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Purified rabbit antibodies against the dinitrophenyl group bind the Fabl-fragment of 7G-glo- 
bulin, which is indistinguishable in its activity from normal rabbit 7G-globulin. Blocking 
the active centers of the antibodies by the hapten has no effect on their ability to bind the 
fragment. It is concluded that interaction between 7G-globulins and the homologous Fab l- 
fragment lakes place through parts of the molecule outside the region of the active center. 

Pro teo lys i s  of 7G-globul in  (IgG) is widely used  for  the isolat ion and detai led immunochemica l  study 
of individual p a r t s  of the molecule  of th is  prote in .  An unexpected finding has  been that  no rma l  IgG's  of the 
rabbi t ,  man,  and p r i m a t e s  can in t e rac t  in the pass ive  hemagglut inat ion t e s t  with 3.5S- and 5S- f ragment s  of 
Fab~-segments  of homologous  IgG molecu les  obtained as a r e su l t  of the action of pepsin,  papain,  t ryps in ,  
and cyanogen b romide  [6, 9-12]. It has  been postulated that these  p r o p e r t i e s  of IgG a re  due to no rma l  anti-  
bodies* against  the in t r ins ic  antigenic de te rminan t s  of the IgG which they contain, and which become  de- 
masked  by p ro teo lys i s  of the autologous pro te in  in vivo [11, 12]. This  hypothes is  is in ag reemen t  with r e -  
sults  showing that  f r a g m e n t s  r e s e m b l i n g  Fab t appea r  in the p r o c e s s  of ca tabo l i sm of homologous and autol-  
ogous IgG with the par t ic ipa t ion  of phagocytes  [2, 3]. However ,  during immunizat ion  of adult r abb i t s  with 
autologous IgG and i ts  f r agmen t s ,  no inc rease  in the t i t e r  of the hypothet ical  antibodies was  obse rved  [13]. 

No a t tempt  has  yet  been  made  to show whether  pur i f ied antibodies against  he te ro logous  ant igens can 
r e a c t  with the homologous F a b L f r a g m e n t  e i ther  before  or a f te r  the specif ic  blocking of the i r  act ive cen- 
t e r s .  Since it is well  known that the 7G-ant ibody molecule  has  only two act ive cen te r s  of identical  s t ruc -  
ture ,  such an exper iment  could shed light on the quest ion of whether  this  p rope r ty  of IgG to r eac t  with i ts  
f r a g m e n t s  is de te rmined  by the p r e s ence  of specif ic  antibodies agains t  these  f r a g m e n t s  or whether  the 
p rope r ty  of fo rming  a complex  with the F a b l - f r a g m e n t  or  o ther  f r a g m e n t s  like it is  c h a r a c t e r i s t i c  of a 
ce r t a in  group of homologous IgG molecules ,  r e g a r d l e s s  of the i r  speci f ic i ty  as antibodies,  and is de te rmined  
by the s t ruc tu ra l  f ea tu res  of pa r t s  of the molecu les  located outside the act ive cen te r s .  

The object  of the p re sen t  invest igat ion was  to study the reac t ion  between pur i f ied rabbi t  antibodies 
against the dinitrophenyl (DNP) group, before and after blocking of their active centers by hapten, and the 
normal homologous pepsin Fabl-fragment. 

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

Serum against  DNP was  obtained by immunizat ion  of nine rabb i t s  with dini t rophenylated bovine IgG 
in F reund ' s  comple te  adjuvant,  by the method desc r ibed  p rev ious ly  [5]. The mix tu re  of an t i s e r a  was  kept 
in a f rozen  state until use .  The agglutinating rabbi t  s e r u m  against  sheep ' s  e r y t h r o c y t e s  had a t i t e r  of 

* The act ive f ac to r s  contained in rabbi t  and human IgG were  or iginal ly  cal led the homoreac tan t  and agglu- 
t inator ,  r e spec t ive ly  [9, 10]. 
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TABLE 1. Agglutination of E ry th rocy te s  Sensitized with Fab K Fragment*  by Means of Antibodies against  
DNP and Normal  Rabbit  IgG 

Prepa ra t ion  

Antibodies against  DNP . . . . . . . . . . . . . . . . . . . .  
Normal  IgG . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Antibodies against  DNP + no rma l  IgG . . . . . . . . . . .  
Antibodies against  DNP + FabKf ragmen t  (4 rag) . . . .  
Normal  IgG + FabKf ragmen t  (4 nag) . . . . . . . . . . . .  
Physiological  saline . . . . . . . . . . . . . . . . . . . . . .  

Concentrat ion of 

2.4 1.2 

+ + + +  + + +  

+ + +  + +  

+ + +  §  

p r epa ra t ion  (in rag) 

0.6 0.3 0.15 

~++ + +  + 

+ +  + + 

+ +  + +  + 

0.07 

m 

Unsens i -  
t ized e ry th  
rocy t e s  

I 

* A 2.5% suspension of e ry th rocy t e s  was  incubated with F a b K f r a g m e n t  f r o m  IgG against  sheep'  s e ry th ro -  
cytes  (2.5 mg/ml) for  1 h at 37~ Before  use ,  the sensi t ized e ry th rocy t e s  were  ca re fu l ly  washed  with 
physiological  sal ine.  

1 : 10,240. Ass  an t i s e rum against  rabbi t  s e rum globulins was obtained 
f r o m  the production depar tment  of the Gamaleya  Insti tute of Epidemiology 
and Microbiology.  

Rabbit  IgG f r o m  no rma l  (a mix ture  of s e r a  of not l e s s  than nine r ab -  
bits) and hemagglut inat ing s e r a  was obtained by ion-exchange chromatog-  
raphy  on DEAE-Sephadex A-50 [4]. To avoid the poss ibi l i ty  of development  

Fig. 1. Prec ip i ta t ion  of t a b -  of any marked  degree  of an t icomplementa r i ty ,  the IgG spec imens  were  not 
bit  IgG (1) and rabbi t  antibod- lyophil ized and were  s tored  at -20~  

ies  against  DNP (2) in a g a r b y  To obtain pepsin  F a b l - f r a g m e n t s  f r o m  Ig of normal  and hemagglut in-  
a n t i s e r u m  against  rabb i t  glo- ating se ra ,  the method of Nisonov as modif ied by Mandy et al. [10] was  
bulins (3). used.  The F a b K f r a g m e n t s  we re  homogenized in an u l t racent r i fuge ,  and 

the i r  sedimentat ion constants  were  between 3.4 and 3.5 S. 

Antibodies against  DNP were  isolated f r o m  the specif ic an t i s e rum by the method of F renek  et al. [8]. 
The hapten-binding act ivi ty  of the purif ied antibodies was  de te rmined  by a modified method of equi l ibr ium 
d ia lys i s  [7], us ing ~-2 ,4-d in i t rophenyl - lys in  (DNP lysin) as the hapten. 

The pass ive  hemagglut inat ion tes t  was  c a r r i e d  out by the method of Mandy et al.  [10], using a 2.5% 
suspension of sheep ' s  e ry th rocy t e s  sens i t ized  with the F a b K f r a g m e n t  of 7G~antibodies against  sheep ' s  
e ry th rocy te s .  To 0.5 ml  of antibodies against  DNP and of no rma l  IgG diluted twofold in buffered physio-  
logical  saline,  pH 7.2, 0.1 ml  of a suspension of sens i t ized e ry th rocy t e s  was  added, and the reac t ion  t i t e r  
was  es t imated  mac roscop i ca l l y  af ter  incubation for  6 h at 1S~ 

The quantitative complement  fixation tes t  in the cold was  c a r r i e d  out by Konikov 's  method [1] with 
es t imat ion  of the quantity of fixed complement  in 50% hemolyt ic  units.  

The agar  diffusion t e s t  was  c a r r i e d  out in the micromodi f ica t ion  of Ouchter lony ' s  method.  

EXPERIMENTAL RESULTS 

Rabbit antibodies against DNP, used in the experiments described below, bound 1.94 moles of hapten 
(DNP-lysin), indicating that they contained not more than 3% of inactive protein. They sedimented in the 
ultracentrifuge as a single peak with $20 = 6.6. Antibodies against DNP formed one precipitation line with 
antiserum against rabbit globulins, and this merged with the precipitation line formed by normal rabbit 
IgG (Fig. i). 

Erythroeytes sensitized with Fabl-fragment agglutinated in the presence both of normal IgG and of 
antibodies against DNP (Table i). The minimal concentration of both proteins which possessed agglutinat- 
ing activity was 150 pg/ml. Evidence was obtained that the hemagglutinating activity of antibodies against 
DNP and normal IgG was due to their reaction with the FabJ-fragments fixed On the erythrocytes. Neither 
protein agglutinated erythrocytes not sensitized by the Fabl-fragment. If the Fabl-fragment of normal IgG 
(4 mg) was added to the original solutions of antibodies against DNP and normal IgG 60 rain before their use 

668 



�9 �9 a "  

3 

I r I I , I I i t r 

o, oz gos o, oB o,o/~o,~ o,s ~ 2 

F i g .  2. F i x a t i o n  o f  c o m p l e m e n t  by  n o r m a l  
IgG, by antigens against  DNP, and by the i r  
complex  with hapten in the p r e s e n c e  of dif- 
fe ren t  concent ra t ions  of Fab~-f ragment  of 
n o r m a l  IgG: 1) no rma l  IgG; 2) antibodies 
against  DNP; 3) antibodies against  DNP+ 
DNP- lys in .  Concentra t ion of IgG and anti-  
bodies  217 pg/ml.  Ordinate,  fixed comple -  
p lement  (in 50% hemolyt ic  units); absc i s sa ,  
concentra t ion  of Fab l - f r agment  (in mg/ml) .  

in the hemagglutination test, they did not agglutinate the sen- 
sitized erythrocytes. Antibodies against DNP can react only 
with the isolated Fabl-region of the IgG molecule and not with 
the original IgG molecule. If the antibodies were mixed in 
equal volumes with normal IgG, their titer in the passive hem- 
agglutination test remained unchanged. It was impossible to 
test the effect of D NP-lysin on the activity of antibodies against 
DNP in the passive hemagglutination test because the hapten, 
in a concentration of 7.5-15 mg (2-4 moles hapten per mole 
antibodies, used in a concentration of 2.4 mg/ml), caused 
spontaneous agglutination of the sensitized erythroeytes. 

The ability of normal IgG and of antibodies against 
DNP to react with the Fabl-fragment was studied in the CFT~ 

It was found to begin with that on addition of increasing 
quantities of Fabl-fragment to a constant amount of IgG in 
the presence of heterologous complement (guinea pig serum), 
with certain ratios between the reagents fixation of the com- 
plement w a s  obse rved  and was  zonal in c h a r a c t e r  (Fig. 2). 
IgG was used in concentra t ions  pos se s s ing  e i ther  no ant i -  
complemen ta r i t y  or  only t r a c e s  of it. The F a b l - f r a g m e n t  
was not an t i complementa r~  throughout the range  of con-  
cent-rations used. Altogether  8 batches of no rma l  IgG f rom 

mixed se ra  of not l e s s  than nine rabb i t s  were  studied. With the same p repa ra t ion  of F a b t - f r a g m e n t  a zone 
of f ixation was obse rved  with identical r a t i o s  between IgG and Fab i - f r agmen t~  Meanwhile,  during t i t ra t ion  
of IgG with F a b l - f r a g m e n t s  obtained f r o m  individual IgGs or smal l  pools of IgGs (from 2-3 rabbi ts ) ,  the 
posit ion of the zone of f ixation var ied  substant ia l ly .  The obse rva t ions  showed that  F a b l - f r a g m e n t s  of indi-  
vidual r abb i t s  differ  in thei r  content of the carbohydra te  component:  the higher this content, the g rea t e r  the 
ac t iv i ty  of the f r a g m e n t  with r e s p e c t  to complement  fixation in the p r e sence  of homologous IgG. 

It follows f r o m  Fig. 2 that antib0~lies against  DNP fix complement  in the p r e sence  of Fab l - f r agmen t .  
If the same  spec imen  of F a b t - f r a g m e n t  and equal concentra t ions  of no rma l  IgG and antibodies were  used, 
the posi t ion of the zones  of f ixation coincided, although the quantity of complement  fixed was slightly s m a l l e r  
in the system with antibodies than in the system with normal IgG. 

Fixation of complement by antibodies against DNP and Fabl-fragment was not significantly changed 
after blocking of the active centers of the antibodies by hapten (DNP-lysin) added previously to the antibod- 
ies in a 4-molar excess. 

The ability of the antibodies to react with Fab~-fragment of normal IgG, both before and after blocking 
of their active centers by hapten, means, first, that this reaction takes place through structures located out- 
side the active centers of the antibody. Since the antibodies used in the investigation belonged to the IgG 
class and were indistinguishable in their ability to bind the fragment from a normal rabbit, it can be con- 
cluded that the property of IgG to react with the homologous fragment cannot be regarded as the result of 
the pos se s s ion  of n o r m a l  ant ibodies  again~ t th is  f r agmen t  in i ts  composi t ion,  as  was  postulated prev ious ly  
[6, 9-12]. There  a re  t he re fo re  no grounds for  consider ing that  th is  phenomenon is connected with an auto- 
immune p r o c e s s  developing as  the r e su l t  of demasking  of concealed antigenic de te rminan t s  of the autologous 
IgG during i ts  ca tabo l i sm [13]. So far  as the definite se lec t iv i ty  of reac t ion  of individual groups  of the IgG 
molecu les  with pepsin,  papain,  or  t ryps in  f r agmen t s  is concerned [11, 12], the degree  of s te r ic  co r r e spond-  
ence between the p a r t n e r s  in the reac t ion  may  depend, on the one hand, on the fo rmat ion  of the co r r e spond-  
ing f r agmen t  and, on the other  hand, on d i f fe rences  in the s t ruc tu re  of the IgG molecu les  due to the i r  
he terogenei ty .  

The abili ty of immunoglobulins ,  i r r e s p e c t i v e  of the i r  specif ic i ty  as antibodies,  to r eac t  with the prod-  
uc ts  of the i r  p ro teo ly t ic  degradat ion  may  be of g rea t  impor tance  in the regulat ion of immunobiological  p ro -  
c e s s e s  if  it is cons idered  that f r a g m e n t s  of the Fab 1 type a re  in te rmedia te  products  of the ca tabo l i sm of 
7G-globulin [2, 3]. 
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