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Correla t ion between the effector functions and v i rus-neut ra l iz ing  activity of antiviral immune-  
globulin G (IgG) antibodies was investigated in relat ion to rabbit  IgG antibodies against 
A / P R J 3 4  influenza virus.  Changes in the effeetor activity of the anttviral  antibodies were 
produced by reducing the single disulfide bond between the heavy chains in the hinge region of 
the lgG molecule.  Antiinfluenzal IgG, when reduced in this way, retained about 50~ of its 
complement-f ixing activity but lost virtually all its ability to be bound to heterologous t issues.  
Meanwhile the reduced antiinfluenzal IgG, as the resul ts  of the delayed hemagglutination test  
showed, completely p r e s e r v e d i t s  antigen-binding activity. The v i rus-neut ra l iz ing  activity of the 
reduced antitnfluenzal IgG, as es t imated in experiments  on chick embryos ,  was indistinguish- 
able f rom the activity of the native preparat ion if the dose of virus used in the experiments  was 
100 EIDer. If the dose of virus was increased to 1000 EID~ the v i rus-neut ra l iz ing  activity of 
the reduced [gG was less than that of the native preparat ion.  The resul ts  are discussed in 
t e rms  of differences in the s t ruc tura l  organization of reduced [gG. 
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Previous investigations showed that after reduction of the single disulfide bond in the immunoglobulin G 
(IgG) molecule of antibodies between the heavy chains there is a marked decrease  in the complement-f ixing 
and eytophilic activity of the modified antibodies although they retain their ability to bind antigen and to neu- 
t ral ize bacter ia l  toxins [ 5, 61 �9 

Considering that the investigation of reduced antibodies would shed light on the correlation between their 
effector functions and specific neutralizing properties, the present investigation was undertaken in order to 
study the virus-neutralizing activity of reduced rabbit antiinfluenzal IgG antibodies. 

EXPERIMENTAL METHOD 

Influenza virus s t ra in  A/PRs/34  was used in the experiments  after repeated passage through chick em-  
bryoso Eluates of the virus obtained from infected allantoic fluid by adsorption and subsequent elution of the 
virus f rom formalinized human group O red cells were used as the antigen for the serological  tests  and for 
immunization [ 2]. 

*Academy of Medical Sciences of the USSR~ 

N. F. Gamaleya Institute of Epidemiology and Microbiolo~. ,  Moscow. D. L [vanovskli hlstitute of Virol-  
ogy, Academy of Medical Sciences of the USSR, Moscow. Transla ted from Byulleten' t~kspertmental 'no[ 
Biologii i Medits[ny, Vol. 84, No. 8, pp. 188-191, August, 1977. Original ar t icle  submitted February  21, 1977. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 1 7th Street, New York, N.Y. 10011. No part 1 
o f  this publication may be reproduced, stored bl a retrie~'al system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, [ 
microfilming, recording or otherwise, without written permission o f  the publisher. A cop)' o f  this article is available from the publisher for $ 7.50. J 

1143 



TABLE 1. Antihemagglutinating Activity of 
Native and Reduced Antiinfluenzal Rabbit 
lgG 

B a t c h  of anti- 
influenzal Ig G 

Protein Titer of antiinfluenzal 
IgG in DHT* coneentra- . ~ _ 

tion, mg/ native reduced 
ml ]IgG ] IgG 

I 
I 1 , 8  1 6 0  I 160 

II 7,2 1280 I 1280 
I I I 7,6 1280 1280 

i 

*Reciprocal  of dilution of IgG capable of 
completely inhibiting hemagglutination by 
4-8 a .u .  of virus.  

Antiimfluenzal se rum was obtained by immunizing rabbits  with the eluate of influenza virus by the 
scheme desc r ibed  previously [ 3]. The ti ter of antihemagglutinins in the se rum pool in the delayed hemagglu- 
tination test (DHT) was 1:5120;  in the biological neutral ization test the antiserum, in a dilution of 1:100, neu- 
t ra l ized over  106 EIDs~ of virus.  

IgG was obtained f rom the pool of antiinfluenzal rabbit  s e ra  in two steps. Fi rs t ,  the total globulin f r ac -  
tion was precipi tated by ammonium sulfate at 35% saturat ion and pH 7.4. The globulins were then c h r o m a t e -  
graphed on Sephadex G--200 in 0.15 M NaCI, pH 7.8. 

The fract ion corresponding to the tip of the second peak (7S IgG) was collected, concentrated by u l t ra -  
filtration, s ter i l ized by fil tration through a Miltipore membrane ,  and kept at 4~ 

The disulfide bond between the heavy chains of IgG was reduced with 0.005 M 2-mercaptoethanol  (2ME) 
as descr ibed in [ 5]. The number  of reduced disulfide bonds was est imated by t i trating SH groups by Torchin-  
skiFs  method [7] .  The SH groups of the reduced IgG were blocked with 0.01 M sodium monoiodoacetate.  

The hemagglutination test  (HT) and DHT were set up in a volume of 0.5 ml, using a 5% suspension of 
human group O red cells.  

The complement  fixation test  (CFT) was ca r r i ed  out by the standard method at 37~ in a volume of 1.25 
ml, using 120~ complement  (native guinea pig serum).  

The biological neutral izat ion of influenza virus tes t  was ca r r i ed  out on chick embryos ,  using 100 and 
1000 EIDs0 of virus and various dilutions of IgG. Before infection the mixture of virus and antiinfluenzal IgG 
was kept for 30 rain at 37~ 

The r eve r sed  passive cutaneous anaphylaxis test  (RPCAT) was ca r r i ed  out as descr ibed previously [6].  

E X P E R I M E N T A L  R E S U L T S  

After  reduction of the antiinfluenzal rabbit  IgG with 0.005 M 2ME at 20~ for 2 h, two SH groups were 
l iberated for eve ry  mole of protein;  i.e., one disulfide bond was broken. As was demonst ra ted  previously,  
under these conditions the disulfide bond located between the heavy chains in the hinge region of the IgG mole-  
cule is broken [4] .  

A comparat ive  study of three batches of native and reduced antiinfluenzal IgG in the DHT showed that 
they possessed  identical antigen-binding activity (Table 1). 

Native and reduced IgG of batch I were tested in the CFT. Reduced IgG was found to have substantially 
less complement-f ixing activity than the reduced protein. Under the conditions chosen for the CFT, to produce 
complete fixation of the dose of complement  used in the test twice as much reduced [gG as unreduced had to be 
used. 

The resul t s  of the RPCAT showed that the minimal  cutaneous sensi t izing dose of unreduced antiinfluenzal 
IgG was 0.33 • 0.09/~g, whereas  the dose for reduced IgG was not less than 10/zg. 

As a resul t  of reduction in the disulfide bond between the heavy chains  in the hinge region of the molecule 
of antiinfluenzal rabbit  IgG its antigen-binding activity, de t e rmined  in vit-ro, was unchanged. Meanwhile a 
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T A B L E  2. V i r u s - N e u t r a l i z i n g  A c t i v i t y  of 

Na t ive  and R e d u c e d  An t i i n f luenza !  R a b b i t  

IgG 

Andinflu- 

enzal IgG 

i 

t 
I 
Dilu- 
tion 

Dose of virus used for infection 

100 EIDs0 

number 
of em- 
bryos ititer 
with re, of vi- produc- 
tion oi ms in 
virus / H T 
numbe~ 
of in- 
fected 
embryo 

1 ooo EID~o 

aumb r 
of en - 
br/os [timr 
With ~- . . 

tlon { [ 
virus IHT 
numb ~.r 
of in. 
fecte i 
embr os 

Native 

Reduced 

: 20 4 114 0 0 5 

1:80 ' : 160 0 4 2'4 
1 : 3201 44 

11:20 I 0'4 
: 40 I 0:4 

1:80 ti 0 4 
: 1601 2/4 

1 : 3201 4.;4 

o o 

0 
320 
32o 

0 
o 

a2o 
320 

0/4 
0/4 
0/4 
I/4 
4/4 
0,4 
0/4 
3,"3 
4'4 
4,'4 

0 
0 
0 

160 
2560 

0 
0 

320 
160 

640 

Control - -  4/4 2560 4/4 5120 

m a r k e d  d e c r e a s e  in i t s  c y t o p h i l i c  a c t i v i t y  and a s u b s t a n t i a l  change  in i ts  a b i l i t y  to fix c o m p l e m e n t  in the p r e s -  
ence  of the s p e c i f i c  an t igen  w e r e  o b s e r v e d .  

The  r e s u l t s  of d e t e r m i n a t i o n  of the v i r u s - n e u t r a l i z i n g  a c t i v i t y  of the r e d u c e d  a n t i i n f l u e n z a l  IgG in e x p e r i -  
m e n t s  on c h i c k  e m b r y o s  a r e  shown in T a b l e  2. C l e a r l y  the v i r u s - n e u t r a l i z i n g  a c t i v i t y  of the r e d u c e d  IgG was  
the s a m e  as  tha t  of the na t ive  p r e p a r a t i o n  if 100 EID50 of v i r u s  was  u sed  in the e x p e r i m e n t s .  However ,  on in -  
c r e a s i n g  the dose  of v i r u s  up to 1000 EIDs0 the v i r u s - n e u t r a l i z i n g  a c t i v i t y  of the r e d u c e d  [gG was  l e s s  than tha t  
of the  na t ive  p r e p a r a t i o n .  

It can  be c o n c l u d e d  f r o m  t h e s e  r e s u l t s  tha t  such  h igh ly  i m p o r t a n t  e f f e c t o r  func t ions  of an t ibody  IgG as  
a b i l i t y  to be bound to h e t e r o l o g o u s  t i s s u e s  and to  a c t i v a t e  the c o m p l e m e n t  s y s t e m  on b ind ing  to the s p e c i f i c  
an t i gen  do  not  p l ay  an i m p o r t a n t  r o l e  in the a b i l i t y  of the a n t i b o d i e s  to b lock  r e p r o d u c t i o n  of v i r u s e s  in ch ick  
e m b r y o s .  H o w e v e r ,  the r e s u l t s  do not  a n s w e r  the q u e s t i o n  of w he the r  t h e s e  e f f e c t o r  f u n c t i o n s  of a n t i v i r a l  a n t i -  
b o d i e s  a r e  e s s e n t i a l  to t h e i r  p r o t e c t i v e  p r o p e r t i e s  in v ivo  in m a m m a l s .  

D i f f e r e n c e s  be tween  the v i r u s - n e u t r a l i z i n g  a c t i v i t y  of r e d u c e d  and na t ive  a n t i b o d i e s  when a dose  of 1000 
EIDs0 was  u sed  to infec t  the e m b r y o s  can  be e x p l a i n e d  on the g r o u n d s  of d i f f e r e n c e s  in the s t r u c t u r a l  o r g a n i z a -  
t ion of the r e d u c e d  IgG and, in p a r t i c u l a r ,  of e x i s t i n g  i n f o r m a t i o n  showing  an i n c r e a s e  in the f l e x i b i l i t y  of i t s  
m o l e c u l e  [ 3] .  In the  p r e s e n c e  of  an e x c e s s  Of a n t i b o d i e s ,  n e u t r a l i z a t i o n  of the v i r u s  can  be p o s t u l a t e d  to be c o n -  
n e c t e d  with  the c o v e r i n g  of the ind iv idua l  v i r i o n s  by a n t i b o d i e s .  In the p r e s e n c e  of e q u i v a l e n t  p r o p o r t i o n s  of 
an t ibody  and v i r u s  o r  a r e l a t i v e  e x c e s s  of v i r u s ,  n e u t r a l i z a t i o n  is due to the f o r m a t i o n  of r i g i d  l a t t i c e  s t r u c -  
t u r e s ,  s i m i l a r  to the s t r u c t u r e  of the i m m u n e  p r e c i p i t a t e .  In the c a s e  of an i n c r e a s e  in the f l e x i b i l i t y  of the 
an t ibody  IgG m o l e c u l e  fo l lowing  r u p t u r e  of the d i su l f i de  bond in the hinge r e g i o n  the f o r m a t i o n  of a r i g i d  l a t t i c e  
is  l e s s  e a s y ,  and th i s  r e d u c e s  the e f f i c i e n c y  of v i r u s  n e u t r a l i z a t i o n .  The  h y p o t h e s i s  of c o r r e l a t i o n  be tween  
f l e x i b i l i t y  of the m o l e c u l e  of b i v a l e n t  a n t i b o d i e s  and the e f f i c i e n c y  of v i r u s  n e u t r a l i z a t i o n  was  put  f o r w a r d  
p r e v i o u s l y  by G u t m a n  and Kul '  b e r g  [ 1] .  
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