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7 G-ant ibodies  aga ins t  r a t  globulin, added to a combinat ion of influenza v i rus  and r a t  type-  
spec i f ic  ant ibodies,  potent iated the neut ra l iz ing  action of the ant iv i ra l  antibodies by 8-16 
t imes  in the delay-of-hemagglut inat ion t e s t  and also in the v i rus -neu t ra l iza t ion  tes t  in chick 
e m b r y o s .  Antiglobulin antibodies by t hemse lves  did not inhibit the v i rus .  If the concentra t ion 
of type - spec i f i c  and antiglobulin antibodies r ema ined  constant ,  the potentiat ing a c t i o n o f  
the l a t t e r  was unchanged with an inc rease  in the infecting dose of the v i rus  by 100-1000 
t imes .  Thepo ten t i a t ing  act ion is  dec is ive ly  dependent on the in tegr i ty  of the antiglobulin anti-  
body molecu les ,  for  the i r  bivalent  F (ab ' )2- f ragments  have cons iderably  lower act ivi ty.  I t  is 
concluded that the m e c h a n i s m  of action of antiglobulin antibodies is  connected with an in- 
c r e a s e  in the e f fec t iveness  of 3 -d imens iona l  sc reen ing  of the v i rus  pa r t i c l e s  through the 
fo rmat ion  of immune aggrega tes  with a r ig id  r e t i c u l a r  s t ruc tu re .  

The analys is  of the m e c h a n i s m  of the v i ru s -neu t r a l i z ing  action of specif ic  antibodies is an impor tant  
task  in the study of immuni ty  to v i ru s e s .  The recen t ly  descr ibed  phenomenon of inc reased  act ivi ty of v i r u s -  
neut ra l iz ing  antibodies as a r e su l t  of the addition of antiglobulin s e r u m  to the fo rmed  immune complex is 
v e r y  in te res t ing  in this connection [4, 5, 10-12]. The invest igat ion of the mechan i sm of this phenomenon 
prov ides  an approach to the explanation of the p r o c e s s  of s t e r i c  sc reen ing  of v i rus  pa r t i c l e s  in the immune 
complex .  It can be postulated that the v i rus  pa r t i c l e s  a re  mos t  effect ively  sc reened  by the fo rmat ion  of 
agg rega te s  with a r igid r e t i cu l a r  s t ruc tu re .  

The act ion of antiglobulin antibodies and the i r  bivalent  F (ab ' )2-fragrnents  on the complex of influenza 
v i rus  with r a t  t ype - spec i f i c  antibodies was invest igated.  

E X P E R I M E N T A L  M E T H O D  

The  7G-globul in  f rac t ion  of r abb i t  s e r u m  against  r a t  immunoglobulin,  i sola ted by ion-exchange 
ch roma tog raphy  on DEAE-Sephadex as desc r ibed  p rev ious ly  [2], was used  in the work.  The p repa ra t ions  
did not contain na tu ra I  an t iv i ra l  inhibi tors .  According  to the r e s u l t s  of the quant i ta t ive-precipi ta t ions  t e s t  
[3] 1 ml  of 7G-globul in  contained 0.84 mg  antibodies agains t  r a t  T-globulin.  

Bivalent  F (abT)2-fragrnents of antiglobulin antibodies were  obtained with the aid of pepsin by a mod-  
ified Nisonoff ' s  method [2, 11]. The F (ab ' )2- f ragments  re ta ined  their  abil i ty to prec ip i ta te  r a t  T-globul in  
but  they did not r e a c t  with antibodies agains t  the F c - f r a g m e n t  of r abb i t  7G-globulin.  Before  the hemagglu-  
t ination-inhibit ion t e s t  and influenza v i rus  neut ra l iza t ion  in chick e m b r y o s ,  s t r a ins  of type A (PR-8) and 
A1 (Eml) v i rus  were  incubated for 30 rain at 22~ with s e r i a l  1:2 dilutions of the cor responding  r a t  mono-  
specif ic  s e r a .  The antiglobulin antibodies or  F (ab ' )2- f ragments  were  then  added to all  tubes in a volume 
of 0.5 m l  and the s amples  allowed to stand at 37~ for  45 rain. The subsequent  p rocedu re s  and the read ing  
of the r eac t i ons  were  c a r r i e d  out by s tandard  methods .  
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T A B L E  1. Dependence  of  T i t e r  of  Specif ic  A n t i - i n f l u e n z a A n t i b o d i e s  
on Concen t r a t i on  of Ant ig lobul in  Ant ibodies  

Monospecific serum 

Against strain Em i 

Against strain Em, 

To strain PR-8 

Antiglobulin 
antibodies 
(in mg) 

!Titer of anti- 
Influenza virus used Titer of bodies in mono, 

in test ar~tibodies specific serum iff mono- 
specific !after addition 

of antiglobulin strain dose serum antibodies 

Hemagglutination inhibition test 1 

EM1 1 8 0,~ EM I 8 
0,05 EM 1 8 
0,003 EM 1 8 
0,00t5 EM 1 8 

Neutralization test 2 

0,14 

0,14 

0,14 
0,05 

0,14 

0,14 

0,14 
0,05 

EM 1 
EM1 
EM~ 
EM, 
EM 1 
EM 1 
EM 1 
PR-8 
PR-8 
PR-8 
PR-8 
PR-8 
PR-8 
PR-8 

iuo 
lOO 
IO ooo 
IO ooo 

I ooo ooo 
1 ooo ooo 

lO ooo 
IO 
lO 
io ooo 
IO ooo 

1 000 000 
1 0 0 0  000 

10 000 

h2__560 1:20480 
- -  1:20 480 
-- 1:I0 240 
-- h2 560 

1:320 
- -  1:5 120 

1:320 
- -  1:2  56{)  

1 :80  
- -  h640 

1:1 280 
1 : 6 4 0  

h 3 2 0  h10__240 
-- hl0 240 
--  hlO 240 
-- I:51 280 
-- h5I 280 

Note.  H e r e  and in Tab le  2: 1) dose  of v i ru s  in aou. (agglutinAting units);  
2) dose  of v i ru s  in IDs0 ( infect ious  dose  of v i ru s  for  chick  e m b r y o s ) ,  

T A B L E  2. E f f ec t  of Ant iglobul in  Ant i -  
bodies  on T i t e r  of  Monospec i f i c  Ra t  Se ra  
in Hemagg lu t ina t ion  Inhibi t ion and 
Neu t r a l i za t i on  T e s t s  

~ = , ~ ,~ Influenza Titer of 
Monospecifi ~ ~ ~= viras used antibodies 

-Q'~ ~'~ ~ in  mono- seru /,-. ~ ~l ~1 in test m o ~  , o~ 

~o- -~- ~ strain dose specific / ~  = ~ ~ l  serum 

Hemagglutination inhibition (in mg) 

EXPERIMENTAL RESULTS 

Data showing the ef fec t  of ant iglobulin ant ibodies  on the 
t i t e r  of monospec i f i c  r a t  an t i - in f luenza  s e r u m  in the h e m a g -  
glut inat ion inhibi t ion and neu t r a l i za t ion  tes t s  a r e  given in Ta -  
ble 1. Addit ion of ant iglobut in  ant ibodies  to the v i r u s - s p e c i f i c  
ant ibody c o m p l e x  evident ly  potent ia ted  the b locking  ac t ion of  
the l a t t e r  by 8-16  t imes .  Ant iglobul in  ant ibodies  by t h e m s e l v e s  
did not inhibi t  the v i r u s  in the absence  of spec i f ic  ant ibodies .  
The e s s e n t i a l  fac t  was  that  with the s a m e  dose  of t y p e - s p e c i f i c  
and ant iglobul in  ant ibodies  the potent ia t ing  ac t ion  of  the l a t t e r  
in the neu t r a l i za t ion  t e s t  was unchanged if the infec t ing  dose  of 
v i r u s  was  i n c r e a s e d  by 100-1000 t imes .  Meanwhile the po ten -  
t ia t ing ac t ion  of  the ant iglobul in ant ibodies  was  d i r e c t l y  p r o -  
por t iona l  to t he i r  concen t ra t ion~  

1:640 
1:5120 

8 1:1280: 

Against))EM~7) strain 054_ 0-~-- EM~EM1.EM~ [ 

Neutralization test 

Against strain _ EM1 
>> >> EM1 

Since a c o n s i d e r a b l e  i n c r e a s e  in the infect ing dose  of 
i00 1:320 v i r u s  had no ef fec t  on the potent ia t ing  ac t ion  of the an t ig lobu-  
100 h2560 
100 I:640 lin ant ibodies  used in the s a m e  concen t r a t ion ,  it can  be c o n -  

c luded that the i r  ac t ion  is due r a t h e r  to aggrega t ion  of v i rus  
p a r t i c l e s  sens i t i zed  by the ant ibodies  than to the m o r e  ef fec t ive  s c r e e n i n g  of  the s u r f a c e  of  individual  
p a r t i c l e s  not a s s o c i a t e d  toge ther .  F r o m  this point  of view it was  of g r e a t  i n t e r e s t  to s tudy the act ion of 
b iva lent  F ( ab ' )2 - f ragments  of the ant iglobul in ant ibodies  on sens i t i zed  v i ru s  p a r t i c l e s .  Bivalent  f r a g m e n t s  

�9 of ant ibodies ,  like the und i s soc ia ted  ant ibodies ,  can aggrega te  ant igens  but, unlike the l a t t e r  they have los t  
the inact ive  F c - p o r t i o n  of the y G-globul in  molecu le  [1]. 

As  Tab le  2 shows,  F ( a b 9 2 - f r a g m e n t s  of ant ig lobul in  ant ibodies  taken in an e q u i m o l a r  c o n c e n t r a t i o n  
r e l a t i v e  to the unsp l i t  ant ibodies  have s ign i f ican t ly  less :  po ten t ia t ing  ac t ion.  Th i s  at f i r s t  s ight  pa r a d o x i c a l  
e f fec t  can  be expla ined on the bas i s  of  the s t r u c t u r a l  o r g a n i z a t i o n  of  the b iva len t  f r a g m e n t s .  F r o m  data  
obta ined  by e l e c t r o n  m i c r o s c o p y  and o the r  phys ica l  me thods  of inves t iga t ion  it can  be a c c e p t e d  tha t  the 
TG-an t ibody  molecu le  is  Y - s h a p e d ,  the upper  a r m s  cons i s t i ng  of  F a b - f r a g m e n t s  and the leg  of an F c - f r a g -  
m e n t  [7]. The  Fa b - f r a ga ne n t s  can  move  r e l a t i v e  to the F c - f r a g m e n t ,  and the angle between them i n c r e a s e s  

813 



considerably during the formation of large antigen-antibody aggregates [6-8]. The presence of the Fc- 
fragment is evidently a factor which res t r i c t s  to some extent the freedom of rotatory movement of the Fab- 
fragments which, in turn, may help to increase the rigidity of the ret icular  structure of the immune ag- 
gregates.  So far  as the F (ab')2-fragments are concerned, both monovalent subunits composing it and 
joined by a single disulfide bond must possess considerably greater  mobility than in the TG-antibody mole- 
cule. With this in mind it can be concluded that immune aggregates formed by bivalent fragments will not 
have the same degree of rigidity of their structural organization as the same aggregates formed with the 
aid of unsplit antibodies. With respect  to the system studied in the present investigation differences in the 
structure of aggregates formed by antiglobulin antibodies and their F (ab')2-fragments may be manifested 
as unequal effectiveness of screening of the virus particles,  which must be much more marked when the 
virus part icles are packed into a rigid ret icular  structure.  

The resul ts  described in this paper can be regarded as a basis for the study of the mechanisms of ac -~ 
tion of antiviral antibodies. Since indirect 3-dimensional screening of the virus receptors  evidently plays 
an important role in the neutralization of viruses by specific antibodies, the effectiveness of this process 
largelydepends on the structural  features of the virus particle and on the character  of the macromolecular  
organization of the specific antibodies and, in particular,  of those parts of the molecules which lie outside 
the zone of their active centers .  New approaches are thus provided to the comparative study of the virus- 
neutralizing action of antibodies belonging to various classes of immunoglobulins and of the mechanism of 
virus reactivation from neutral mixtures of virus with specific antibodies. 
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