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Reduction of the sole disulfide bond in the hinge region of the rabbi t  -g G antibody molecu le  has 
a s ignif icant  effect  on the ef fec tor  functions of  the antibodies dur ing the i r  in terac t ion  with 
antigen.  The act ivi ty  of the antibodies in the complement  fixation t e s t  is reduced by 40% and 
in the d i r ec t  and r e v e r s e d  pass ive  cutaneous anaphylaxis  t e s t s  by 60 and 70% respec t ive ly .  
No change in the ant igen-binding p r o p e r t i e s  of the reduced antibodies in the pass ive  h e m a g -  
glutination t e s t  was observed .  

During the invest igat ion of the s t r u c t u r e  and function of immunoglobulins  and the i r  subunits ,  conclusive 
p roof  was obtained that  the ant igen-binding s i tes  of the ~/G antibodies a r e  located in the Fab - f r agmen t s ,  
whe reas  s i t e s  r e spons ib le  for  the m o r e  impor tan t  e f fec tor  functions of  these  prote ins  (the p rope r ty  of  f ix -  
ing complement ,  of  adherence  to cel ls ,  of pass ing  through physiological  b a r r i e r s )  a r e  located in the region 
of the Fc -pa r t  of the molecule  [7]. Although the Fab-  and Fc-frag-ments of the ~ G-globulin molecule  a re  
c h a r a c t e r i z e d  by m a r k e d  s t ruc tu ra l  autonomy,  the i r  in teract ion with antigen is e ssen t i a l  for  the antibodies 
to p e r f o r m  the i r  e f fec tor  functions.  

In the light of this fact  it was postulated that act ivat ion of the e f fec tor  cen te r s  of ~/G globulin r e s p o n s i -  
ble for  these  p r o p e r t i e s  is connected with the modif icat ion of the t e r t i a r y  s t ruc tu re  of the molecu le ,  based  
on changes in the mutual  a r r a n g e m e n t  of its Fab-  and F c - f r a g m e n t s ,  r ende red  poss ib le  because  of the e x i s -  
tence of a f lexible hinge region in the molecu le  [2]. 

One way of tes t ing  this hypothesis  is by studying the effector  p rope r t i e s  of antibodies a f te r  se lec t ive  
in jury to the s t r u c t u r e  of  the hinge region of the molecule ;  this  can be done by c leavage of the in terchain  d i -  
sulfide bond located in this region,  which is highly sens i t ive  to the act ion of  reducing agents .  

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

Rabbit ~/G globulin f r o m  a n t i s e r u m  to egg a lbumin,  pur i f ied on DEAE-Sephadex,  was used.  

Reduction of the disulf ide bonds of the prote in  was c a r r i e d  out with 2 -mercap toe thano l  (2-ME) at pH 
7.2 and 20~ for  2 h. The num ber  of  reduced disulf ide bonds was de te rmined  by spec t ropho tomet r i c  t i t r a -  
tion of the prote in  with p - c h l o r o m e r c u r i b e n z o a t e  at  255 nm in 0.3 M ace ta te  buffer ,  pH 4.6, a f te r  r emoving  
the 2 -ME f rom the t i t r a ted  sample  on a column with Sephadex G-25 equi l ibra ted with 0.15 M NaC1, pH 3.5. 
The reduced SH groups  of the pro te in  were  blocked with Na monoiodoaceta te  or  with iodoacetamide at pH 

7.2 (20 rain at 20~ 

To de t e rmine  the posit ion of the ruptured disulf ide bond the T G globulin was carboxymethyla ted  with 
Ct4-1abeled Na monoiodoaceta te  and hydrolyzed with pepsin  [8], and the P a b ' - f r a g m e n t  was isola ted f r o m  the 
d iges t  on CM-cel lu lose  in 0.01 M ace ta te  buffer ,  pH 5.8. 
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TABLE 1. Liberation 
of Sulfhydryl Groups by 
Reduction of Rabbit T G 
Globulin with Various 
Concentrat ions of 2-ME 

Concen- =~ 
trationof Eo= o o= ~ ~.~ 

- 0 0 

0,005 M 1 
0,01 M 2,5 -- 
0,025 M 4,2 2 
0,05 hi 6,1 3 
0,1 M 8,0 4 

The complement  fixation tes t  was ca r r i ed  out in the quantitative mod- 
ification [3]. Complement-f ixing activi ty was expressed  as the number  of 
50% hemolyt ic  units of complement  fixed by 0.025 pg of the tes t  prepara t ion 
with the equivalent dose of antigen. 

The d i rec t  and r eve r sed  pass ive cutaneous anaphylaxis tes ts  were 
ca r r i ed  out by Ovary ' s  method [9]. As the react ing agent egg albumin was 
used in the d i rec t  tes t  and donkey se rum against  rabbit  ~/G globulin in the 
r eve r sed  test .  

The antigen-binding act ivi ty of native and reduced antibodies was de-  
te rmined by the indirect  hemaggtutination tes t  [5]. 

The double diffusiontests  in agar  and immunoelec t rophores is  were  
ca r r i ed  out in micromodif ica t ions  [1, 4]. 

Sedimentation analysis  was ca r r i ed  out in the Spinco Model E u l t r a -  
centr ifuge at 20~ using 0.15 M NaC1 as the solvent. The speed of the cen-  
t r i fuge for the standard cell was 59,780 rpm. 

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

Before the effector  hmctions of the 3, G globulin could be studied it was n e c e s s a r y  to establ ish whether 
the TG globulin in the prepara t ions  for study is in the aggregated form,  for if so it would have the proper ty  
of binding complement  nonspecif ical ly and of inducing a l lergic  react ions of the P r a u s n i t z - K u e s t n e r  type if 
injected in t radermal ly  [2]. 

Analysis of the 7 G globulin, purified on DEAE-Sephadex, by gel- f i l t ra t ion on Sephadex G-200 showed 
that, besides the monomer ic  fo rm of Y G globulin, it also contained small  quantities of aggregated mater ia l .  
To remove this ma te r i a l  the TG globulin prepara t ions  obtained on DEAE-Sephadex were fur ther  f rac t ion-  
ated on a column with Sephadex G-200. The prepara t ions  of T G globulin, freed f rom aggregates ,  used in 
all subsequent exper iments  were homogeneous in the double diffusion tes t  in agar  and on immunoe lec t ro -  
phores is  when developed with donkey se rum against  rabbit  immunoglobulins. In the ul t racentr i fuge they 
were sedimented as one peak with a sedimentation constant of 6.65. 

In o rde r  to choose the conditions n e c e s s a r y  for rupture of only the interchain disulfide bond in the 
hinge region of the molecule ,  the rabbit  Y G globulin was reduced with var ious  concentrat ions of 2-ME. As 
will be c lear  f rom Table 1, cleavage of a single disulfide bond under the experimental  conditions chosen 
took place in the p resence  of 0.005 M 2-ME. The local izat ion of this disulfide bond in the molecule  was de-  
te rmined by studying the distr ibution of radioact ive Na monoiodoacetate ,  used to block the SI-t groups l ibe ra -  
ted as a resul t  of reduction,  in the var ious  f ragments  of the TG globulin. The resul ts  showed that 90% of 
the radioact ivi ty  of the reduced alkylated ~/G-globulin was contained in its pepsin Fab ' - f ragments .  The sedi -  
mentat ion constant of the Fab-f ragment  obtained f rom the 7 G globulin with one disulfide bond ruptured in 
its molecule ,  as a resul t  of hydrolys is  with pepsin, was 3.5S, corresponding to the size of the univalent Fab- 
fragment.  It will be evident f rom the facts descr ibed above and the c lass ica l  ideas of the s t ruc ture  of T G 
globulin [6] that  t rea tment  with 0.005 M 2-ME leads to rupture of the disulfide bond in the hinge region of  
the 7 G globulin molecule.  

With a tenfold increase  in the concentrat ion of the reducing agent another two disulfide bonds (probably 
linking heavy and light chains in the Fab- f ragments )  were  ruptured.  

Prepara t ions  of 7 G globulin f rom rabbit  an t i se rum against egg albumin, reduced with 0.005 M and 
0.05 M 2-ME,were  t reated with Na monoiodoacetate  or  iodoaeetamide in o rde r  to block the l iberated SI-I 
groups and were  studied in the quantitative complement  fixation tes t ,  the d i rec t  and r eve r sed  pass ive cu-  
taneous anaphylaxis tes t s ,  and the indirect  hemagglutination test .  

The resul ts  i l lustrated in Pig. 1 show that rupture nei ther  of one nor  of three  interchain disulfide 
bonds led to changes in the antigen-binding capaci ty of the 2/G antibodies in the indirect  hemagglutination 
test .  Meanwhile, af ter  reduction of one disulfide bond in the hinge region of  the molecule the complement  7 
fixing ability of the 7 G globulin was reduced by 40% The activi ty of the same preparat ions  in the d i rec t  
and r eve r sed  pass ive cutaneous anaphylaxis tes t  was reduced by 60 and 70%, respect ively .  The degree of 
inactivation of the complement-f ix ing proper t ies  of the antibodies and of their  ability to reac t  in the pass ive 
cutaneous anaphylaxis tes t  after  the rupture  of two fur ther  interchain disulfide bonds in the y G globulin 
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Effect of rup ture  of  in terchain  disulfide bonds in rabbi t  7 G antibody 
molecu le  on the i r  ac t iv i ty  in complemen t  fixation, indi rec t  hemagglut inat ion,  
and pas s ive  cutaneous anaphylaxis  t e s t s :  1) indi rec t  hemagglut inat ion test ;  
2, 3) complemen t  fixation test ;  4, 5) d i r ec t  pass ive  cutaneous anaphylaxis  test ;  
6, 7) r e v e r s e d  pa s s i ve  cutaneous anaphylaxis  tes t .  1, 2, 4, 6) SH groups  blocked 
by Na monoiodoaceta te ;  3, 5, 7) SIt groups blocked with iodoacetamide.  

Fig. 2. Quanti tat ive de te rmina t ion  of complement  fixation by nat ive  and r e -  
duced rabbi t  7 G  antibodies in the p r e s e n c e  of the specif ic  antigen: 1) nat ive 
T Gglobulin,  s am p l e s  of 0.025 pg; 2) 7 G  globulin with one reduced disulfide 
bond, 0.025 pg; 3) 7 G  globulin with th ree  reduced disulf ide bonds,  0.025 pg. 

molecu le  was inc reased  only v e r y  slightly:  The c lose ly  s im i l a r  values  of the d e c r e a s e  in ac t iv i ty  of the r e -  
duced T G globulin in the d i r ec t  and r e v e r s e d  pas s ive  cutaneous anaphylaxis  r eac t ions  unquest ionably indi-  
ca te  loss  of its abi l i ty to undergo fixation in the skin. The degree  of  inact ivat ion of the antibodies in the 
above t e s t s ,  it mus t  be emphas ized ,  was independent of the na ture  of the agent  used to block the SH groups  
(Fig. 1). 

Examination of the complemen t  fixation cu rves  for  a wide range  of  antigen concentra t ions  shows that  
rup tu re  of  in terchain  dtsu/f ide bonds in the ~/G globulin molecule  not only leads  to a d e c r e a s e  in the quantity 
of  complemen t  fixed a t  the point of equivalence,  but a lso  to na r rowing  of the fixation zone,  espec ia l ly  in the 
region of excess  antigen (Fig. 2). When the s a m e  p repa ra t ions  of  reduced ,  a lkylated TG globulins were  
t es ted  in the quanti tat ive prec ip i ta t ion  tes t ,  na r rowing  of  the prec ip i ta t ion  zone a lso  was revea led ,  e spec ia l ly  
in the region of e xce s s  antigen. 

Taken as  a whole the r e s u l t s  indicate  that  the d e c r e a s e  in the complement - f ix ing  ac t iv i ty  and cy to -  
t rop ic  p r o p e r t i e s  of  7 G globulin i s  not d i rec t ly  dependent on the number  of  reduced in te reha indisu l f ide  bonds,  
but that  rup tu re  of the disulf ide bond in the hinge region of the molecule  gives r i s e  to the g r ea t e s t  changes 
in these  p r o p e r t i e s .  

Since the re  is e v e r y  r eason  to suppose that  the complement - f ix ing  s i te  and the si te respons ib le  f o r t h e  
abi l i ty  of  TG globulin to undergo fixation to the skin a r e  located in the F c - f r a g m e n t  of  the molecu le ,  rup tu re  
of  the disulfide bond in the hinge region cannot d i rec t ly  affect  the s t r u c t u r e  of  t hese  cen te r s .  Consequently,  
as  a r e su l t  of reduct ion ind i rec t  ac t ivat ion of these  s i tes  takes  place ,  and this can  be connected only with a 
change in the genera l  conformat ion  of the T G globulin molecu le ,  exp re s sed  as  a change in the mutual  a r -  
r angemen t  of  the Fab-  and F c - f r a g m e n t s ,  both in the f r ee  f o r m  and dur ing in terac t ion  of the antibody mol -  
ecule with the antigen. 
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