
w ere  t re a te d  w i th  h e a t  an d  chemical su b s tan ces ,  th e n  the ir  ag g lu t in ab i l i ty ,  
im m u n o g en ic i ty  a n d  agg lu tin in -b ind ing  c a p a c i ty  were exam ined . In  T ab le  I 
som e  charac te r is t ic  d a ta  are p resen ted . T hese  resu lts  were o b ta ined  w ith  s t ra in s  
P s  11 an d  Ps 304, w h ich  conta ined  id en t ica l  H  an tigens b u t  d ifferen t О a n t i ­
gens. Table  I  show s th e  effects of v a r io u s  t r e a tm e n ts  on agg lu tina t ion .  O nly  
t i t r e s  ob ta ined  in tu b e s  incu b a ted  a t  37°C for 2 hours are presen ted . All t e s ts  
were  perform ed also in  series in c u b a te d  fo r  20 hours  a t  37°C, 2 hours  a t  50°C 
a n d  20 hours a t  50°C. Readings differing s ign if ican tly  from resu lts  o b ta in e d  
a f t e r  2 hours a t  3 7 °C are  p resen ted  in th e  t e x t .

F rom  T ab le  I i t  is clear t h a t  th e  l iv ing  an t ig en  a f te r  a sho r t  in c u b a t io n  
pe r io d  gave a h igh  t i t r e  agg lu tina t ion  in  all sera . In  th is  respect th e re  was no 
s ign if ican t  d ifference betw een  sera p re p a re d  w ith  homologous an tigens  s u b ­
je c te d  to  d ifferent t re a tm e n ts .  The liv ing  suspension  produced  a coarse g ranu -
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T a b l e  I

E ffec t o f  heat a n d  chem ical agents on the a g g lu tin a h ility  a n d  im m u n o g en ic ity  o f  P s. aeruginosa an tigens  
( R e c i p r o c a l  a g g l u t i n a t i o n  t i t r e s  i n  t u b e s  i n c u b a t e d  f o r  2  h o u r s  a t  3 7 ° C )

Antigens

Antigens used for im m unization

Ps 11
living

Ps 11
1 hr.
60°

Ps 11 
1 hr.

750

Ps 11 
1 hr. 
100°

Ps 11
2 1/2 
hr. 

100°

Ps 11 
sat. 

NaCl

Ps 11
50%

ethanol

Ps 11
.V HC1

Ps 11
acetic
acid

Ps 11
0.5%
for­

malin

Ps 304
0.5%

for­
malin

Ps 11 0.5% 
form, ab­
sorbed by 

heated
Ps 11

P s  1 1  l i v i n g 5 1 2 0 2 5 6 0 2 5 6 0 2 5 6 0 1 2 8 0 2 5 6 0 2 5 6 0 1 2 8 0 5 1 2 0 1 2 8 0 3 2 0 * 3 2 0 *

P s  1 1  1  h r .  6 0 ° 0 0 C 0 0 0 0 0 0 0 0 0

P s  1 1  1  h r .  7 5 ° 0 0 0 0 0 0 0 0 0 0 0 0

P s  1 1  1  h r .  1 0 0 ° 4 0 2 0 0 2 0 2 0 0 2 0 0 4 0 2 0 0 0

P s  1 1  2  1 / 2  h r .  1 0 0 ° 1 6 0 8 0 4 0 4 0 8 0 2 0 4 0 2 0 4 0 8 0 0 0

P s  1 1  2  1 / 2  h r .  1 0 0 °  +  1  h r .  1 3 0 ° 6 4 0 3 2 0 3 2 0 3 2 0 3 2 0 6 4 0 6 4 0 1 6 0 6 4 0 3 2 0 0 0

P s  1 1  s a t u r a t e d  N a C l 2 0 4 0 2 0 2 0 0 2 0 0 0 4 0 2 0 0 0

P s  1 1  5 0 %  e t h a n o l 0 0 0 0 0 0 0 0 0 0 0 0

P s  1 1  N  H C 1 3 2 0 1 6 0 1 6 0 3 2 0 3 2 0 6 4 0 3 2 0 1 6 0 6 4 0 3 2 0 0 0

P s  1 1  g l a c i a l  a c e t i c  a c i d 3 2 0 1 6 0 8 0 1 6 0 1 6 0 6 4 0 1 6 0 8 0 1 6 0 3 2 0 0 0

P s  1 1  0 . 5 %  f o r m a l i n 6 4 0 * 1 2 8 0 * 0 0 0 2 5 6 0 * 3 2 0 * 0 0 1 2 8 0 * 2 5 6 0 * 6 4 0 *

P s  3 0 4  0 . 5 %  f o r m a l i n 6 4 0 * 1 2 8 0 * 0 0 0 2 5 6 0 * 1 6 0 * 0 0 6 4 0 * 5 1 2 0 * 6 4 0 *

S t r a i n s  P s  1 1  a n d  P s  3 0 4  c o n t a i n e d  d i f f e r e n t  О  a n t i g e n s ,  b u t  i d e n t i c a l  H  a n t i g e n s .  

T i t r e s  m a r k e d  w i t h  a s t e r i s k s  c o r r e s p o n d  t o  H - t y p e  a g g l u t i n a t i o n s .
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l a r  d u m p in g  resem bling  th e  ag g lu t in a t io n  o f  Escherichia  В an tigens .  The 
l iv in g  an tigen  did  n o t  show th is  ty p e  of  ag g lu t in a t io n  in sera ab so rb ed  w ith  
a b o i le d  cu ltu re  o f  th e  homologous s t r a in .  I f  serum  dilu tions were  fu r th e r  
i n c u b a te d  a t  37°C for 20 hours with th e  l iv ing  antigen, th e  a g g lu t in a t io n ,  
i n s te a d  of  becom ing  s tro n g er  and  higher in  t i t r e ,  remained d is t in c t  on ly  in the  
f i r s t  tu b e s  of th e  series (app ro x im ate ly  u p  to  a t i t re  of 1 : 160). A t  h igher  se­
r u m  d ilu tions  th e  f lu id  becam e clear, th e  cells u n d e rw en t  lysis a n d  th e  b ac te r ia l  
d eb r is  ad h ered  to  th e  tu b e  wall. W hen th e  l iv in g  culture  was in c u b a te d  a t  50°C 
fo r  2 hours ,  th e  t i t r e  w as similar to  t h a t  o f  te s ts  read  af te r  2 h o u rs  a t  37°C. 
A f te r  20 hours in c u b a t io n  a t  50°C, due  to  a loss of agg lu t in ab i l i ty  discussed 
in  t h e  following, t h e  t i t r e  was p rac t ica l ly  nil.

W hen  p r io r  to  th e  tu b e  a g g lu t in a t io n  t e s t  the  bacte r ia l  suspension  was 
e x p o se d  to  m ild  h e a t  (several hours a t  50°C or 1 hour a t  60 to  75°C), i t  b e ­
c a m e  inagg lu tinab le .  I f  th e  antigens t r e a t e d  in this m an n e r  were in c u b a te d  
o v e rn ig h t  a t  37°C, w eak  agg lu tina tion  o c c u r re d  in the f irs t  tu b es .  T h e  suspen­
sions (especially th o se  exposed to  75°C) b e c a m e  strongly v isc id  on hea ting ;  
t h e y  could  be p ip e t te d  in to  the  ag g lu t in a t io n  tu b es  only a f te r  v igorous  s h a k ­
ing . Suspensions h e a te d  a t  100°C for I  h o u r  som ew hat differed in  b eh av io u r  
f ro m  those  exposed  to  m ild  h ea t ;  th e y  w ere  less viscid, a n d  a l th o u g h  a f te r  2 

h o u rs  incu b a t io n  a t  37°C th ey  gave a r e a d a b le  agglu tination  o n ly  in  th e  f irs t  
tu b e s ,  a f te r  2 0  h o u rs  a t  th e  same t e m p e r a tu r e  th e  agg lu tina t ion  b ecam e  h igher 
in  t i t r e .  A ntigens h e a te d  a t  100°C for 2 1/2 hou rs  showed def in i te  a g g lu t in a ­
t io n  (1 : 40 to  1 : 160) as soon as a f te r  2 h o u rs ;  by  the  20 th  h o u r  t h e y  h ad  
re a c h e d  t i t re s  o f  1 : 320 to  1 : 640. W h en  tu b e s  with these an t ig en s  were in­
c u b a te d  a t  50°C, th e  t i t re s  rose by a f u r th e r  degree (Table I I ) .

Table II

Effect o f  incubation lim e and temperature on the som atic agglutinability o f Ps. aeruginosa antigens

A ntigens

R ecip ro ca l t i t r e s  in  se ru m  Ps 
a n tig e n ;  d u ra t io n  an d

11 p rep a red  w ith  “ 2 1/2 h r .  100°” 
tem p era tu re  o f  in c u b a tio n

2 hr. 37° 20 h r. 37° 2 h r. 50° 20 h r. 50°

P s 11 living 1280 lysis 2560 slim e pro-

duction

P s П  2 1/2 hr. 100° 80 640 160 640

P s 11 2 1/2 hr. 100° +  1 hr. 130° 320 1280 640 2560

T he t i t re s  were  even  higher if “ 2 1/2 h r .  100° -f- 1 hr. 130°”  an tigens  were 
u se d .  As these  an t ig en s  gave th e  h ig h e s t  t i t r e s  and were th e  m o s t  sensitive 
d e te c to r s  of serological re la tionships a m o n g  som atic  factors, th e y  were used 
t h r o u g h o u t  th is  s tu d y  for  th e  serological ana lys is  of 0  an tigens.  As com pared  
to  l iv ing  cells, “ 2 1/2 hr. 100° 1 hr. 130°”  antigens showed a f in e r  ty p e  of
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g ran u la r  c lum ping, w hich  resem bled  the  agg lu t in a t io n  o f  Salm onella  О a n t i ­
gens. T em p era tu res  over 130°C had  a deleterious e ffec t on the  an tigen  a n d  
caused  spon taneous  lab il i ty .  E v e n  th e  “ 2 1/2 hr. 100° -f- 1 hr. 130°” an t ig en  
was sa t is fac to ry  only w hen  th e  suspension reached  130°C slowly (in a ho t  a ir  
oven). Suspensions h e a te d  in a 130°C oil h a th  were u n s tab le .

A ntigens t r e a te d  w ith  s a tu r a te d  sodium chloride or e thano l  were sim ilar  
in b eh av io u r  to  suspensions exposed  to  mild h ea t .  T h ese  an tigens  were p r a c t i ­
cally  inagg lu tinab le  w ith in  2 hou rs .  W hen in c u b a te d  for  20 hours  th ey  agg lu t i ­
n a te d  only  in the  f irs t  tu b es .

Suspensions t r e a te d  w ith  hydrochloric  or g lacial ace tic  acid showed a 
reac tion  som ew hat lower in t i t r e  th a n ,  b u t  similar in a p p e a ra n ce  to, the  agg lu ­
t in a t io n  of “ 2 1/2 hr. 100° -f- 1 h r .  130°”  antigen. A m o n g  acid t rea ted  an tigens 
t h a t  exposed to  IV h ydroch lo r ic  acid showed th e  b e s t  agglu tina t ion . Acetic 
ac id - t rea ted  cells reacted  in so m ew h a t  lower t i tres .  B a c te r ia  tre a te d  with 0.1 N  
hydroch lo r ic  acid gave t i t r e s  co rrespond ing  only a b o u t  to  l i t re s  ob ta ined  w ith  
suspensions t re a te d  a t  100°C for 2  1 /2  hours.

T h e  lower rows of T ab le  I  show the ag g lu t in a t io n  of  formalinized sus­
pensions of motile  cu ltu res  of s t ra in s  Ps 11 and P s  304. T itres  m arked  w ith  
as terisks  ind ica te  a reac tion  d if fe ren t  from th e  a fo re m e n t io n ed  types of agg lu ­
t in a t io n :  after  2 hours in c u b a t io n  a t  37°C th is  re ac t io n  ap p ea red  as a f ine ly  
g ra n u la r  c lum ping  of b a c te r ia .  A f te r  prolonged in c u b a t io n  a t  37°C the  t i t r e  
b ecam e h igher anti th e  reac tion  w as n o t  unlike th e  a g g lu t in a t io n  of pe r i t r ich a te  
cells, a l th o u g h  no such large  loose clumps were obse rved ,  i n  co n tra s t  to  s o m a t ­
ic agg lu tina t ion ,  th e  H  ag g lu t in a t io n  of Ps. aeruginosa  w as characterized  b y  a 
def in ite  zone p h enom enon .  H  agg lu tin ins  were d e te c ta b le  also with living sus­
pensions when H sera no t  re ac t in g  w ith  the 0  an t ig en s  of  th e  cu ltu re  were used 
(righ t h a n d  colum ns o fT a b le  I :  se ru m  Ps 304 or Ps 11 a b so rb e d  by  h ea ted  Ps  11 
cu ltu re) .

I 'lie  action of form alin  on O -agg lu tinab il i ty  w as s im ila r  to  the  effect of 
mild h e a t ,  alcohol or s a tu ra t io n  w i th  salt, as especially  a f te r  short  in cuba tion  
periods th e  form alinized suspension  was p rac tica l ly  in ag g lu t in ab le  in 0  serum . 
T here  was, however, an  essen tia l  difference be tw een  th e  above-m en tioned  a n d  
form alin ized  suspensions, in t h a t  form alin did n o t  in h ib i t  H  agg lu tina tion .

W hen  th e  suspensions were f i rs t  t re a te d  w ith  chem ica l  substances th e n  
exposed to  75°C for 1 h o u r  th e  following results  w ere  o b ta in ed .  As expected , 
suspensions which h a d  lo s t  th e i r  agg lu tinab il i ty  as a re su l t  of alcohol or sa lt  
t r e a tm e n t ,  rem ained  in ag g lu t in ab le  after  hea ting  a t  75°C. The form alin ized 
suspension  also rem ained  in ag g lu t in ab le  in О serum a n d ,  ow ing to  the  hea ting , 
lost also its H -a g g lu t in ab i l i ty .  In  co n tra s t  to  th e  o th e rs ,  suspensions tre a te d  
p rev iously  w ith  N  hyd roch lo r ic  acid , re ta ined  th e i r  ag g lu t in ab i l i ty  af te r  ex ­
posure  to  75°C. Suspensions t r e a te d  with glacial ace t ic  acid showed a slight 
decrease in ag g lu t in ab i l i ty  a f te r  h e a t in g  at th e  sam e te m p e ra tu re .
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Tabic II I

Effect o f heat and chemical agents on the agglutinin-binding capacity o f Ps. aeruginosa antigens 
(Reciprocal agglutinin titres in tubes incubated for 2 hours at 37°C)

A ntigens used  for ab so rp tio n  of seru m  P s  11 p rep a red w ith  living an tig en

A ntigens P s 11
liv ing

P s  11 
1 hr.
60°

P s  11
1 hr.
75°

P s  11
1 h r. 
100°

P s  11
2 1/2 h r. 

100°

P s 11
sa t.

NaCl

P s  11 
50%  

e th an o l

P s  11 
iV H C l

P s  11
acetic
acid

P s  11
0.5%

form alin

P s  304
0.5%

form alin

Ps 11 living 0 0 320* 320* 320* 0 0 160* 160* 0 5120

Ps 11 2 1/2 hr. 100° + 1  hr. 
130° 0 0 0 0 0 0 0 0 0 0 640

Ps 11 0.5% formalin 0 0 640* 640* 640* 0 traces* 640* 640* 0 0

Ps 304 0.5% formalin 0 0 640* 640* 640* 0 traces* 640* 640* 0 0

Strains Ps 11 and Ps 304 contained different О antigens, but identical H antigens. 
Titres marked w ith asterisks correspond to H -type agglutinations.
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In  order to  exclude t h a t  reac t io n s  a t t r ib u te d  to  f lagellar an tigens  were  
caused  by  th e rm olab ile  som atic  fac to rs ,  some s tra in s  were cu ltu red  on m ed ia  
inh ib i t in g  the  dev e lo p m en t  of flagella  (blood aga r  con ta in ing  sodium  desoxy-  
cho la te  and  eosin m e thy lene  b lue  a g a r  con ta in ing  anionic  dete rgen t) .  A l th o u g h  
th e re  was a m a rk e d  difference in  H  agg lu tina t ion  b e tw een  such suspensions  
a n d  motile  cu ltu res ,  the  d ev e lo p m en t  of flagella was n ev e r  suppressed  c o m ­
p le te ly .  Im m u n iz a t io n  w ith  b a c te r ia  grown on th e  in h ib i to ry  m edia  y ie ld ed  
fa ir ly  good H  an tibod ies  and , w h e n  applied  in su ff ic ien t am oun ts ,  th e se  cu l­
tu re s  rem oved  II  agglutin ins .

Im m unogen ic ity . As i t  follows from  th e  reac tions  of  s tra ins  Ps 11 a n d  Ps  
304 which co n ta ined  d ifferent О b u t  iden tica l  H  an tigens ,  sera p re p a re d  w ith  
liv ing, fo rm alin ized  and sod ium  ch lo r id e -sa tu ra ted  an tigens  co n ta ined  b o th  
О a n d  H  an tibod ies .  B ac te r ia  t r e a te d  w ith  alcohol or h e a te d  a t  60°C still gave  
rise to  lower t i t r e  f lagellar agg lu tin ins .  I t  is clear from  T ab le  I  t h a t  suspensions  
h e a te d  a t  75°C or h igher te m p e ra tu re s  as well as a c id - t rea ted  bac te r ia  failed 
to  p roduce  H  an tibod ies .  Good O t i t re s  were o b ta in e d  w ith  suspensions  
t r e a t e d  for 1 to  2 1/2 hours  be tw een  75°C and  100°C. H e a t in g  at  130°C or ove r  
im p a ired  the  agglu tinogenic  c a p a c i ty  of the  an tigen .

A g g lu tin in -b ind ing  capacity. A n t ib o d y  abso rp tion  b y  an tigens exposed  
to  th e  action of  var ious  physica l a n d  chemical ag en ts  is shown in T a b le  I I I .  
I t  is clear t h a t  О agglu tin ins  were rem o v ed  by  all an tigens .  H  agg lu tin ins  were 
le f t  u n abso rbed  b y  b ac te r ia  h e a te d  a t  75°C or over a n d  also b y  a c id - t r e a te d  
bac te r ia .  L iving, fo rm alin ized, s a l t - t r e a te d  organism s a n d  even bac te r ia  h e a te d

Tabic IV

Properties o f  group specific antigens o f Ps. aeruginosa

A ntigen
A gg lu tin a-

b ility*
Im m u n o ­
g en ic ity

A gglu tin in ­
b ind ing

capacity**

Living +  +  +  + +  + + + +  +  +  +
1 hr. 60 —75°C - +  +  +  + +  +  +  +
1 hr. 100°C + +  +  +  + + +  +  +

2 1/2 hr. 100°C 

2 1/2 hr. 100°C +  1 hr.
+  + +  +  +  + +  +  +  +

130°C +  +  + +  + +  +  +  +
Saturated NaCl — +  +  +  + +  +  +  +
50% ethanol - +  +  +  + +  +  +  +
JV HC1 + + + +  +  +  + +  +  +  +
0.5 % formalin — +  +  +  + +  +  +  +

* In tubes incubated for 2 hours at 37°C. After prolonged incubation  
negative reactions are characterized by low titre agglutinations. 

** Absorption of antibodies from sera prepared w ith heated antigens
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a t  60°C rem oved H  agglu tin ins . A b so rp t io n  experim ents  w ith  alcoholized 
suspensions were d if f ie u l t  to  evaluate , as t h e  h ighly  viscid an tigen  could no t  
su ff ic ien tly  be s e p a ra te d  from the  serum .

T able  IV su m m a r iz e s  the  a g g lu t in ab i l i ty ,  im m unogen ic i ty  a n d  agg lu ti­
n in -b in d in g  c a p a c i ty  o f  P s. aeruginosa О an t ig en s  af te r  exposure  to  various 
physica l  and chem ical agen ts .

2. Som atic antigens o f  P s. aeruginosa

Group specific an tigens and intra-species antigenic relationships. F ro m  each 
t y p e  s tra in  rep re sen t in g  a n  antigenic g roup  or subgroup  a t  le a s t  tw o different 
se ra  were p repared  (one  w i th  bacteria  h e a te d  for  1 hour a t  75°C a n d  one w ith  
b a c te r ia  heated  for  2 1/2 hours  a t  100°C). All sera an d  all ty p e  s tra in s  were 
e x a m in e d  in cross a g g lu t in a t io n  tests  p e r fo rm e d  w ith  “ 2 1 /2  h r .  1 0 0 ° -}- 1  hr. 
130°” , “ 2 1/2 hr. 100°”  a n d  living antigens. T h e  h e a te d  an tigens  were exam ined  
w i th  tu b e  agg lu t in a t io n  te s ts  in cuba ted  a t  50°C for 20 hours .  T es ts  w ith  l iv ­
in g  an tigens  were r e a d  a f t e r  2 hours in c u b a t io n  a t  37°C.

Some cross a g g lu t in a t io n s  ob ta in ed  w i th  “ 2 1/2 hr. 100° -f- 1 hr. 130°”  
a n t ig e n s  are p re sen ted  in  T ab le  V. I t  is seen t h a t  th e  hom ologous s t ra in  gave a 
h ig h  t i t re  a g g lu t in a t io n  in  each correspond ing  serum. This  reac tion  was de­
m o n s t r a te d  also w i th  l iv in g  bacteria  a n d  suspensions  h ea ted  for 2 1 /2  hours a t  
100°C. The la t te r  a n t ig e n s  agg lu tina ted  in  m u c h  lower t i t re s  t h a n  antigens 
“ 2 1/2 hr. 100° -f- 1 h r .  130°’* or living b a c te r ia  (see Table  I I ) .  A defin ite  ag ­
g lu t in a t io n  of th e  hom olo g o u s  culture was obse rved  also w ith  th e  slide m ethod . 
A n tig en s  responsible fo r  th is  ty p e  of a g g lu t in a t io n  were reg a rd ed  as group 
specific  factors c o n s t i tu t in g  the  basis o f  serological classification.

F ro m  Table  Y i t  is also evident t h a t  a lm o s t  all s tra ins  show ed a more or 
less m a rk e d  cross ag g lu t in a t io n .  As c o m p a re d  to  th e  homologous s tra in ,  h e te r ­
ologous cultures r e a c te d  in  a lower t i t r e  a n d  showed a m u ch  f iner  g ranu la r  
c lum ping .  This ty p e  o f  cross agg lu tina t ion  b e tw e e n  heterologous s tra ins  was 
n o t  observed when l iv in g  or “ 2 1/2 hr. 100°”  suspensions were te s te d .  These 
f ind in g s  ind ica ted  t h a t ,  in  addition  to  th e  g ro u p  specific an tigens ,  Ps. aerugi­
nosa  s tra ins  conta in  c e r ta in  common co m p o n en ts .  These fac to rs  p roduce low 
t i t r e  an tibodies w h ich  c a n  be detected  on ly  w i th  b ac te r ia  exposed  to  high te m ­
p e ra tu re s .  In  order to  co n f irm  this f ind ing , t h e  O sera were ab so rbed  w ith  dif­
f e r e n t  heterologous s t r a in s .  After ab so rp t io n  th e  sera a g g lu t in a te d  only th e  
hom ologous “ 2 1/2 h r .  100° -f- 1 hr. 130°”  an tigens .  Sera ab so rbed  in th is  
m a n n e r  re ta ined th e i r  o r ig inal ti tres  also a g a in s t  living and “ 2 1 /2  hr. 1 0 0 °” 
an tigens .

Certain 0  sera  a f t e r  absorption w i th  he tero logous cu ltu res  still agg lu ti­
n a t e d  some Ps. aeruginosa  s trains. This r e a c t io n  resem bled th e  coarser ty p e  
a g g lu t in a t io n  of th e  hom ologous  s tra in  a n d  w as  observed with  living and  “ 2 1 /2
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Table У

Cross-agglutination reactions obtained with some Pr. aeruginosa strains 
(Reciprocal agglutination titres w ith “ 2 1/ hr. 100° +  1 hr. 130°” antigens in tubes incubated for

20 hours in 50°C water bath)

D esignation  
o f  0  an tigens S tra in s

Ps 304

m m u n e sera

P s 21 P s 11 Ps 340 P s 317 P s  161 P s 217 U  645 P s  319 U 72/59 U  118/59

l Ps 304 5120 40 40 0 0 320 20 160 160 80 20
2 Ps 21 160 5120 0 0 0 20 20 20 80 160 0

3a, 3b Ps 11 20 0 2560 320 2560 20 40 40 40 160 0

3c Ps 340 20 20 160 10 240 320 40 40 320 40 40 320

3a. 3d Ps 317 20 160 1280 40 2560 20 40 160 160 40 40
4a, 4b Ps 161 320 160 40 80 20 5120 1280 640 320 320 320
4a, 4c Ps 217 20 160 320 320 320 5120 10 240 320 80 80 160
5a, 5b, 5c U 645 0 80 0 20 20 160 40 1280 1280 160 160

5a, 5b, 5d Ps 319 320 160 160 20 0 640 40 640 10 240 160 160
6 U 72/59 40 0 20 0 0 20 40 320 80 5120 80

7a, 7b U 118/59 0 0 0 0 0 160 20 80 80 160 10 240

Figures printed in italics designate reactions detectable also w ith living or “ 2 1/2 hr. 100°” antigens and after an absorption of the serum by 
strains of different О groups. Nonitalicized titres were demonstrated only with “ 2 1/2 hr. 100° +  1 hr. 130°” antigens and the corresponding anti­
bodies were removed practically by any heterologous culture.
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h r .  1 0 0 °”  as well as w i th  “ 2  1 /2  hr. 1 0 0 ° -)- 1 h r .  130°”  suspensions. T hese  s tra ins  
w e re  therefore  re g a rd e d  as contain ing g ro u p  specific (0 ) an tigens  identical 
w i th ,  or re la ted  to ,  th e  О antigens of th e  s t r a in  used for th e  p re p a ra t io n  of th e  
s e ru m .  In  Tahié  V f ig u re s  p rin ted  in i ta l ics  show titres  due to  g roup  specific 
a n t ib o d ie s  which c a n n o t  be absorbed w i th  s t ra in s  belonging to  o th e r  О a n t i ­
gen ic  groups. T itre s  in d ic a t in g  in ter-g roup  agg lu tin ins ,  which are rem oved  p ra c ­
t ic a l ly  b y  any  h e te ro logous  s tra in , are sh o w n  b y  non-italicized figures.

C ross-absorp tion  experim ents  w i th  s t ra in s  belonging to  th e  same О 
g ro u p  showed t h a t  c e r ta in  groups were c o n s t i tu te d  of tw o or m ore  subgroups. 
A n  exam ple  of an  a n t ig en ic  analysis is p re s e n te d  in Table  VI.

T h e  an tigen ic  sch em a  e laborated  in  th i s  m an n e r  and  c ross-agglu tination  
t i t r e s  ob ta ined  w i th  t u b e  agg lu tina tion  in  sera  depleted  of in te rg ro u p  a n t i ­
b o d ie s  are p re sen ted  in  T able  V i la .

Tab le  V l l b  p re se n ts  the  slide a g g lu t in a t io n  of living s tra in s  in th e  w o rk ­
ing  d ilu tions of u n a b s o rb e d  0  sera. W h e n  com paring  T ables  V i l a  an d  V l l b  
i t  is ev id en t  t h a t  t h e  sam e  cross reac tions  a re  revealed  w ith  h e a te d  an d  living 
a n t ig e n s .  I t  should  be  n o te d  th a t  th e  p re s e n te d  antigenic  schem a conta ins  
o n ly  m a jo r  som atic  an t ig en s  which are  u sefu l  for the  p rac tica l  d iffe ren tia tion  
o f  s t ra in s .  Minor a n t ig e n s  which were o f ten  a b s e n t  or gave u n i la te ra l  reactions 
w e re  o m itted  from  th e  schema.

Several h u n d r e d  s tra in s  belonging to  var ious  0  groups were com pared  
b y  t u b e  agg lu t in a t io n  w i th  “ 2 1/2 hr. 100° -j- 1 hr. 130°”  an tigens  a n d  by  slide 
a g g lu t in a t io n  w i th  l iv ing  cultures. As th e  re su l ts  were a lw ays iden tica l,  slide 
a g g lu t in a t io n  was r e g a rd e d  sa tisfac tory  fo r  ro u t in e  0  grouping. As to  th e  r e ­
s u l t  o f  slide a g g lu t in a t io n  there  was no m a jo r  difference be tw een  18 to  2 0  hour  
c u l tu re s  grown on c o m m o n  dye and in d ic a to r - f ree  solid media . As y e a s t  aga r  
c o n ta in in g  5 per  c e n t  ox-b lood  yielded t h e  m o s t  readily  suspendab le  cultu res , 
th i s  m ed ium  was u sed  th ro u g h o u t  th e  s tu d y .

T he  above e x p e r im e n ts  were p e r fo rm e d  in parallel w ith  sera p repa red  
w i t h  cultures  h e a te d  a t  75°C for 1 hou r  a n d  a t  100°C for 2 1/2 hours. A gglu ti­
n a t io n  w ith  living a n d  h e a te d  antigens a n d  cross-absorption te s ts  gave id e n t i ­
cal re su lts  in b o th  k in d s  of sera. U n re q u ire d  cross-agglu tinations were som e­
w h a t  less m ark ed  in  sera  p repared  w ith  a n t ig e n s  hea ted  a t  75°C th a n  in sera 
p re p a re d  w ith  bo iled  an tigens ,  therefore  th e  fo rm er  were used for slide agg lu ti­
n a t io n .

A ntigen ic  varia tio n . Form ulae sh o w n  in th e  antigenic  schem a represen t 
th e  О antigens of  t h e  m a jo r i ty  of s t ra in s .  I n  add it ion  to  differences in m inor 
a n t ig e n s  om it ted  f ro m  th e  schema, n o t  u n f re q u e n t ly  there  was a va r ia t ion  in 
d iag n o s t ica l ly  i m p o r t a n t  antigens. A sm a l le r  p a r t  of s tra ins  cha rac te r ized  b y  
О an t ig en s  “ 3c”  a n d  “ 3d, 3 f” showed a m o re  or less developed an tigen  “ 3a” . 
F r o m  Tab le  V I i t  is seen t h a t  the  ty p e  s t r a in s  of  these subgroups  (Ps 340 and  
P s  48), a lthough  th e y  agg lu tina ted  in v e r y  low ti tres  in se rum  3a, 3b, were
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Table VI

Cross-absorption experim ents with 0 group 3 strains

(Reciprocal agglutination titres with “ 2 1/2 hr. 100° - f  1 hr. 130°” antigens in tubes incubated
for 20 hours in  50°C water bath)

S tra in
0  serum  P s 11 a b so rb e d  b y О serum  P s 340 abso rb ed  b y

— Ps 340 Ps 317 P s  460 P s 48 — P s 11 P s 317 P s  469 P s  48

Ps 11 2560 320 320 320 320 320 0 0 80 0
Ps 340 160 0 0 0 0 10 240 320 320 320 640
Ps 317 1280 0 0 0 0 40 0 0 0 0
Ps 469 640 0 0 0 0 320 0 0 0 0
Ps 48 160 0 0 0 0 40 0 0 0 0

Agglutinins 3a, 3b 3b 3b 3b 3b (3a), 3c 3c 3c, . . . 3c

3c, . . .

S tra in
0  serum  P s 317 ab so rb e d  by ) seru m  P s 469 absorbed  b y

— P s 11 Ps 340 P s  469 P s  48 — P s 11 P s 340 P s 317 P s  48

Ps и 80 0 0 0 0 2560 0 0 0 0
Ps 340 40 0 0 0 0 320 0 0 40 20
Ps 317 2560 320 160 0 0 2560 160 160 0 0
Ps 469 320 160 160 0 0 10240 320 160 160 160
Ps 48 320 160 160 0 0 1280 160 160 0 0

Agglutinins 3a, 3d 3d 3d — _ 3a, 3d, 3d, 3e 3d, 3e 3e, . . . 3e, . .  .

3e, . . .

S tra in
0  serum  P s 48 ab so rb ed  b y

P s  11 Ps 340 P s  317 P s  469

Ps и 160 0 0 0 0
Ps 340 20 0 0 0 0
Ps 317 640 80 160 0 0
Ps 469 160 20 20 0 0
Ps 48 2560 640 640 640 640

Agglutinins (3a) 3d, 3f 3d, 3f 3f 3f
3d, 3f

Result o f  antigenic analysis :

Ps 11 3a, 3b

Ps 340 =  (3a), 3c

Ps 317 3a, 3d

Ps 469 =  3a, 3d, 3e

Ps 48 (3a), 3d, 3f
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t a b le  to  absorb  agg lu t in in  3a. This f in d in g  ind ica ted  th a t  “ 3c”  a n d  “ 3d, 3 f”  
s t r a in s  w hich  did n o t  con ta in  antigen  “ 3 a ”  in  de tec tab le  a m o u n ts ,  should  be 
p la c e d  in О group 3. M any  “ 4a, 4 d ”  c u l tu re s  occurred  in which an t ig en  “ 4 a ”  
w as  s ligh tly  developed.

An in te re s t in g  an tigen ic  v a r ia t io n  has  been  observed am ong  s tra in s  iso­
la t e d  in th e  László hosp ita l .  In  tw o w a rd s  of  th e  hospita l О g roup  7 s t ra in s  
were  com m only  enco u n te red .  One s t ra in  f ro m  one w ard an d  6  s t ra in s  from  th e  
o th e r  were ch a rac te r ized  b y  the  an tigen ic  fo rm u la  “ 7a, 7c” , w hereas  th e  m a jo r ­
i ty  o f  s tra ins  f rom  b o th  un its  con ta ined  an t ig en s  “ 7a, 7b” . A m ong  th e  l a t te r  
som e  s tra in s  p ro d u c e d  colonies a g g lu t in a t in g  in absorbed se rum  ” 7c” . T hus ,  
a l th o u g h  an tigen  “ 7c”  was a d is tinc t p a r t i a l  fa c to r  and  an tigen  “ 7 b ”  was never  
p r e s e n t  in  “ 7a, 7c”  s t ra in s ,  i t  was su p p o sed  t h a t  s tra ins “ 7a, 7c”  developed  
f ro m  s tra in s  “ 7a, 7 b ” .

M ucoid  varian ts. P a r t  of the  e x a m in e d  cultures  produced  m uco id  colo­
nies . Such m ucoid  form s were observed  in m o s t  antigenic groups. M oreover, 
in  m a te r ia ls  der ived  f ro m  one hosp ita l  u n i t ,  m em bers  of th e  sam e an tigen ic  
g ro u p  often  a p p e a re d  as m ucoid  and  n o n -m u co id  forms. These f ind ings  ind i­
c a te  t h a t  m ucoid  a n d  non-m uco id  s tra in s  h av e  a common origin. T h e  tw o  forms 
b e h a v e d  sim ilarly  in tu b e  agg lu tina t ion  w i th  h e a te d  bacteria . W i th  slide agg lu ­
t in a t io n  m ucoid  s t ra in s  reac ted  less re a d i ly  t h a n  the ir  non-m uco id  c o u n te r ­
p a r t s ;  however, d e te rm in a t io n  of th e  О a n t ig e n s  of m ucoid s tra in s  was as exac t  
as t h a t  of non -m uco id  v a r ian ts .  The m u co id  substance  p ro b a b ly  ex e r ts  some 
in h ib i to ry  effect on th e  agg lu tina t ion  of  l iv ing  cultures. None of ou r  resu lts  
in d ic a te d  t h a t  th e  m uco id  substance  w as an tigen ic .

P oly agglutinable and  unstable stra ins. D u e  to  agg lu tination  in severa l (bu t  
n o t  all) sera, c e r ta in  P s. aeruginosa  s t r a in s  could  no t be inc luded  in  a n y  of 
th e  an tigen ic  groups. This  agg lu tina t ion  occu rred  independen tly  o f  th e  t r e a t ­
m e n t  of th e  an t ig en  used  for the  p r e p a ra t io n  of th e  serum. The re c e p to r  r e ­
sponsib le  for th is  re ac t io n  was p ro b ab ly  id e n t ic a l  or re la ted  in all such  s tra ins  
as, a l th o u g h  w ith  d iffe ren t  in tens i ty ,  all s t r a in s  agg lu tina ted  in th e  sam e sera. 
T h ese  s tra ins  were n o t  “ u n s ta b le ”  v a r ia n ts  s ince, in addition  to  th e i r  p ro d u c ­
in g  sm o o th  colonies, th e y  showed no a g g lu t in a t io n  in 3 per cen t sod ium  chlo­
r id e  solution. P rov is iona lly  these bac te r ia  w ere  n am ed  po lyagg lu tinab le  s tra ins .

U n s tab le  s t ra in s  were cha rac ter ized  b y  agg lu tina tion  in 3 p e r  cen t so­
d iu m  chloride a n d  spo n tan eo u s  la b i l i ty  o f  h e a te d  suspensions.

3. R o u tin e  determ ination o f  0  antigens

P reparation , checking and absorption o f  sera. I t  follows from  th e  resu lts  
o f  th is  s tu d y  t h a t  im m u n e  sera p rep a red  w i th  cultures h ea ted  in th e  range  75° 
to  100°C for 1 to  2 1/2 hours  are su itab le  fo r  th e  de te rm ina tion  of  О an tigens.  
C heck ing  of th e  se rum  a n d  rou tine  g ro u p in g  of unknow n s tra in s  are  m ost
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Table Vila
Antigenic relationships between P s. aeruginosa 0  groups

(Reciprocal agglutination titres w ith “ 2 l/ 2 hr. 100° +  1 hr. 130°” antigens in tubes incubated for 20 hours in 50°C water bath)

Sero-
group 0 an tigens

T y p e
s tra in

T itre  of 
hom ologous 

serum

C ross-agglu tination  
Pe 10

titre s  in  0  sera  
(01) o r P s 21

absorbed  b y  s tra in  
(02)

l 1 Ps 304 5120 —

2 2 Ps 21 5120 —

3 3a, 3b Ps 11 2560 3c: 160 3a, 3d: 1280 3a, 3d, 3e: 640 3d, 3f: 160

3c Ps 340 10240 3a, 3b: 320 3a, 3d: 40 3a, 3d, 3e: 320 3d, 3f: 40
3a, 3d Ps 317 2560 3a, 3b: 80 3c: 40 3a, 3d. 3e: 320 3d, 3f: 320

3a, 3d, 3e Ps 469 10240 3a, 3b: 2560 3c: 320 3a, 3d: 2560 3d, 3f: 1280
3d, 3f Ps 48 2560 3a. 3b: 160 3c: 20 3a, 3d: 640 3a, 3d, 3e: 160

4 4a, 4b Ps 161 5120 4a, 4c: 5120 4a, 4d: 640 10a, 10b: 80

4a, 4c Ps 217 10240 4a, 4b: 1280 4a, 4d: 640

4a, 4d Ps 323 10240 4a, 4b: 160 4a, 4c: 320

5 5a, 5b, 5c и 645 1280 5a, 5b, 5d: 640 5a, 5d: 320

5a, 5b, 5d Ps 319 10240 5a, 5b, 5c: 1280 5a, 5d: 2560

5a, 5d Ps 194 2560 5a, 5b, 5c: 1280 5a, 5b, 5d: 2560

6 6 и 72/59 5120 —

7 7a, 7b и 118/59 10240 7a, 7c: 640

7a, 7c в 415 5120 7a, 7b: 5120 11: 320

8 8 и 900/60 2560 —

9 9 Ps 910 2560 —

10 10a Ps 196 2560 10a 10b: 2560

10a, 10b Ps 275 10240 10a 1280

11 11 Ps

COO
'

CO 5120 7a, 7c: 160

12 12 L 83 10240 —

13 13 V 142a 2560
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Table Vllb
A ntigenic relationships between P s. aeruginosa 0  groups 

(Slide agglutination w ith blood agar cultures in working dilutions of sera)

Sero-
group 0 antigens Type

strain
Homologous

serum Cross agglutination in unabsorbed 0 sera

l l Ps 304 +  +  +  + 4a, 4c: i

2 2 Ps 21 +  +  +  + —

3 3a, 3b Ps 11 +  +  +  + 3c: +  + 3a, 3d: +  +  + 3a, 3d, 3e: +  + 3d, 3f: ±
3c Ps 340 + + +  + 3a, 3b: +  + 3a, 3d: ± 3a, 3d, 3e: 4~~b 3d, 3f: ±  11: ±
3a, 3d Ps 317 + + +  + 3a, 3b: -)- + 3a, 3d, 3e: —|—|—1—f  3d, 3f: +  +  + 11: ±
3a, 3d, 3e Ps 469 +  +  +  + 3a, 3b: +  + 3c: 4_ 3a, 3d: 4—1—h 3d, 3f: +  +  +  +
3d, 3f Ps 48 +  +  +  + 3a, 3b: 4~ 3a, 3d: 4~4" 3a, 3d, 3e: 4—1—h 11: ±

4 4a, 4b Ps 161 +  +  +  + 4a, 4c: +  +  +  + 4a, 4d: +  +  +
4a, 4c Ps 217 +  + + + 4a, 4b: + 4 -  + “b 4a, 4d: +  + 8: ±

4a, 4d Ps 323 +  + + + 4a, 4b: -f- 4a, 4c: +  +

5 5a, 5b, 5c U 645 +  + + + 5a, 5b, 5d: +  +  + 5a, 5d: +  + 8: ± 10a, 10b: +

5a, 5b, 5d Ps 319 +  +  +  + 5a, 5b, 5c: +  +  +  + 5a, 5d: +  +  +  +
5a, 5d Ps 194 +  +  +  + 5a, 5b, 5c: 4-_Ы~ 5a, 5b, 5d: +  +  d

6 6 U 72/59 +  +  +  + —
7 7a, 7b U 118/59 +  +  +  + 7a, 7c: +  +  +  +

7a, 7c В 415 + + +  + 7a, 7b: +  +
8 8 U 900/60 + +  +  + 7a, 7c: +
9 9 Ps 910 + + + + 8: +  +

10 10a Ps 196 + + + + 10a, 10b: +  +  +

10a, 10b Ps 275 + + + + 10a: +  +

11 11 Ps 898 + + +  + 7a, 7c: +  +

12 12 L 83 +  + + + -

13 13 V 142a H 1 1 h -
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Table VIII
Determination o f  the О antigens o f  P s. aeruginosa

О anti­
gens

N o. o f
A gglutination in R oux

flasks*

1
2

3a

3b

3c

3d

3e

3f

4a

4b

4c

4d

5a

5b

5c

5d

6
7a

7b

7c

8

9

10a 

101 ) 

11 

12 
13

Unabsorbed serum Ps 304 (1)

Unabsorbed serum Ps 21 (2)

Unabsorbed serum Ps 11 (3a, 3b) and unabsorbed serum  Ps 317 (3a, 3d) 

Serum Ps 11 (3a, 3b) absorbed by Ps 317 (3a, 3d)

Serum Ps 340 (3c) absorbed by Ps 469 (3a, 3d, 3e) +  Ps 11 (3a, 3b) 

Serum Ps 317 (3a, 3d) absorbed b y  Ps 11 (3a, 3b)

Serum Ps 469 (3a, 3d, 3e) absorbed by Ps 317 (3a, 3d) +  Ps 340 (3c)

Serum Ps 48 (3d, 3f) absorbed by Ps 317 (3a, 3d)

Unabsorbed serum Ps 161 (4a, 4b) and unabsorbed serum Ps 217 (4a, 4c) 

Serum Ps 161 (4a, 4b) absorbed by Ps 217 (4a, 4c)

Scrum Ps 217 (4a, 4c) absorbed by Ps 161 (4a, 4b)

Serum Ps 323 (4a, 4d) absorbed by Ps 217 (4a, 4c) +  Ps 831 (4a, . . .)

Unabsorbed serum U 645 (5a, 5b, 5c) and unabsorbed serum  Ps 194 
(5a, 5d)

Serum Ps 319 (5a, 5b, 5d) absorbed by Ps 194 (5a, 5d)

Scrum U 645 (5a, 5b, 5c) absorbed by Ps 319 (5a, 5b, 5d)

Serum Ps 319 (5a, 5b, 5d) absorbed by U 645 (5a, 5b, 5c)

Unabsorbed serum U 72/59 (6)

Unabsorbed serum U 118/59 (7a, 7b) and unabsorbed serum В 415 
(7a, 7c)

Scrum U 118/59 (7a, 7b) absorbed by I! 415 (7a, 7c)

Serum В 415 (7a, 7c) absorbed by U 118/59 (7a, 7b)

Unabsorbed serum U 900/60 (8)

Unabsorbed serum Ps 910 (9)

Unabsorbed serum Ps 196 (10a)

Serum Ps 275 (10a, 10b) absorbed by Ps 196 (10a)

Unabsorbed serum Ps 898 (11)

Unabsorbed serum L 83 (12)

Unabsorbed serum V 142a (13)

15
20 + 10

30

25 +  20

20

20

30

20 + 10

30

30

30

30

30

20

’ Amount of bacteria needed for the absorption of 10 ml diluted serum. Serum dilutions  
used for absorption should be about 3 to 4 tim es as concentrated as the working dilution.

conven ien tly  ca rr ied  ou t by slide a g g lu t in a t io n  us ing  18 to  2 0  hour b lood  a g a r  
cultures. A se ru m  is regarded su i tab le  when it  gives cross reactions n o t  d if fe r ­
ing s ign ilican tly  from  the  p a t te rn  p resen ted  in T ab le  V l l b .

D iffe ren tia t ion  of subgroups b y  par t ia l  a n t ig e n s  can be perform ed o n ly  
by  use of ab so rbed  sera. P re p a ra t io n  of abso rbed  se ra  a n d  de te rm in a t io n  of 
p a r t ia l  an tigens  a re  shown in T ab le  V I I I .
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Polyvalent sera. W h e n  dealing w ith  la rg e r  num bers of s t ra in s  i t  is adv is­
a b le  to  use p o ly v a le n t  sera . In  p rep a r in g  p o ly v a le n t  sera m ino r  a n t ig e n ic  re la­
t io n s h ip s  o m itted  f ro m  th e  schema shou ld  also he considered, as t h e  com bined  
e f fe c t  o f  re la ted  a n t ib o d ie s  m ay  cause u n re q u ire d  cross-reactions. In  th is  
s t u d y  always pooled se ra  were used. In  v iew  of antigenic re la t io n sh ip s  i t  is 
o f t e n  unnecessary  or  even  d isad v an tag eo u s  to  incorpora te  in  t h e  poo led  serum  
t h e  w hole  a m o u n t  o f  m o n o v a le n t  se rum  c a lc u la ted  on the  basis  o f  t h e  work ing  
d i lu t io n .  Table  I X  p re se n ts  a guide to  co rrec t ions  in the  a m o u n t  o f  u n a b so rb e d  
s e ra  necessary  for th e  p re p a ra t io n  of p o ly v a le n t  sera I, I I ,  I I I  a n d  IV . In  cal­
c u la t in g  th e  needed  a m o u n t  of one m o n o v a le n t  serum co n s t i tu en t ,  o th e r  m ono­
v a l e n t  sera of th e  sam e  pool should, o f  course ,  be regarded  as a d i luen t .  I t  
s h o u ld  be  em phasized  t h a t  p rescrip tions fo r  th e  prepara t ion  of  ab so rb e d  (Table

Table IX

Monovalent ingredients o f  pooled sera

In g red ien ts C orrection
factor*

Ingred ien ts C orrection
factor*

P olyvalen t I Polyvalent i n
1 0 serum Ps 304 0.5 3a, 3l> 0 serum Ps 11 0.5

4a, 4b 0 serum Ps 161 0.25 3c 0 serum Ps 340 0.5

4a , 4c 0 serum Ps 217 0.25 3a, 3d, 3e 0 serum Ps 469 1.0
4a , 4d 0 serum Ps 323 0.5 3d, 3f 0 serum Ps 48 0.5

8 0 serum и 900/60 0.5

9 0 serum Ps 910 1.0
10a 0 serum Ps 196 0.75

10a, 10b 0 serum Ps 275 0.6

11 0 serum Ps 898 0.75

Polyvalent I I Polyvalent IV
7a, 7b 0 serum и 118/59 1.0 2 0 serum Ps 21 1.0
12 0 serum L 83 1.0 5a, 5b, 5d 0 serum Ps 319 0.5

13 0 serum V 142a 1.0 5a, 5d 0 serum Ps 194 1.0
6 0 serum и 72/59 1.0

*The needed am ount o f each serum is calculated  from the corresponding working dilu­
tio n  and the result is m ultiplied by the given correction factor. In the serum pool the corrected 
am ou n t o f serum should be incorporated. E. g. I f  the previously determined working dilutions 
o f  sera 3a, 3b; Зс; 3a, 3d, 3e; 3d, 3f are 1 : 20; 1 : 10; 1 : 50; 1 : 40, respectively, the necessary 
am oun t of each for the preparation of 10 ml po lyvalen t serum III will be: 3a, 3b, 0.5 m l X 0.5 =  
-  0.25 ml; 3c, 1.0 ml X 0.5 =  0.5 ml; 3a, 3d, 3e, 0.2 m l X 1.0 =  0.2 ml; 3d, 3f, 0.25 m l X 0.5 =  

0.12 ml. The corrected am ounts o f concentrated sera are mixed and the volum e is made up 
w ith  phenolized saline to 10.0 ml.
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V I I I )  an d  pooled sera  (Table IX ) h av e  been e la b o ra te d  on th e  basis of re su lts  
o b ta in e d  w ith  sera used  in th is  s tu d y .  T he  a m o u n ts  o f  b ac te r ia  suggested for 
abso rp tion  and  se ru m  qu an t i t ie s  reco m m en d ed  for th e  p repa ra t ion  of p o ly ­
v a le n t  sera are a p p ro x im a te  an d  m a y  differ w ith  each  se ru m  batch .

P o ly v a len t  sera  p rep a red  as show n in T ab le  I X  were found  to  be an  e x ­
cellent help in g roup ing  2197 s tra ins  b y  slide ag g lu t in a t io n .  Major cross-reac­
t ions between th e  pooled sera causing d iagnostic  diff iculties  were ra re ly  o b ­
served. As each pooled serum  co n ta in ed  a t  leas t  one m o n o v a len t  co m p o n en t  
re ac t in g  w ith  “ p o ly ag g lu t in ab le”  s t ra in s ,  these cu l tu re s  were easily recognized 
b y  th e ir  agg lu t in a t io n  in all po ly v a len t  sera.

4. D istribution  o f  P s. aeruginosa serogroups

Table  X  sum m arizes  the  serogroup  d is t r ib u t io n  of 2197 Ps. aeruginosa  
s t ra in s .  In  order to  avoid  erroneous conclusions, s t r a in s  orig inating in la rg e r  
n u m b ers  from one h o sp i ta l  un i t  are show n in d e p e n d e n t ly  of  th e  m ateria l  f ro m  
which  th e y  had  been  isolated.

Tab le  X  in d ica tes  t h a t  more p re v a le n t  se rog roups  or subgroups o f  P s. 
aeruginosa  have  b een  encoun tered  in all k inds of  m a te r ia ls .  However, th e  se ro ­
g roup  d is tr ibu tion  is n o t  qu ite  un iform . In  m iscellaneous non-faecal p a th o lo g ­
ical m ater ia ls  ta k e n  from  hospita lized  ind iv idua ls  o r  o u t-p a t ien ts  (co lum ns 
1 to  5 of Table  X ) ,  s t ra in s  belonging to  serogroup  3 occu rred  p a r t icu la r ly  f re ­
q u e n t ly  (306 ou t  o f  827 s tra ins  =  37.0 p e r  cent) .  T h e  incidence of О g ro u p  
1 , 4  a n d  5 s t ra in s  in  th is  m a te r ia l  was 9.4, 14.1 a n d  12.9 p e r  cen t ,  resp ec t iv e ly .  
In  miscellaneous faecal specimens (colum ns 6  to  8  o f  T a b le  X )  the  m em bers  o f  
О group 3 occurred considerab ly  less f re q u e n t ly  t h a n  in non-faecal m a te r ia l  
(82 o u t  o f  403 s t ra in s  =  20.3 per  cent).  T he  incidence o f  0 1 , 0 4  and 0 5  s t r a in s  
in faeces was 6.9, 28.8 a n d  10.2 per cen t ,  respectively .  T h u s  in faeces 0 4  s t r a in s  
were  th e  com m onest.  Th is  holds t ru e  also for w a te r  a n d  sewage specim ens, 
in which 0 4  s tra ins  com prised  26.7 p e r  cen t  of all P s. aeruginosa  strains.

T h e  above re su l ts  should  be e v a lu a te d  s e p a r a te ly  f ro m  those  of s t r a in s  
der ived  in large n u m b e rs  from c e r ta in  h o sp i ta l  u n i t s .  I n  these  m a te r ia ls  
m em bers  of o the rw ise  less f req u en t  se rog roups  or su b g ro u p s  ten d ed  to  p r e ­
d o m in a te .  This w as  due p a r t ly  to  r e p e a te d  iso la t ions  o f  th e  same o rg an ism  
from  th e  same p a t i e n t ,  p a r t ly  to  th e  “ nosocom ia l”  c h a ra c te r  of th e  s e ro ­
group .

F aeca l  an d  non -faeca l  s tra in s  iso la ted  on sev e ra l  su b se q u e n t  occasions 
from th e  sam e p a t i e n t  usua lly  be longed  to  t h e  sam e  serological u n i t .  A c ­
co rd ing ly ,  these  e x a m in a t io n s  in d ic a te d  th e  ep id em io log ica l  re liability  o f  th e  
m e th o d .  Those re su lts  will be discussed elsewhere.
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Table X
Distribution o f 2197 Ps. aeruginosa strains

0 antigens
Non-faecal materials Faeces Miscellaneous

Total1 2 3 4 5 6 7 8 « 10 11 12 13 14 15

l 26 21 12 3 i6 5 19 4 3 2 l 4 19 135
2 4 — 1 — — 1 2 4 — — 1 17 — 13 _ 43
3a, . . . — — — — — — 3 — _ _ _ 1 _ _ 4
3a, 3b 53 16 9 13 29 13 9 28 4 23 2 _ 2 2 203
3c 8 14 3 4 10 4 — 1 1 3 3 _ _ _ 2 53
3a, 3d 15 8 30 4 5 3 2 3 — 4 6 49 _ 5 4 138
3a, 3d, 3e 6 2 4 2 4 2 1 — — 1 1 13 27 2 5 70
3d, 3f 27 7 7 10 16 6 3 4 — 11 10 — — 3 _ 104
4a, . . . — — — — — — 1 — _ _ _ _ _ 4 1 6
4a, 4b 13 — 1 — — 5 6 5 _ 1 _ _ _ 7 1 39
4a, 4c 27 2 3 2 3 4 13 21 1 2 2 _ _ 18 98
4a, 4d 46 1 5 7 7 10 5 46 10 56 15 88 8 23 _ 327
5a, 5b, 5c 7 1 1 — — 1 — — 8 — 1 ___ ___ 1 _ 20
5a, 5b, 5d 37 7 6 2 5 8 6 11 — 1 1 8 1 4 _ 97
5a, 5d 20 7 2 7 5 2 5 8 — 4 1 1 ___ 12 _ 74
6 16 5 1 1 6 5 13 4 3 — 3 ___ 1 39 _ 97
7a, 7b 33 6 6 7 7 1 7 21 1 78 19 95 11 9 _ 301
7a, 7c — — — — — — — — — — — 1 6 _ 7
8 1 — — — — — — 3 ___ ___ 1 _ _ _ 5
9 1 3 — — — — 1 — ___ ___ _ _ _ 1 6
10a 13 1 1 2 1 1 5 3 — ___ _ 2 _ 13 _ 42
10a, 10b 1 — — — — — 4 ___ — ___ _ _ _ 2 _ 7
11 12 — — — — 1 5 9 — 6 — 1 — 9 6 49
12 — — — — — — 1 — — — — 3 2 1 1 8
13 — — — — — — — — ___ ___ _ _ _ 2 2
U nstab le — — 3 — 3 — 3 3 — 4 2 2 1 4 1 26
L olyagglutinable 42 2 14 10 16 5 7 27 5 12 13 71 6 2 4 236

T o ta l no. of stra ins 408 103 109 74 133 77 118 208 33 209 83 352 68 195 27 2197

1 =  ear; 2 =  wounds; 3 =  urine; 4 =  other non-faecal m aterials (blood, CSF, duodenal juice, etc.); 6 =  m iscellaneous faecal sam ples; 7 =  
faeces from healthy adults; 8 =  faeces from infants treated in various hospitals; 9 =  infants’ faecal sam ples from A páthy Hospital; 
H) =  infants faecal sam ples from Árpád H ospital; 11 =  non-faecal sam ples from Árpád H ospital; 12 =  m iscellaneous m aterials I, 
László H ospital; 13 =  m iscellaneous m aterials II, László H ospital; 14 =  water and sewage; 15 =  m iscellaneous strains obtained from  
other laboratories.
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Discussion

Tlie p re sen t  s tudies  have  confirm ed th a t  successful serological a n a ly se s  
can he perfo rm ed  only in sys tem s allowing th e  s e p a ra te  s tu d y  of an tigens w i th  
d ifferent physicochem ica l  p ropert ies .  This co ncep tion  has heen well k n o w n  
from  s tud ies  on th e  serology o f Enlerobacteriaceae a n d  has recen tly  been  e m ­
ployed h y  some a u th o rs  for Ps. aeruginosa. T h e  g ro u p  specific an t ig en s  o f  
Ps. aeruginosa  can  he de te rm in ed  in sera c o n ta in in g  b o th  О and  H an t ib o d ie s ,  
if the  tes ts  are  p e rfo rm ed  w i th  b a c te r ia  n o t  re ac t in g  w ith  H  agglutinins. S u ch  
an tigens can he p rep a red  b y  hea t in g  th e  suspensions a t  100° C for 2 1/2 h o u rs  
[2, 3, 7, 10]. I f  a m ore  sensitive m e th o d  su itab le  for  th e  d em ons tra t ion  of  m in o r  
antigenic  re la t ionsh ips  is requ ired ,  th e  “ 2 1/2 hr. 100° -f- 1 hr. 130°”  a n t ig e n s  
used in th is  s tu d y  m a y  he em ployed . On th e  o th e r  h a n d ,  О antigens can  be  
de te rm in ed  s im p ly  w ith  slide agg lu tina t ion  of l iv ing  cu l tu re s  if sera devo id  o f  
H  agg lu tin ins  are  p rep a red  [4, 8 , 12].

F rom  th e  obse rva tion  t h a t  Ps. aeruginosa  suspensions become inag g lu t i -  
nah le  af te r  exposure  to  mild hea t ,  m a n y  au th o rs  h ave  suggested  th a t  d i f fe re n t  
antigens are  responsible  for th e  agg lu tina t ion  o f  l iv ing  a n d  boiled cells. T h u s  
i t  has heen supposed  th a t  th e rm o lab ile  som atic  a n t ig e n s  cause inagg lu tinab il-  
i ty  by  m ask ing  О antigens. A well-defined d if fe ren t ia t io n  of reactions g iven  
by th e rm o s tab le  an d  the rm olab ile  an tigens o f  P s. aeruginosa  was first m a d e  b y  
K l e i n m a i e r , S c h r e i n e r  a n d  G r a e f f  [7J. A lth o u g h  a t  f i r s t  th e y  were u n a b le  
to  d e m o n s t ra te  w h e th e r  th e  agg lu t in a t io n  o b ta in e d  in sera  absorbed  b y  h e a te d  
b ac te r ia  was due to  som atic  or f lagellar fac tors ,  i t  seem s probable  t h a t  t h e i r  
therm olab ile  com ponen ts  were I I  an tigens.  L a te r  K l e i n m a i e r , S ciireil  a n d  
Q u i nc ke  [18] d e m o n s t ra te d  b y  m orphological e x a m in a t io n s  t h a t  th is  t y p e  o f  
reaction co rresponded  m ost p ro b a b ly  to a f lagellar  agg lu t in a t io n .  V e r d e r  a n d  
E vans  [2] allowing th a t  Ps. aeruginosa  m a y  possess th e rm o lab i le  som atic  a n t i ­
gens, suggested  t h a t  agg lu tina t ion  of form alin ized suspensions in sera a b so rb e d  
w ith  hea ted  b ac te r ia  was due to  H  an tigens.

The p re se n t  s tudies  ind ica te  t h a t  Ps. aeruginosa  co n ta in s  no th e rm o la b i le  
som atic  an tigens .  In ag reem en t w ith  findings of  o th e r  inves t iga to rs  [4, 8 , 12] 
it  has heen revea led  th a t  im m u n e  sera p rep a red  w ith  h e a te d  antigens a g g lu t i ­
na te  living b ac te r ia  in high t i t re s  and  group an t ig en  d e te rm in a t io n s  p e r fo rm ed  
with  living and  h e a te d  suspensions a lways gave id e n t ic a l  results. I t  has  also 
been  d e m o n s t r a te d  t h a t  hom ologous cells t r e a t e d  w i th  various p h y s ic a l  
a n d  chem ical ag en ts  com ple te ly  ad so rb  an tibod ies  resp o n s ib le  for the  a g g lu t in a ­
tion of b o th  living an d  h ea ted  cells. H  sera which h ave  been  depleted  of th e i r  О 
agglutin in  c o n te n t  h y  abso rp t io n  with h ea ted  c u l tu re s  s trongly  a g g lu t in a te  
b ac te r ia  w ith  íveli developed flagella (b ro th  cu l tu re s  passaged  p rev ious ly  in 
semisolid  m ed ium ).  The sam e serum  agg lu tina tes  ag a r  p la te  cultures less d e f i ­
n i te ly  a n d  o rgan ism s grown on m ed ia  in h ib it ing  th e  dev e lo p m en t  of f lage lla ,
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p o o r ly .  This ty p e  of  agg lu t in a t io n  d e f in i te ly  differs in a p p e a ra n c e  from 0  
a g g lu t in a t io n .  These  f ind ings  correspond  to  our knowledge o f  th e  n a tu re  of 
Enterobacteriaceae  H  an tigens .  T h u s  th e  th e rm olab ile  fac tors  o f  P s. aeruginosa  
a r e  p ro b a b ly  flagellar  a n d  n o t  som atic  an tigens .

I f  the  a g g lu t in a t io n  of living a n d  h e a te d  cells of P s. aeruginosa  in О 
s e r u m  is a t t r ib u ta b le  to  th e  sam e so m atic  fac to r ,  how can we exp la in  th e  in- 
a g g lu t in a b i l i ty  of b a c te r ia  t r e a te d  w ith  m ild  h e a t ,  alcohol, fo rm alin  a n d  s a tu r a t ­
e d  sod ium  ch lo r ide?  T h e  phenom enon  o f  reduced  agg lu t in ab i l i ty  as an  effect 
o f  m i ld  heating  has  been  observed  also w i th  o th e r  bacteria .  F e l i x  [19] showed 
t h a t  hea ting  a t  75°C ren d e red  S. typ h i  a n d  S. paratyphi-C  com p le te ly  Vi-in- 
a g g lu t in a b le  and  p a r t ly  O -inagg lu tinab le ;  exposure to  100°C res to red  full 
O -a g g lu t in a b i l i ty  of  all s tra ins .  V a n  d e n  E n d e  [20] observ ing  t h a t  alcohol 
r e d u c e d  the  ag g lu t in a b i l i ty  of Ps. aeruginosa, concluded t h a t  t h e  m ask ing  of 
sp ec if ic  0  agg lu t in a t io n  was due to  a p rec ip i ta t io n  of n u c leo p ro te in  which 
a p p e a r e d  to  be a re la t iv e ly  in e r t  an tigen  on  th e  surface of th e  cell. A ccording 
to  T c h e r n o m o r d i k  [21] who has also show n the  loss of a g g lu t in a b i l i ty  of 
P s . aeruginosa  h e a te d  a t  60°C, th is  o rg a n ism  contains a n o n - im m unogen ic  
c o m p o n e n t  which in h ib i ts  th e  reac tion  of  antibodies w i th  m ore  deeply  
s i t u a t e d  antigens. Th is  substance ,  fo rm in g  a th in  envelope, m a sk s  som atic  
a g g lu t in a t io n  b u t  does n o t  affect f lag e l la r  agglu tina t ion . I t  was therefore  
c o n c lu d e d  th a t  th e  agg lu t in a t io n  of l iv ing  Ps. aeruginosa  cells was a pure  
f la g e l la r  reaction.

T h e  p resen t  s tud ies  did n o t  confirm  T c h e r n o m o r d i k ’ s  l a t t e r  conclusion. 
I t  is ev id en t  t h a t  l iv ing  s tra ins  show a s t ro n g ,  high t i t r e  so m a tic  ag g lu t in a ­
t io n .  T h e  a ssum ption  of a non-an tigen ic  la y e r  or envelope is, how ever,  p ro b ­
a b l y  correct. I t  w ould  a p p e a r  t h a t  m ild  h e a t ,  alcohol an d  s a tu r a t e d  sodium 
c h lo r id e  cause a swelling of  th e  h y p o th e t ic a l  envelope, w hich  resu lts  in a v is­
c id i ty  of the suspension. T herefore  n o t  on ly  О antigens are m a sk e d  b u t  H-agglu- 
t i n a b i l i t y  is also in h ib i ted .  F o rm alin ,  in s te a d  of inducing swelling, causes 
p e r h a p s  a d é n a tu ra t io n  o f  th e  envelope, a n d  therefore  i t  in h ib i ts  О a g g lu t in a ­
t i o n  b u t  no t II agg lu t in a t io n .

P s. aeruginosa  s t ra in s  did not lose th e i r  O -agglu tinab ili ty  w hen  the  sus­
p en s io n s  had been t r e a t e d  w ith  hyd ro ch lo r ic  acid prior to  ex posu re  to  75°C. 
T h is  f ind ing  m ay  be exp la ined  b y  a h y d ro ly t ic  decomposition of  th e  su bs tance  
re spons ib le  for th e  O -inagg lu tinab il i ty  of  h e a te d  cells.

The presen t s tud ies  gave no answ er  as to  w hether th e  h y p o th e t ic a l  enve­
lope  is composed o f th e  sam e su b s tan ce  as th e  mucoid m a te r ia l  p ro d u ced  in 
la rg e  am o u n ts  b y  some s tra ins .  A lth o u g h  liv ing  mucoid s t ra in s  show ed  a m a r k ­
e d ly  reduced  O -ag g lu tinab il i ty ,  th e y  w ere  far from be ing  inagg lu tinab le  
a n d  d e te rm in a t io n  of  th e i r  0  an tigens w i th  slide agg lu tina t ion  w as as accu ra te  
as  t h a t  of non-m uco id  s tra ins .  The p r e s e n t  investiga tions d id  n o t  give any  
in d ic a t io n  as to  th e  an t ig e n ic i ty  of e i the r  t h e  hy p o th e t ica l  envelope or  th e  m ucoid
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su b sta n ce; a t le a st, th ese  co m p o n e n ts  p rod uced  no a n tib o d ies  d e tec ta b le  b y  
a g g lu tin a tio n .

T h e ob serva tion  o f  K l e i n m a i e r , S c h r e in e r  and  G r a e f f  [7] th a t  in О 
scrum  liv in g  b acter ia  p rod uce m u ch  larger aggregates th a n  h ea ted  cells , w h ich  
has b een  con firm ed  in th e  p resen t s tu d ie s , does not in d ic a te  th a t  tw o d ifferen t  
co m p o n en ts  are in v o lv ed . It h as b een  show n th a t  O -in a g g lu tin a b ility  cau sed  
b y  m ild  h ea t can he e lim in a ted  o n ly  b y  su b seq u en t ex p o su re  to  re la tiv e ly  h igh  
tem p era tu res . T hus su sp en sion s tre a te d  a t 100°C for 2 1/2 hours g iv e  st ill 
con sid erab ly  low er titres and w eak er ag g lu tin a tio n  th a n  liv in g  b acter ia . T itres  
o f liv in g  su sp en sion s can h e  ap p roach ed  on ly  b y  h e a tin g  a t  u n u su a lly  h igh  
tem p era tu res.

T h e ly sis  o f  liv in g  P s .  a e r u g i n o s a  cells in h igher d ilu tio n s  o f  im m u n e se ­
rum  on p ro lon ged  in cu b ation  a t 37°C is an in te re stin g  p h en om en on . I t  w as  
ob served  b y  M e it e r t  and M e i t e r t  in 1960 [22]. H o b b s  et a l .  [11] d em o n stra ­
ted  in electron  m icrographs th a t  cell w alls and fla g ella  are broken dow n in th e  
p resen ce o f  an tib od ies.

In th e  p resen t stu d ie s , in a d d itio n  to  group sp ec ific  som atic  a n tig en s , 
th e  e x is te n c e  o f  a com m on th e rm o sta b le  factor has b een  ob served . T h is a n t i­
gen is p ie se n t  p ractica lly  in all P s .  a e r u g i n o s a  stra in s. A g g lu tin in s  ag a in st th is  
factor  can he d em on stra ted  o n ly  w ith  cells h ea ted  f irst a t 100°C for 2 1/2 
hours th en  at 130°C for 1 hour. T h is factor  had  no im p o rta n ce  in th e  se ro lo g i­
cal d eterm in ation  o f  P s .  a e r u g i n o s a .  H o bbs  et a l .  [11] rev ea led  several c o m p o ­
n en ts  w id e ly  d istr ib u ted  in p seu d o m o n a d s and o th er  b acter ia ; a t le a st  on e  
o f  th ese  w as p resen t in all ex a m in ed  stra in s.

S erologica l ex a m in a tio n  o f  2197  cu ltu res iso la ted  from  various m ateria ls  
has sh ow n  th a t  th e  a n tig en ic  sch em a  elaborated  in th is  s tu d y  is su ita b le  for 
th e  d e tec tio n  o f  th e source an d  ep id em io log ica l im p o rta n ce  o f  P s .  a e r u g i n o s a  

stra in s.
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INCIDENCE OF PSEUDOMONAS AERUGINOSA 
SEROGROUPS IN WATER AND HUMAN FAECES
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B . L á n y i , M a r g a r e t  G r e g á c s and Ma r ia  M. A dam

National Institute o f  Public Health (Director : T. B a ká cs^, Budapest  

(R eceived June 24, 1966)

Sum m ary. Bacterial exam ination of 9219 drinking water, 1065 river water and 419 
sewage sam ples and faecal specim ens of 7650 hea lthy  adults and 650 hospitalized in fants  
supplied 521 Ps.  aeruginosa strains. The percentage frequency of Ps. aeruginosa w as 1.6 in 
wells, 4.1 in springs, 0.6 in  piped water, 1.8 in river and 10.0 in  sewage sam ples. The faeces of 
healthy adults liv ing in  the sam e geographic area were p ositive  in 1.5 per cent. H ospita lized  
infants harboured the organism  in 32.0 per cent.

The serogroup distribution of Ps. aeruginosa  was sim ilar in water and adu lts’ faecal 
samples. In both groups of m aterial serogroups 1, 3, 4, 5 and 6 were the m ost frequent. This 
finding ind icates that the presence of Ps. aeruginosa  in drinking water is probably the result of 
faecal contam ination. A  com parison of the data w ith  other studies has shown that, although in  
a som ew hat different d istribution , the above serogroups of Ps.  aeruginosa are m ost com m only  
encountered in in testina l and extraintestinal infections. The results support the op in ion  that 
waters containing this organism  are unsatisfactory for hum an consum ption.

B a c te r ia  o f  th e  gen u s P s e u d o m o n a s  are com m on  in surface w a ters. P s .  

a e r u g i n o s a ,  w h ich  d iffers in cu ltu ra l and p a th o g en ic  prop erties from  o th er  
p seu d om on ad s, is so m etim es also iso la te d  from  d ifferen t w ater sam p les. I t  is 
q u estion ab le  w h e th er  P s .  a e r u g i n o s a  fou n d  in su ch  m ateria ls or ig in a tes  from  
h um ans or, as o th er  p seu d om on ad s, is a n orm al in h a b ita n t  o f w ater.

As th is  p rob lem  has n o t b een  in v e s t ig a te d  e x te n s iv e ly , it  is d iff ic u lt  to  
draw fin a l co n c lu sio n s. H u n t e r  and  E n s i g n  [1] h a v e  ob served  th a t  a fte r  in ­
gestion  o f  m ilk  co n ta m in a ted  w ith  P s .  a e r u g i n o s a ,  a  n u m b er o f ad u lts  d e v e lo p ­
ed d iarrhoea or b eca m e carriers. N ew -b orn  b a b ie s  in fected  secon d ar ily  b y  
th ese  ad u lts  d ev e lo p e d  seriou s, o ften  fa ta l en ter itis . B a cter io lo g ica l e x a m in a ­
tion  o f  w ater sam p les d uring  th e  ou tb reak  rev ea led  th e  presen ce o f  P s .  a e r u ­

g i n o s a  in som e w ells . B in g e n  and D r a k e  [2] b y  th e  use o f  an e ffe c tiv e  en rich ­
m en t m ed iu m  iso la te d  P s .  a e r u g i n o s a  from  h u m an  fa eca l sam ples in I I . 0 and  
from  raw an d  c larified  sew age sam p les in 90  p er cen t. T h ey  w ere u n ab le  to  re­
cover th is  organ ism  from  slu d ge , so il, an im al faeces or surface w aters an d  w ells  
free from  faeca l p o llu tio n . H o a d l e y  and M c C o y  [3] fou n d  th a t  3 per cen t o f  
g lu co se -o x id iz in g  Gram  n eg a tiv e  b acter ia  iso la te d  from  river sp ec im en s b e lo n g ­
ed to P s .  a e r u g i n o s a .  T h is organ ism  occurred  w ith  great freq u en cy  a t a sa m ­
p lin g  p o in t s itu a te d  near to  a sew age in flo w . M ore th an  tw o  th irds o f  o x id a se  
p o sit iv e  stra in s iso la te d  b y  S e l e n k a  [4] from  su rface w aters w ere id e n tifie d  
as P s .  a e r u g i n o s a .
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A lth o u g h  in  v ie w  o f  th ese  d ata  it  w ou ld  ap pear th a t P s .  a e r u g i n o s a  o ccu r­
r in g  in w ater o r ig in a tes  from  hum an fa ec es , o n ly  som e au th ors regard  su ch  
w a te rs  as in a d e q u a te  for h um an c o n su m p tio n . A ccord ing to  S e l e n k a  [4] 
w a te r  sam ples c o n ta in in g  P s .  a e r u g i n o s a  m a y  represen t a d anger to  th e  h ea lth  
o f  th e  co m m u n ity  and therefore on th e  b a sis  o f  th e Germ an F ood  S a n ita t io n  
L a w , th e y  m u st n o t  be used  for h um an  co n su m p tio n . T he H u n garian  N a tio n a l  
S ta n d a rd  for th e  B acter io log ica l E x a m in a tio n  o f  W ater [5] prescribes d e f i­
n ite ly  th a t  th e  p resen ce o f  P s .  a e r u g i n o s a  in d ica tes  p ollu tion  and th erefore an y  
d rin k in g  w ater th a t  co n ta in s th is  organ ism  is o f  u n sa tisfa cto ry  q u a lity .

T he fo llo w in g  in v estig a tio n  has b een  perform ed in order to  c o llec t  fu r­
th e r  ev id en ce  b y  sero log ica l ty p in g  co n cern in g  th e  a ssoc ia tion  b etw een  P s .  

a e r u g i n o s a  stra in s iso la te d  from  d rin k in g  w a ter  and hum an excreta .

Materials an d  m ethods

Water specimens.  A total of 9219 drinking w ater (5293 well, 170 spring and 3756 piped  
w ater specim ens), 1065 river water and 419 sew age and sludge sam ples were exam ined. The 
overw helm ing m ajority o f sam ples were taken for laboratory exam ination from  v illages and 
sm aller towns of 3 neighbouring counties (P est, Nógrád and Fejér) com prising an area of 
13,310 square k ilom etres and an approxim ate pop u lation  of 1,400,000.

Faecal specimens.  One group of the exam in ed  sam ples originated from  7650 healthy  
adu lts (m ainly food handlers) living in the rural area and smaller towns of P est and Nógrád  
counties (8937 square kilom etres, approxim ately 1,000,000 population). Other faecal sam ples 
w ere obtained from  infants under one year of age hospitalized  w ith intestinal and ex tra in testi­
nal diseases; the 650 specim ens were sent for bacteriological exam ination m ainly by B udapest 
hospita ls.

Bacteriological examination o f  water and sewage samples. Coliform bacteria in drinking 
w ater sam ples were counted by the m embrane filter technique described in the H ungarian  
N ational Standard for the Bacteriological E xam in ation  of Water [5]. F ifty  ml o f each sam ple  
w as passed through a Co 5 filter (M em branfiltergesellschaft, G öttingen) boiled previously  in 
tw ice-changed distilled  water. After filtration of the sam ple, the m embrane was placed over 
special Endo agar and incubated for 24 hours at 37°C. All lactose positive (purp lish)colon ies  
m orphologically characteristic of Enter oh acteriaceae, were counted as coliform  organism . 
P art o f river water specim ens was also exam ined by the membrane filter  technique. Other 
river water sam ples were exam ined w ith the m ultip le  tube ferm entation technique by inocu lat­
ing  1 ml aliquots o f  each appropriate dilution in to  5 tub es containing lactose-phenol red broth. 
A fter  incubation for 48 hours the growth in each tube was subcultured on norm al Endo agar. 
A ll purplish (lactose-ferm enting) colonies m orphologically  characteristic o f Enter ob acteriaceae 
w ere considered m em bers of the coliform group. Suspected colonies o f Ps. aeruginosa  on 
m em brane filters or on E ndo plates were subcultured on agar plates then transferred to agar 
slants. In order to ob ta in  pure cultures, the grow th from  each agar slant was streaked onto  
a brilliant green agar plate, then an isolated colon y  w as inoculated on agar slant. The strains 
w ere preserved by m aking Liebig m eat extract agar stab cultures.

Bacteriological examination o f  faecal samples.  A bout 0.5 to 1 g am ounts o f faeces were 
in ocu la ted  into tubes containing 6 to 8 ml m erthiolate-brilliant green broth. After incubation  
a t 37°C for 18 hours the cultures were streaked w ith  glass rods onto brilliant green agar plates. 
T he subcultures were incubated at 37°C for 18 hours, then  pseudom onad colonies were streaked  
again  on brilliant green agar. Then one isolated  colony from  each plate was transferred on an 
agar slant. The strains were m aintained in L iebig ex tra ct agar stab cultures.

Culture media.  The special Endo agar for m em brane filter technique contained beef extract, 
15 g; peptone (R ichter), 10 g; agar, 10 g; NaCl, 3 g; N a 2H PO , . 12 H 20 ,  4 g; tap  water, 1000 ml; 
after  adjusting to pH  8.4 and autoclaving, 10 g la ctose , 5 ml alcoholic basic fuchsin  and 1.25 g 
N a 2S 0 3 were added.

The normal E ndo agar contained the sam e ingred ients, except that it  was solid ified  w ith  
1.5 to 1.7 per cen t agar.
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Lactose phenol red broth: yeast supernatant (1000 g baker’s yeast cake m ixed w ith  
1200 ml water and autoclaved  at 121°C for 30 m inutes), 10 m l; peptone (Richter), 5 g; la ctose , 
5 g; 0.02 per cent aqueous phenol red solution , 25 ml; tap w ater, 1000 ml; pH 7.2.

Brilliant green agar: Tripkazin (pancreatic digest o f casein , H um an, B udapest), 6.6 g; 
peptone (R ichter), 1.1 g; y east supernatant, 15 ml; concentrated  yeast suspension, 0.75 ml; 
agar, 15 to 17 g; NaCl, 5 g; tap  water, 1000 ml; after adjusting to pH 7.4 and autoclav in g , the  
follow ing ingredients were added: Andrade indicator, 30 ml; lactose, 10 g; sucrose, 1 g; glucose, 
0.5 g, 0.1 per cent aqueous brilliant green solution , 4 ml.

M erthiolate-brilliant green enrichm ent m edium : beef ex tract, 15 g; peptone (R ich ter), 
10 g; NaCl, 3 g; N a 2IIPO , . 12 H 20 ,  4 g; tap water, 1000 m l; after adjusting to pH  7.4 and  
autoclaving, 0.5 ml 0.1 per cent aqueous brilliant green solution  and 0.5 ml 0.2 per cen t aqueous  
inerthiolate solution were added.

Identification o f  Ps.  aeruginosa. Strains showing the follow ing cultural and biochem ical 
properties were regarded as Ps.  aeruginosa: characteristic grow th after 18 hours at 37 °C on 
brilliant green agar; grow th at 42°C on beef extract agar; positive  oxidase test [6]; ox id a tiv e  
decom position of glucose; rapid liquefaction o f gelatin  [7]; reduction  of nitrate into n itrogen [8]. 
D eterm ination of О antigens was performed according to L á n y i’s antigenic schem a b y  slide  
agglutination with ox-blood agar cultures [9].

R esu lts

C u l t i v a t i o n  o f  P s .  a e r u g i n o s a .  E x a m in a t io n  o f  a 50 ml port ion  ol th e  
sam ple  by  the  m em b ran e  filter tec h n iq u e  seem ed  su itab le  for an e f f e c t iv e  iso­
lation  o f  P s .  a e r u g i n o s a  from  drinking w ater.  T h ese  sp ec im ens u sually  c o n ta in e d  
low  num bers o f  coliform  bacteria (0 to  102/100 m l) ,  thu s  p seu d om on ad  co lon ie s  
grown on m em branes  p laced  over E n d o  p lates  w ere  recognized w ith o u t  d i f f i ­
cu lty .  Isolation o f  P s .  a e r u g i n o s a  from  la c to se -p h en o l  red broth u sed  for th e  
ex a m in a tio n  o f  river w ater  and sew age  sam ples ,  w as less effective .  A lth o u g h  
the  coliform content o f  sew age (10* to  105/m l) w as considerably  low er th a n  the  
coliform  counts o f  faeces,  due to the  overgrow th  o f  these  organism s, sam p les  
con ta in in g  P s .  a e r u g i n o s a  in large n um bers  y ie lded  p osit ive  results on ly .

In v iew  o f  th e  h igh  coliform an d  th e  gen era lly  low P s .  a e r u g i n o s a  c o u n ts  
of th e  faeces ol ad u lts ,  faecal sam ples wore in o cu la ted  in to  liquid en r ich m e n t  
m ed iu m . For the se lec t ive  cu lt iva t ion  o f  P s .  a e r u g i n o s a  L o w bu k y  [10] d ev ise d  
a m ed ium  con ta in in g  c e ty lm e th y la m m o n iu m  ch lor ide .  For the sam e p urp ose  
Go u l d  and McL e o d  [11] recom m en ded  brill iant green  as an inhibitor o f  o ther  
organ ism . In our ex p er im en ts  3 k inds o f  en r ich m en t  m edium  were com p ared :  
th e  se len ite-brill iant green broth e laborated  b y  S t o k e s  and Os b o r n e  [12] for  
sa lm onellae ,  a b rill iant green -cety lp yrid in iu m  b rom id e ,  and a brill iant green-  
m erth io la te  broth. Model exp er im en ts  with  b e e f  ex tr a c t  broth  sh ow ed  t h a t  in 
th e  presence of  1 : 2 ,000 ,000  brill iant green -j- 1 : 200  Sterogenol (10 per ce n t  
a lcoholic  so lution o f  ee ty lpyr id in ium  b r o m id e )o r in  the p resen ce o f  1 : 2 , 0 0 0 ,0 0 0  
brill iant green -|- 1 : 1 ,000 ,000  inerth io la te  ev e n  10 to 20 P s .  a e r u g i n o s a  cells  
were able to m u lt ip ly  free ly  tv hen in ocu lated  in a dense suspension  ol faeces .  
As th e  m erth io late-brill iant green broth  seem ed  to  yie ld  more c o n sta n t  resu lts ,  
th is  m edium  w as used  through out the  in v es t ig a t io n s .  The sa lm onella  en r ich ­
m ent m edium  w as also  su itable  for th e  se lec t ive  cu lturing  of  P s .  a e r u g i n o s a  :
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Table I

Distribution of Ps.  aeruginosa strains

0  antigens
5293 well 
samples 170 spring

1 9
2 10 l
За. . . . — —
За. ЗЬ 1 —

Зс — 6 —

За, 3d 2 —
За, 3d. Зе l —
3d, 3f 2 —
4а, . . . 2 1
4а, 4Ь 4 20 2 1
4а, 4с 5 j
4а, 4d 9 1 )
5а, 5Ь, 5с —
5а, 5b, 5d 1 6 —

5а, 5d 5 . —
6 16 1
7а, 7Ь 2 —
8 —

10а 6 1 7 1 1
10а, 10Ь 1 1 ‘ 1
11 6
12 1 —
13 — —
Ungroupable 2 1
Folyagglutinable — —

Number of strains 85 7

Positive samples 85 == 1.6% 7 =

3756 piped 
w ater samples

1065 river 
samples

419 sewage 
samples

7650 adults’ 
faecal samples

10

1 ]  2 1 J -

24

1

23

2
1
2

56

13

19
2

2
1
3
1
6

13

6
5

13
7

1
5
4
5 
1

3
7

118

15

25

11

650 infants’ 
faecal samples

4
4
3

28
1
3

5
21
46

11
8
4

21
3

39

72

19

3 1
-  1

3
27

208

24 0.6% 19* =  1.8% 1 42** =  10.0% 118 =  1.5% 208 =  32.0%

4 sa m p le s  c o n ta in e d  2 d if fe re n t  se ro g ro u p s ; **8 sa m p le s  c o n ta in e d  2 a n d  3 sa m p le s  c o n ta in e d  3 d if fe re n t  se ro g ro u p s .
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Table II

Incidence o f  Ps. aeruginosa in drinking water samples qualified satisfactory and unsatis­
factory on the basis o f  coliform counts*

5293 well samples 170 spring samples 3756 piped water sam ple4

0  antigens
2519

unsatisfac­
tory

samples

2774
satisfactory

samples

47
unsatisfac­

tory
samples

123
satisfactory

samples

971
unsatisfac­

tory
samples

2785
satisfactory

samples

l 5 4 l

3 a ,  3 b

5

1 _
1

_
3 a ,  3 d 2 — — —

3 a ,  3 d ,  3 e 1 — — —

3 d ,  3 f 2

4 a ,  . . . 1 1 l

l a .  4 b 2 2 l l —
4 a ,  4 c 4 1 — 2 5

4 a ,  Id 5 4 — l 1 1

5 a ,  5 b ,  5 c — — — 1 —
5 a ,  5 b ,  5 d 1 — — 2

5 a ,  5 d 1 4 — 1 2

о 12 4 — l 4 1

7 a ,  7 b 1 1 — — — —

1 0 a 6 i — 1 —

1 0 a ,  1 0 b — 1 — — 1 —

11 5 1 — — — _
12 1 — — —

Ungroupable 2 1 —

Samples containing Ps. 54 31 3 4 14 10

aeruginosa 9 1<)() 1 1°1 • 1 о 6.4% 3.3% 1.4% 0.4%

‘ Maximum number o f coliform organism s allowable per 100 m l of water: dug wells, 20: 
driven wells, 4: springs, qualified according to type of cover and use o f water: non-chlorinated 
piped water, 2: chlorinated piped water, 0.4.

th is  m edium , h o w ev er , gave p o s it iv e  resu lts on ly  w h en  larger inocula were  
u sed . Cultures o b ta in ed  in th e en rich m en t m ed ium  w ere tran sferred  to b rillian t  
green agar. T h is in h ib ited  th e  g row th  o f  E s c h e r i c h i a  an d  P r o t e u s  cu ltures e ffec ­
t iv e ly , h ut, as sh ow n  b y  a long ex p er ien ce , it a llow ed  a free and ch aracteristic  
grow th  o f P s .  a e r u g i n o s a .

I n c i d e n c e  o f  P s .  a e r u g i n o s a  in  w a t e r  a n d  in  f a e c e s .  F rom  T able 1 it is 
clear th a t  P s .  a e r u g i n o s a  stra in s occurring  in variou s w a te r  and sew age sp ec i­
m en s belon ged  to  th e  sam e serogroup s as strains iso la te d  from  hum an faeces.
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T h ere  w as a str ik in g  sim ila r ity  as to  th e  re la tiv e  freq u en cy  o f  sero log ica l groups 
a n d  subgroup s: w ater , sew age an d  a d u lt s ’ faeces u su a lly  c o n ta in e d  group 1, 3, 
4 , 5 an d  6 stra in s. A s regards su b g ro u p  d istr ib u tion , a m on g  О group 3 strains  
m em b ers o f  subgroup  3a, 3b w ere fa ir ly  freq u en t in fa eces . T h e freq u en cy  o f  
О grou p  4 stra in s in  w ater and se w a g e  as w ell as in  fa eces w as rem arkable: 
a b o u t one fou rth  o f  all stra in s b e lo n g e d  to  th is group . T h ere  w as no great 
d iffer en ce  b etw een  w a ter , sew a g e  a n d  faeca l sam p les in  th e  subgroup  
d is tr ib it io n  o f  0 4  stra in s.

P s .  a e r u g i n o s a  occurred  in  d r in k in g  and river w a te r  sam p les w ith  
a b o u t th e  sam e fre q u en cy  as in  th e  in te s t in a l tra c t  o f  th e  th e  h e a lth y  ad ult  
p o p u la tio n  (0 .6  to  1.8 versu s 1.5 p er c e n t) . In  sew age th is  b a c ter iu m  w as m ore  
c o m m o n , 10.0 per cen t, in  sp ite  o f  a le s s  e ffec tiv e , n o n se lec tiv e  cu ltu r in g . In  th e  
in c id en ce  o f P s .  a e r u g i n o s a ,  d rin k ing  w a te r  and ad u lts’ fa eca l sa m p les con sid er­
a b ly  d iffered  from  faeca l sp ec im en s o f  h o sp ita lized  in fa n ts , w h ich  gave p o sitiv e  
r e su lts  in  32.0 per cen t. A lth o u g h  in  p red om in atin g  serogroup s th e  la tte r  m a te ­
ria l w as sim ilar to  sp ec im en s o f  o th e r  orig in , there w as som e d ifferen ce in th e  
grou p  d istr ib u tion : in  in fa n ts ’ fa ec es  m em bers o f  groups 1 an d  6 were rela­
t iv e ly  u n freq u en t, w h ile  th e  in c id en ce  o f  p o ly a g g lu tin a b le  stra in s w as higher.

T ab le II  com p ares th e  d istr ib u tio n  o f  P s .  a e r u g i n o s a  serogrou p s in drink­
in g  w a ter  sam ples q u a lified  sa t is fa c to r y  and u n sa tis fa c to ry  on  th e  basis o f  
co liform  cou n ts. I t  is e v id e n t th a t  th e  serogroup d istr ib u tio n  o f  P s .  a e r u g i n o s a  

w a s sim ilar in b o th  k ind s o f sa m p les. H ow ever, u n sa tis fa c to ry  sp ecim en s con ­
ta in e d  th is  organ ism  ab ou t tw ice  as o ften  as sa tis fa c to ry  sp ec im en s .

D iscu ss ion

T h e p resen t s tu d y  has sh o w n  th a t  th e  in c id en ce o f  P s .  a e r u g i n o s a  is 
s im ila r  in  d rinking w ater  and in th e  fa ec es  o f  h ea lth y  in d iv id u a ls  and th e  d istr i­
b u t io n  o f  serogroups is also sim ila r  in  th ese  m ateria ls. F rom  th is  fin d in g  it  
w o u ld  appear th a t  th e  presence o f  P s .  a e r u g i n o s a  in d r in k in g  w ater  is due to  
fa e c a l co n ta m in a tio n .

S ince w ater sam p les and fa e c a l sp ecim ens from  h e a lth y  a d u lts  were ob ­
ta in e d  from  th e  sam e geograph ic area , th e  question  arises w h eth er  P s .  a e r u ­

g i n o s a  appeared  in w ater as a fa ec a l co n ta m in a n t, or, on  th e  con trary , h ea lth y  
in d iv id u a ls  b ecam e tran sien t carriers o f  th is organ ism  as a resu lt o f w ater­
b orn e in fection . T h at P s .  a e r u g i n o s a  is n o t w id ely  d is tr ib u ted  in  n atu re is 
in d ic a te d  b y  th e  fin d in g s  o f R i n g e n  an d  D rake  [2] w ho sh o w ed  th a t  n atural 
w a te r  su pp lies p resu m ab ly  n o t c o n ta m in a ted  w ith  w a ste  m a ter ia ls  o f  hum an  
orig in  w ere free from  P s .  a e r u g i n o s a .  O n th e  other h and , th e  fa c t  th a t  P s .  a e r u ­

g i n o s a ,  w hen in trod u ced  as a fa ec a l con tam in an t, m a y  d isap p ear rap id ly  
from  surface w aters, has b een  o b ser v ed  b y  H o a d l e y  an d  M cCoy  [3]. T hese
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au th ors were u n a b le  to  recover P s .  a e r u g i n o s a  from  river w ater sp ec im en s  
tak en  at sam p lin g  p o in ts  s itu a ted  low er th an  an in flo w  o f sew age c o n ta in ­
in g  th is  b acteriu m .

Our ex a m in a tio n s  h ave sh ow n  th a t d r in k in g  w ater sam ples q u a lified  
sa tis fa cto ry  accord in g  to  coliform  cou n ts co n ta in ed  P s .  a e r u g i n o s a  in 0 .4  to  
3.3 per cent. I f  w e a cc ep t P s .  a e r u g i n o s a  as a faeca l co n ta m in a n t, th e  sa id  f in d ­
in g  in d ica tes th a t  th e  organ ism  su rv iv e s  in w ater for lon ger periods th a n  co li­
form  bacteria  do.

There was a str ik in g  d ifferen ce b etw een  h e a lth y  ad u lts and h o sp ita lized  
in fan ts in the in c id en ce  o f P s .  a e r u g i n o s a  carriers. S ince faecal sp ec im en s o f  
in fa n ts  were o b ta in ed  from  severa l d ifferen t h o sp ita ls , it m ay  be co n c lu d ed  
th a t  th e  m ajority  o f  in fa n ts  had acq u ired  th eir  P s .  a e r u g i n o s a  stra in s in  th e  
h o sp ita l. I t  sh ou ld  be n oted  th a t a con sid erab le p art o f  in fan ts h arb ou rin g  
P s .  a e r u g i n o s a  had no en ter ic  sy m p to m s and th e  p resen t exam in ation s su p p lied  
no d ata  as to  th e  a sso c ia tio n  o f th e  organ ism  w ith  in fa n tile  en ter itis .

U j vá r y  et a l .  [13] found m a in ly  P s .  a e r u g i n o s a  0 3 ,  0 4  and 0 5  stra in s in 
th e  faeces of in fa n ts  su ffering from  in te s t in a l and ex tr a in tes tin a l d isea ses. In 
fa eca l m aterials o f  d ifferen t origin th e  sam e serogrou p s w ere found to  p red o m ­
in a te  [9]. From  n o n -fa eca l p a th o lo g ica l sp ec im en s (urine, d ischarge from  ear  
an d  w oun ds, e tc .)  0 3 ,  0 4  and 0 5  stra in s were a lso  fre q u en tly  iso la ted  (3 7 .0 , 
14.1 and 12.9 per c e n t o f  all P s .  a e r u g i n o s a  s tra in s, r e sp ec tiv e ly ) . T h ese  m a te ­
rials freq u en tly  co n ta in e d  m em bers o f  subgroup  3 a , 3b [9].

In  in fa n ts’ fa eces exam in ed  in th e  p resen t w ork  О group 4 cu ltu res co n ­
s t itu te d  34.6 per cent o f  all stra in s; m em bers o f  О group 3 were also co m m o n  
(18 .7  per cent).

T h us it m a y  he concluded th a t ,  a lth o u g h  in a so m ew h a t d ifferen t d istr i­
b u tio n , th e  sam e serogroup s o f P s .  a e r u g i n o s a  occu r in w ater, sew age , faeces  
and  even  in n on -faeca l p a th o log ica l m ateria ls. In serogroup  d istr ib u tio n  w a ter  
sam p les stand  m ore c lo se ly  to a d u lts ’ faeces th an  lo  o th er  m aterials: serogroup  
1, 3, 4 , 5 and 6 stra in s occurred in w ater and sew a g e in 9 .7 , 6 .2 , 26 .7 , 8 .7  and  
2 0 .0 , in a d u lts’ fa ec es  in 16.1, 12 .7 , 2 1 .2 , 9 .3  and 11.0 per cen t, r e sp e c tiv e ly .  
T h e presented d a ta  in d ica te  th a t in w ater, sew age an d  a d u lts’ faeces О group  
4 stra in s p red om in ate , w hile in n o n -fa eca l p a th o lo g ic a l m ateria ls О group  3 
stra in s are the m ost com m on . As regards th e  in c id en ce  o f  О group 3, in fa n ts ’ 
faeca l sp ecim ens o cc u p y  an in term ed iary  p o sit io n  b etw een  the a b o v e  tw o  
grou p s o f  m ateria l.

A s th e  ca u sa tiv e  agen ts o f  w ater-b orn e in fe c t io u s  d iseases o r ig in a te  pri­
m arily  from  the h u m an  in testin e , th e  m ain  purpose o f  b acter io log ica l e x a m in a ­
tion  of w ater is th e  d etec tio n  o f  fa eca l p o llu tio n . In  th e  ev a lu a tio n  of co li­
form  cou n ts as an in d ica to r  o f  fa eca l p o llu tion  th ere  are tw o  co n cep tio n s. P a rt  
o f  th e  au thors d iv id e  la c to se -ferm en tin g  E n t e r o b a c t e r i a c e a e  in to  s tr ic t ly  in te s ­
tin a l organism s p resen t in faeces in  large n um bers (“ coli typ e  1” ) an d  in to
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b a c te r ia  m ore com m on  in  n atu re  ( K l e b s i e l l a , E n t e r o b a c t e r ) .  O th er au th ors  
c la im  th a t  organ ism s o f  th e  la tte r  group, th o u g h  in sm aller n u m b ers, are also  
n o rm a l in h a b ita n ts  o f  th e  h um an  in te s t in e  a n d , as in rou tin e e x a m in a tio n s  
t h e y  ca n n o t re liab ly  b e d ifferen tia ted  from  str ic t ly  in te s tin a l b a cter ia , th e ir  
p resen ce  sh ould  a lso  b e regarded  as an in d ica to r  o f faeca l p o llu tio n . F or th e  
H u n g a r ia n  N a tio n a l S tan d ard  for th e B a c te r io lo g ic a l E x a m in a tio n  o f  W ater  
th e  la t te r  con cep tion  has b een  ad op ted , th a t  is , ab ove g iven  c o u n ts , th e  pres­
en ce  o f  an y  E n t e r o b a c t e r i a c e a e  stra in s fer m e n tin g  la c to se  p ro m p tly  ( E s c h e r i ­

c h i a ,  K l e b s i e l l a ,  E n t e r o b a c t e r ,  C i t r o b a c t e r )  is regarded  as an in d e x  o f  p o llu ­
t io n  15 ].

A ccord ing  to  th is  p rin cip le  an y  o th er e a s ily  cu ltiv a b le  b a cter ia  w h ich  are 
p r e s e n t  in th e  h um an  in te s t in a l tra c t and  do n o t  su rvive lon g  in w a ter , should  
b e regard ed  as ev id e n c e  o f  faeca l p o llu tio n . A lth o u g h  th e  in c id en ce  o f  P s .  

a e r u g i n o s a  in  faeca l sa m p les o f  norm al a d u lts  w as low , th e  s im ila r ity  o f  sero- 
grou p  d istr ib u tion  in  w a te r  and faeca l sa m p les in d ica te  th a t  th e  p resen ce o f  
th is  organ ism  in d rin k in g  w ater  m ay  be a re su lt  o f faeca l co n ta m in a tio n . A 
com p a riso n  o f th e  p resen t resu lts w ith  o th er  stu d ies  on th e  in c id en ce  o f P s .  

a e r u g i n o s a  in n o n -fa eca l c lin ica l m ateria l has sh ow n  th a t, a lth o u g h  in  a som e­
w h a t  d ifferen t d is tr ib u tio n , th e  sam e P s .  a e r u g i n o s a  serogroups p red om in ate  
in  w a te r  and in in te s t in a l an d  ex tr a -in te s tin a l in fec tio n s . T h ese f in d in g s  su pp ort  
th e  op in ion  th a t w a ters co n ta in in g  th is organ ism  are u n sa tis fa c to ry  for hum an  
co n su m p tio n .
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Sum m ary. W ith cells in sh ift dow n state the total in fective centre count im m ed iately  
increases on  the addition o f m itom ycin; the increase is not a ffected  by Chloromycetin and is 
inh ib ited  b y  trypaflavin . In the presence o f Chloromycetin the dissociated  prophage retains 
prim ary a c tiv ity  for long periods.

W ithout shift down, the dissociated  prophage is inactivated  in the presence o f Chloro­
m ycetin .

A grou p  o f a n tica n cer  su b sta n ces  in du ces th e  Я-p h a g e  p ro d u ctio n  o f  
E .  c o l i  [ 1 ] ,  and there is a good  corre la tion  b etw een  th e  in d u c tiv e  an d  an ti-  
can cer  e ffe c t  o f  th ese  su b sta n ces [ 2 ] .  T h is m eth od  and its  m o d ific a tio n  su ita b le  
for m a ss-ex a m in a tio n s  [3J h a v e  b een  rou tin e ly  used  in our la b ora tory  for th e  
d e te c tio n  o f  an tican cer su b sta n c e s . In  th e  course o f  th e se  ex p er im en ts  se v e r a l  
o b ser v a tio n s  h a v e  in d ica ted  th a t  b y  th e  aid o f a n tib io t ic s  fu r th er  in form ation  
can be ob ta in ed  con cern in g  p h a g e  in d u ction  and m u lt ip lic a tio n , and co n ce rn ­
ing th e  e ffe c t  on m u ltip lica tio n  o f  th e  h ost ce ll’ s m eta b o lism . Phis la tte r  p o s s i­
b ility  is e sp e c ia lly  fa c ilita te d  b y  th e  fact th a t  th e  E .  c o l i  stra in  K u Я-28 used  
in our la b o ra to ry  is in h ib ited  b y  v a lin e  [ 4 ] ,  and in th e  sh ift  dow n s ta te  a lso  b y  
le u c in e  an d  o th er am ino acid s [5 ] .

T h e p resen t paper w ill d ea l w ith  th e  action  o f  C hlorom ycetin  (CM) w h ic h  , 
d ue to  its  in h ib ito ry  e ffec t on p ro te in  sy n th es is , in h ib its  th e  m u lt ip lic a tio n  of 
p h a g e . W e h ave show n th a t  in th e  sh ift  dow n s ta te  on  th e  a d d itio n  o f  m ito ­
m ycin  th e  p rop hage d isso c ia te s  an d  th e  d isso c ia ted  p ro p h a g e  m a in ta in s  its  
p rim a ry  a c t iv ity  for a lon g  t im e .

M aterials and m ethods

Strains. E. ci li К 12 A-28 was used as lysogenic strain. P hage-determ inations were carried 
out w ith  E . coli C 600 strain.

Nutrient media. Bouillon was used as com plete m edium , w hile as m inim al m edium  th a t  
of Da v is  and Min g io l i [6] was used. In som e cases tlie hitter was com plem ented w ith  “ D ifco” 
casein hydrolysate.

Experimental conditions. P reparation  o f culture in sh ift dow n state: a 16-hour-old  
bouillon  culture is inoculated in 1 : 10 proportion to the sam e m edium  and after incubating  
for two hours, the cells are washed tw ice and suspended in m inim al m edium  at an average
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co n cen tra tion  of 10e cells/m l. W ith  cultures w ithout sh ift down, the sam e m edia were used in 
all th e  three steps.

T he cultures were incu b ated  in the upright position , generally at 37°C.
T he concentration o f m itom ycin  C used for ind uction  was 1 /tg/m l on m inim al medium  

and 5 /tg/m l in bouillon.
A fter induction the v ia b le  cell count was determ ined, and the count o f to ta l infective  

cen tre  (CTIC) was also assayed  a t 28° b y  m ixing the induced strain w ith  the indicator strain. 
A fter  treatm ent with 2 drops o f chloroform /m l culture, a t least for 5 m inutes at 2°C, the plaque 
co u n t w as determined at 28°C and regarded as the relative  num ber of free phages. W ithout 
in d u c tio n  the free phage num ber o f the culture is low , thu s the CTIC-value can be directly  
used  for  the estim ation o f the num ber of induced cells.

R esu lts

In  F ig . 1 th e in d u c t iv e  e ffec t  o f  m ito m y c in  C is sh ow n  in th e  sh ift down  
s t a t e .  I t  can be seen th a t  th e  C T IC -value in creased  sh arp ly  a fter  th e  ad dition  
o f  m ito m y c in  w ith o u t a la g -p h a se . B etw een  60 and 90 m in u tes  th e  in duced  
c e ll-c o u n t  did n ot ch a n g e  a p p recia b ly . CM a t a con cen tra tio n  o f  20  /tg /m l did  
n o t  a f fe c t  the shape and th e  p eak  o f th e  cu rv e  a tta in ed  in 90 m in u tes. The  
fr e e  p h a g e  num ber b eg a n  to  rise after a lon g  lag -p h ase , b u t b efore th e  first  
c e ll-d iv is io n  in th e  co n tro l cu ltu re had ta k en  p lace. F ree p h a g e  p roduction  
w a s  co m p lete ly  in h ib ited  b y  CM.

7

6

2

Minutes

F ig .  1. E ffect of CM on in d u ction  in the shift down sta te . Sym bols: circles: v iable cell count; 
squares: CTIC value; triangles: free phage number. E m p ty  sym bols: not induced culture; 
f ille d  sym bols: culture induced  w ith  1 /tg/m l of m itom ycin  C; half-filled sym bols: culture 

induced w ith 1 /tg/m l of m itom ycin C in the presence of 20 /tg/m l of CM
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I f  under con d ition s id en tica l to  th o se  d escrib ed  a b o v e , th e cells grow n  
on co m p lete  or m in im al m ed iu m  w ere in d u ced  in a m ed iu m  id en tica l to  th a t  
o f th e  in ocu lu m  (F ig . 2a and 2b ), in th e  presence o f  CM th e  C T IC -value in ­
creased  o n ly  sligh tly  an d  tra n sien tly  as com pared  to  th e  control.

Fig. 2. E ffect o f CM on induction  in media identical with that o f the inoculum. A: com plete  
medium: B: minimal medium . Sym bols: circles: v iable cell count; squares: CTIC-value; trian­
gles: free phage number. E m pty  sym bols: not induced culture; filled sym bols: culture induced  
w ith 5 or 1 ftg/'ml of m itom ycin C, respectively; half-filled sym bols: culture induced w ith  5 or 

1 /(g/ml of m itom ycin  C, respectively  in the presence of 20 //g/m l of CM

If th e  sh ift dow n s ta te  w as p a r tly  su sp en d ed  b y  th e  ad dition  o f  casein  
h y d r o ly sa te  (F ig . 3), th e  con cen tra tion  o f  th e  la tte r  fa iled  to  a ffect th e  v ia b le  
cell co u n t in the in d u ced  and  n o t-in d u ced  cu ltures w ith in  th e ex p er im en ta l 
period . In th e  absence o f  CM, m in im al (0 .005  per cen t) a m o u n ts o f  casein  h y d r o ­
ly sa te  a lread y  in creased  th e  rise in C T IC -num ber as com pared  to  th e  sh ift  
dow n s ta te , and th is in crea sin g  effec t w as o f  th e sam e e x te n t  at d ifferen t co n ­
cen tra tio n s o f  the h y d r o ly sa te . I f  d ifferen t a m o u n ts o f  casein  h y d r o ly sa te  
were ad ded  to  the in d u ced  cells in th e  p resen ce o f  CM, 0 .005  per cent d id  n o t  
in flu en ce  th e  rise o f  th e  C T IC -value. A t v er y  h igh  co n cen tra tio n s, a fter  a 
tran sien t increase th e  C T IC -value decreased .

S ince acridine d er iv a tiv e s  such as a cr ifla v in e  are esp ecia lly  d am ag in g  
ep isom es in th e u n in teg ra ted  sta te  [7, 8 ] ,  it  w as a ssu m ed  th a t  th e se n s it iv ity  
o f  th e  prop hage also in creases during in d u ctio n .

I f  30 /(g/m l acr ifla v in e  w as ad ded  togeth er  w ith  m itom ycin  to  a sh ift  
dow n cu ltu re , the C T IC -value failed  to  in crease . A t low er con cen tration s a cr if la ­
v in e  caused  partial in h ib itio n  (F ig . 4). A cr ifla v in e  a t th e  con cen tration s ap p lied
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d ecr ea sed  on ly  s lig h tly  th e  CTIC va lu e  o f  n o t-in d u ced  cu ltu res. 15 /rg/m l d id  
n o t  a ffe c t  th e CTIC v a lu e , 30 /rg/m l ca u sed  an 80 per ce n t d ecrease . W h en  
a c r if la v in e  was ad d ed  to  in d u ced  cells , it  to o k  longer for th e  CTIC va lu e  to  
d ecr ea se  to  th e  le v e l o f  u n in d u ced  cu ltu res (F ig . 5).

T h e effect o f a cr if la v in e  is irreversib le. I f  in d u ction  w ith  m ito m y c in  w as  
p erfo rm ed  a t —|—2°C, CTIC in creased  ra p id ly  b y  ab ou t one order o f  m agn itu d e  
an d  p ers isted  at th a t le v e l for prolonged  p eriod s. I f  th e cu ltu re  w as d ilu ted

Fig.  3. E ffect of CM on in d u ction  in the case o f partial suspension o f the sh ift down state . 
S y m b o ls: Viable cell counts on  m inim al m edium  com pleted w ith 0.005 — 0.25 per cent casein  
h yd ro lysa te: a: not induced; b: induced; c: induced in  the presence of 20 fig/ml  of CM. CTIC 
v a lu es  in  the induced cultures: d: in  shift dow n; e: in  minimal m edium  com plem ented w ith  
0 .005  — 0.25 per cent casein h yd rolysate . CTIC values in cultures induced in  the presence of 
20 fig/m l of CM: f: in sh ift dow n; in  m inim al m edium  com plem ented w ith  g: 0.005, h: 0 .02, 

i: 0.1, j: 0.25 per cent casein hydrolysate

2 0 0 fo ld  w ith  a m ed ium  co n ta in in g  1 /tg /m l o f  m itom ycin  a t  -f-2° C, th e  CTIC  
v a lu e  ca lcu la ted  for th e  in it ia l v o lu m e d id  n o t  change for a lo n g  t im e . I f  th is  
e x p e r im e n t  was carried  o u t  in  th e  p resen ce o f  20 /tg/m l o f  a cr if la v in e  w ith  or 
w ith o u t  m itom ycin , CTIC fa iled  to  rise, an d  i f  d ilu ted  200 fo ld  w ith  a m ed ium  
c o n ta in in g  1 /ig /m l o f  m ito m y c in , th e  CTIC va lu e  rem ained  a t  th e  orig inal 
le v e l  (F ig . 6).

T h e ex te n t o f  in d u c tio n  b y  m ito m y c in  a t  —[— 2 °C agreed  in e v e ry  ex p er i­
m e n t  w ith  th e v a lu e  y ie ld e d  b y  im m ed ia te  d eterm in ation  a t  h igh er tem p e ra ­
tu r e s . T h is fin d in g  m ig h t m ean  th a t th e  ce lls m u st be in a cer ta in  s ta te  (in  a
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Fig. 4. E ffect of acriflavine on induction in the shift down state. The cultures were induced  
with 1 fig/ml  of m itom ycin C. Sym bols: circles: acriflavine-free control; squares, triangles, 
and rhomhi: 15, 20, and 30 fig/ml  o f acriflavine, respectively, added to the culture at 0 tim e. 

E m pty sym bols: v iable cell count; filled sym bols: CTIC value

? -----------1_______ I_______ I_______ I_______ i_______ I______________ I______________________________ I

15 30  45 60 90 120 160
M inutes

Fig. 5. Effect o f acriflavine added at various tim es to induced cultures in the shift dow n state .
The cultures were induced w ith L fig/ml  o f m itom ycin C. Sym bols: x ----- -—x : CTIC value in
culture induced w ithout acriflavine. Circles, squares, and triangles: addition of 15, 20, and 30 

fig/m\ o f acriflavine at 15 m inutes (em p ty  sym bols) or at 90 m inutes (filled sym bols)
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c e r ta in  phase o f D N A  r e p lica tio n ? ) to  a llow  th e  p rop hage to  d isso c ia te . In v es­
t ig a t io n s  in to th is p ro b lem  are in progress.

T h e above d escr ib ed  e ffec t o f  a cr ifla v in e  w as exerted  also in case o f in ­
d u c t io n  in the p resen ce o f  CM.

T h ese exp er im en ts su g g est  th a t th e  p rop h age , d isso c ia ted  in th e  sh ift  
d o w n  s ta te  and d e te c ta b le  in th e  presence o f  CM for a p ro lon ged  t im e , is in-

F ig .  6. Effect of acriflavine on  induction  at + 2 °C  in the shift down state. The cultures were 
in d u ced  with 1 fig/m l o f m itom ycin , a: CTIC values in  cultures induced in  the absence of 
acriflavine, b: the same as before but at 30 m inutes the culture was diluted 200fold at unchanged  
m ito m y cin  concentration, c: a t 0 tim e 20 //g/m l of acriflavine was added together with, or 
w ith o u t, m itom ycin C, then  at 30 m inutes it was rem oved by diluting 200fold w ith  the m ainte­
n an ce  of the m itom ycin C concentration . Inoculum  concentration in all three cases 108 cells/ml

M inutes

F ig .  7. Decrease of CTIC va lu e  at temperatures favourable to m etabolism , a: the bouillon 
cu ltu re  was induced w ith 5 //g /m l of m itom ycin C at -j-2°C in the presence of 20 //g/m l of CM, 
th e n  after 90 minutes it  was further induced at 37°C, b: induction  under unchanged conditions
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a c tiv a ted  b y  a cr ifla v in e . W ith o u t sh ift  d ow n , th e  CTIC v a lu e  after a tr a n s ie n t  
in crease d ecreased  in th e  p resen ce o f  CM; th is  m ean s th a t u nd er su ch  
con d ition s th e  p rop hage is in a c t iv a te d  b y  a sp ec ific  en zym es. T h is h y p o ­
th esis  is su p p orted  b y  th e  o b serv a tio n  th a t i f  in d u ctio n  is carried ou t a t  2° C 
in  CM co n ta in in g  h u illon , a rap id  rise o f  CTIC v a lu e  occurs w hich  o th e rw ise  
w ould  h ave b een  sta b le  a t th a t  lo w  tem p eratu re. I f  th e  cu lture is a llo w ed  to  
stand  in th e p resen ce o f CM at 37°C, th e  CTIC v a lu e  d ecreases (F ig . 7).

Fig. 8. Decrease of CTIC value in m edia favourable to m etabolism , a: the culture was induced  
with 1 /«g/ml of m itom ycin  C at 37°C in the presence of 20 //.g/m l o f CM in the shift dow n sta te , 
then after 90 m inutes it  was diluted tw o-fold w ith  bouillon w ith  m aintenance of the original 

CM concentration; b: induction  under unchanged conditions

E sse n tia lly  th e  sam e resu lt is ob ta in ed  if  in d u ctio n  is perform ed in  th e  
sh ift  dow n sa te  in th e  p resen ce o f  CM and th en  b o u illo n  is added to  th e  cu ltu re  
(F ig . 8 ).

Discussion

N u m erou s papers h a v e  b een  p u b lish ed  con cern in g  th e  effect o f CM on th e  
m u ltip lica tio n  o f  p hage. T h e v iew  has b een  form ed  th a t  b oth  w ith  in fe c tio n  
[9, 10] and in d u ctio n  [11] an ear ly  s tage  o f  th e  v e g e ta t iv e  cycle requ ires p ro ­
te in  sy n th es is , therefore th e  in h ib ito r y  effec t o f  CM is th e  m ore p ron ou n ced  
th e  ear lier it is ap p lied . A cco rd in g  to  earlier d a ta  [12 , 13 ], in U Y  in d u ctio n  
p rotein  sy n th e s is  is required  a lso  for th e  d isso c ia tio n  o f  th e  p hage. M a r c o - 

v i c i i  [14] has sh ow n  th a t UV irrad ia tion  in terferes w ith  th e  rep lication  o f  th e  
b acteria l ch rom osom e th u s resu ltin g  in th e  d isso c ia tio n  o f  th e p rop h age . In
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t h is  resp ect th e U Y  irrad ia tion  w ould  a c t  th rou gh  th e sam e m ech an ism  as 
a lk y la t in g  agents a n d  th y m in e-d e p r iv a tio n , co n seq u en tly  p ro te in  syn th esis  
m a y  be required a lso  in  th e  la tter  cases.

This q u estion  is , h o w ev er , still n o t c lea r . K o r n  and W e i s s b a c h  [15] and  
M e l e c h e n  and S k a a r  [16 ] observed  th e  in h ib ito r y  effect o f  CM in  th e  case on 
in d u c tio n  b y  th y m in e -d e p r iv a tio n . L ater , h o w e v er , M e l e c h e n  [1 7 ], S e n o  and  
M e l e c h e n  [18] h a v e  m o d ified  their co n c lu s io n , sta tin g  th a t  th e  in it ia tio n  o f  
in d u c tio n  is in d e p e n d e n t  o f  protein  s y n th e s is .  T heir ex p er im en ta l approach , 
w h ic h  is based u p o n  th e  a ssa y  o f  in d u ced  cell-n u m b er b y  p la tin g , does n ot  
e x c lu d e  th e  p o ss ib ility  t h a t  protein  sy n th e s is  ta k in g  place a fter  p la tin g  could  
p la y  a role in  th e  in d u c t io n .

I t  was to  a n sw er th is  question  th a t  w e  h a v e  ap plied  a cr ifla v in e  w hich , 
in  ad d itio n  to its  s lig h t  e ffec t  on th e sp o n ta n e o u s  CTIC v a lu e , in h ib ited  th e  
in d u c tio n  b y  m ito m y c in . T he irreversib le n a tu r e  o f th is e ffec t com pared  to  
th e  effec t o f a c r if la v in e  ad ded  after th e  in d u c tio n  show s th a t  in  th e  la tter  
c a se  th e  d issoc ia ted  p ro p h a g es were in a c t iv a te d  b y  th e  a cr ifla v in e . H ow ever, 
i f  th e  d issociation  o f  th e  prophage h ad  ta k e n  p lace on ly  a fter  p la tin g , in d e ­
p e n d e n t ly  of th e  t im e  o f  ap p lica tion , th e  g ra d u a l decrease o f  CTIC v a lu e  could  
n o t  b e  caused b y  th e  acr iflav in e .

C onsequ en tly , th e  p rophage d isso c ia te s  a lread y  in th e  sh ift  dow n cu l­
tu r e . S ince th e occu rren ce  o f  som e slig h t p r o te in  syn th esis  a t th e  ex p en se o f  
th e  am ino acid p ool c a n n o t  be exclu ded  ev e n  u n d er these co n d itio n s , th e in d e­
p en d e n c e  o f in d u ctio n  fro m  protein  sy n th e s is  is p roved  c o n v in c in g ly  on ly  b y  
th e  fa c t  th a t th e  r ise  o f  CTIC in th e  sh ift d o w n  s ta te  takes p lace in  th e  presence  
o f  CM in th e sam e w a y  as in  th e  con tro l, an d  acr iflav in e has th e  sam e effect  
as in th e  case o f in d u c t io n  w ith ou t CM.

W ith ou t sh ift  d o w n  a t 37° C th e d isso c ia te d  prophage is in a c t iv a te d  to  
a n  e x te n t  d ep en d in g  u p o n  th e  com p osition  o f  th e  m ed ium . I t  is , how ever, 
se e n  from  our e x p e r im e n ts , too , th a t th e  sh if t  dow n sta te  is v e r y  su itab le  for 
t h e  prolonged  p reser v a tio n  o f th e prim er a c t iv i ty  o f  th e d isso c ia te d  prophage  
s in c e , i f  th e p rop h age ca n  d issoc ia te from  th e  b acter ia l ch rom osom e in sp ite  
o f  th e  in h ib ition  o f  p r o te in  sy n th esis , an d  th e  rep lica tion  o f  D N A  ca n n o t b egin , 
th e  in d u ced  cells re ta in  th e ir  p laq u e-form in g  a b ility  on ly  in  th e  case i f  th e  
p ro p h a g e  as a p rim er is n o t  in a ctiv a ted .

C om pletion o f  an  in d u ce d  d o w n -sh ifted  cu ltu re or a tem p era tu re  sh ift  
fro m  2 to  37° C a lr ea d y  a llow ed  to  in a c t iv a te  th e  d issoc ia ted  p rop h age  in th e  
p resen ce  o f CM, b u t  o n ly  to  a sm aller e x te n t .

T h e in d ep en d en ce  o f  in d u ction  o f  p r o te in  syn th esis  does n o t  exc lu d e a 
p reform ed  protein  to  p la y  a role in  th e  in d u c t io n . L i e b  [19] an d  G r e e n  [20] 
h a v e  observed  C M -resistan ce on h e a t-in d u c tio n  w ith  certain  m u ta n ts . B oth  
a u th o r s  h ave a ssu m ed  th e  presence o f  a p r o te in  p a rtic ip a tin g  a c t iv e ly  in th e  
in d u c tio n , a p rotein  e ith e r  occurring in  p refo rm ed  sta te  and lib er a ted  during
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th e  in a c tiv a tio n  o f  repressor [1 9 ], or one form ed  from  th e  C oprodu ct it s e lf  
[20]. in th e  case o f  m ito m y c in  in d u ction  th is m ech a n ism  is n o t con ce ivab le  
sin ce m itom ycin  is u n ab le to  a c t  on th e p ro te in -lik e  C1-p rod u ct. C on seq u en tly , 
m ito m y c in  in d u ction  does n o t  requ ire a sp ecia l p ro te in  w h ich  w ould  he d ire c tly  
a c tiv a ted  b y  m ito m y c in .
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Summary. Purified and concentrated sam ples of com plete and incom plete Paris P L  
1/49 A — 1 influenza virus particles were m ixed w ith D ow  polystyrene latex particles. T he  
preparations were fix ed  w ith  OsO, or left unfixed and exam ined  either shadowed wit h p a lla ­
dium  or unshadowed.

B y means of the la tex  particles, the S value characteristic for the used microscope w as  
calculated. The gradation of the photonegative (y) for electron expositions of 45 KV accelera­
tion  was determined.

By means of scanning m easurem ent, density curves were taken  of individual v irions. 
Their diam eter and height were measured by a com parator.

It was dem onstrated that during preparation and exam in ation , the virions w ere  
considerably flattened . An attem pt was m ade to calculate the v irion ’s real diameter on th e  
basis o f data for the fla tten ed  preparations.

The virion’s dry m ass was calculated from the data o f den sity  m easurem ents, and  
estim ates were m ade as to the am ount of OsO, uptake.

An attem pt w as m ade to calculate the real (w et) m ass and density . It is em phasized  
that no particular changes are required in the m ethod of preparation and m icrography to  
obtain data not only concerning the particles’ dim ensions, bu t also their mass.

T he req u irem en t for som e q u a n tita tiv e  in te rp re ta tio n  o f  electron m icro ­
scop ic  data has arisen  ever  since th e  v ery  first elec tron  m icroscop ic stu d ies  on  
v iru ses [1]. The in tr o d u ctio n  o f  sh ad ow in g  tech n iq u es p erm itted  the d e te r m i­
n a tio n  o f th e sh ap es and d im ensions o f  th e  p artic les [2 ]. T h e ad dition  o f  p o ly ­
s ty re n e  la tex  sp h ero id s o f  know n and  co n sta n t d ia m eter  in creased  the a ccu ra cy  
o f  m easu rem ent o f  th e  d im ensions o f  th e  ex a m in ed  v ir io n s [3]. In sh a d o w ed  
p rep aration s o f m ix tu re s  o f  la tex  an d  v irus [(articles, th e  electron  m icroscop ic  
m agn ifica tion  can b e d eterm in ed  an d  th e  local an g le  o f  sh ad ow  castin g  can  b e  
con tro lled  [4 ]. B y  th e  ab ove m eth o d s, d ata  were o b ta in ed  on  th e fla tte n in g  an d  
p ossib le  other d isto rtio n s  o f the v ir io n s during p rep a ra tio n  and ex a m in a tio n .

D ifferent o p tic a l m ethod s (in terferen ce m icro sco p y , ab sorp tion  o f X -r a y  
an d  U V  ligh t) h a v e  ex te n s iv e ly  b een  used  for m a ss, th ic k n ess  and d e n s ity  
m easu rem ents in q u a n tita t iv e  cy to ch em ica l s tu d ie s  [5 , 6 , 7].

T he a p p lica tion  o f  th e ab ove op tica l m eth od s in  e lectron  m icroscop y  
represen ts a sh ift o f  th e  m eth od ’s lim its  tow ards low er orders o f  m a g n itu d e . 
M arton  and S c h i f f  [Í5] in 1941 a lread y  used th e  m ea su rem en t o f  d en sity  on  
p h otograp h ic  p la te s  for th e  d eterm in ation  o f th e  p rep a ra tio n ’s th ickn ess. E s s e n ­
t ia lly  th e  sam e te c h n iq u e  was used  b y  H all in 1955 [9] and b y  A m e n l u n - 
x e n  in 1959  [10], for th e  exam in ation  o f  th e  e f fe c tiv e n e ss  o f  electron s ta in s
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u se d  to  in crease th e  con trast in v irus m icrograp h s. In 1957, H o l l ó s  [11] m ade  
e s t im a t io n s  o f th e  stru ctu ra l and c o m p o sit io n a l d ifferences o f  co m p lete  and  
in c o m p le te  in flu en za v íru s p articles fro m  th e  differences m easu red  in their  
d e n s it ie s . The m ass o f  p hage p artic les w a s  m easured b y  e lec tro n  m icroscop y  
in  1960  b y  B urg e  an d  S y l v e s t e r  [12].

In  th e  p resen t s tu d y  th e d e n s ity , d iam eter and th ic k n ess  o f  com p lete  
a n d  in co m p lete  in flu en za  particles w as m easu red . The f la tte n in g  o f  th e  p arti­
c le s , th e  d iam eter o f  n on -fla tten ed  (sp h er ica l) particles and  th e  d ry  m ass o f  
v ir io n s  were es tim a ted . A p p ro x im a tiv e  ca lcu la tio n s were m ad e as to  th e  true 
m a ss  o f  v ir ions, th e ir  d en sity  and O s 0 4-u p tak e.

M aterials an d  m ethods

Virus strain. T he Paris PL 1/49 A —1 stra in  of influenzavirus, k in d ly  supplied by the 
W orld  Influenza Centre, London, was used throughout.

Complete virus.  From  the 104 dilution o f th e  virus suspension considered com plete, 0.1 ml 
w as inoculated  into the allantoic cavity  o f 11-day old  chick embryos, incub ated  for 36 hours at 
35°C and harvested after appropriate chilling. T he ID 50/H A  quotient w as 106. The ID 50 was 
determ ined  by the m ethod of H o r v á t h  [13], ca lcu la ted  according to R e e d  and M u e n c h  [14]. 
H aem agglutination  (H A ) titration  was perform ed according to T a k á t s y  [15].

Incomplete v irus  was obtained as described by v ö n  M a g n u s  [ 1 6 ] .  Three subsequent 
p assages were made w ith  freshly harvested un d ilu ted  allantoic fluid inocu lated  in  0.3 ml 
v o lu m e  into the allan toic cav ity  of 11-day old  chick embryos. Incubation  and harvesting  
w ere m ade as described above. The ID 0))/H A  q u o tien t o f the virus from the 3rd passage was 104.

Purification o f  the virus.  Both com plete and incom plete virus suspensions were clari­
fied  b y  centrifugation at 3000 r.p.m . for 1 hour. T he material was then adsorbed to washed  
ch ick  red blood cells at + 4 °C  and washed w ith  saline. Elution took place at 37°C in physiolog­
ica l saline, in one ten th  o f the initial volum e. T he eluate was centrifuged for clarification. 
T he supernatant was centrifuged at 16 000 r.p .m . for 1 hour. The sed im ent w as resuspended  
in  physiological saline, in  1/50 of the in itial v o lu m e. The suspension w as centrifuged for one 
hour for clarification. T he supernatant obta ined  w as used as purified concentrated  virus sus­
pension .

Electron microscopy.  To the purified and concentrated virus suspensions appropriate 
a m o u n t of Dow la tex  particles L3 (1880 A ^  70 A ) were added. The v iru s-la tex  m ixed suspen­
sio n  w as carried by m eans of a micro-loop onto  m icro-screens w ith Form var film s. The prepa­
ra tio n s were either un fixed  [1] or fixed  [2] w ith  1 per cent 0 s 0 4 buffered solution  according 
to  P a l a d e  [17 I at -j-4°C for 20 m inutes. C rystalloids were removed from  the micro-drops by  
rep eated  im m ersion in to  distilled water. The preparations were then dried in air. Part of the 
preparations was shadow ed w ith  palladium .

Electron m icrographs were made w ith  EM -3 1951 USSR electron m icroscope, at 45 KY 
at ll ,0 0 0 fo ld  direct m agnification at 5 x l 0 -3  radian objective aperture angle, using Agfa 
d o cu m en t film . Illum ination , exposition and develop m en t of film s was m ade in  a standard way  
through out.

Measurement o f  density. The apparatus for d ensity  m easurem ent w as constructed from  
an optica l microscope equipped w ith a cross ta b le  endowed with a nonius scale and a high  
se n s it iv ity  densitom eter (Orion EMG M agnefot T yp e 2212). Scanning o f the original electron 
m icrographs was m ade w ith  a light beam 0.2 m m  in diam eter, obtained b y  a special illum ina­
tio n  system . The disturbance possibly caused b y  th e  dispersed light was e lim inated  by a dia­
phragm  placed before the densitom eter’s p h o to ce ll and constructed in  accordance w ith the 
te stin g  ligh t spot and the m agnification of the op tica l microscope. The relative  diam eter of the 
scann in g  light spot was 19 in//, considering the l l ,0 0 0 fo ld  direct m agnification  of the electron 
m icrograph. The zero poin t o f the apparatus w as adjusted  to the density  o f the unexposed film  
and den sity  m easurem ents were taken at 19 m/z step s along the diam eter of the virion or latex  
p artic les and thereafter on the background. T w o series of m easurem ents were performed per 
p artic les , along its tw o perpendicular diam eters. From  these m easurem ents d ensity  value
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were obtained for support m icrofilm  (D j) and for the exam ined particle (D 2). The distribution  
of m ass in the individual particles was characterized by the ind ividual (D x—D 2) values.

The у -curve of the photographic m aterial was m easured under constant conditions of  
developm ent, after exposure to constant in tensity  45 KV electron beam for 0.1 to 22 seconds. 
Blackening of the film  was exponentia lly  related to the exposition  tim e in the region D =  0.35 — 
0.9. The у -value of the photographic m aterial was 0.88.

Of the micrographs oidy those were used which d isp layed densities of both the supporting  
microfilm and the particles w ith in  the linear region of the y-curve.

D ensity  d istribution  was established along the diam eters o f at least 24 v irions per 
preparation, 114 in all, and a total o f 47 Ls latex  particles, in uniform  distribution.

The Dj — D 2 values obtained in individual m easurem ents were plotted. The va lues for 
the identical points p lotted  against the diam eters were sum m ed and their m athem atical 
means were calculated. The d ensity  curves along the diam eter of an average la tex  or virus 
particle were constructed from the above m ean values.

Determination o f  the diameter. The diam eter of the particles was determ ined during 
density m easurem ent, by graphical interpolation and, in shadow ed preparations, perpendicular  
to the direction of shadow  casting, by m eans of an Abbe com parator (Zeiss).

In the Tables data obtained by both m ethods are presented. Since m easurem ents o f 
shadowed preparations allow ed a direct determ ination of the diam eters these data were given  
preference in further calculations.

Determ inat ion o f  height. The height o f the particles was determ ined in shadow ed prepara­
tions. In each evaluated preparation there were 2 to 5 la tex  particles allowing calculation of 
the local angle o f shadow casting, tg a.

tg a о

where d  is tlie diam eter of the la tex  particle and h the  len gth  of the shadow. M easuring the  
length o f the shadow of virus particles, their height can he determ ined on the hasis o f  the 
local tg  a . W hen m easuring the shadow length, full shadow s were only  considered

In density m easurem ent, on ly  the m ass-thickness o f the particle p x t ,  could be deter­
mined (Q =  density o f the particle, t =  the particle’s height m easured parallel to the electron  
beam). For the determ ination of density  (p), the data on the m ass obtained by density m easure­
m ents and those for the volum e obtained by m easurem ents o f shadowed preparations, were 
used. The density (p) o f the particle being known, its height could he calculated from data of  
density  m easurem ents.

Statistical methods. A rithm eth ic m eans (x ), standard deviation  (S), and standard error 
of the mean (Sx) were com puted.

R esults

In  T ab le I d ata  on th e  m easu rem en t o f  D ow  la te x  L 8 are sh ow n .
In th e f ir st p art o f  T ab le  I , th e  d en sity  v a lu es  o f  47 la tex  p articles, m ea s­

ured  a lon g  tw o  p erp en d icu lar d iam eters an d  exp ressed  as d ifferen ces, are 
p resen ted . T h e averaged  p o in ts  o f  m easu rem en t w ere at th e  f iv e  s ix th s , tw o  
th ird s, one th ird , and m id d le  o f  th e  d iam eter. T h e p ercen tu a l error o f  th e  a v e r ­
age d en sity  v a lu es  w as th e  h ig h est a t th e ed ges o f  th e  particles and d ecreased  
to w a rd s th e  cen tre. T h u s, th e  p ercen tu a l stan d ard  error of th e  m ean  ten d ed  to  
d ecrease ( +  8 per cen t; +  4 .7  per cent; + 1 .4  per cent; + 1 .8  per cent).

In F ig . 1, th e  average d en sity  curve o f  th e  la te x  particle  is p resen ted . 
On th e  ax is r ( x ) ,  th e  d ia m eter  and its  fraction s, w h ereas on th e  ax is J ) ] — D .,(y) 
th e  corresp ond ing  d e n s ity  v a lu es  are show n. T h e p o in ts  ap p rox im ate w ell a 
p arab o la , ch aracterized  b y  th e  secon d  d egree eq u a tio n , у  =  0 .274  x 2. T h e  
n orm al va lu e  x  =  I corresp ond s to  9 .1 x 1 0  0 cen tim eters.
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Table I

Measurements o f  L g Dow latex particles

Density measurement in grades Dj — D2 N X s Si

A t 5/6 o f the diameter 94 0.055 0.043 0.005

A t 2 /3  o f the diameter 94 0.164 0.074 0.008

A t 1/3 o f the diameter 94 0.283 0.038 0.004

A t m iddle of the diameter 47 0.307 0.037 0.006

D iam eter in m,u

D iam eter from density m easurem ent 47 187 62 3

M easured diameter 32 185 37 6.5

X
Z x

n s-x
Z  (x — X)2 

n ( n — 1)

In  th e  secon d  p art o f  T ab le I, s ta t is t ic a lly  ev a lu a ted  d a ta  o f  m easu re­
m e n ts  on th e d iam eter o f  a to ta l o f  79 sh a d o w ed  and u n sh adow ed  la te x  p articles  
are sh ow n . The g iven  d iam eter o f  188 +  7 .6  тц w as sa tisfa cto r ily  a p p r o x im a t­
ed  b y  b o th  m eth od s o f  m easu rem en t. W ith  d en s ity  and d irect d ia m eter  m eas­
u r e m e n ts , th e v a lu es o b ta in ed  w ere 187 +  3 m,u and 185 +  6.5 тц, resp ec­
t iv e ly .

^ r D2

Fig. 1. A verage density curve of L 8 D ow  L atex particles
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D e t e r m i n a t i o n  o f  th e  m a s s  c o n s t a n t  ( S )  o f  th e  e le c tro n  m i c r o s c o p e .  T h e  
electron  beam  d ev ia ted  b y  a particle  o f  “ M ” m ass, resu ltin g  in d ifferen ces o f  
d ark en in g  o f  the p h otograp h ic  film  is re la ted  to  th e  m ass o f  th e  p a rtic le .

S  X M In 1 1 d A  , ( 2 )

w here A  is th e p ro jection  o f  th e p a rtic le  a lon g  th e  electron  b eam , / ,  th e  e le c ­
tron  b eam  reach ing th e  p article , I 2 th e  e lec tron  b eam  traversin g  th e  p a rtic le  
and reach in g  th e p h otograp h ic  film , an d  S  a re la tion  factor.

T h e va lu e o f  “ S ” d ep en ds h ard ly  on th e  p a r tic le ’s m ateria l; it  is d e te r ­
m ined  ch ie fly  by th e  ad ju stm en t o f  th e  e lectron  m icroscop e. I ts  d im en sio n  is 
cm 2 X g - 1 .

W h en  referred to  p articles o f  r o ta tio n a l sy m m etry  w ith  l i  rad iu s, fo r­
m ula (2) is

7 lJ i2

S  =  - = - [ ( l n I 1 —  l n I 2) A d A .  (3)
M J

0

S in ce in th e  case d escrib ed , th e grade o f  d ark en in g  o f  th e  p h o to g ra p h ic  m a te ­
rial is re la ted  to th e  n a tu ra l logar ith m  o f  th e e lectron  b ea m ’s in te n s ity , from  
form u la  (3 )

S = \ / r y  , —  \ ( D i ~ D 2)A d A ,  (4)
M  log e J  

о

w here y  is th e d ark en in g  factor o f  th e  p h o to g ra p h ic  m ateria l, (Ü , — D . , ) A 

th e  d ifferen ce in d ark en in g  m easu rab le in re la tion  to  th e  b ack grou n d  (s ite  
d ep en d en t).

T h e S  va lu e ch a ra cter istic  o f  th e  e lec tro n  m icroscop e w as co m p u ted  from  
th e  k n ow n  and m easured  va lu es o f  th e  p o ly sty ren e  la te x  p artic les. T h e a v e r ­
age d e n s ity  curve o f  th e  la tex  p artic les (T ab le I) is w ell a p p ro x im a ted  b y  an  
a n a ly tic a lly  exp ressed  D  0 .274a;2 p arab ola  ( x  — 1 norm al v a lu e  =  9 .1  X 
X  10 e cm ). B y  th e  aid  o f  th e a p p r o x im a tin g  p arab ola  can be co m p u ted  th e  
in tegra l in (4), from  w h ich  can be d er iv ed  th e  v a lu e  o f  “ S ” . U nd er th e  c o n d i­
tio n s  p reva ilin g  in th is  exp er im en t, th e  e lectron  m icroscop e used  is ch a ra c ter ­
ized by

S  2 .4 x 1 0 '  +  0 .4 x 1 0 *  cm 2 • g “ 1 .

T h e stan d ard  d ev ia tion  o f  th e “ S ”  v a lu e  w as d erived  from  th e  g iven  f lu c tu a ­
tion  ( +  7 .6  m /i) o f  th e la te x  d iam eter an d  from  th e  stand ard  error o f  th e  m ean  
d en sities .
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D e n s i t y  m e a s u r e m e n t s  o f  v i r i o n s  are su m m arized  in T ab le I I ,  as re la ted  to  
c o m p le te , in co m p lete  or f ix e d , u n fixed  p rep ara tion s. P resen ta tion  o f  th e  
v ir io n s ’ den sities a lo n g  th e  d iam eter w as m a d e  in th e  sam e m ann er as w ith  
th e  la te x  p articles, v i z .  a t  tw o  thirds, one th ir d , and m id d le  o f  th e  d iam eter. 
F ig . 2 shows th e  a v er a g e  d en sity  curves o f  v ir io n s  per p rep aration . T h e s ta n ­
d ard  error o f th e  m ea n  ten d e d  to  d ecrease to w a rd s th e  centre a lso  w ith  th e  
c o m p le te  u n fixed  v ir u s , y ie ld in g  + 4 .6 ,  2 .6  an d  2 .4  per cen t at th e  a b o v e  p o in ts .

© ° r D 2 © D t - D i

©  Dr02

Fig.  2. Average d ensity  curve of the virions. 
O s0 4-fixed virions; c: incom plete unfixed

©  Di 'D2

a: com plete unfixed virions; b: com plete  
virions; d: incom plete 0 s 0 4-fixed virions

W ith  th e  fix ed  p r ep a ra tio n , th e  stand ard  error o f  th e  m ean was h igher, b ein g  
+  5 .3 , 2 .8 and 4 p er ce n t . T h e standard error o f  th e  m ean  w as u n p rop ortion a lly  
h ig h  w ith  the in c o m p le te  v ir ion s. The reason  for th is  sh ou ld  n o t b e so u g h t  
in  th e  lesser n u m b er o f  m easu rem en ts, n e ith e r  in  th e  greater p ro b a b ility  o f  
su b je c tiv e  error a t th e  a d ju stm e n t and rea d in g  o f  th e  low er ab so lu te  v a lu es , 
b u t  rather in th e  m ore  m ixed  p op u la tion  o f  th e  in co m p lete  p rep aration s. 
T h erefore , th e sta n d a rd  error o f th e m ean  o f  th e  u n fix ed  p rep aration  w as  
+  1 2 .8 , 7.5 and 2 .5  p er c e n t , in th e a b ove  seq u en ce  and also for th e  f ix e d  p rep ­
a ra tio n s  it  w as h ig h er  th a n  th a t o f c o m p le te  p rep aration s, b e in g  + 7 .3 ,  4 .4  
an d  3 .9  per cent. T h ese  d ev ia tio n s  show  th a t  th e  m easu rem en ts w ere o f  sa tis-
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T able  II

Density  o f  virions

P reparation U . - D , N X S S i

Complete unfixed At 2 /3  0  * 8 0 0 .0 2 7 0.011 0.001

At 1 /3  0 8 0 0 .0 5 4 0 .0 1 3 0.001

At middle 4 0 0 .0 6 7 0 .0 1 0 0 .0 0 2

Complete fixed  with At 2 /3  0 8 4 0 .0 3 6 0 .0 1 8 0 .0 0 2

0 s 0 4 At 1 /3  0 8 4 0 .0 8 0 0 .0 2 0 0 .0 0 2

At middle 4 2 0 .1 0 7 0 .0 2 8 0 .0 0 4

incom plete unfixed At 2 /3  0 4 8 0 .0 1 3 0 .0 1 2 0 .0 0 2

At 1 /3  0 4 8 0 .0 3 0 0 .0 1 5 0 .0 0 2

At middle 2 4 0 .0 4 8 0 .0 1 9 0.001

Incom plete fixed  with At 2 /3  0 7 0 0 .0 2 4 0 .0 1 5 0 .0 0 2

OsO, At 1 /3  0 7 0 0 .0 5 3 0 .0 2 0 0 .0 0 2

At middle 3 5 0 .0 7 4 0 .0 1 7 0 .0 0 3

Z x
S’ 1 l ( Z x - x Y S - I

n [ a  —  1 \ n {n 1)

* 0  =  diam eter

fa cto ry  a ccu ra cy  as com pared to  th e  usual error o f  e lectron  m icroscop ic m ea s­
u rem ents.

T h e л iruses’ average d e n s ity  cu rve ap p rox im ated  a perp en d icu lar se c ­
tion  a lo n g  th e  ax is o f  a cone or a tru n c a te d  cone, th u s th e  v a lu e  o f th e  in te g ra l 
in form u la  (5) (see later), re a d ily  cou ld  he com p u ted .

D i a m e t e r  a n d  h e ig h t  o f  v i r i o n s .  P erta in in g  resu lts are p resen ted  in T a b le
III.  In sh a d o w ed  p rep aration s, th e  d iam eter o f  n o n -fix e d  and fix ed  c o m p le te  
v iru ses w as 125 in ft and 121 m ft ,  r e sp e c tiv e ly . T he cau se o f  th is  m od era te , h u t  
sig n ifica n t d iscrep an cy  was d ue to  d ata  for h eigh t, i . e .  47  m/i for n o n -fix e d ,  
and 56 m /i for th e  fixed  v iru ses. T h e  resp ective  M i d  q u o tie n ts  were 0 .376  and
0.46 . T h u s, th e  cause o f  th e  m o d era te  d ifference o f  th e  d iam eters w as th e  m ore  
m arked f la tte n in g  o f  th e u n fix ed  p rep aration , as com p ared  to  th e fixed  on es. 
It is clear, m oreover, th a t  in d e p e n d e n tly  o f the m easu red  d ifferen ce, a m ore or 
less p ron ou n ced  fla tte n in g  of th e  v iru ses occurred d u rin g  th e  prep aration  p ro ­
cedure in b o th  ty p e s  o f  p rep ara tion .

T he d ia m eter  of unfixed  in co m p le te  virions w as 133 m /t and their h e ig h t  
was 4 0  m /t. T h e corresponding d a ta  for fixed  p rep aration s w ere 127 and 43  m /t.
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Tabic III

Height and diameter o f  virions

a) Measured in shadowed preparation

Preparation Diameter (m̂ u) Height (m/x)

N X s Sx N X. s Si

Com plete unfixed 50 125 16 2 50 47 8 1

Com plete 0 s 0 4-fixed 50 121 11 2 50 56 11 2

Incom plete unfixed 50 133 18 3 50 40 12 2

Incom plete 0 s 0 4-fixed 50 127 17 2 50 43 11 2

b) Measured in unshadowed preparation by densitometry

Com plete unfixed 40 124 20 3 40 60 - -

Com plete 0 s 0 4-fixed 41 117 17 3 20 70 — -

Incom plete unfixed 24 126 21 4 24 63 - -

Incom plete 0 s 0 4-fixed 22 118 21 5 35 72 — —

r S / ^  (* -  Х А 2 S- 1/ 27 (x - - Ï ) 2
n / n 1 n (n - 1 )

T h e  M / d  q u otien t, sh o w in g  th e  degree o f  f la tte n in g , w as 0 .30  an d  0 .34 , respec­
t iv e ly .

D iam eters m ea su re d  parallel to  d e n s ity  a ssessm en t agreed  well w ith  
th o s e  obtained  in  sh a d o w ed  prep aration s. H e ig h t in  th ese  p rep aration s was 
n o t m easured d ir e c tly , h u t  derived b y  co m p u ta tio n . T h e error o f  th ese  data  
w a s n o t ca lcu la ted , b u t it  sh ou ld  be n o ted  th a t  it com prises a su m  o f th e errors 
o f  S  va lu es and o f  d ia m e te r  and d en sity  m ea su rem en ts. T h u s, th e se  data  were 
con sid ered  less re lia b le  th a n  those o b ta in ed  b y  d irect m easu rem en t.

Three con clu sion s w ere drawn from  th e  ab ove d a ta , v i z .  ( i ) all prepara­
t io n s  were fla tte n e d ; (ii) com p lete  v ir ion s w ere less f la tte n e d  th an  th e  in com ­
p le te  ones; (iii) f la t te n in g  w as less d ist in c t  in  f ix ed  th an  in  u n fix ed  prepara­
t io n s .

A t t e m p t  to  c o m p u t e  th e  t r u e  d i a m e t e r  f r o m  d a t a  o b t a i n e d  w i t h  f l a t t e n e d  

v i r i o n s .  Our reason in g  w a s based  on th e  fo llo w in g  con sid era tion s. (1) The virion  
is  a p erfect sphere; (2) f la tte n in g  resu lts in  th e  form ation  o f  a n o th er  solid f ig ­
u re, a rotational e llip so id ; (3) f la tte n in g  is n o t  accom p an ied  b y  d isin tegration ;
(4) th e  original an d  th e  f la tte n e d  solid  f ig u r es  are id en tica l in vo lu m e. Since 
th e  v irion  is n ot a p e r fe c t  sphere, nor is th e  f la tte n e d  v ir ion  a regular solid  
f ig u r e , the com p u ted  v o lu m e  is an a p p r o x im a tiv e  va lu e and so is th e  com p uted  
d ia m e te r  of a n o n -f la tte n e d  virion.
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A ssu m in g  th a t th e  v o lu m e  o f  th e ro ta tio n a l e llip so id  and th a t  o f  th e  orig­
inal sp here are id en tica l, and  ex p ressin g  th e rad iu s o f  th e la tter , w e ob ta in

V ,  =  —  a 2 b =  V sph
4

3
i 'h

Г =  У ’ d >ph d  r, ■

w here d &p̂  is th e  sphere d ia m eter , d c th e  d iam eter o f  th e  ro ta tion a l e llip so id  
(id en tica l w ith  th e  m easured  d ia m eter  o f  th e v ir io n ), M e th e  h e igh t o f  th e  r o ta ­
tio n a l e llip so id  (id en tica l w ith  th e  m easured  h e ig h t o f  th e  v irion).

Table IV

Diameter o f  the spherical virion

Preparation
on the basis of d ia­
m eter measurement

(mf4

on the basis of den­
sity  measurement 

( т ц )

Complete unfixed 9 0 9 7

Complete O s0 4-fixed 9 3 9 9

Incom plete unfixed 8 9 1 0 0

Incom plete O sO ,-fixed 8 9 100

T he com p u ted  d iam eters are show n in T ah ié  IV . The va lu es c a lcu la ted  
b y  d irect m easu rem en t on sh a d o w ed  p rep aration s are in p a rticu la r ly  good  
corre la tion s, th e  virion d iam eters v a ry  from  89 to  93 m/.i. D en sity  m ea su re­
m en ts u n ifo rm ly  show  th a t  d ifferen ces in th e  d iam eters (9 7 — 100 m [ i )  resu lt  
e x c lu s iv e ly  from  th e v a ry in g  e x te n t  o f f la tte n in g . T he f itt in g  o f  th e  resu lts  
ob ta in ed  b y  th e  tw o  d ifferen t m eth o d s was m uch  b e tte r  than  ex p e c te d , e s p e ­
c ia lly  in v ie w  o f  th e  d ifficu lties  in v o lv e d . In fu rth er w ork therefore, 90 in // w as  
taken  lor th e  d iam eter o f  th e  n o n -fla tte n e d  v ir io n s .

T h e  v i r i o n ' s  m a s s .  V a lu es o f  A  and S  in form ula  (5) can be d er ived  from  
form ula (4):

j iR 2

Mririon =  Г( D 1 — D . , ) a  ■ d A  . (5)
»S • lo g  e  J  

о

T he in tegra l in form ula (5) rep resen ts th e  a p p ro x im a tio n  o f  th e  v o lu m e  o f  a 
con e or tru n ca ted  cone, th e  b asic  area o f  w hich  corresp ond s to  th e  v ir io n ’s 
p rojection  and h eigh t to  th e  m a x im u m  d en sity  v a lu e .
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T h e first co lu m n  in T ab le  V show s th e  m asses o f v ir ion s com p u ted  
b y  m ean s o f form ula (5 ), to g e th e r  w ith  th e  S  v a lu e s  and th e lim its  o f  error in ­
v o lv e d  in th e d ia m eter  d eterm in a tio n . C on sid erin g  th e  tech n ica l co n d itio n s  of 
p rep a ra tio n , th e m ass o b ta in e d  represents th e  d ry  m ass o f  th e  v ir io n . T aking  
in to  accou n t th e  lim its  o f  error, the dry m a ss o f  com p lete  v ir io n s  exceed ed  
t h a t  o f  in com plete o n es . T h e  m ass o f f ix e d  v ir io n s  exceed ed  th a t  o f  u n fix ed  
o n e s , ob v iou sly  as a r e su lt  o f  0 s 0 4 u p tak e .

Tabic V

Data obtained by electron microscopy ( E M )  and ultracentrifugation (U C )

Preparation Dry mass 
(x io  ‘»g)

Wet mass 
EM dry mass + 

+ UC water content
(Xl0--«g)

Wet mass 
EM volume x 
X UC density 

(Xl0->«g)

Electron micro­
scopic density
EM wet mass
EM volume 

(  x  10 leg)

2.8 5.5 4.2 1.4

Com plete unfixed (3.3 —2.6) ( 6 .4 - 5 .0 ) (1 .7 -  1.3)

Incom plete unfixed 1.9

(1 .9 5 -1 .8 )

4.1

(4.3 —3.9)

4.1 1.0

(1.1 —1.0)

Com plete 0 s 0 4-fixed 4.3

(4 .7 - 3.9)
— — —

Incom plete OsO,-fixed 2.5

(2.8 1.9)
— —

The com p u ted  a m o u n t  o f  0 s 0 4 f ix e d  b y  th e  com p lete  and in com p lete  
v ir io n s  was 1.451 X 10 10 ,ug and 0 .647 X  1 0 ~ 10 /tg , re sp ec tiv e ly . C onsidering  
A v o g a d r o ’s num ber, th e  a b o v e  am ounts rep r esen t ab ou t h a lf  a m illion  m ole­
cu le s  for the co m p lete  an d  a quarter m illio n  m olecu les for th e  in com p lete  
v ir io n .

F u r th e r  d a t a  c h a r a c t e r i s t i c  o f  the v i r i o n  a n d  d e r i v e d  f r o m  o th e r  d a t a  a v a i l ­

a b l e .  T he com p u ted  d ia m e te r  o f a n o n -fla tte n e d  v ir ion  w as foun d  to  be 90 mp 
( 9 x l 0 _ e cm ), and its  v o lu m e , 3 .8 X 1 0 ~ 16 cm '1.

I f  our h y p o th e sis  on  th e  f la tten in g  o f  th e  v ir ion  is correct, th e  w et and  
d ry  m ass of th e v ir io n  is  com prised in an  id e n tic a l vo lu m e. A ccord in g  to  
T akátsy’s u ltr a ce n tr ifu g a l an alysis [18], th e  w a te r  co n ten t o f  co m p lete  and  
in co m p lete  particles is 4 8  and  56 per ce n t , r e sp e c tiv e ly . A d d in g  th is  to  th e  
e lec tr o n  m icroscop ica lly  d eterm in ed  dry m ass o f  th e  v ir ion , th e  w e t  m ass o f  
th e  v ir ion  is ob ta in ed . T h e se  va lu es are sh ow n  in  th e  secon d  co lu m n  o f T able У , 
for  u n fix ed  co m p lete  a n d  in com p lete  v ir io n s . D a ta  ca lcu la ted  b y  ta k in g  in to  
con sid era tion  th e error o f  m ass d eterm in ation  are also g iven  in b ra ck ets . The
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d en s ity  d eterm in ed  b y  u ltra cen tr ifu g a tio n  [18] w as 1 .104  for co m p lete  an d  
1.073 for in co m p lete  v ir ions. M u ltip ly in g  these v a lu es  b y  th e  average v o lu m e  
o f a v iru s, we o b ta in  d a ta  on th e w e t  m ass o f  a v ir io n . V a lu es d erived  b y  th is  
m eth o d  for the w et m ass agreed w e ll w ith  th ose o b ta in ed  b y  th e  m eth od  u sed  
in th e  presen t s tu d y . I t  should  be n o te d  th a t d ata  on  th e  co m p lete  v ir ion  y ie ld ­
ed b y  electron  m icroscop ic  m ass d eterm in a tio n  arc so m ew h a t h igher th a n  
th o se  ob ta in ed  b y  u ltr a ce n tr ifu g a tio n . As to  th e  in co m p le te  v ir ion , b o th  m e th ­
ods y ie ld e d  id en tica l va lu es. E le c tr o n  m icroscop ic d a ta  for th e  d e n s ity  o f  
th e  com p lete  v ir ion  are som ew h at h ig h er  than  in r e a lity , th o se  for th e  d e n s ity  
o f th e  in com p lete  v ir io n  correspond  to  th e actu a l v a lu es , th u s th e  r e la t iv e  
d ifferen ce b etw een  K 0 and  I K U is h ig h e r  than  th e d e n s ity  d ifferen ce fou n d  w ith  
u ltra cen tr ifu g a tio n .

D iscussion

C onsiderable d ifferen ces b e tw e e n  th e  com p lete  an d  in co m p le te  in flu e n z a -  
v iru s h a v e  been d em on stra ted  b y  u ltra cen tr ifu g a tio n , e lectron  m icro sco p y  
and ch em ical a n a ly sis  [19, 20, 2 1 ]. O ur aim  w as, th erefo re  n o t to  p resen t fu r ­
th er ev id en ce  in fa v o u r  o f  these w e ll-k n o w n  facts, b u t rath er to  d ecide w h eth er  
from  ap p rop ria te ly  ob ta in ed  e lec tro n  m icrographs it  w as p ossib le  to  d erive  
d ata  on certain  ch aracters of the v ir u s , d eterm in ed  u su a lly  b y  o th er m eth o d s. 
T o certa in  p rep aration s la te x  p a rtic les  were added an d  f ix e d  as w ell as u n fix e d  
p rep aration s were ex a m in ed . Our p rep ara tion s were n o t superior to  th o se  u sed  
b y  W illiam s  in 1953 [4] for the d eterm in a tio n  o f  M / d  q u o tien t for u n fix e d ,  
form alin  fix ed  in flu en za v íru s (0.3 a n d  0 .5 , re sp ec tiv e ly ) and th e  electron  m icro ­
graphs w ere taken  w ith  th e  usual te c h n iq u e . T he g rad ation  o f  a g iven  p h o to ­
graphic m aterial had  to  be d eterm in ed  on ly  once. N a tu ra lly , for a d eq u a te  
m easu rem en ts sp ec ia l ap paratuses are  n eeded . T he ch o ice  o f  an ap p rop ria te  
m eth o d  o f  m easu rem en t and the e v a lu a t io n  o f th e  resu lts  requ ire, h o w ev er , a 
th orou gh  k now ledge o f  th e  physica l p h en om en a  in v o lv e d . In  th e  w ork rep orted  
in th e  presen t p ap er, th e  co llab ora tion  o f th e p h y sic ia n  and  th e  p h y s ic is t  
p roved  to  be fru itfu l.

I t  seem s to  be o f  in terest to p erform  sim ilar m ea su rem en ts on n e g a t iv e ly  
sta in ed  prep aration s. T h e m ore so , as m easu rem ents can o n ly  be p erform ed  in  
an order o f  m agn itu d e con sid erab ly  b e lo w  th e reso lu tion  o f  th e  a v a ila b le  e lec ­
tron  m icroscop e. T h u s , for the m ea su rem en t o f th e  m ass o f  in flu en za v íru s, 
th e  e lectron  m icroscop e used  in th is  lab ora tory  Mas ju s t  th e  id ea l one.

An ap paratu s w ith  a reso lv in g  pow er o f  10 Â , h ow ever , M ould a llow  to  
d eterm in e th e  m ass o f  5 0 — 60 Â e le m e n ts .
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REGULATION OF VALINE AND ISOLEUCINE 
BIOSYNTHESIS IN STREPTOMYCES RIMOSUS

B y

I. H o r v á t h , A. Sz e n t i r m a i  and J .  Z s a d á n y i

D e p a r t m e n t  o f  M i c r o b i o l o g y  ( H e a d : I. H o r v á t h ,) ,  R e s e a r c h  I n s t i t u t e  
f o r  P h a r m a c e u t i c a l  C h e m i s t r y , B u d a p e s t

(R eceived J u ly  29, 1966)

Summary. In S t r e p l o m y c e s  r i m o s u s ,  sim ilarly to other m icroorganism s, there is a transi­
tory increase in the synthesis of enzym es participating in the b iosynthesis of isoleucine and 
valine after inoculation. This increased sy n th esis is further enhanced by valine. The spontaneous 
increase of enzym e synthesis can be repressed by valine, leucine and isoleucine.

The previously described inductive effect of a -ketobutyric  acid prevails during the 
whole period of cultivation; it can be repressed by the sim ultaneous adm inistration of valine  
and leucine while valine alone causes only partial repression.

The first com mon enzym e of valine and isoleucine b iosynthesis, acetohydroxy acid 
synthetase, is inhibited by valine.

In our m etabo lic  s tud ies  w ith  Streplom yces rim o su s , isoleucine secretion  
has  been  observed in m edia  c o n ta in in g  th reon ine  [1, 2]. S tu dy ing  th e  secre­
tion of  isoleucine w ith  w ashed  m ycelia  we have found  t h a t  a -k e to b u ty r ic  acid, 
w h e th e r  added  to th e  m ed ium , or fo rm e d  from th reo n in e ,  increased ind u c t iv e ly  
th e  syn thes is  of enzym es which p a r t i c ip a te  in th e  b iosyn thes is  o f  va l ine  and  
isoleucine. The a c e to h y d ro x y  acid s y n th e ta s e  c o n te n t  of cells, th e  a m o u n t  of 
enzym e m easured  in to lu e n e - tre a te d  cells, was four t im es  h igher in the* induced 
cells th a n  in the contro l ones [2, 3]. M etabolic  s tud ies  h av e  shown th a t  th is  
induc tion  affects th e  m etabo lism  a n d  O xyte tracycline  p roduc tion  of th e  m icro­
organism  [2 , 4, 5].

T he  jire sent p a p e r  p resen ts  f u r t h e r  experim en ts  on the  regu la t ion  of 
va line  and  iso leucine m etabo lism  in Streplom yces rim osus.

M ateria ls  and  methods

C u l t i v a t i o n  o f  S t r e p l o m y c e s  r i m o s u s .  T he experim ents were carried out w ith  S tr e p to -  
m y c e s  r i m o s u s  BS 21/76 strain. Cultivation w as performed in m edia containing glycine-glucose, 
w hich was com plem ented w ith substances as ind icated  in the T ables and Figures. The sam ples 
were inoculated with a 5 per cent, 44-hour-old vegetative  inoculum  |6 |.

A s s a y  o f  e n z y m i c  a c t i v i t y .  The cells were washed twice w ith distilled water by centrif­
ugaiion  and suspended (6 — 8 mg/ml dry w e ig h t) in 0.4 /V/ phosphate buffer, p 11 7.6, contain­
ing 0.1 M  MgSO, and 100 f i g / m l  thiam ine pyrophosphate. The suspension was sonicated three 
tim es for three m inutes each at 0°C (Mulard son ic disintegrator, 20 000 КС, 50 soundw att), 
then the crude extract thus obtained was ge l-filtered  on Sephadex G 50 column equilibrated  
w ilh  the buffer solution used for sonication at 0°C, to rem ove the inhibitory effectors [7]. 
A cetohydroxy acid synthetase a ctiv ity  was estim a ted  according to U m b a r g e r  and B r o w n  [8], 
dihydroxy acid dehydration by the m ethod o f W i x o m  et al. [ 9 ] ,  w hile threonine deam inase
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w as assayed according to  Sz e n t ir m a i and H o rv á th  [10]. I f  threonine deam inase was also 
determ ined , sonication w as carried out in  the presence o f alum inium  oxide, to achieve solubili­
za tio n  of the enzym e [10]. E n zym e activ ities were assayed at 28°C, and sp ecific  activ ity  was 
d efin ed  in terms o f/tm o le  products formed in 1 hour per m g of protein. P rotein  concentration  
w a s estim ated by the m eth od  of L o w ry  et al. [11], w ith  crystalline serum  album in as the  
stan dard .

Chemicals. C om m ercia l p re p a ra tio n s  of re a g e n t g rad e  w ere used . a -/i-d i hydroxy-iso  v a le ­
ric  a c id  was sy n th esized  a cc o rd in g  to  th e  m e th o d  o f Sjo l a n d e r  e t al. [12].

R esu lts

I n  the course o f  c u l t iv a t io n  a c e to h y d ro x y  acid s y n th e ta s e  a c t iv i ty  was 
e s t im a te d  in th e  c ru d e  e x t r a c t s  gel-filtered on Sephadex  G-25. Following inoc­
u la t io n  the  specific a c t iv i t y  of  e x t ra c ts  increased  t ran s i to r i ly .  A similar phe-

Fig. 1. Enhanced sy n th esis o f acetohydroxy syn thetase  after inoculation; the effect of valine. 
T h e following additions were m ade to the glycine-glucose m edium  1: none; 2: 8 m M  L-valine; 

3: 8 m M  L -valine -j- 8 m M  L -leucine -f- 8 m M  L -isoleucine

n o m e n o n  was o b se rv ed  f i r s t  in  E . coli [8 ] a n d  la te r  in several o th e r  m icroorga­
n ism s  [13, 14, 15]. T h is  in i t ia l  increased  enzym e synthesis  was in fluenced on ly  
b y  va line  from am o n g  th e  b ra n c h e d  chain  am ino  acids. In  th e  presence of v a ­
l ine  the re  was an increase  in enzym e p ro d u c t io n  only d u r ing  enhanced  sy n th e ­
sis. This  effect of v a l in e  v a r ie d  considerab ly  from  ex p e r im e n t  to  experim ent,  
so m etim es  a 50 p e r  ce n t ,  in  o th e r  cases a five-fold  increase w as observed. T h e  
e n h a n c e d  enzyme sy n th e s is  w hich  followed inocu la t ion  w as in h ib i ted  b y  th e  
s im u ltaneous  presence  o f  all th ree  b ra n c h e d  cha in  am ino acids (Fig. 1).

I f  a -k e to b u ty r ic  ac id  was added  to  th e  m edia ,  th e  increase  in  enzym e s y n ­
th e s is  was cons ide rab ly  m ore  m a rk e d  th a n  in  th e  above  cases a n d  persis ted  
d u r in g  the  whole p e r io d  of  cu lt iv a t io n .  This  enhanc ing  effect o f  a -k e to b u ty r ic  
a c id  was no t  in f lu en ced  b y  isoleucine a n d  leucine, was p a r t ia l ly  repressed b y  
v a l in e ,  while com ple te  rep ress ion  could  be ach ieved  b y  th e  s im u ltaneous  a d d i ­
t i o n  of  b o th  leucine a n d  va line  (Fig. 2). As to  th e  in fluence  of  a -k e to b u ty r ic  
a c id  concen tra t ion  on  in d u c t io n ,  1 m M  h a d  a s ign if ican t effect, while the  m a x i ­
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m u m  effect A vas achieved b y  К) — 20 m M .  T hreonine  a n d  a -a m in o b u ty r ic  ac id  
also h a d  an in d uc tive  effect; th e  b reak d o w n  of th e se  led  to  a -k e to b u ty r ic  
acid, b u t  th e  induc tive  ab i l i ty  o f  th e  substances A vas w eak e r  th an  t h a t  o f  a- 
k e to b u ty r ie  ac id (Fig. 3).

Fig. 2. Inductive effect of a-ketobutyric acid. The following additions were made to the 
glycine-glucose medium. 1: 20 m M  a-ketobutyric acid; 2: 20 m M  a-ketobutyric acid -f- 8 m M  
L-leucine; 3: 20 m M  a-ketobutyric acid -|- 8 m M  L-valine; 4: 20 m M  a-ketobutyric acid -\~ 8 

mM  L -valine -f- 8 m M  L-leucine; 5: none

Fig. 3. In du ctive  effect of threonine and a-am inobutyric acid. The following additions were 
m ade to  the glycine-glucose m edium . 1: 20 m M  a-ketobutyric acid; 2: 10 m M  a -ketobutyric  
ас id; 3: 1 m M  a-ketobutvric acid; 4: 10 m M  L -a-am inobutyric acid; 5: 10 m M  L-thrconine;

6: none

In  th e  above  ex per im en ts  th e  effect of various su b s tan ces  was followed 
b y  th e  a id  of one enzym e, a -a c e to h y d ro x y  acitl sy n th e ta se .  In  fu r th e r  e x p e r i ­
m en ts  in e x t ra c ts  of po in ts  show ing  th e  g rea tes t  differences, th reon ine  d e a m i­
nase  a n d  d ih y d ro x y  acid d eh y d rase  ac tiv it ies  Avcrc also a ssayed , since these  
enzym es p a r t ic ip a te  in th e  syn thes is  o( isoleucine a n d  va line .  The specific a c ­
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t i v i t y  of  th reonine  d e a m in a se  d id  n o t  d e p e n d  on cu l t iv a t io n  conditions and  
a d d i t io n a l  subs tances  [ 1 0 ] while d ioxy  acid  deh y d rase  a c t iv i ty  changed  p a ra l ­
lel w i th  t h a t  of a - a c e to h y d ro x y  acid  s y n th e ta s e  (Table I).

Table I

The coordinalive character o f  changes in enzyme levels

A d d itio n

T h reo n in e  d e a m in a ­
se, /xmoles o f  a -k e to ­
b u ty r ic  ac id  h o u r -1  

p r o te in -  1

A ce to h y d ro x y  ac id  
sy n th e ta se , /xmoles 
o f  a -a c e to la c tic  acid  
h o u r-  1 p ro te in - 1

D ih y d ro x y  acid de­
h y d rase , jumoles of 
a -ke to isova leric  acid 
h o u r -1  p ro te in -1

— 2.75 0.58 0.15

8 m M  L-valine 2.45 0.85 0.17

20 m M  a-ketobutyric acid 2.55 3.30 0.50

20 m M  a-ketobutyric acid -f-

+  8 m M  L-valine 2.85 1.47 0.24

20 m M  a-ketobutyric acid +

+  8 m M  L-valine -f- 8 m M  L-leucine 2.36 0.34 10.0

The extract w as m ade from  24-hour-old cultures

I t  has been  sh o w n  in  several m icroorgan ism s t h a t  a c e to h y d ro x y  acid 
sy n th e ta se ,  the  e n z y m e  ca ta lyz ing  th e  f i r s t  com m on step  o f  valine-isoleucine 
b iosyn thes is ,  is in h ib i te d  b y  valine [8 , 13, 14, 15, 16]. In  ou r  f i r s t  experim ents  
w i th  to lu en e - trea ted  cells va line  failed to  cause  inh ib it ion  [2, 3]. In  th e  presen t 
ex p e r im en ts ,  how ever ,  in  e x t ra c ts  t r e a te d  w i th  S ephadex  G —'25 inh ib ition  b y  
v a l in e  was observab le ,  b u t  th e  ex ten t  o f  inh ib i t io n  never  exceeded  50 per  cent 
(F ig .  4).

T he  degree o f  in h ib i t io n  dep en d ed  on th e  su b s t ra te  concen tra t io n .

Fig.  4. Inhibition by L -valin e of acetohydroxy acid synthetase. 1: substrate concentration, 
3 .10~ 2M  p yruvate; 2: substrate concentration, lO^'iVf pyruvate
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D iscussion

I t  has been shown w ith  w ashed  m ycelia  of Streptom yces rim osus  t h a t  
a -k e to b u ty r ic  acid caused  an  in d u c t iv e  increase in th e  a m o u n t  of  enzym es  
p a r t ic ip a t in g  in th e  b iosyn thes is  of v a l ine  a n d  isoleucine. W i th  m ycelia  g row n 
in m ed ia  con ta in ing  glycine, ch lo ram phen ico l  inh ib ited  th e  secretion  o f  iso leu ­
cine, while w ith  mycelia grown in th re o n in e  con ta in ing  m ed ia ,  ch lo ra m p h e n i­
col was ineffective, and  p ro d u c t io n  of v a l in e  from  p y ru v ic  acid  could  even  be 
obse rved  in th e  presence of  ch lo ram phen ico l  w ith  m ycelia  grown in m ed ia  
c o n ta in in g  th reon ine  [2, 3]. As a c o n t in u a t io n  of these  e x p e r im en ts  we h a v e  
a t t e m p te d  to  e s t im ate  th e  a c e to h y d ro x y  ac id  sy n th e ta se  a c t iv i ty  w i th  w a sh e d  
to lu e n e - t re a te d  mycelia, th e  results  o b ta in e d  were n o t  equivocal.  T h e  f i la ­
m e n to u s  g row th  of Streptom yces rim osus  was th e  source of  several e rro rs .  
In  th e  possession of source experience ga in ed  in  exp er im en ts  w ith  b a c te r ia  [14, 
15], we reassum ed  th e  ex per im en ts  w i th  Streptom yces rim osus  th e  re su l t  o f  
which was as follows.

T h e  spon taneous  a n d  t r a n s i to ry  e n h a n c e m en t  of en zy m e  sy n th es is  in 
Streptom yces rim osus following in ocu la t ion  was similar to  t h a t  in o th e r  m ic ro ­
organ ism s [8 , 13, 14, 15]. This  explains  w h y  we could n o t  o b ta in  re liab le  d a t a  
in ex per im en ts  w ith  w ashed  mycelia. T h e  different degree of s p o n ta n e o u s  
increase was p a r t ly  or com ple te ly  m ask in g  th e  in d uc tive  effect of a -k e to b u ty r ic  
acid w ith in  th e  short  ex p er im en ta l  per iod . T he  effect of b ra n ch ed -ch a in  am in o  
acids on spon taneous  increase was ex am in ed .  I t  was found  t h a t  valine increased  
th e  t ra n s i to r i ly  enhanced  syn thes is  w hich  var ied  considerab ly  from e x p e r im e n t  
to  ex per im en t.  This t r a n s i to ry  increase  in enzym e a c t iv i ty  did n o t  le ad  to  
isoleucine secretion even in th e  p resence  of  valine, in c o n t r a s t  to  in d u c t io n  
w ith  a -k e to b u ty r ic  acid. A s im ilar sp o n ta n e o u s  increase a n d  valine-effect could  
he observed  w ith  Streptom yces fra d ia e  [ 1 7 ] ,which also failed to  cause isoleucine 
se c re t io n .

In  th e  above sp on taneous  increase a decisive role m u s t  have  been p lay ed  
b y  th e  endogenous pool of b ran ch ed -ch a in  am ino acids d e te rm in ed  by th e  ra te  
of syn thes is ,  b reakdow n a n d  u ti l iza t ion .  This  hypo thes is  is su p p o r te d  b y  our 
o b se rv a t io n  t h a t  th e  s im u ltaneous  a d d i t io n  to  th e  m edia  of th e  th ree  a m in o  
acids com ple te ly  inh ib ited  th e  sp o n tan eo u s  rise. T he  b iosyn thes is  of b ra n c h e d -  
chain  am ino  acids is know n to have  th r e e  com m on s teps,  and  th u s  in th e  
regu la t ion  of b iosynthesis  th e  re g u la t in g  sys tem  should  con tro l  n o t  on ly  th e  
fun c t io n in g  of enzymes, th ro u g h  in f luenc ing  th e  enzym e ac tion  or sy n th es is ,  
b u t  also th e  ap p ro p r ia te  p ro p o r t io n  o f  th e  synthesis . This m u lt ip le  re g u la t io n  
sy s tem  p ro b ab ly  loses its equ ilib rium  a f te r  inocula tion  resu l t in g  in th e  s p o n ­
tan eo u s  increase of the  enzym e level.

T he  enhancing  effect of valine on t h e  spon taneous  increase  of th e  en zy m e  
level can  be in te rp re ted  in l igh t of th e  re su l ts  o b ta ined  in ou r  ex p e r im en ts  w ith
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M ycobacterium  pellegrino  [15]. In  th is  m ic roo rgan ism  th e  effect of va line  is 
m u c h  more p ro n o u n c e d ,  i t  prevails for a longer  period, a n d  can he elicited a t  
a n y  s tage  of g row th . T h e  effect of valine can  be exp la ined  h y  th e  fac t  t h a t  th e  
f i r s t  com m on en zy m e  of th e  b iosynthesis  is in tense ly  in h ib i ted  by  valine. In  
t h e  case of Streptom yces rim osus  the  increase  in  enzym e syn thes is  can be c o n ­
ce iv e d  on the  basis  o f  a s im ilar m echan ism , since th e  f i r s t  com m on enzym e 
o f  t h e  b iosynthesis  in  th i s  case is also sens itive  to  valine. T h e  e x te n t  of in h ib i ­
t i o n  achieved b y  v a l in e  in  th e  crude e x t r a c t  d id  n o t  exceed 50 per  cen t w hich  
c o u ld  be a t ta in e d  a t  low  va line  concen tra t ions .  This  m a y  p re su m ab ly  be d u e  
to  t h e  fac t  t h a t  th e  s e n s i t iv i ty  to  valine o f  t h e  enzym e decreases in th e  course  
o f  p rep a ra t io n .  T h e  q u e s t io n  obviously arises w h y  th is  effect of va line  is on ly  
t r a n s i e n t .  In  th e  re g u la t io n  of enzyme sy n th es is ,  in  add i t io n  to  th e  endogeneous 
poo l  de te rm ined  b y  sy n th es is ,  b reak d o w n  a n d  u ti l iza t ion ,  th e  s ta te  of th e  
e n z y m e  m igh t also h a v e  a regu la to ry  role, as i t  has  been p ro v e d  in  th e  case of  
P seudom onas aeruginosa  [7, 18, 19]. W e h a v e  show n w i th  Pseudom onas aerugi­
nosa  t h a t  the  enzym e is p re se n t  in the  cell in  tw o  s ta te s ,  one of which is sensi­
t i v e ,  while the  o th e r  in sens i t ive  to valine. T h ese  tw o s ta te s  can revers ib ly  be  
t r a n s fo rm e d  in to  each  o th e r .  Valine p ro m o te s  th e  fo rm a tio n  of th e  sensitive 
fo rm ,  while p y r u v a te  t h a t  of the  insens itive  form . I f  we deal w ith  a sim ilar  
s y s te m  in Streptom yces rim osus, it appears  p ro b a b le  t h a t  in th e  early  stages ol 
g ro w th  a t  a low m e ta b o l ic  ra te  the  p y r u v a te  is un ab le  to  ex e r t  a n y  effect a n d  
t h e  valine-sensitive  fo rm  predom ina tes ,  b u t  w i th  th e  increase  of the  m etabo lic  
r a t e  sufficient a m o u n ts  o f  p y ru v a te  are p ro d u c e d  to  co u n te ra c t  the  effect 
o f  valine.

T he  indu c t iv e  e ffec t o f  a -k e to b u ty r ic  ac id  could be observed  so far  on ly  
in ti l  e case of Strep tom yces rimosus. As to  th e  m echan ism  of th is  in duc tion  
in fe rences  can be m a d e  f rom  the  facts  t h a t  v a l in e  causes a p a r t ia l ,  and  valine-)- l e u ­
c ine  a complete, rep ress io n .  On this basis i t  m a y  be a ssu m ed  t h a t  th e  cause of 
e n h a n c e d  enzyme sy n th e s is  is the  lack of b o th  valine a n d  leucine, th a t  b rings 
a b o u t  a derepressed s t a t e .  I n  M ycobacterium  pellegrino  t h e  derepressed s ta te  
c o u ld  be achieved b y  t h e  add i t io n  of va l ine  [15], since th e  ac t ion  of th e  f irs t  
e n z y m e  of th e  b io sy n th e s is  is s trongly  in h ib i te d  b y  valine .

W ag ne r  et al. [20] s tu d ied  in a cell-free sys tem  of N eurospora crassa t h e  
sy n th es is  of valine a n d  isoleucine from th e  co rrespond ing  ke toac ids .  T hey  h a v e  
s h o w n  th a t  th e  s u b s t r a t e  a ff in i ty  of a c e to h y d ro x y  acid sy n th e ta se  plays an 
im p o r t a n t  role in co n tro l l in g  the  ra t io  of  v a l ine  and  isoleucine p ro duc tion .  
O n  th is  basis it  m a y  b e  assum ed  th a t  in th e  case of Streptom yces rim osus, in 
one  o f  the  steps of th e  tw o -s te p  condensation re ac t io n  th e  a f f in i ty  of a -k e to b u ty r ic  
ac id  is so s trong as c o m p a re d  to  t h a t  of p y r u v a te  t h a t  i t  resu lts  in a lack  of 
v a l in e  and  leucine.
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“EARLY, NON-VIRION” ANTIGENS IN HERPES 
SIMPLEX VIRUS INFECTED TISSUE CULTURE CELLS

I. DETECTIO N OF “ E A R L Y ” A N T IG E N S W ITH COM PLEM ENT F IX A T IO N  TE ST

B y

L . G é d e r , L . V á c z i , E v a  G ö n c z ö l , E n ik ő  J e n e y  and F .  L e h e l  

Institute o f  Microbiology (Director: L. VácziJ, University Medical School, Debrecen

(R eceived A u gust 10, 1966)

Summary. It has been shown by com plem ent fixation  test th at in BS-C-1, hum an  
em bryonic fibroblast, and H eLa cells in fected  w ith  m ultip licity  o f 1 - 8  T C D 50 per cell o f 
Herpes sim plex virus (H SV) there is a production o f a virus specific, early antigen com ponent. 
Its production is not inhibited by the presence o f 10/tg/m l of cytosine arabinoside. The antigen  
is heat labile, ether labile, sensitive to repeated freezing and thaw ing, and is not sed im ented  by  
centrifugation at 100 000 g for l hour.

3 of 8 HSV im m une rabbit sera reacted w ith  the early com ponent, but there w as no 
correlation between the anti-early and anti-viral CF antibody titres. N one of 6 hum an co n v a ­
lescent sera reacted w ith the early antigen in  d ilution  of 1 : 4 or higher.

In  recen t  years  experim en ta l  cancers  have been p roduced  w ith  ce r ta in  
D N A  viruses [1 — 4], w hich  un d er  n a tu r a l  conditions ex is t  in mice, m o n k ey s  
a n d  h u m a n  beings, and produce e i th e r  no recognizable disease, or only m ild  
illn ess. These viruses m u lt ip ly  in cer ta in  n o rm a l  tissue cu l tu re  cells w ith  d e s t r u c ­
t ive  effect, and  p rio r  to  th e  onset of v ira l  D N A  synthesis  th e re  appears  in th e  
cells a new an tigen ic  com ponen t,  id e n t ic a l  w ith  th e  specific  an tigen  p re se n t  
in th e  tu m o u r  cells caused  hy  th e  s a m e  virus.

On th e  hasis of these  f indings inc reased  a t te n t io n  has been focussed  on 
th e  e v en tu a l  role of h u m a n  DNA v iru ses  in h u m an  cancerogenesis. U n ti l  now  
ex p e r im en ts  have  failed to  d e tec t  a specific  an tigen  in h u m a n  tu m o u rs .  T h is  
m igh t  h ave  been due to  th e  small a m o u n t  of an tigens  p re se n t  in th e  t u m o u r  
cells a n d /o r  to  th e  m e th o d s  being u n s u i ta b le  for de tec t in g  such  an tigens.

As one of th e  new  approaches  i t  has  been s tud ied  w h e th e r  sera of h u m a n s  
w ith  m alignancies  con ta in  an tibod ies  a g a in s t  th e  ear ly  an tigens  p r e s e n t  in 
no rm a l  tissue cu ltu re  cells infec ted  w i th  d ifferen t h u m a n  D N A  viruses, th u s  
t ry in g  to  d e tec t  th e  v ira l  aetio logy of ce r ta in  h u m a n  tu m o u rs  [5].

As a f irs t  s tep  in th is  research  we h ave  d e tec ted  th e  “ ea r ly”  an t ig en  in 
th e  e x t ra c t  of H erpes sim plex  v irus  in fec ted  tissue cu l tu re  cells, a n d  h a v e  
d e te rm in e d  cer ta in  charac ter is t ics  o f  th is  com ponen t.

Acta Microbiologica Academiae Scientiarurn H ungáriáié 13 ( 1966/1067)



358 L. CÉDER el al.

M aterials and m ethod s

Tissue cultures used fo r  the preparation o f  antigens.  B S - C - 1  stab le line of Cercopithecus 
m o n k ey  kidney cells (k ind ly  supplied by Dr. A .  B .  S a b i n ) .  The cultures were grown in 1 liter  
R o u x  bottles by p lating abou t 107 trypsinized cells in  80 m l of m edium  No. 199 (0.125 per 
cen t N a H C 0 3), containing 0.1 per cent yeastolate and 20 per cent foetal ca lf serum. The m edium  
w as changed 2 and 5 days after plating.

H eLa cell line w as grown in 1 liter R oux b o ttles. 3 X  106 trypsin ized cells were p lated  in  
one bottle , in  80 ml of m edium  N o. 199 (0.125 per cen t N a H C 0 3) containing 10 per cent bovine  
serum . The medium w as changed on the 7th day after plating.

Hum an em bryonic fibrob last tissue culture w as prepared from 4 — 6 week old em bryos 
w ith  trypsinization as described previously [6]. Secondary tissue cultures were used for the  
preparation  of antigens. 107 trypsinized cells were added to 1 liter R ou x  bottles in 80 ml of  
m edium  No. 199 (0.125 per cen t N aH C 03) w ith  10 per cent bovine serum . The m edium  w as 
changed  on the 2nd day  for th e  same m edium  w ith  0.25 per cent N a H C 0 3 content.

Virus strain used  w as H S V —“ OS” in passages 133 — 137. This is a syncitium -form ing  
strain  isolated from the vesicle  flu id  of a patient w ith  sim ple labial herpes and m aintained by  
p assages on human em bryonic fibroblast tissue cultures. Its in fective  titre was 106-5—106,75 
T C D 50 per ml.

Preparation o f  C F  antigens.  The tissue cultures were washed three tim es w ith  pH  7.2 
ph osp h ate  buffer so lution  w hen  dense cell sheets had form ed. Herpes sim plex virus suspension  
w as added in different am oun ts in  different experim en ts, the m ultip lic ity  ranging from 0.2 to  
8 T C D 50 per cell. In ocu lated  tissue cultures were incubated  at -j- 37°C for 1 hour, then the  
inocu lum  was poured o ff and the cell sheets were w ashed  three tim es w ith  B asal M edium (E agle) 
(B M E ) (0.125 per cent N a H C 0 3) w ithout serum or phenol red, to rem ove unadsorbed viruses. 
80 m l of BS-C-1 m aintenance medium consisting o f M edium No. 199 and 2 per cent ca lf  
serum  (0.25 per cent N a H C 0 3) was added per b o ttle . The early antigen w as prepared after  
5 1/2 hours of incubation , the “ viral” antigen after 15 hours of incubation  at + 3 7 ° C .

The medium w as poured off and discarded. The cell sheets were washed three tim es  
w ith  BM E (0.125 per cen t N a IIC 0 3) w ithout serum  or phenol red. Cells were scraped off w ith  
“ rubber policem an” in to  B M E . The cell suspension w as centrifuged at 2500 r. p. m. for 5 
m in u tes. The supernatant w as discarded, the sed im en t resuspended in BM E, and centrifuged  
again . The procedure w as rep eated  once. The fin a l sedim ent was w eighed, and a 10 per cent 
suspension  was prepared in BM E . Cells were disrupted b y  freezing and thaw ing four tim es at 
— 78°C in a REVCO ultra-low -tem perature cabinet. O ccasionally the 10 per cent suspension  
w as centrifuged at 100 000 g  for one hour, and the sed im ent w as resuspended to original volum e  
in  BM E . The upper and low er halves of the supern atant and the reconstitu ted  sedim ent were 
sa ved  separately.

C F  test was carried out in  precipitating tu b es in  a total am ount of 0.5 ml. 1.5 un its o f  
com plem ent were used. B efore use, the dose of com plem ent was determ ined in  the presence of  
th e  com ponents used in  th e  test.

Cytosine arabinoside  w as added at a concentration  of 10 fig per m l to the tissue culture  
m edium  which was added to th e  HSV inoculated tissu e  cultures as m aintenance m edium  after  
th e  1 hour adsorption period to  detect the effect on th e  developm ent o f the “ early” antigen in  
H SV  infected cells. The com pound was stored as 1 m g/m l stock solution  in m edium  No. 199 in  
th e  dark at — 78°C.

Determination o f  ether sensit ivity.  T w enty per cen t of ethyl ether w as added to the a n ti­
gen , k ep t at 4 -4 °C overn igh t w ith  repeated shaking. N e x t  day it  was centrifuged at 2500 r. p.m . 
for 10 m inutes. The low er clear layer was rem oved, p u t into  an Erlenm eyer flask  covered w ith  
gauze , and evaporated a t -j-37°C for 10 m inutes. A fter shaking for 10 m inutes at room tem pera­
ture it  was stored at — 78°C u n til use. The control antigen  suspension was kept under the sam e  
conditions.

Heat stability test. A n tig en  was kept at 56°C, and other sam ples were boiled at 100°C in  
a water bath for 30 m inutes.

Repeated freezing and thawing. An aliquot o f an tigen  was frozen ten  tim es at — 78°C in a 
REVCO  cabinet and thaw ed  under running tap w ater.

R esu lts

Selection o f  H erpes sim plex im m une rabbit sera reacting w ith H S V -e a r ly  
a n tig en . S a b i n  has show n  [5, 7] t h a t  som e A frican  green m onkeys  in o cu la ted
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w ith  massive dose of SV-40 v iru s  developed an tibod ies  n o t  only a g a in s t  the  
v ira l  an tigens  h u t  also ag a in s t  th e  “ ea r ly” , “ tu m o u r- l ik e ”  an tigens  w h ich  are 
p resen t  in th e  SV-40 tu m o u r  cells and  also in no rm a l  t issue  c u l tu re  cells 
ea r ly  a f te r  inoculation . On th e  hasis  of these  resu lts  we have  a t t e m p te d  to  
f ind  H SV -im m une ra b b i t  se ra  w hich  would reac t  w i th  h o th  “ e a r ly ”  an d  
“ v ira l”  H SV -antigens, and  sera  w h ich  would only re a c t  w ith  v ira l  co m p o n en ts .  
T h e  use of b o th  k inds of im m u n e  sera  allows th e  de tec t io n  o f  “ ea r ly ”  an tigens  
in  HSV infected  cells.

F o r  th e  selection of a n t i - “ e a r ly -an t ig en ”  im m u n e  r a b b i t  sera we have  
p re p a re d  ou r  f i r s t  early  an t ig en  5 1/2 hours a f te r  inocu la t ion  of BS-C-1 t issue 
cu l tu re  cells (see Methods). To e l im in a te  th e  v ira l par t ic les  still p re se n t  in  th e  
suspension, th e  antigens were  cen tr ifuged  a t  1 0 0  0 0 0  g /1 hr.  a n d  b o th  th e  
sed im en t  ( reco n s t i tu ted  to th e  o r ig ina l  volume) and th e  s u p e r n a ta n t  w ere  saved  
a n d  te s te d  separa te ly .  The v i ra l  an tigens  were p rep a red  sim ilarly , 15 h rs  a f te r  
inocula tion .

Table I

Complement f ix ing  antibody titres o f  HSV-immune rabbit sera 
against IISV/BS-C-1 “‘‘early” and “viral” antigens o f  3 — 8 66

CF antibody titres  against 10 per cent antigen suspensions

BS-C-1 control 100,000 I HSV/BS-C-1 “ early" 
g/1 h r I 100,000 g/1 hr

HSV/BS-C-1
“ viral” 

100,000 g/l hr

Supernatant Sedim ent
S upernatant 

1 unit
Sediment 

1 unit
S upernatant 

1 un it
Sediment 

1 unit

R No. 6 < 4 < 4 < 4 < 4 16(32) 16(32)

R No. 4 < 4 < 4 8(16) 4(8) 16(32) 16(32)

R No. 12 < 4 < 4 < 4 < 4

V

4

It No. 22 5 4 5 4 (4) 5 4 5 4 5 4

Accord ing  to  the  d a ta  of  T ab le  I , two of four HSV im m u n e  r a b b i t  sera  
R  No. 4, and R No. 6  were id e n t ic a l  in an ti-v ira l  a n t ib o d y  t i t re .  On th e  o th e r  
h a n d  R No. 6  did no t reac t  w i th  th e  early  e x t ra c t  of H SV  in fec ted  cells, while 
R No. 4 rea c te d  w ith  th is  c o m p o n e n t  a t  a lower t i t r e  t h a n  w ith  th e  v ira l  
ones. T h e  early  s u p e rn a ta n t  h a d  no  in fec t iv i ty  w hen t i t r a t e d  on h u m a n  e m b r y ­
onic t issue cu ltu re ,  while th e  e a r ly  sed im en t showed a n  in fec t iv i ty  o f  1 0 1'3 

T C D S0 p e r  0 .1  ml of 10  per c e n t  hom ogenate .
R No. 22 se rum  reac ted  w i th  th e  BS-C-1 con tro l  an t ig en ,  while R  No. 

1 2  se rum  reac ted  w ith  th e  v ira l  a n t ig e n  a t  a ve ry  low t i t r e  a n d  fa iled  to  re a c t  
w ith  th e  early  com ponent.
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The effect o f  cytosine arahinoside on the fo rm a tio n  o f  “ early”  antigen in  
H S V  infected cells. To asce r ta in  th a t  th e  c o m p o n en t  p re se n t  in th e  early  
e x t r a c t  of HSV in fec ted  cells is an early  a n t ig e n  which is fo rm ed  before viral 
D N A  has been s y n th e t iz e d ,  we have te s te d  th e  R  No. 6  a n d  R  No. 4 ra b b i t  
s e ra  ag a in s t  an tigens p re p a re d  from HSV in fec ted  tissue cu ltu res  which were 
i n c u b a te d  in th e  presence  o f  10  pg  per ml of  cy tosine  arab inoside .

According to  th e  d a t a  of Tahié  I I ,  t h e  presence of  cy tos ine  arabinoside 
d id  n o t  inhibit  th e  fo rm a t io n  of the  “ e a r ly ”  an tigen , th u s  p rov ing  its non ­
v i r io n  n a tu re .  The fo rm a t io n  of  viral co m p o n en ts  was in h ib i ted  even 15 hours 
a f t e r  inoculation , as in d ic a te d  b y  the  lack of  r e a c t iv i ty  w ith  th e  15 hou r  an tigen  
p r e p a r e d  in the  presence  o f  cytosine a rab inos ide  of serum  R No. 6 .

Table II

Effect o f  10 /ig/ml o f  cytosine arabinoside on the formation of "early" and "viral" antigens in H S V .
inoculated BS-C-1 continuous cell line

Complement-fixing antibody titres against 10 эег cent antigens of 4/20/66

Serum BS-C-1 con­
trol 100,000 g/1 
hr supernatant

HSV/BS-C-1 “ 0” 
time* 100,000 g/1 hr 

su p ern a tan t

HSV/BS-C-1** 
“ early”  w ith CA+ 

100,000 g/1 hr 
supernatant 

1 un it

HSV/BS-C-1*** 
“ late”  w ith CA+ 
100,000 g/1 h r 

supernatant 
1 unit

HSV/BS C-I***
“ viral” 

100,000 g/1 hr 
supernatant 

1 unit

R N o. 4 < 4 (4) 8(16) 8(16) 16(32)

R N o. 6 < 4 < 4 < 4 < 4 16(32)

*“0” time antigen w as prepared at the end of the incubation period after inoculation 
w ith HSV, before cytosine arabinose had been added.

**5 1/2 hours after inoculation .
***15 hours after inoculation .
4 Cytosine arabinoside.

Data o f d ifferen t batches o f  10 per cent H S V -e a r ly  antigen. Using sera 
R  No. 4 and  R No. 6 , we h ave  tes ted  8  d if fe ren t  an tigen  p re p a ra t io n s  for the  
p re sen ce  of “ ea r ly”  co m p o n en ts  in RS-C-1, h u m a n  em b ry o n ic  f ib rob las t  
a n d  H eL a  tissue cu l tu re s  (Table I I I ) .

All the  p re p a ra t io n s  b u t  twro co n ta in ed  th e  “ e a r ly ”  an tigen  a t  a low 
c o n c e n tra t io n  in th e  1 ()(),()()() g  su p e rn a tan ts .  Tw o, no t u l t racen tr i fu g ed  p re p a ­
ra t io n s ,  labelled as 3 — 31 — 6 6  and 5 — 18 — 6 6 , con ta ined  so m ew h a t  more of 
t h e  an tigen . One of th e se  p rep a ra t io n s ,  w h ich  d id  n o t  con ta in  th e  early  com po­
n e n t ,  was made in P R S  in s te a d  of BM E (labelled  as 5 — 4 — 6 6 ). The o ther  
w as  p rep a red  from a t is sue  cu ltu re  inocu la ted  w ith  only 0.2 T C D 30 per cell, an 
a m o u n t  p robab ly  too  low  fo r  th e  p roduc tion  of th e  early  c o m p o n en t  in d e te c t ­
a b le  am ounts .

The reactivity o f  I I S  V  im m une rabbit and  hum an sera w ith ‘■'■early''’ and  
‘■‘■viral" antigens. A m ong  8  HSV im m une  r a b b i t  sera 3 rea c te d  w ith  th e  early
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Table III

Data of 10 per cent “early" antigens prepared from HSV-infecled tissue culture cells

Antigen
HSV strain Inoculum Tissue culture

CF “ early” antigen titre  when tested w ith rab b it N о 
4 serum  (2u. of antibodies) in

used for 
inoculation

TCD../C.1I used for prepa­
ration 100,000 g/1 hr 

supernatant
100,000 g l  1 hr 

sediment
not u ltra- 
centrifuged

3— 8 - 6 6 IISV OS 1 BS-C-I u n d .“  (2) und . (2) N. T .‘ “

3 - 2 9  66 HSV OS 8 H um an
em bryonic
fibroblast

und . und . N. T.

3 - 3 1 - 6 6 H S V -O S 7 BS-C-l N. T. N. T. und .

■1 20 66 HSV OS 6 BS-C-I und . und . N. T.

5 — 4 — 66* HSV OS 1 BS-C-l - — N. T.

cc7in IISV OS 1 BS-C-I N. T. N . T. 2 (4)

5 27 66 HSV OS ] He La und. N. T. N . T.

6 3 66 H SV- OS 0.2 BS-C-l - N. T.

‘ Antigen suspended in PBS instead o f BME 
“ undiluted 

‘ “ not tested

an t ig en .  None of 6  h u m a n  convalescen t  sera reac ted  w ith  th e  early  co m p o n en t  
in d ilu tions  1 : 4 o r  h igher in c o m p le m e n t  f ixa t ion  te s t  (Tahié  IV).

Effect o f heat, repeated freezing  and thaw ing, ether and storage, on the 
H S V -e a r ly  antigen. W e have found  t h a t  th e  early  an tigen  is h e a t  labile, e th e r  
sens i t ive ,  and it is des troyed  by r e p e a te d  freezing and th aw ing .  I t  is n o t  in ju red  
b y  60 days  of s to rage  a t  —78°C. A t  le a s t  some p a r t  o f  it  is soluble, as it  is n o t  
sed im en ted  by  100 000 g c en tr ifuga tion  for 1 hou r  (Table  V).

D iscu ssion

O ur find ing  concerning the p re sen ce  of  “ ea r ly” , “ non -v ir ion”  an t ig en s  
in 11SV infected n o rm a l  tissue c u l tu re  cells are in ag reem en t  w ith  th e  resu lts  
o f  S h e d d e n , W a t s o n  and W i l d y  [ 8 ] .  These  au th o rs  have  used th e  gel d if fu ­
sion tech n iq u e  in s tead  of CF, and h a v e  p re p a re d  th e ir  an tigens  12 hours a f te r  
inocu la t ion  with high m ult ip l ic i ty  o f  v irus  (10 P. F .  U. p e r  cell).

T he  lac t  t h a t  cells exposed to  cy tos ine  arab inoside  sy n th e t ize  th e  ea r ly  
c o m p o n e n t  confirm s t h a t  the  c o m p o n e n t  is p roduced  b y  th e  in fected  cell
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Tabic IV

Anti-early  and anti-viral C F  antibody titre o f  different 
HSV-immune human and rabbit sera

C F  a n tib o d y  t i t re a g a in s t an tigens

Serum H S V /ea rly  10 p e r  cen t 
100 000 g/1 h r  

s u p e rn a ta n t  1 u n i t

I IS  V /v ira l 10 p e r  ce n t
100 0 0 0 g /l h r 

sed im en t 1 u n it

* к. K. < 4 8

« K. Sz. < 4 8

a B - < 4 32

я T. E. < 4 8

s  S. B. < 4 8

К M. < 4 4

R  No. 4. 8(16) 16(32)

я R  No. 6 < 4 16(32)

« R  No. 11 < 4 ï>4

R  No. 104-> < 4
£  R No. 5 4 ^ 4

л  R  No. 34 < 4 8(16)

R  N o. 37 < 4 5 4

R  No. 555 8(16) 16(32)

Table V

Effect o f  heat, repeated freezing and thawing, and ether, on the H SV /B S-C -l  ‘’‘’early” 10 per cent
antigen o f  5 —18 —66

A n tib o d y  u n its C F  a n tig e n ic  u n its  in  p rep a ra tio n s t re a te d

S eru m  used  
fo r te s t A n t i - “ ear-

ly” A n ti-v ira l
56°C  

30 m in .
100°C

20 m in.

F rozen  
an d  th aw ed  

te n  
tim es

E th e r

U n tre a te d
co n tro l

R abbit No. 555 2 4 — - (und.)* — 4

R abbit No. 6 0 4 — — — — —

■“undiluted

b efore v ira l D N A  h as been  sy n th e t iz e d . R a p p  e t  al. [9] arrived  a t th e  sam e  
resu lt w ith  th e  p ro d u ctio n  of “ tu m o u r -lik e ”  a n tig en  in SV-40 in fected  t issu e  
cu ltu re  cells.

T he p ro p e r t ie s  o f  our “ e a r ly ”  a n t ig e n  are v e ry  s im ilar  to  those  of SV-40 
tu m o u r  and  tu m o u r - l ik e  an tigens [10]. I t  is h e a t  labile, e th e r  sensitive, sensi­
t iv e  to  r e p e a te d  freezing  and  th a w in g ,  a n d  i t  rem ains  a t  leas t  p a r t ly  in th e
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s u p e r n a ta n t  a f te r  cen tr ifuga tion  a t  100 000 g  for 1 hour.  In  ag reem en t  w i th  
th e  resu lts  o f  S i i e d d e n  et al. [8 ] i t  consists  o f  severa l d is t inc t  co m p o n en ts ,  as 
no t  only  th e  1 0 0  0 0 0  g  s u p e rn a ta n t ,  h u t  also th e  recons ti tu ted  s e d im e n t  
reac ted  w ith  o u r  in d ica to r  serum  R  No. 4 (Tahié  I).

W e failed to  f ind  a correla tion  b e tw een  th e  a n t iv ira l  and  a n t i - e a r ly  
a n t ib o d y  t i t r e  of th e  ra b b i t  sera, th o u g h  th e  an t i -e a r ly  t i t re  was a lw ays low er  
th a n  the  fo rm er  one.

T h e  fa c t  t h a t  some HSV im m u n e  r a b b i t  sera  re a c t  w ith  the  ear ly  a n t ig e n  
is in a g reem en t  w ith  S a b i n ’s find ing  concern ing  th e  sera of some A frican  green  
m onkeys  in o c u la te d  w ith  a massive dose of  SV-40 v irus  [5]. These p h e n o m e n a  
call for a s tu d y  w ith  different m e th o d s  of  h u m a n  H SV -convalescent se ra  for  
the  p resence  of an ti-ea r ly  an tibod ies ,  before  sera  of p a t ie n ts  w ith  m a lig n an c ies  
are te s ted  ag a in s t  th e  “ ear ly”  an tigens  p ro d u ced  b y  differen t k inds of h u m a n  
R N A  virus.
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“EARLY, NON-VIRION” ANTIGENS IN HERPES 
SIMPLEX VIRUS INFECTED TISSUE CULTURE CELLS

II. IN T R A C E L L U L A R  LO CALIZATION OF “ E A R L Y ” A N T IG E N  W IT H  
IN D IR E C T  IM M U N O FL U O R E SC E N C E  T E C H N IQ U E
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L. G é d e r , L. V á c z i , E n i k ő  J e n e y , É v a  G ö n c z ö l  and F . L e h e l

Institute o f  Microbiology (Director : L. VÁczi^), University  Medical School,
Debrecen

(R eceived  Septem ber 1, 1966)

Summary. Production of a virus specific  “ early” antigen com ponent localized  in the 
nucleus, especially at its periphery, has been shown im m unofluorescence in BS-C-1 and 
chicken em bryonic fibroblast cells, 5 1/2 and 8 hours after infection w ith Herpes sim plex virus 
(m ultip lic ity  o f 4.5 TC D 60). Production o f the antigenic com ponent was not inh ib ited  by 10/tg 
per m l of cytosine arabinoside.

Virus-specific  an tigens in t u m o u r  cells and  in n o rm a l  ones su b je c te d  to 
ly tic  infection  b y  SV-40, adeno-12  and  polyom a v iruses m a y  be d e te c te d  n o t  
on ly  b y  tb c  com plem ent f ix a t io n  (CF) reaction  b u t  also by  th e  f lu o re scen t  
a n t ib o d y  (FA) techn ique  [1 — 7].

On th e  basis  of p rev ious  re su l ts  [8 ], we h av e  a t t e m p te d  to  localize th e  
“ e a r ly ”  an t ig en  presen t in t is sue  cu l tu re  cells in fected  with H erpes  s im plex  
v iru s  (11SV), using H S V -im m une ra b b i t  sera and  th e  ind irec t  im m u n flu o re s-  
cenee tech n iq u e .

M a t e r i a l s  a n d  m e t h o d s

Tissue cultures. (1) BS-C-1 stab le line of Cercopithecus m onkey kidney cells was as 
described previously [8]. 7.5 X lO 5 cells were added per coverslip-tube in 2 ml o f M edium  
BS-C-1 growth. (2) Chicken em bryonic fibroblast tissue culture was prepared from  9 — 10 
days old chicken em bryos w ith trypsin ization  according to the m ethod used for preparation  
of hum an em bryonic tissue cultures as described previously [9]. 10° cells were added to 1 cover- 
slip-lube in 2 ml of Medium No 199 (0.125 per cent N a H C 0 3) w ith 10 per cent bovine serum.

Slightly  confluent growth was form ed 2 days after p lating, in both tissue cultures 
inoculated w ith IISV.

Virus strain was the sam e as used previously |8 |.
Inoculation. Tissue cultures were washed 3 tim es w ith pH 7.2 phosphate buffer solution . 

HSV suspension was added to get a m ultip lic ity  of 4.5 TCD )0 per cell. Inoculated  tissue cultures 
were incubated at 37°C for 30 m inutes, then the inoculum  was poured off to rem ove unadsorb­
ed viruses and the cell sheets were washed 3 tim es with Basal Medium Eagle (BM E) (0.125 per 
cent N a H C 0 3) w ithout serum or phenol red. 2.5 ml o f BS-C-1 m aintenance m edium  (M edium  
No 199 w ith 2 per cent bovine serum , and 0.25 per cent N a H C 0 3) containing 10 fig per m l of 
cytosine arabinoside was added per bottle . F ixation  and staining of the cover slips was done 
3, 5 1/2, 6, 8, 10, 15, 21 and 24 hours after inoculation.

Fixation and staining o f  cover slips.  Cover slips were washed tw ice in PB S pH 7.4 and  
then once in distilled water, su bsequently  dried in air for 30 m inutes, fixed  in acetone for 3
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m inutes, again dried in  air for 30 m inutes and stored at —J— 4°C in rubber-stoppered centrifuge 
tubes.

H SV-rabbit im m une sera No. 4 and No. 6 were the sam e as used previously for the 
CF te s t  [8]. R No. 4 had an anti-early antibody titre o f 1 : 8, and R No. 6 a titre o f less than  
1 : 4. B oth  sera had an an tiv ira l CF antibody titre o f 1 : 16 [32].

Fluorescein-conjugated anti-rabbit goat globulin  was supplied b y  the Serum and 
V accine Institute, Praha, Czechoslovakia.

Im m une rabbit sera and  conjugated anti-rabbit globulin were adsorbed w ith  107 tissue  
cu lture cells. The cell su sp en sion  was added to the serum , frozen and thaw ed tw ice at — 76°C, 
le f t  1 hour ai  roo\,n tem perature and overnight at -f~4°C under repeated shaking, then centri­
fuged  at 1 0 ,0 ^  r. p. m. for 1 hour, and stored at -f~4°C un til use.

Staining. Cover slips w ere covered with im m une sera in a m oist cham ber for 30 m inutes, 
w ashed  in PBS pH 7.4 for 1 hour, changing the P B S 3 tim es, then covered w ith  fluorescein- 
conjugated  anti-rabbit g lobu lin  for 30 m inutes, w ashed w ith  PB S pH  7.4 for 1 hour changing  
th e  PI3S 3 times and m oun ted  in  9 parts glycerol and 1 part o f PB S pH  7.4.

R esu lts

Selection o f  H S V - im m u n e  rabbit sera fo r  the detection o f  “early” antigens 
in  tissue culture cells. O f  8  HSV im m une r a b b i t  sera  3 reac ted  w ith  b o th  “ ear ly” 
a n d  “ v ira l” an tigens ,  w hile  5 did not re a e t  w i th  the  “ ea r ly ”  co m p o n en t  a t  a 
d i lu t io n  of 1 : 4 or h ig h e r  in CF test.  Tin* use o f  tw o H S V -im m une r a b b i t  sera, 
— one reacting w ith  b o t h  k inds  of an tigen , a n d  one only w ith  th e  v ira l  one — 
allow ed  the de tec tion  o f  “ ea r ly”  antigen  [8 ]. T h e  re ac t iv i ty  to  “ ea r ly”  and  
“ v i r a l”  antigens of  t h e  H SV -im m une r a b b i t  sera selected for th e  i inm uno- 
f lu o re scen t  tes t  is sh o w n  in Table  I.

Table I

A n t i -“ early” and anti-''‘viral” C F  antibody titre of  
rabbit sera R  No. 4 and R  No. 6 used for the 

detection by the immunofluor escent technique o f  “ early”  
antigens in cytosine arabinoside treated tissue culture cells

CF a n tib o d y  t i t r e  a g a in s t an tig en

S e ru m H S V /E a rly H S V /V iral
1 u. 1 u.

R N o. 4 8(16)* 16(32)

R No. 6 4 16(32)

* 4" +  H-  ~b fixation in dilution o f 1 : 8 and
- f -  - j -  fixation in dilution of 1 : 1 6  of the serum.

Development o f  “ea rly” antigen in  H S V -in fec ted  B S-C -1 and chicken 
em bryonic fibroblast tissu e  culture cells detected by indirect im m unofluorescence . 
As described in “ M a te r ia ls  and m ethods” , we h ave  added  10 ^g /m l of cytosine 
a rab inoside  to  th e  m e d iu m  of the  HSV in o cu la ted  coverslip cu ltu res  ju s t  af ter  
t h e  adsorp tion  pe r iod ,  to  in h ib i t  the  fo rm a t io n  of v ira l  an tigens  and  infective
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Fig. 1. D istribution  of HSV- “early” antigens in BS-C-1 tissue culture cells 15 hours 
after inoculation. The antigen was synthetized  in the presence of 10 //g/m l of cytosine arabino- 

side and stained w ith R No. 4. IISV -im m une rabbit serum. M agnification, X 160

vira l  partic les .  T ab le  I I  an d  Fig. 1 show the d e v e lo p m e n t  of  “ ea r ly” an tigen  in 
H SV -infected  B S-C -l  tissue cu l tu re  cells, as te s te d  w ith  R No. 4 serum , as 
com pared  to  th e  ap pearance  of v ira l  com ponents  in u n t r e a t e d  controls d e te r ­
m ined w ith  R  No. 6 serum.

T a b i c  I I

Synthesis o f  “ early” antigen in Herpes simplex virus infected BS-C-1 continuous tissue culture 
cells in the presence o f  10/ig/ml of cytosine arahinoside, and development o f f r i r a i ” antigens in un­

treated controls

I m m u n o flu o rescen ce of

H o u rs  a fte r  
in o cu la tio n

Inocu lum
T C D 60/ceII

cy tosine  a rah inoside  t re a te d  cells 
s ta in ed  w ith  se ru m

u n tre a te d  cells 
s ta in ed  w ith 

serum

R  No. 4 R  N o. 6
R N o. 6

3 4.5 0 0 0
5 1/2 4.5 III 0 5

15 4.5 100 0 50
21 4.5 100 5 100

‘ Numbers represent approxim ate percentage of cells containing respective antigens.
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Fig.  2. Same culture as in Fig. 1, allowed to react w ith viral-antigen reactive R No. 6 HSV  
im m u n e  rabbit serum, follow ed by fluorescein labelled goat anti-rabbit serum. M agnification,

X  160

Fig. 3. D istribution of HSV- “ viral” antigens in  BS-C-1 tissue culture cells 15 hours after 
inoculation , incubated w ithou t cytosine arabinoside, stained w ith R N o. 6 HSV-im m une

rabbit serum. M agnification , X 180
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The “ ear ly”  an tigen  was f i r s t  de tec tab le  5 1/2 h o u rs  a f te r  inocu la t ion  in 
a b o u t  10 per  cent of th e  BS-C-1 cells. The an tigen  was c o n c e n tra ted  a t  th e  
pe r iphery  of the  nucleus. A t  15 h o u rs  a f te r  inocula tion  all th e  cells co n ta ined  it.

The 15 hour p re p a ra t io n  s ta in e d  with  R No. 6 s e ru m  showed no f lu o re s ­
cence (F ig  2).

21 hours  a f te r  infection a b o u t  5 per cent of th e  nucle i d isplayed a s light 
g ran u la r  fluorescence when s ta in e d  w ith  R No. 6 se ru m .

In  p rep a ra t io n s  p ro p a g a te d  w ith o u t  cytosine a rab inoside , th e  f irs t  
fluorescing in tran u c lea r  g ranu les  appeared  5 1/2 h o u rs  a f te r  inocu la t ion  in 
a b o u t  5 per  cen t of th e  cells. 15 hou rs  a f te r  inocula tion  a b o u t  80 per cen t  o f  th e  
cells showed inclusion-like in t ra n u c le a r  and hom ogeneous  cy top lasm ic  f lu o re s ­
cence (Fig. 3).

In  chicken em bryon ic  f ib ro b la s t  cells, in acco rd an ce  w ith  th e  slower 
m u lt ip l ica t ion  of th e  HSV in these  cells as co m p ared  to  g row th  in RS-C-I 
cells, the  “ e a r ly ”  an tigen  a p p e a re d  8 hours after in o cu la t io n  in a b o u t  5 per  cen t 
of th e  nuclei of th e  cells t r e a te d  w i th  cytosine a rab inoside . T he  ra tio  of p os i t ive  
nuclei increased to  80 per  cen t b y  10 hours, and to  100 p e r  cent b y  24 hours .

In p rep a ra t io n s  fixed  10, 15 a n d  24 hours a f te r  ino cu la t io n ,  5, 10, 15 p e r  
cent, respectively , of the  nuclei show ed fluorescence w h e n  s ta ined  w ith  R No. 6 
seru m .

The f irs t  v ira l  an tigens  in u n t r e a te d  control cells were visible 10 hours  
a f te r  infection (Table I I I ) .

U n inocu la ted  tissue cu ltu res  s ta in ed  with th e  im m u n e  sera, and  in o c u la ­
te d  cu ltu res  s ta in ed  w ith  n o rm a l  ra b b i t  serum show ed  no f luorescence, th u s  
p rov ing  th e  specificity  of th e  obse rved  reactions.

Table III

Synthesis o f  “early” antigen in Herpes simplex virus infected chicken 
embryonic fibroblast tissue culture cells in the presence o f  10 ug/ml o f  cytosine 

arabinoside, and development o f  “rirai" antigens in untreated controls

H o u rs  a lte r  
in o cu la tio n

In o cu lu m
T C D 10/cell

Im m u n o flu o rescen ce*  o f

cy tosine  arabinoside t r e a te d  cells 
s ta in ed  w ith  se ru m

R No. 4 R  N o. 6

u n tre a te d  celle 
s ta in e d  w ith  serum  

R No. 6

6 4.5 0 0 0
8 4.5 5 0 0

10 4.5 80 5 5
15 4.5 90 10 100
24 4.5 100 25 100

’ Numbers represent approxim ate percentage of cells containing respective antigens.
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Discussion

As i t  has been  sh o w n  prev iously  [8] th e  d em o n s tra t io n  o f  “ ear ly” a n t i ­
g en s  in lytic in fections cau sed  b y  h u m a n  DN A -viruses , m a y  he lp  to  clear th e  
ro le  of  these viruses in  h u m a n  carcinogenesis . W e have succeeded  in detecting  
H S Y - “ early” an t ig en s  in  th e  e x tra c ts  of v iru s  infected n o rm a l  t issue culture  
cells b y  the  c o m p le m e n t  f ix a t io n  reac tion , in th is  s tu d y  we h av e  tr ied  to  
loca lize  it  in the  cells b y  th e  ind irec t  im m unofluorescence  tech n iq u e .

R a p p ’s f in d in g  [11, 12, 13,] t h a t  cy tos ine  a rab inoside  does n o t  inh ib it  
t h e  fo rm ation  of th e  “ e a r ly ”  an tigen  of SV-40 virus , b u t  in h ib i ts  th e  p roduc­
t i o n  of viral an tigen ic  c o m p o n en ts  in cells in fec ted  w ith  SV-40, 1ISV and  
H e r p e s  zoster v iruses ,  h a s  m ad e  us to  use H SV -im m une r a b b i t  serum for 
d e te c t io n  of the  a n t ig e n  re a c t in g  w ith  b o th  v ira l  an d  “ e a r ly ”  antigens.

Localization of  th e  “ tu m o u r ”  an tigens  is different. In  t h e  case of SV-40 
t u m o u r  cells an d  n o rm a l  t issue  cu ltu re  cells in fec ted  w ith  SV-40 virus i t  is 
d i s t r ib u te d  diffusely th r o u g h o u t  the  nucleus [4, 12, 14] while  th e  adeno-12 
t u m o u r  antigen is to  b e  fo u n d  chiefly in th e  cy top lasm  [7].

O ur f inding is p a r t l y  in ag reem en t w i th  t h a t  of Sh ed d en , Watson 
a n d  W ildy [15]. W e fo u n d  th e  an tigens  to  concen tra te  m o s t ly  n e a r  th e  nuclear 
m e m b ra n e  and less th r o u g h o u t  th e  o th e r  p a r t s  of the  nucleus.  T h e  m entioned  
a u th o r s  found f lu o re sc e n t  g ranules in th e  cy top lasm , in co n n ec t io n  w ith  th e  
p e r im e m b ra n a l  m ass .  T h e y  were using specific im m une  sera  p re p a re d  against 
t h e  “ ea r ly” an tigen , w h ile  we m ade  our te s ts  w ith  HSV im m u n e  sera derived 
f ro m  rabb its  im m u n ized  b y  corneal scarification .

I t  is hard to  e x p la in  w hy  th e  v ira l-an tigen -reac tive  R  No. 6 se rum  showed 
fluorescence  in som e of t h e  H SV-infected  cells only, a t  10, 21 and  24 hours 
a f t e r  inoculation in sp i te  of th e  presence of  cytosine a rab inos ide .  This was 
p ro b a b ly  due to  th e  low  a m o u n t  of v ira l  an t ig en  sy n th e t ized  even  in th e  p re s ­
en ce  of  cytosine a ra b in o s id e  [13, 14].
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Р Е З Ю М Е

DIE ST R A HLENEMPFIN DLIC H KEIT VON ESCHERICHIA COLI B -K U L T U R E N  
П . DIE W IRKUNG D E R  BEHANDLUNG VOR, W Ä H R E N D  UND NACH DER

BESTRAHLUNG A U F DIE STRAHLENEM PFINDLICHKEIT DER ZELLEN

F. H e r n á d i , Z s . N a g y ,  P. K o v á c s ,  О. M u c s i

ЧУВСТВИТЕЛЬНОСТЬ К ИРРАДИАЦИИ КУЛЬТУР ESCHERICHIA COLI В.
II. ВОЗДЕЙСТВИЕ ОБРАБОТКИ НА ЧУВСТВИТЕЛЬНОСТЬ КЛЕТОК К 

ИРРАДИАЦИИ ДО, ВО ВРЕМЯ И ПОСЛЕ ОБЛУЧЕНИЯ

Ф . Х Е Р Н А Д И ,  Ж .  Н А Д Ь ,  П .  К О В А Ч ,  О . М У Ч И

Исследовалась чувствительность к R tg. и 60Со лучам культур Е. coli В  в условиях 
культивирования до и после облучения, а также в зависимости от температуры и аноксии 
во время облучения.

Перед облучением чувствительность культур Е. coli, выращенных на минималь­
ной питательной среде, была выше, чем чувствительность 14-и часовых культур, полу­
ченных в «цельной» питательной среде (в бульоне).

Переживание клеточных суспензий после облучения усиливалось выращиванием 
на минимальной среде. При этом благоприятный эффект умеривался при объединении 
синтетической питательной среды с органическими составными частями (дрожжи, пеп­
тон, костный мозг). В то же время более неблагоприятное воздействие «цельной» пита­
тельной среды, развитое в ответ на переживание, можно было улучшить ингибиторами 
обмена веществ (аноксия, предварительная инкубация с хлорфениколом).

Повышение температуры во время облучения при работе с низкой дозой (260 r/min) 
обусловливало усиление чувствительности к иррадиации, тогда как этого не удалось 
наблюдать при работе с высокой дозой (3200 r/m in).

Аноксия во время иррадиации, вызванная атмосферой азота, уменьшила чувст­
вительность клеточной суспензии к иррадиации приблизительно на 2,4 DRF.

SENSITIVITY OF Е. COLI В ТО IRRADIATION
IV. DEPENDENCE OF T H E  PROTECTIVE EFFECT OF CYSTEINE- 

CYSTEAMINE-TYPE COMPOUNDS ON PR EIR RAD IATIO N OXYGENATION AND  
ON PRE- AND POSTIRRADIATION CONDITIONS OF CULTURING

F. H e r n á d i , Zs . N a g y , P. K o v á c s ,  T. V á l y i - N a g y

ЧУВСТВИТЕЛЬНОСТЬ К ИРРАДИАЦИИ КУЛЬТУР ESCHERICHIA COLI В
IV. ЗАВИСИМОСТЬ ЛУЧЕЗАЩИТНОГО ЭФФЕКТА СОЕДИНЕНИЙ ТИПА 

ЦИСТЕИН-ЦИСТЕАМИН ОТ ОБРАБОТКИ КИСЛОРОДОМ ДО ОБЛУЧЕНИЯ,
А ТАКЖЕ ОТ ИРЕ- И ПОСТИРРАДИАЦИОННЫХ УСЛОВИЙ 

КУЛЬТИВИРОВАНИЯ

Ф . Х Е Р Н А Д И ,  Ж .  Н А Д Ь ,  П .  К О В А Ч ,  Т .  В А Л И - Н А Д Ь

Изучалось взаимодействие факторов, изменяющих Rtg-чувствительность клеточ­
ной суспензии Е . c o li В.

Аноксия снижала или прекращала (по сравнению с контролем с аноксией) луче- 
защитный эффект группы цистеин-цистеамин, если оставлялись «период реакции» и 
«поздний период».
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В случае применения «периода оптимальной реакции и позднего периода» опти­
мальные пре- и постиррадиационные условия инкубирования не усиливали защитный 
эффект упомянутых выше соединений.

Из наших экспериментов вытекает, что лучезащитное действие соединений группы 
цистеин-цистеамин во время облучения происходит на физико-химическом уровне, а до 
и после облучения — на метаболическом.

SENSITIVITY OF Е. COLI В ТО IRRADIATION  
VI. EFFECT OF CYSTEINE ON DNA BR EA K D O W N  BY IONIZING 

IRRADIATION

Zs. N a g y ,  F. H e r n á d i ,  P. K o v á c s

ЧУВСТВИТЕЛЬНОСТЬ К ИРРАДИАЦИИ КУЛЬТУР Е. COLI В 
VI. ДЕЙСТВИЕ ЦИСТЕИНА НА РАСПАД ДНК, ИНДУЦИРОВАННЫЙ 

ИОНИЗИРУЮЩИМ ИЗЛУЧЕНИЕМ

Ж . Н А Д Ь ,  Ф . Х Е Р Н А Д И ,  П .  К О В А Ч

Изучалось действие 0,1 М — 0,01 М цистеина на индуцированный излучением распад 
ДН К в культуре Е. coli В  и на формирование числа переживающих клеток.

0,1 М  — 0,01 М цистеин подавлял распад ДНК, в то время как в концентрации 
0,001 М  он не оказывал эффекта.

Прямую связь между содержанием ДНК и переживанием клеток выявить не 
удалось.

B REA K D O W N OF AMINO ACIDS BY ENTEROBACTERIACEAE
V. B REA K D O W N OF GLYCINE IN SIMPLE MEDIUM

B. S e r é n y

РАСЩЕПЛЕНИЕ АМИНОКИСЛОТ ЭНТЕРОБАКТЕРИЯМИ
V. РАСЩЕПЛЕНИЕ В ПРОСТОМ РАСТВОРЕ ГЛИЦИНА

Б .  Ш Е Р Е Н Ь

Изложенная ранее автором реакция глицин-распада может быть проведена в 
простом растворе, содержащем кроме глицина только фосфат. В этом растворе кишеч­
ные бактерии являются глицин-положительными в большем проценте, чем в комплекс­
ной среде.

Процесс представляется надежным для дифференцировки бактерий кишечного 
тракта, так как в макротесте подщелачивания негативна только часть штаммов S. p a ra ­
typh i A ,  Shigella  и Proteus -  Providencia,  а В ninhydriii-пробе — Shigellae. В микротесте 
подщелачивания штаммы В S. p ara typh i  A, Shigella, Morganella  и Providencia  не дают 
раннего положительного результата.

STABILITY AND PURIFICATION OF ANTIP HO SP HO RYL A SE

I. J ó k a  y , M. S z a b o l c s

СТАБИЛИЗАЦИЯ И ОЧИСТКА АНТИФОСФОРИЛАЗЫ
И .  И О К А И ,  М . С А Б О Л Ч

Изучалась стабильность антител, полученных в петухе против фосфорилазы б 
при разных (кислых и щелочных) pH и температурах. На основе полученных данных 
разработана очистка антифосфорилазы из специфического преципитата. После раство­
рения преципитата в глицин-сахарозном буфере с pH 11 и температурной обработки при 
56° С можно получить обратно 60—75% антител.



REDUCTION OF HEAT AND RADIATION RESISTANCE OF BACILLUS 
CEREUS SPORES BY INITIATING GERMINATION

J. F arkas, I. Kiss, E. A n d r á ssy

СНИЖЕНИЕ ТЕМПЕРАТУРНОЙ И РАДИАЦИОННОЙ РЕЗИСТЕНТНОСТИ 
СПОР BACILLUS CEREUS ПОСРЕДСТВОМ ПРОРАСТАНИЯ

Й. ФАРКАШ, И. КИШШ, Е. АНДРАШШИ

Активированные температурой при 60° С в течение 30 минут споры выделенного 
из зеленого горошка штамма В. cereus проращивались — при 30° С в течение 50 минут 
-  в 90%-ной пропорции в водном растворе, содержащем только 0,4 мг/мл аденозина и 

0,4 мг/мл L-аланина, или в фосфатном буфере. Активирующий эффект 60° С-ной темпера­
туры появлялся спустя 4 минуты от начала обработки температурой и возрастал пропор­
ционально с увеличением времени воздействия.

Стимулированные к прорастанию споры вместе с понижением их светопрелом­
ляющей способности теряли не только температурную, но и радиационную резистент­
ность.

Добавление аденозина и L-аланина повышало скорость и пропорцию прорастания 
спор, привитых в экстракт горошка или в смесь зернистого зеленого горошка и сахарно­
солевого раствора. Действие добавленных веществ, стимулирующих прорастание, прояв­
лялось уже через несколько минут инкубации при 30° С в понижении температурной 
и радиационной резистентности популяции, что согласовывалось с результатами иссле­
дования фазово-констрастным микроскопом распределения состояния клеток.

При комбинированном применении температурной активации и добавления ве­
ществ, стимулирующих прорастание спор, даже в случае значительной, 1 0 8— IO'-'/.m m , 
клеточной плотности можно было вызвать прорастание и этим повысить их чувствитель­
ность к последующим стерилизующим воздействиям, даже в той среде, в которой споры 
образовывались.

INTESTINAL MtCROFLORY OF THS LARVAE OF ST. MARK’S FLY

I. A COMPARATIVE STUDY OF STREFTOMYCES STRAINS BELONGING TO 
THE GRISEUS GROUP ISOLATED FROM THE INTESTINAL CANAL

I. Szabó, M. M a r t o n , I. B u t i, G. P ártái

МИКРОФЛОРА ПИЩЕВАРИТЕЛЬНОГО ТРАКТА ЛИЧИНКИ МАРТОВСКОЙ
БАРХАТНОЙ МУХИ

I. ШТАММЫ, ИЗОЛИРОВАННЫЕ ИЗ ПИЩЕВАРИТЕЛЬНОГО ТРАКТА И 
ОТНОСЯЩИЕСЯ К ГРУППЕ STREPTGMYCES GRISEUS

И. САБО, М. МАРТОН, И. БУТИ, Г. ПАРТАИ

Штаммы, выделенные из кишечного тракта и экскрементов трех личиночных по­
пуляций мартовской бархатной мухи (B ib io  m a rd  L . )  и относящиеся к группе Strep- 
tomyces griseus, были идентифицированы как A ct. vulgaris N ikitina et al. 1960 II Act. 
citreofluorescens Korenia'to et al. 1960. Te «griseus-штаммы»), которые были выде­
лены из почвенного слоя АН из-под популяций B ibio, оказались тождественными с ви­
дами Act. levoris Koreniako et al. I960 и частично Sir. michiganensis Corbaz et al. 1957. 
В связи с этой работой был «сконструировав) ключ для определения видов и разновид­
ностей, принадлежащих К  группе Slreptom yces griseus.
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INCIDENCE OF RIIODOTORULA SPECIES IN URBAN AIR

Gy. Vörös-F e l k a i

ВСТРЕЧАЕМОСТЬ ВИДОВ RHODOTORULA В ГОРОДСКОМ ВОЗДУХЕ

ДЬ. ВЁРЁШ-ФЕЛКАИ

В рамках исследовательской темы по загрязнению городского воздуха была изу­
чена дрожжевая флора воздуха. Исследования, продолжающиеся и в настоящее время, 
показывают, что чаще всего из городского воздуха можно выделить виды Rhodoiorula 
и Cryptococcus.

Во встречаемости выделенных 100 штаммов Rhodotorula , представляющих 12 видов, 
сезонного различия не наблюдалось. Среди выделенных штаммов 34% принадлежало 
К Rhodotorula glu tin is, 20%  — Rhodotorula m ucilaginosa, 16% — Rhodotorula rubra И 11% 
— Rhodotorula minuta.

Эти данные обращают внимание на то, что в случае поиска источника заражения 
человеческими микозами нельзя оставлять без внимания и микрофлору воздуха.

ORGANIC AND AMINO ACID ASSIMILATION BY YEASTS AS STUDIED BY THE
REPLICA PLATING TECHNIQUE

Gy . V örös-F e l k a i, E. K. N ovak

ОРИЕНТИРОВОЧНОЕ ИССЛЕДОВАНИЕ АССИМИЛЯЦИИ ОРГАНИЧЕСКИХ
КИСЛОТ И АМИНОКИСЛОТ ДРОЖЖЕВЫМИ ГРИБАМИ МЕТОДОМ 

«REPLICA PLATING»

Д Ь. ВЁРЁШ-ФЕЛКАИ, Е. к. НОВАК

Методом «replica plating» у каждого штамма из 25 видов дрожжевых грибов 
были исследованы ассимиляция и утилизация 11 аминокислот как угольных и нитро- 
генных источников в одно и то же время. Результаты оценивались с таксономической и 
физиологической точек зрения. Было установлено, что метод «replica plating» вслед­
ствие малой потребности в нитрогене, проявляющейся у большинства видов, непригоден 
для определения нитрогенного источника.

INTRAVASCULAR PRECIPITATE FORMATION DURING ANAPHYLACTIC 
SHOCK IN THE GUINEA PIG

T. S z il á g y i, L. Mil t é n y i, G. L é v a i , К. B enkő

ОБРАЗОВАНИЕ ИНТРАВАСКУЛЯРНОГО ПРЕЦИПИТАТА В МОРСКОЙ 
СВИНКЕ В ТЕЧЕНИЕ АНАФИЛАКТИЧЕСКОГО ШОКА

Т. СИЛАДЬИ, Л. МИЛТЕНЬИ, Г. ЛЕВАМ, К. БЕНКЁ

На морских свинках, активно и пассивно сенсибилизированных к ферритину, а 
в дальнейшем гипериммунизированных им, вызывали анафилактический шок путём 
введения антигена в v . jugularis. С помощью исследований, проведенных световым и 
электронным микроскопом, было установлено, что в легочных капиллярах возникает 
преципитат, который соответствует ферригин-антиферритин комплексу. У животных, 
подвергнутых гипотермии, шок не проявлялся, и образование преципитата происходило 
в пониженной степени. Хотя анафилактический шок полностью предотвращался хлор- 
промазином, всё-таки и в этом случае в легочных капиллярах животного образование 
преципитата, характерного ферритин-антиферритин комплексу, было значительное. В 
мелких легочных сосудах морских свинок с большим титром антител интраваскулярный 
преципитат появлялась в меньшем количестве.

На основе наших экспериментов установили, что при анафилактическом шоке 
морской свинки, как результат реакции антиген-антитело, возникает интоаваскулярный 
преципитат, но его патогенетическая роль незначительна.
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LIPII) COMPOSITION OF TREPONEMAL STRAINS

L. VÁczi, K. K ik á i.y , A. R é t h y  

ЛИПИДНЫЙ СОСТАВ ТРЕПОНЕМНЫХ ШТАММОВ

Л. ВАЦИ, К. КИРАЙ, А. РЕТИ

Посредством газовой и тонкослоевой хроматографии был проанализирован состав 
жирных кислот и фосфолипидов патогенного T. p a llid iu m  (штамм Будапешт) и различ­
ных культивируемых штаммов трепонем T. reiteri, K a za n i 5, m inutum  и refrigenlis). 
Спектры жирных кислот были простыми и почти одинаковыми у всех штаммов. Они со­
держали, главным образом, пальмитиновую и ненасыщенные (олеивую и олениновую) 
жирные кислоты, последние в относительно высокой пропорции. Жирные кислоты, со­
держащие циклопропан-кольцо, не были обнаружены. Фосфолипидный состав был до­
вольно сложный. В отношении их ненасыщенной жирной кислоты трепанемы и стрепто­
кокки оказались подобными. Данные указывают на повышенную проницаемость их кле­
точной мембраны и в результате этого — более высокую уязвимость при воздействии окру­
жающей среды.

Трепонемы в сравнении с другими бактериями относительно богаты липидами. На­
ши знания в отношении их химического состава, структуральной и биологической роли 
недостаточны. В настоящей статье сравнивается жирно-кислотный и фосфолипидный 
состав патогенных и различных культивируемых трепонем.

STUDIES ON THE INITIAL PHASES OF POLIOVIRUS REPRODUCTION CYCLE

A. K o c h , E. Gy ö h cy

ИЗУЧЕНИЕ НАЧАЛЬНЫХ СТАДИЙ РЕПРОДУКЦИИ ПОЛИОВИРУСА

А. КОХ, Э. ДЁРДЬ

Были использованы полиовирус 1 типа (Штамм Mahoney) и стабильная клеточная 
линия почки обезьяны (РМК II1/1). Эта система давала полный выход вируса в среде 
Паркера № 199 независимо от того, добавлялся телячий альбумин или нет. Для полу­
чения полного выхода вируса в буферном солевом растворе Хенкса наличие телячьего 
альбумина было необходимо, и его отсутствие исчислялось 90% (или даже больше) редук­
ции количества продуцируемого вируса.

Присутствие телячьего альбумина в буферном солевом растворе Хенкса требо­
валось только в течение первых НО минут цикла, в то время как его добавление между 
30-ой и 60-ой минутами обуславливает редукцию выхода вируса приблизительно в 60- 
SO %. Телячий альбумин, добавленный на втором часу цикла или позже, уже не делал 
выход вируса выше, чем это наблюдалось в случае одного только буферного солевого 
раствора Хенкса.

Отсутствие или запаздывающее прибавление (2 часа или позже) телячьего альбу­
мина вызывало задержку начала цикла в буферном солевом растворе Хенкса на 30— 
40 мин.

Репликационное соотношение было во всех случаях практически одинаково, 
время удвоения равнялось приблизительно 10 минутам.

Телячий альбумин представляется фактором, вовлеченным в начальные механизмы 
вирусной инфекции (внедрение или эклипс). Его вероятная роль в «виртуальном эклипсе» 
адсорбированных вирнонов дискутируется.

Чтобы тесно приблизиться к возможному механизму действия телячьего альбу­
мина, было предпринято изучение эффекта цистеина, глютатиона и К-линолеата на началь­
ную фазу вирусного цикла.
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THE SIGNIFICANCE OF SEROLOGICAL TESTS IN CONTROLLING THE 
SUCCESS OF SMALLPOX REVACCINATION

G. N y e r g e s , I. H ollós, G. B a r sy

ЗНАЧЕНИЕ СЕРОЛОГИЧЕСКИХ ИССЛЕДОВАНИЙ В ОЦЕНКЕ 
ЭФФЕКТИВНОСТИ РЕВАКЦИНАЦИИ ПРОТИВ ОСПЫ

г. НЬЕРГЕШ, И. ХОЛЛОШ, Г. БАРШИ

Была проведена ревакцинация оспенной вакциной взрослых людей, которые в 
прошлом получили прививку в период новорожденности и в 6—10-летнем возрасте. 
С помощью статистических методов искали взаимосвязь между следующими 4 факторами: 
(1) результатом прививок, (2) возрастом привитых, (3) титром нейтрализующих и ГА 
подавляющих антител до ревакцинации, (4) повышением титра нейтрализующих и ГА 
подавляющих антител после ревакцинации.

Между титром нейтрализующих антител до ревакцинации и результатом прививки 
обнаружить связь не удалось. Не было также статистической взаимосвязи и между титром 
РИГА до ревакцинации и результатом прививки. Единственным фактором, стоящим в 
оцениваемой связи с результатом прививки, является возраст привитых, то есть период, 
прошедший со времени последней оспенной прививки в детстве.

Перед успешной (сопровождающейся образованием пустул) ревакцинацией кор­
реляция между титрами нейтрализующих и ГА подавляющих антител отсутствовала. 
Перед неэффективными (не сопровождающимися образованием пустул) прививками была 
показана позитивная взаимосвязь между двумя видами антител.

После эффективной ревакцинации титры нейтрализующих антител значительно 
повысились, степень повышения не зависела от титра до ревакцинации. После эффектив­
ной прививки между титрами ГА подавляющих и нейтрализующих антител выявилась 
отчётливая связь. Титры в нейтрализации 1:128 и в РПГА 1:32 с большой вероятностью 
указывают на эффективную ревакцинацию. После безуспешной ревакцинации титры 
нейтрализующих антител значительно возрасли, но степень повышения была меньше, 
чем это наблюдалось в случае эффективной прививки. В противоположность эффективной 
прививке повышение титра нейтрализующих антител, следующее за безуспешной привив­
кой, находилось в резкой негативной корреляции с титрами нейтрализующих антител 
до ревакцинации. После неэффективной ревакцинации исчезла выявляемая до прививки 
связь между титрами ГА подавляющих и нейтрализующих антител сыворотки. Причина 
исчезновения взаимосвязи заключается в том, что после безуспешной прививки титры 
ГА подавляющих антител или совсем не повышались , или в порядке исключения повы­
шались в незначительной степени. Из последнего факта следует, что изменение Г А подав­
ляющих титров более достоверно отражает результат прививки, чем титры нейтрали­
зующих антител.

STUDY ON THE EFFECT OF FLAVONOIDS AND RELATED SURSTANCES 

I. THE EFFECT OF QUERCETIN ON DIFFERENT VIRUSES

R. P u sz t a i, I. B é l á d i, M. B a k a i, I. Mucsi, E. K u kán  

ИЗУЧЕНИЕ ДЕЙСТВИЯ ФЛАВОНОИДОВ И РОДСТВЕННЫХ ВЕЩЕСТВ

I. ДЕЙСТВИЕ КВЕРЦЕТИНА НА РАЗЛИЧНЫЕ ВИРУСЫ 
Р. ПУСТАИ, И. БЕЛАДИ, М. БАКАН, И. МУЧИ, Е. КУКАН

Изучалось воздействие кверцетина на различные вирусы. Herpesvirus hom inis, 
H erpesviru s suis, вирус парагриппа 3 типа и вирус Sindbis оказались чувствительными, 
полиовирус 1 типа — умеренно чувствительным, а полиовирус 2 и 3 типов и аденовирусы 
3 и 4 типов — резистентными к воздействию кверцетина. Кверцетин проявил себя как 
вируцидное средство, так как оказывал действие только на внеклеточный вирус. Было 
найдено, что действие морина на H erpesvirus su is  подобно таковому кверцетина, а рутин, 
можно сказать, оказался неэффективным.
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AGE-INCI 1>KNCE OF IIAEMAGGLUTINATION-INIIIBITING ANTIBODIES TO 
REOVIRUS TYPES 1, 2 AND 3

M. T ó th , A. I I o nty

ЧАСТОТА ВСТРЕЧАЕМОСТИ l'A ПОДАВЛЯЮЩИХ АНТИТЕЛ К
РЕОВИРУСАМ 1,2 И 3 ТИПОВ В РАЗНЫХ ВОЗРАСТНЫХ ГРУППАХ

М. ТОТ, А. ХОНТИ

С целью выяснения частоты встречаемости реовирусов в Венгрии были исследо­
ваны 1982 сывороточных пробы от людей различного возраста в РИГА против всех трех 
серотипов. Встречаемость антител к 1 и 2 типам оказалась почти одинаковой — 73% и 
74%, в 81% случаев в сыворотке содержались ГА подавляющие антитела к 3 типу. Про­
порция серопозитивных лиц в отношении 1 и 2 типов постепенно увеличивалась до 40- 
летнего возраста, в то время как в случае 3 типа наиболее высокие пропорции наблю­
дались у 3—5-летних детей.

В 273 случаях острых заболеваний верхних дыхательных путей и 114 случаях 
гепатита было предпринято исследование частоты повышения титров антител к трем 
вирусным типам. Между двумя группами больных существенной разницы с этой точки 
зрения обнаружено не было.

Для определения присутствия антител в сыворотках РИГА и нейтрализационная 
проба оказались одинаково приемлемыми. Была обнаружена заслуживающая внимания 
связь между ГА подавляющими и нейтрализующими титрами антител сывороток.

SIMULTANEOUS DETERMINATION OF ERYTHRO- AN I) LEUKOCYTOTROI4NES
IN VIVO

Gy . V a jd a , J .  T ó th , V. T a x

ОДНОВРЕМЕННОЕ ВЫЯВЛЕНИЕ ЭРИТРОЦИТО- П ЛЕЙКОЦИТОТРОГIHHOB
IN VIVO

ДЬ. ВАЙДА, Й. ТОТ, В. ТАКС

Авторы выработали новый метод одновременного определения эритроцито-лейко- 
цито-тропинов in vivo. Сущность процесса состоит в том, что к 0,5 мл разведений иссле­
дуемой сыворотки прибавляют 0,25 мл 10%-ной суспензии трижды отмытых эритроцитов 
идентичной группы и 0,25 мл суспензии лейкоцитов (20 000/мм3). Каждой смесью приви­
вают трёх мышей внутриперитонеально, затем в мазках, приготовленных из брюшно- 
полостного эксудата, определяют %-ное распределение фагоцитоза эритроцитов и лейко­
цитов. Положительным считался фагоцитоз выше 3%. Из обследованных 25 иммунге- 
матологических диагнозов зритрофагоцитоз встречался в 14 случаях, лейкоцитофаго- 
цитоз — в 9 и одновременно эрмтролейкоцито-фагоцитоз — в 9. В то же время в опытах, 
проведенных in  vitro, эритроцитные антитела в 12, лейкоцитные антитела в 5, эритро- 
цитные и лейкоцитные антитела вместе в 4 случаях были положительными. 20 контрольных 
исследований дали отрицательный результат. Процесс одинаково успешно применим 
для выявления гетероцитотропинов, комплетных и мнкомплетных аутоантител. Реакция 
цнтотроппна может быть проведена по прямому и непрямому методу.
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EFFECT ON INFLUENZA VIRUS OF A MODIFIED FRANCIS INHIBITOR 
AND ITS ACETONE-SOLUBLE FRACTION

I. STUDIES IN ROLLER DRUM, AND IN DE-EMBRYONATED EGGS

I. H ollós

ВЛИЯНИЕ ВИДОИЗМЕНЕННОГО ФРАНСИС-ИНГИБИТОРА И ЕГО 
АЦЕТОН-РАСТВОРИМОЙ ФРАКЦИИ НА ВИРУС ГРИППА

Г ИССЛЕДОВАНИЯ МЕТОДОМ ВРАЩАЮЩЕГОСЯ БАРАБАНА 
И В ДЕЭМБРИОНИРОВАННОМ ЯЙЦЕ

И. х о л л о ш

Автор провел сравнение свойств Франсис-ингибитора ( К п) ,  видоизмененного 
Франсис-ингибитора ( 8 т )  и оставшихся в растворе фракций ( К „ а с  и  8 а с )  после ацето­
нового фракционирования.

2%-ный раствор 8  ас  оказывал in vitro значительное вируцидное действие, в то 
время как остальные три вещества были лишены этого влияния.

Методом вращающегося барабана было определено воздействие различных кон­
центраций отдельных веществ на размножение вируса гриппа. О последнем автор судил 
на основе гемагглютинационного титра. При статистической оценке результатов автор 
установил, что в случае использования средних концентраций вещества между дозой 
и действием имеется прямопропорциональная зависимость.

Среди испытуемых веществ наиболее активным оказался 8а с .  Для 50%-ного по­
давления вирусного размножения в отношении одной и той же дозы вируса требовалось 
в 89 раз меньшее количество 8 а с  по сравнению с К п. Последовательность отдельных 
веществ по их эффективности против одного и того же вирусного штамма была следую­
щей: 8 а с ,  8 т ,  К „ас ,  К „ .  Сила воздействия разных вирусных штаммов была различной.

Вирусподавляющее действие идентичного количества 8 а с  было тем сильнее, чем 
раньше после заражения проводилось его прибавление к системе и чем меньше была доза 
вируса при прививке.

8 а с  на образование гемагглютинина вируса вакцины подавляющего эффекта не 
оказывал.

STUDIES ON THE INFLUENCE OF ENDOGENOUS REGULATORY FACTORS 
ON THE GROWTH OF HERPES SIMPLEX VIRUS

G y . H a d h á zy , F. L e h e l , L . G e r g e l y

ИЗУЧЕНИЕ ВЛИЯНИЯ ФАКТОРОВ ЭНДОГЕННОЙ РЕГУЛЯЦИИ НА 
РАЗМНОЖЕНИЕ ВИРУСА HERPES SIMPLEX

ДЬ. ХАДХАЗИ, Ф. ЛЕХЕЛ, Л. ГЕРГЕЙ

Несколько биогенных аминов и гормонов (гистамин, адреналин, серотонин, гидро­
кортизон, АКТГ) усиливали подавляющий эффект гепарина на размножение вируса 
H erpes sim plex  во вторичной культуре фибробластов эмбриона человека и в клеточной 
культуре Heia. Гепарин оказывал подавляющее действие на вирус герпеса и при под­
кожном заражении кроликов. Подавление проявлялось в уменьшении величины пора­
жения кожи и в снижении степени местного размножения вируса.



y

TYPE DISTRIBUTION OF STREPTOCOCCUS PYOGENES STRAINS IN THE 
YEARS 1964-1965. ACTIVITIES WITHIN AN INTERNATIONAL SURVEY OF 

THE DEPARTMENT OF BACTERIOLOGY, NATIONAL INSTITUTE OF PUBLIC
HEALTH, BUDAPEST

J .  Szita , G. H e g y e s s y

РАСПРЕДЕЛЕНИЕ ПО ТИПАМ ШТАММОВ STREPTOCOCCUS PYOGENES 
ЗА 1964-65 ГОДЫ. ДЕЯТЕЛЬНОСТЬ ОТДЕЛА БАКТЕРИОЛОГИИ 

ГОСУДАРСТВЕННОГО ИНСТИТУТА ЗДРАВООХРАНЕНИЯ В РАМКАХ 
МЕЖДУ! 1АРОДНОГО СОТРУДНИЧЕСТВА

Й. СИТА, ДЬ. ХЕДЬЕШШИ

В рамках сотрудничества, организованного Международным Комитетом по стреп­
тококкам il пневмококкам, с территорий, относящихся к 11 учреждениям страны, с 1 
июня 1964 года по июнь 1965 года было собрано 395 штаммов Sir. pyogenes. Штаммы 
относились к 26 различным типам. Всего 0,8% штаммов невозможно было определить ни 
агглютинацией, ни преципитацией. Доминирующие штаммы (встречающиеся с 5%-ной
или выше частатой) представляли собой: 5,11,12........., 3,13, В32„, — комплексы и 3,12,1
и 6 - типы. Полученные результаты подкрепляют уже известное в литературе поло­
жение, ЧТО между заболеванием И вызывающим его ТИПОМ Streptococcus pyogenes (за 
исключением нефрита) достоверной связи нет. С целью контроля 5% исследованных 
авторами штаммов были отосланы в Прагу. Те штаммы, в отношении которых при опре­
делении типа в двух лабораториях возникли расхождения, были отправлены для даль­
нейшего контроля в Генову. Все 395 штаммов оказались чувствительными к пенициллину, 
а 5,3% из них резистентными к тетрациклину.

CHROMATOGRAPHY OF POLIOVIRUS STRAINS ISOLATED IN HUNGARY 
PRIOR TO AND AFTER THE INTRODUCTION OF LIVE POLIOVIRUS VACCINE

E. Szöllősy , G y . L e n g y e l , E . Ágoston

ХРОМАТОГРАФИЧЕСКАЯ ХАРАКТЕРИСТИКА ШТАММОВ ПОЛИОВИРУСА, 
ВЫДЕЛЕННЫХ В ВЕНГРИИ ДО И ПОСЛЕ ВВЕДЕНИЯ МАССОВЫХ 

ВАКЦИНАЦИЙ ЖВС

Е. СЁЛЛЁШИ, ДЬ. Л ЕН ДЬЕЛ, Е. АГОШТОН

Авторы характеризовали 16 штаммов полиовируса 3 типа па основе их адсорб­
ционной способности на А1 (ОН)3-геле и ДЕАЕ-целлулозе. Исследованные штаммы 
I ронсходпди частью из периода времени перед введением вакцинации живой вакциной 
против полиомиелита, частью после введения этого мероприятия. Хроматографическая 
характеристика первых отличалась от таковой последних, так как их максимумы элюцип 
на ДЕАЕ целлулозной колонке были выше (0,05 0,25 М NaCI), чем у штаммов, выде­
ленных после введения вакцинации, максимумы элюцип которых подобно аттенуиро­
ванному стандартному штамму (Leon 12 а, в) находились в пределах 0,035 0,05 М. Б 
AI (ОН)., элюционных опытах в обеих группах были получены идентичные результаты. 
Хроматографическое свойство штаммов авторы сравнили с их rct/40 маркерами.
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BREAKDOWN OF AMINO ACIDS BY ENTEROBACTERIACEAE

VI. BETA-ALANINE MACRO- AND MICROTEST

B. Se r é n y

РАСЩЕПЛЕНИЕ АМИНОКИСЛОТ У ЭНТЕРОБАКТЕРИЙ

VI. /3-АЛА11ИНОВЫЙ МАКРО- И МИКРО'ГЕСТ

Б. ШЕРЕНЬ

Среди бактерий, относящихся в семейство E n te ro b a c te r ia c e a e , реакцию подще­
лачивания В растворе /3-аланина даёт часть культур S e r r a t ia ,  E n te ro b a c te r , A r i z o n a  И 
K le b s ie l la .  Реакция может быть использована для дифференцировки биотипов внутри их 
родов. Основой подщелачивания, по всей вероятности, является эндогенное окисление, а 
не распад /3-аланина.

TYPING OF BRUCELLA WITH HUNGARIAN PHAGE STRAINS

A. A. E l N a a sa n

ТИПИРОВАНИЕ БРУЦЕЛЛ ВЕНГЕРСКИМИ ФАГОВЫМИ ШТАММАМИ

А. А. ЕЛ HAACAH

В процессе экспериментов по типированию, проведенных с суспензиями в концент­
рациях RTD (routine-test dilution) и 10 000 X RTD на 117 штаммах B r .  a b o r tu s , 44 -  
B r .  s u i s ,  26 — B r .  m e l i te n s is  6 фаговыми штаммами, выделенными в Венгрии из естест­
венного материала, и 4 — полученными в Венгрии из культур бруцелл, на действие 
обеих концентраций растворилось 94,8°/, штамма B r .  a b o r tu s , 11,4% — B r .  s u i s ,  19,3% 

B r .  m e l i t e n s is ;  и только на действие концентрации 10 000 х RTD растворились даль­
нейшие 2,6% a b o r tu s  штаммов и 61,4% — s u i s  штаммов. 2,6% a b o rtu s  штаммов, 27,2% 
s u i s  штаммов и 80,7% m e l i te n s is  штаммов противостояли концентрированным фаговым 
суспензиям. Фаги, выделенные в Венгрии, располагают одинаковой с заграничными 
фагами способностью растворять. В Венгрии удалось выделить только abortus-фаг. 
На том основании, что виды животных, от которых происходят штаммы, известны, для 
дифференцировки 3 бруцеллавариантов был разработан соответствующий этой цели 
«ключ». Из-за промежуточных штаммов с точки зрения их фаговой чувствительности 
в отдельных случаях нельзя пренебрегать и конвенциональными методами тигшрования.

LYSOGENIC PROPERTIES OF VARIOUS STAPHYLOCOCCUS AUREUS
PHAGE-TYPES

J. L antos

РАЗЛИЧНЫЕ ПО ФАГОВЫМ ТИПАМ ШТАММЫ STAPHYLOCOCCUS AUREUS

Й. ЛАНТОШ

На основе многосторонних исследований была показана тесная связь между муль- 
тирезистентным К антибиотикам штаммом S ta p h y lo c o c c u s  a u r e u s  I группы по фаговым 
типам, выделенным во время эпидемии, протекавшей в одном из отделений больницы, и 
штаммом по фаговым типам «52 В», встречавшемся в том же отделении. Лизогенизацией, 
проведенной соответствующими фагами, штаммы удалось преобразовать по типу фага 
в другой тип.

В связи с эпидемиологическими исследованиями даже в случае выделения раз­
личных по типам фагов стафилококковых штаммов надо считаться с той возможностью, 
что штаммы происходят из одного и того же источника.
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ACRIDINE ORANGE FLUORESCENCE OF TISSUE CULTURES INFECTED WITH 
AUJESZKY’S DISEASE VIRUS

L. Bo d o n , E. G réczi

АКРИД ИН-ОРАНЖЕВАЯ ФЛУОРЕСЦЕНЦИЯ ТКАНЕВЫХ КУЛЬТУР, 
ЗАРАЖЕННЫХ ВИРУСОМ БОЛЕЗНИ АУЕСКОГО

Л. БОДОН, Е. ГРЕЦИ

Были исследованы два штамма вируса болезни Ауеского (дикий и вакцинный) 
в двух различных клеточных культурах (культура яичка теленка и культура почки 
эмбриона свиньи). Оба штамма спустя 24—28 часов после заражения вызывали в ядрах 
обоих видов клеток хроматиновую грануляцию, характерную для ДНК-вирусов. Дикий 
штамм вируса болезни Ауеского образовывал в клеточных культурах огромные синцитии, 
которые иногда содержали до 50— 100 клеточных ядер, в то время как вакцинные штаммы 
обычно вызывали округливание клеток, а если и возникали синцитии, то они были очень 
маленькими и содержали в себе всего 2—5 ядер.

FURTHER STUDIES ON IIA ЕМ AGGLUTINATING AGENTS OBTAINED FROM 
ACUTE HEPATITIS SERA

S. N a g y i.u csk a y , J .  A ncyal

ДАЛЬНЕЙШЕЕ ИЗУЧЕНИЕ ГЕМАГГЛЮТИНИРУЮЩИХ АГЕНТОВ, 
ВЫДЕЛЕННЫХ ИЗ СЫВОРОТОК, ПОЛУЧЕННЫХ В ОСТРОЙ СТАДИИ

ГЕПАТИТА

111. НАДЬЛУЧКАИ, Й. АНДЬАЛ

В сообщении излагается продолжение предшествующих исследований, согласно 
которому в аллантоисном мешке оплодотворенных яиц, привитых сыворотками, взятыми 
в период острого гепатита, размножается гемагглютинирующий агент, гемагглютини- 
рующая способность которого подобна таковой агента, выявляемого из гепатитных сыво­
роток. Агент без снижения титра может сохраняться путём многочисленных пассажей в 
оплодотворенных яйцах. Большинство гепатитных реконвалесцентных сывороток по­
давляет гемагглютинирующий агент, присутствующий как в аллантоисной жидкости, 
так и в гепатитной сыворотке острого периода. Пробы нейтрализации в яйце, проведенные 
в предварительных экспериментах, дали тот же результат, что и РИГА. Агент оказался 
очень резистентным к температуре. При 100° С в течение 20 минут не инактивировались 
ни его гемагглютинирующая способность, ни его способность размножаться в яйце.

SIMULTANEOUS INHIBITORY ACTION ON VIRUS MULTIPLICATION OF 
INTERFERON AND SOME NATURAL MUCOPOLYSACCHARIDES (HEPARIN.

HYALURONIC ACID)

Gy . H a d h á z y , E. H o rvá th , L. Ge r g e l y

СОВМЕСТНОЕ ИНГИБИРУЮЩЕЕ ДЕЙСТВИЕ ИНТЕРФЕРОНА Н НЕКОТОРЫХ 
ЕСТЕСТВЕННЫХ МУКОГЮЛИСАХАРИДОВ (ГЕПАРИН, ГИАЛУРОНОВАЯ 

КИСЛОТА) НА РАЗМНОЖЕНИЕ ВИРУСА

ДЬ. ХАДХАЗИ, Е. ХОРВАТ, Л. ГЕРГЕЙ

Концентрации гепарина 10, 100 и 100 /«g/мл и гиалуроновой кислоты 1, 10 и 100 
//g/мл не влияли на размножение в кусочках хорпоаллантопсной мембраны штаммов 
вируса гриппа типа A (PR8) и парагриппа I типа (Сендай). Присутствие этих веществ не 
препятствовало подавляющему действию интерферона на размножение штамма вируса
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Сендай. Гепарин подавлял размножение штамма H erpes sim plex  в культуре фибробластов 
куриного эмбриона, гиалуроновая кислота же подобного действия не оказывала. Если 
эти два вещества прибавлены вместе с интерфероном, то действие первого из них сумми­
руется с таковым интерферона, а второе действие интерферона не изменяет.

EFFECT OF HEPARIN ON HERPES SIMPLEX VIRUS INFECTION IN THE RAHBIT

F. L e h e l , Gy . H a d h á zy

ВЛИЯНИЕ ГЕПАРИНА НА ЗАРАЖЕНИЕ КРОЛИКОВ ВИРУСОМ
HERPES SIMPLEX

Ф. ЛЕХЕЛ, ДЬ. ХАДХАЗИ

Авторы изучали действие экзогенного гепарина на размножение штаммов HSV, 
происходящем в коже кролика. Было установлено, что гепарин, примененный за 1 и 18 
часов до заражения, в зависимости от концентрации подавляет размножение многочи­
сленных штаммов HSV, а также развитие поражения кожи. Гепарин в существующих 
экспериментальных условиях не подавлял размножение одного штамма HSV, распола­
гающего выраженной нейровируленцией. Обсуждается возможная защитная роль гепа­
рина против вирусной инфекции, далее — вопрос предполагаемой связи между нейро­
вируленцией и чувствительностью к гепарину.

OLIGOSACCHARIDE UTILIZATION BY SAPROPHYTIC CLAVICEPS STRAINS

T. P e r é n y , É. U d v a rd y -N agy , G. W a c k , E. K. N ovak 

УТИЛИЗАЦИЯ ОЛИГОСАХАРИДОВ САПРОФИТНЫМИ ШТАММАМИ CLAVICEPS

Т. ПЕРЕНЬИ, E. УДВАРДИ-НАДЬ, Г. ВАК, E. К. НОВАК

Изучали утилизацию олигосахаридов алкалоид-позитивными и -негативными штам­
мами Claviceps, выделенными из ржи и трав. В отношение 3 штаммов было доказано 
наличие /S-фруктофуранозидазы и у одного штамма — другого характера эндосахарозы. 
Авторы установили, что первый энзим и в случае штаммов Claviceps располагает транс­
фер-активностью. У штаммов, свежевыделенных из склероциум, наблюдали высокую 
активность энзима трехалазы. Расщепление мальтозы в зависимости от приема и индук­
ции можно было показать только в отдельных случаях; ни один из исследуемых штаммов 
не утилизировал лактозу, мелибиозу.

ISOLATION OF ANTIBODIES BY GEL-FILTRATION

M. K á v a i, S. J u su pov a , B. Csaba  

ВЫДЕЛЕНИЕ АНТИТЕЛ ГЕЛЬ-ФИЛЬТРАЦИЕЙ

М. КАВАН, С. ЮСУПОВА, Б. ЧАБА

Разработали метод для получения кроличих чистых антител против овальбу­
мина. Количественно преципитированный овальбумин-антиовальбумин комплекс диссо­
циировался в N уксусной кислоте, затем фильтровался на геле Сефадекс G 200. Выде­
ленные таким способом антитела на основе ультрацентрифужного измерения и иммун- 
электрофоретического исследования представляют собой гаммаглобулин с седимен­
тацией 6,4 S. Способность к преципитации с овальбумином сохранялась почти на 100%. 
При анафилактическом шоке в 4 раза эффективнее, чем иммунная сыворотка. Этим мето­
дом смогли выделить в чистом виде 60—-80% антител иммунной сыворотки.
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ALLERGIC-TYPE SKIN REACTIONS IN ANIMALS WITH ALLOXAN DIABETES

T. Sz il á g y i, A. Kiss, M. K áva i

КОЖНЫЕ РЕАКЦИИ АЛЛЕРГИЧЕСКОГО ХАРАКТЕРА У ЖИВОТНЫХ 
С АЛЛОКСАН-ДИАБЕТОМ

Т. СИЛАДЬИ, А. КИШШ, М. КАВАИ

На кроликах и мышах с аллоксан-диабетом вызывали пассивную реакцию Arthus 
и антиген-антитело комплекс, а также пассивную кожную анафилаксию. Установили, что 
диабет подавляет или понижает развитие этих кожных реакций аллергического харак­
тера. Гипергликемия, достигнутая дачей глюкозы, также оказывала подавляющий эффект. 
Вероятно, что за снижение интенсивности кожных реакций в первую очередь ответст­
венны подавляемые высоким уровнем сахара в крови освобождение гистамина и образо­
вание грануляционных тканей.

ENHANCING EFFECT OF HUMAN ERYTHROCYTE EXTRACTS ON THE
SUSCEPTIBILITY OF MONKEY KIDNEY CELLS TO CERTAIN ENTEROVIRUSES

M. S im o n , I. D ömök

ПОВЫШЕНИЕ ЧУВСТВИТЕЛЬНОСТИ КЛЕТОК ПОЧЕК ОБЕЗЬЯН К 
НЕКОТОРЫМ ЭНТЕРОВИРУСАМ ДОБАВЛЕНИЕМ ЭКСТРАКТА 

ЧЕЛОВЕЧЕСКИХ ЭРИТРОЦИТОВ

М. ШИМОН, И. ДЁМЁК

В предшествующем эксперименте авторы показали, что некоторые гемагглюти- 
нирующие ECHO вирусы лучше размножались в таких первичных клеточных культурах 
Точек обезьян, которые обрабатывались экстрактом человеческих эритроцитов. Значе­
ние этого явления для практики было изучено в опытах по выделению вируса, прове- 
иенных параллельно в нормальных культурах почек обезьян н в культурах, обработан­
ных экстрактом человеческих эритроцитов. Из стула 175 здоровых новорожденных всего 
удалось выделить 53 штамма вирусов, из которых 32 могли быть выделены в обоих видах 
тканевых культур, 1 — только в нормальной и 20 — только в тканевой культуре, обра­
ботанной экстрактом человеческих эритроцитов. Среди последних 13 штаммов относились 
к гемагглютпнирующи.м энтеровирусным типам.

На основе своих результатов авторы предлагают использовать для рутинных 
диагностических целей тканевые культуры, обработанные экстрактом человеческих 
эритроцитов.

STUDIES ON THE INITIAL PHASES OF POLIOVIRUS REPRODUCTION CYCLE

II. COMPARATIVE STUDIES ON HELA AND PERMANENT MONKEY KIDNEY
CELLS

E. Gy ö r g y , IL L o m n iczi, A. K och

ИЗУЧЕНИЕ НАЧАЛЬНЫХ СТАДИЙ ЦИКЛА РЕПРОДУКЦИИ ПОЛИОВИРУСА

11. СРАВНИТЕЛЬНЫЕ ОПЫТЫ НА КЛЕТКАХ НЕ1.А 11 СТАБИЛЬНОЙ 
КУЛЬТУРЕ ПОЧКИ ОБЕЗЬЯНЫ

Э. ДЬЁРДЬ, Б. ЛОМНИЦИ, А. КОХ

Клетки HeLa и стабильные клетки почки обезьяны РМК 111,1 перед заражением 
их полиовирусом I типа (M ahoney) в течение различного времени обрабатывались вер- 
сенем и трипсином. Было проведено сравнение цикла репродукции вируса в клетках, 
поддерживаемых в питательном растворе, содержащем телячий альбумин (HBS -J- ВА), 
и в питательной среде без последнего (HBS).
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В клетках РМК II1/1 конечный выход вируса был в 10 раз выше в случае питатель­
ной среды HBS +  ВА, чем в среде HBS. Эта разница не изменялась в зависимости от того, 
версенем или трипсином обрабатывались предварительно клетки, но абсолютное коли­
чество вируса умеренно понижалось в связи с продолжительностью обработки трип­
сином. Наиболее высокие титры были получены при обработке клеток версенем.

При продолжительной (30, СО минут) обработке клеток Не La версенем или трип­
сином выход вируса был одинаковым в случае использования двух видов питательной 
среды. Однако после 5—20 минутной обработки трипсином выход вируса в отношении 
клеток, суспендированных в HBS -f  ВА, оказался в 10 раз выше.

Авторы предполагают, что клетки HeLa располагают тремя видами рецепторов, 
а клетки РМК II1/1 — двумя.

STUDIES ON THE INITIAL PHASES OF POLIOVIRUS REPRODUCTION CYCLE 

Ш. ACTION OF FATTY ACIDS AND TWEEN 80

A. K o c h , B. L o m n iczi, E. Gy ö rg y

ИЗУЧЕНИЕ НАЧАЛЬНЫХ СТАДИЙ ЦИКЛА РЕПРОДУКЦИИ ПОЛИОВИРУСА

III. ВЛИЯНИЕ ЖИРНЫХ КИСЛОТ И TWEEN 80 

А. КОХ, Б. ЛОМНИЦИ, Э. ДЬЁРДЬ

После заражения суспендированных клеток перевиваемой культуры (РМК 111/1) 
почки обезьяны полиовирусом 1 типа (Mahoney) в растворе Хэнкса (HBS) выход вируса 
оказывается низким. Если к раствору Хэнкса прибавляли 0,2% телячьего альбумина 
(БА), выход вируса увеличивался в 10 раз. Было предположено, что за действие теля­
чьего альбумина ответственны жирные кислоты, присутствующие в последнем как за­
грязнение, поэтому изучалось размножение вируса в присутствии различных жирных 
кислот и Tween-a 80.

Линолевая и олеиновая кислоты в конечной концентрации 10~4 A4 полностью 
подавляли размножение вируса. Арахиновая и стеариновая кислоты, взятые в той же 
концентрации, стимулировали размножение вируса в степени, равной половине эффекта 
БА. Пальмитиновая кислота оказывала меньший эффект. При сопоставлении с действием 
БА жирные кислоты в концентрации 10~5 A4 обладали различной активностью: арахино­
вая — 90%, линолевая и олеиновая — 40%, стеариновая и пальмитиновая — 32% и 22%. 
При концентрации 10-7 A4 эти соотношения были следующие: арахиновая кислота -  
50%, олеиновая — 30%; стеариновая и пальмитиновая кислоты в такой концентрации 
оказались неэффективными.

Tween 80 в концентрации 150 ц g/мл подавлял размножение вируса; его концент­
рация 1,5 jt/g/мл не влияла, а 15 ^g/мл подобно БА стимулировала размножение вируса. 
Активность жирных кислот, взятых в концентрации 10-4 — 10~7 A4, зависела от длины 
углеродной цепочки и концентрации. Активность была тем выше, чем длиннее была 
углеродная цепочка соединения и чем выше концентрация.

Для того, чтобы развилась полная активность, жирным кислотам и T w een-y 80 
надо присутствовать в первые часы цикла вирусного размножения. Прибавленные позже 
жирные кислоты не оказывают никакого эффекта на размножение вируса.

Авторы предполагают, что эти вещества влияют на пенетрацню вирионов, связан­
ных с клетками. В этой связи излагается гипотеза, относящаяся к ранним стадиям взаи­
модействия вирус-клетка.
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PATHOGENESIS OF THE WASTING SYNDROME FOLLOWING NEONATAL
THYMECTOMY

I. Sz e r i , Zs . B á n o s , P. An d e r l ik , M. B alázs, P. F ö ldes

ДАННЫЕ К ПАТОГЕНЕЗУ «WASTING SYNDROME», СЛЕДУЮЩЕГО
ЗА УДАЛЕНИЕМ У НОВОРОЖДЕННЫХ ВИЛОЧКОВОЙ ЖЕЛЕЗЫ

И. СЕРИ, Ж. БАНОШ, П. АНДЕРЛИК, М. БАЛАЖ, П. ФЕЛДЕШ

(1) Интрацеребральное заражение мышей вирусом лимфоцитарного хориоменин- 
гита (LCM), происходящее после прекращения вскармливания молоком, способствует 
развитию «w asting syndrom e» (одинаково в отношении количества и времени), возни­
кающего как результат удаления вилочковой железы в период новорожденное™.

(2) Мыши с удаленной в период новорожденное™ вилочковой железой и пере­
живающие интрацеребральное заражение LCM, хотя и являются вирусоносителями, с 
иммунологической точки зрения не „ведут себя“ одинаково. В равной пропорции (50— 
50%) можно найти иммунных и не дающих иммунного ответа, толерантных животных. 
Большая часть животных, однако, независимо от их иммунного состояния погибает в 
течение 80 дней после прививки с «wasting syndrome»-OM.

(3) На основе своего опыта и литературных данных, касающихся этого вопроса, 
авторы считают, что организм, находящийся в иммунной депрессии, на различные анти­
генные раздрожители может реагировать только неспецифическим способом. Этот не­
специфический ответ — возникновение самого «w asting  syndrom e»-a.

(4) Поднимается возможность аналогии между возникновением атрофий, разви­
вающихся у человека на основе физиологической иммунной депрессии в период новорож­
денное™ и в старческом возрасте, и патогенезом «w asting  syndrom e»-a.

HAS THE NERVOUS SYSTEM A ROLE IN THE ENDOTOXIN-INDUCEI) 
ALTERATION OF CELL METABOLISM?

K . S. V u k á n , P. K e r t a i

ИГРАЕТ ЛИ НЕРВНАЯ СИСТЕМА РОЛЬ В ИЗМЕНЕНИИ КЛЕТОЧНОГО 
МЕТАБОЛИЗМА, ВЫЗВАННОГО ЭНДОТОКСИНОМ?

К. Ш. ВУКАН, П. КЕРТАИ

Авторы не могли установить разницы между обменом веществ иннервированных 
и денервированных клеток после параэнтерального введения эндотоксина.

DATA ON THE CYTOTOXICITY OF ANTI-TUMOUR SERA

G. E l e k , L. V e k e r d i

ДАННЫЕ О ЦИТОТОКСИЧЕСКОМ ДЕЙСТВИИ ПРОТИВООПУХОЛЕВЫХ 
ИММУННЫХ СЫВОРОТОК

Г. ЭЛЕК, л .  ВЕКЕРДИ

Пользовались мышиной асцитической опухолью NK/Ly для получения крысиной 
иммунной сыворотки. Сыворотка содержала инкомплектные антитела и цитотоксический 
эффект оказывала только в присутствии комплемента. Подобную, но с меньшим цито­
токсическим действием сыворотку удалось получить при иммунизации крыс суспензией 
из селезенки здоровых мышей. Из последней сыворотки цитотоксические антитела могли 
истощаться клетками селезенки здоровых мышей. Противоопухолевая сыворотка, исто­
щенная клетками мышиной селезенки, однако, оставалась эффективной при определен­
ных количественных условиях.
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EFFECT ON INFLUENZA VIRUS OF A MODIFIED FRANCIS INHIBITOR AND 
ITS ACETONE-SOLUBLE FRACTION

II. STUDIES ON THE MODE OF ACTION IN DE-EMBRYONATED EGGS

I. H ollós

ВЛИЯНИЕ ВИДОИЗМЕНЕННОГО ФРЭНСИС-ИНГИБИТОРА И ЕГО АЦЕТОН- 
РАСТВОРИМОЙ ФРАКЦИИ НА РАЗМНОЖЕНИЕ ВИРУСА ГРИППА

II. ИЗУЧЕНИЕ МЕХАНИЗМА ДЕЙСТВИЯ В ДЕЭМБРИОНИРОВАННОМ ЯЙЦЕ

И. холл ош

Автор изучал влияние Фрэнсис-ингибитора (/<„), его диэтил-р-фенилен-диамин- 
диазониум-хлоридного деривата ( 8 т ) ,  а также их фракции ( К „ а с  и  8 ас) , остающиеся 
в растворе во время ацетонового фракционирования, с точки зрения их подавляющего 
действия на размножение вируса гриппа А—I, штамм Будапешт 4/49, по методике деэм- 
брионированного яйца.

20 мг/мл К „ а с  и 5 мг/мл 8 а с  полностью подавляли размножение вируса в хорио- 
аллантоисной мембране, если их прибавляли к питательной среде спустя 30 минут после 
заражения. 20 мг/мл К „  и 8 т  в аналогичных условиях оказались неэффективными.

20 мг/мл 8ас , примененные спустя 1 час после заражения, останавливали размно­
жение вируса. Такой же эффект наблюдался и через 5 часов: значительно понижается 
выход вируса в случае происходящего цикла, а дальнейшие циклы останавливаются. 
Прибавление через 10 часов сопровождается остановкой последующих циклов.

Автор установил, что период времени, при котором имеется возможность по­
давления, зависит и от дозы 8  а с :  процесс, чувствительный к дозе 5 мг/мл, находится в 
промежутке между 30 минутами и 2 часами эклипса. Процесс, который может быть по­
давлен 7,5 мг/мл или 10 мг/мл 8  а с ,  начинается между 30 минутами и 2 часами эклипса 
и продолжается до его конца. Как видно, некоторые составные части вируса не стаби­
лизируются до 6 часов и остаются чувствительными к действию 8  ас. Темп чувствитель­
ного к подавлению синтеза идет параллельно с формированием инфективного вируса. 
После удаления 8ас  синтез вируса восстанавливается и, спустя короткую lag фазу, 
продолжается в таком же темпе, как и темп размножения вируса в контроле.

TICK-BORNE ENCEPHALITIS: A COMPARATIVE SEROLOGICAL SURVEY IN
HUNGARY

E. M o ln á r , T. K ubászova

СРАВНИТЕЛЬНЫЕ СЕРОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ В ОТНОШЕНИИ 
КЛЕЩЕВОГО ЭНЦЕФАЛИТА В ВЕНГРИИ

Э. МОЛЬНАР, Т. КУБАСОВА

В связи с острыми заболеваниями нервной системы, имевшими место в Венгрии в 
1963—65 гг., были исследованы сыворотки крови от 1007 лиц в пробе нейтрализации 
вируса и в РПГА. Вируснейтрализующие антитела к вирусу клещевого энцефалита, 
выделенному в Венгрии (штамм КЭМ,), были найдены в 23% случаев энцефалита и в 
10% случаев асептического менингита. В РПГА положительный результат был получен 
в большем проценте; кроме того, нейтрализационные титры сывороток отличались от 
титров РГ1ГА. На этом основании авторы предполагают, что в Венгрии кроме вируса 
клещевого энцефалита существует и другой арбовирус, относящийся согласно класси­
фикации по Казале в группу Б.
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SEROLOGICAL PROPERTIES OF PSEUDOMONAS AERUGINOSA 

I. GROUP-SPECIFIC SOMATIC ANTIGENS

B. Lá n y i

СЕРОЛОГИЧЕСКИЕ СВОЙСТВА PSEUDOMONAS AERUGINOSA 

I. ГРУППОВЫЕ СОМАТИЧЕСКИЕ АНТИГЕНЫ

Б. ЛАНЬИ

Соматические антитела к штаммам Pseudomonas aeruginosa наиболее выраженно 
агглютинируют живые и прогретые в течение 2 '/2 часов при 100° С и в  течение 1 часа 
при 130° С бактерии. Слабое температурное воздействие (60— 75° С), а также обработка 
алкоголем, насыщенным NaCl и формалином прекращают агглютинабильность сомати­
ческих антигенов. Агглютинабильность суспензий, прогретых при 100- 130° С, усили­
вается пропорционально времени и степени температурного воздействия. Обработанные 
кислотами бактерии способны агглютинироваться подобно клеткам, прогретым при 
более высокой температуре. Соматические антигены свою иммуногенность и способность 
истощать антитела сохраняют после любой из упомянутых выше обработок.

На основе исследования 2197 штаммов Pseudomonas aeruginosa автор составил 
13 антигенных схем, содержащих О антигенную группу. Штаммы, относящиеся в груп­
пы 03, 04,| 05  и 010, на основе более важных соматических антигенных составов были 
подразделены далее на 15 подгрупп. Кроме групповых антигенов указывает на общий 
соматический фактор, которым располагает большинство штаммов Pseudomonas aeruginosa. 
На основе агглютинационных исследований термолабильные соматические антигены 
выявить не удалось.

Агглютинация, проведенная с прогретым антигеном в пробирке, и агглютинация, 
выполненная на предметных стеклах с живым антигеном, с точки зрения О антигена 
оказались равноценными. Автор подробно знакомит с типовыми штаммами и методиками, 
требующимися для производства, контроля и истощения используемых сывороток. Зна­
комит с распределением по серогруппам и подгруппам 2197 исследованных штаммов, 
происходящих из разного материала.

INCIDENCE OF PSEUDOMONAS AERUGINOSA SEROGROUPS IN WATER
AND HUMAN FAECES

15. L á n y i , M. G r eg á c s , M. M. ÁDÁM

ВСТРЕЧАЕМОСТЬСЕРОГРУПГ1 PSEUDOMONAS AERUGINOSA 
В ВОДЕ И ЧЕЛОВЕЧЕСКИХ ФЕКАЛИЯХ

Б. ЛАНЬИ, I М. ГРЕГАЧ, | М. М. АДАМ

Из 9219 проб питьевой воды, 1065 — речной, 419 — сточной воды, а также из стула 
7650 здоровых взрослых, 650 новорожденных, содержавшихся в больнице, был изолиро­
ван 521 штамм Pseudomonas aeruginosa.

Было выявлено, ЧТО частота встречаемости Pseudomonas aeruginosa в колодезной 
воде составляла 1,6%, в воде из источника 4,1%, в водопроводной воде — 0,6%, и в 
речной воде 1,8%,. На той же самой территории бактерии были обнаружены в стуле 
взрослых в 1,5%,, в стуле новорожденных — в 32,% в сточной воде — в 10%.

Распределение штаммов, выделенных из воды и из стула взрослых, по серологи­
ческим группам было заметно сходно. Чаще всего встречались члены I, 3, 4, 5 и 6 серо- 
групп. По мнению авторов, присутствие в воде Pseudomonas aeruginosa может иметь 
фекальное происхождение.



18

INDUCTION AND M U LTIPLICATION OF Я-РHAGE 

I. T H E  EFFEC T OF CHLOROM YCETIN

I. G a d ó , G .  S a v c h e n k o  

ИНДУКЦИЯ И РАЗМНОЖЕНИЕ Я-ФАГА 

I. ДЕЙСТВИЕ ХЛОРАМФЕНИКОЛА 

И .  Г А Д О ,  Г .  С А В Ч Е Н К О

На действие митомицина в клетках, находящихся в состоянии «Shift down», 
общее число зараженных центров тотчас повышается. Повышение не подавляется хлор- 
амфениколом, а трипафлавином — да. В присутствии хлорамфеникола первичная актив­
ность оборванного профага остается в течение продолжительного времени. Без «Shift 
down» в присутствии хлорамфеникола оборванный профаг инактивируется.

SOM E PH Y SICA L CH A RA CTERISTICS OF IN F L U E N Z A  V IR U S D E T ER M IN E D  
BY ELECTRONM ICROSCOPY

I. H o l l ó s , Á .  B a r n a

ОПРЕДЕЛЕНИЕ ЭЛЕКТРОННЫМ МИКРОСКОПОМ НЕКОТОРЫХ СВОЙСТВ
ВИРУСА ГРИППА

И .  Х О Л Л О Ш ,  А .  В А Р Н А

После очистки и концентрации комплетные и некомплетные вирионы штамма 
вируса гриппа А — 1, обозначенного как Paris PL 1/49, были смешаны с частицами поли- 
стирен латекс-а «Dow». Нефиксированные и с помощью OsO, фиксированные препараты 
были изучены частью без теневого напыления, частью с палладиумовым напылением. 
Соответствующие измерения проводились на снимках, изготовленных среди постоянных 
условий.

На основе измерения, проведенного на латекс-частицах, было определено значение 
S, характерное для электронного микроскопа. Определили градацию фотонегатива ( у )  
относительно используемой электронной экспозиции с 45 KV-ным ускорением.

Пристальным разглядыванием («scanning» метод) вирионов получили кривую 
плотности и компаратором измерили их диаметр и высоту.

Было установлено, что в течение подготовки и исследования происходит в боль­
шой степени уплощение вирионов. Сделали попытку определить истинные размеры 
вирионов. На основе измерений плотности высчитали сухую массу вирионов и сделали 
вывод относительно количества принятого OsO,. Была сделана попытка и в вычислении 
истинной (влажной) массы и плотности.

REGULATION OF V A LIN E AND ISO LEU C IN E RIOSYNTHESIS IN 
STREPTOM YCES R IM O SU S

I. H o r v á t h , A. S z e n t i r m a i ,  J. Z s a d á n y i

ДАЛЬНЕЙШИЕ ЭКСПЕРИМЕНТЫ В ОТНОШЕНИИ РЕГУЛЯЦИИ БИОСИНТЕЗА 
ВАЛИНА И ИЗОЛЕЙЦИНА У STREPTOMYCES RIMOSUS

И .  Х О Р В А Т ,  А .  С Е Н Т И Р М А И ,  Й .  Ж А Д А Н Ь И

У S tr e p to m y c e s  r im o s u s  — подобно другим микроорганизмам — вследствие пере­
вивок временно повышается синтез энзимов, принимающих участие в биосинтезе изолей­
цина и валина. Этот усиленный синтез валин ещё более повышает. Защитный эффект от 
спонтанного усиления синтеза энзима может быть достигнут одновременным прибав­
лением валина, лейцина и изолейцина.
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Уже описанное индукционное действие а-кэтомасляной кислоты имеет место 
в течение всего времени культивирования; репрессировать можно одновременной дачей 
валина и лейцина, один валин оказывает частичную репрессию.

Первый общий энзим биосинтеза валина и изолейцина, ацетогидрокси-кислота- 
синтетаз, может быть подавлен валином.

“ E A R L Y , NO N-VIRION”  ANTIGENS IN H E R P E S  SIM PL EX  V IR U S INFECTED 
T ISSU E  C U LTU RE CELLS

I. DETECTION OF “ E A R L Y ” ANTIGENS W ITH  COM PLEM ENT FIXATION TEST

L. G é d e r , L. V a c z i , E. G ö n c z ö l ,  E. J e n e y ,  F. L e h e l

«РАННИЕ», «НЕВИРИОННЫЕ», АНТИГЕНЫ В КЛЕТКАХ ТКАНЕВОЙ 
КУЛЬТУРЫ, ЗАРАЖЕННОЙ ВИРУСОМ HERPES SIMPLEX

I. ВЫЯВЛЕНИЕ «РАННИХ» АНТИГЕНОВ РЕАКЦИЕЙ СВЯЗЫВАНИЯ
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Л .  Г Е Д Е Р ,  Л .  В А Ц И ,  Е .  Г Е Н Ц Й Л ,  Е .  Й Е Н Е И ,  Ф .  Л Е Х Е Л

В клетках БС-Ц-1, Хэла и в фибробластах человеческого эмбриона, зараженных 
вирусом H e r p e s  s im p le x  (1—8 ТЦДГ)|| по клеткам), можно выявить вирус-специфический 
ранний антигенный компонент. 11рисутствие 10 /«г/мл цитозин-арабинозида не подавляло 
его образования. Антиген термолабилен, чувствителен к обработке эфиром и повторному 
замораживанию-оттаиванию, не может быть осажден 100 000 g  в течение 1 часа.

Из 8 кролпчих иммунных сывороток против H e r p e s  s im p le x  8 реагировали с ран­
ним антигеном, но не было обнаружено связи между комплементсвязывающими титрами 
антител против раннего антигена и против вируса. Среди 0 человеческих реконвалесцент- 
ных сывороток ни одна не реагировала с ранним антигеном.
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IM M UNOFLUORESCENCE T EC H N IQ U E

L .  G é d e r ,  L .  V á c z i ,  E .  J e n e y ,  E .  G ö n c z ö l ,  F . L e h e l

«РАННИЕ», «НЕВИРИОННЫЕ», АНТИГЕНЫ В КЛЕТКАХ ТКАНЕВОЙ 
КУЛЬТУРЫ, ЗАРАЖЕННОЙ ВИРУСОМ HERPES SIMPLEX

И. ОПРЕДЕЛЕНИЕ ВНУТРИКЛЕТОЧНОЙ ЛОКАЛИЗАЦИИ «РАННЕГО» 
АНТИГЕНА С ПОМОЩЬЮ НЕПРЯМОЙ 11ММУ1 {ФЛУОРЕСЦЕНТНОЙ

ТЕХНИКИ

Л .  Г Е Д Е Р ,  Л .  В А Ц И ,  Е .  Й Е Н Е И ,  Е .  Г Ё Н Ц Ё Л ,  Ф .  Л Е Х Е Л

Иммунфлуоресцентным методом было показано, что в БС-Ц-1 клетках п в фибро­
бластах куриного эмбриона, зараженных вирусом H e r p e s  s im p le x  (по клеткам 4,5 ТЦ Д50), 
спустя 5 ‘/2 — 8 часов после заражения появляется вирус-специфический ранний анти­
генный компонент. Этот антиген концентрируется чаще всего в периферической части 
клеточного ядра. 10 /«г/мл цитозин-арабинозида не подавляет образование антигена.
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