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A compara t i ve  study of the adjuvant action of monovalent  and bivalent  Fab f r agmen t s  obtained 
with the aid of pepsin and of the pepsin Fab  f r agmen t s  of normal  rabb i t  IgG showed that the i r  
p rope r ty  of intensifying the immune r e sponse  of rabbi t s  to sheep ' s  red ce l l s  is due to the s t r u c -  
ture of the C - t e r m i n a l  regions  of the Fd f r agmen t  of the heavy chain. Pepsin  F(abJ)2 and Fab '  
f r agmen t s  s t imulated hemagglutinin production and pro l i fe ra t ion  of ant ibody-producing cel ls  
in the spleen considerably;  papain Fab f r agmen t s  in the s ame  dose had only a ve ry  slight effect  
on the immune  response .  The abil i ty of f r agments  obtained with pepsin  and papain to s t imula te  
the immune r e sponse  is i nve r se ly  propor t ional  to the concentrat ion of pepsin and papain homo-  
reac tan t s  in the r abb i t s '  s e rum.  It  is  postulated on the bas i s  of these findings that the t a rge t  
ce l l s  for  Fab f r agmen t s  a re  lymphocytes  with cytophilic homoreac tan t s  as the i r  r e cep to r s .  

KEY WORDS: regulat ion of the immune  response ;  Fab  f ragments ;  s e r u m  and cytophilic 
homoreac tan t s .  

It  was demons t ra ted  prev ious ly  that F(ab)2-1ike f r agmen t s  contained in the s e r u m  of par t ia l ly  hepa tec-  
tomized rabbi t s  have the p rope r ty  of s t imulat ing the immune response  to sheep ' s  red ce l l s  in homologous r e -  
cipients;  the pepsin  f r agmen t  of no rma l  rabbi t  IgG gi'Jes a s i m i l a r  effect  [ 1, 5]. Toge ther  with data indicating 
that f r agmen t s  of the Fab  type are  in te rmedia te  products  of immunoglobulin ca tabo l i sm [ 2, 4, 5, 14], these 
facts  pointed to the exis tence of a hi therto unknown m e c h a n i s m  of nonspecif ic  regulat ion of immunoglobulin 
b iosynthes is  with the aid of hydro lys i s  products  of autologous IgG. 

The object  of this invest igat ion was to study the mechan i sm of the adjuvant action of the Fab  f ragments  
of normal  rabbi t  IgG. 

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

Chinchil la rabbi t s  weighing 2.5-3.0 kg were  used. Rabbit  IgG (CalbiochemL hydrolyzed with pepsin by 
the method of Nisonoff et at. [10],  was used to obtain the F(ab')  2 and Fab '  f ragments .  The hydrolyzed prote in  
was passed through a Sephadex G-200 column (2.5 x 145 cm) equil ibrated with physiological  sal ine,  pH 7.2; the 
5.0S peak was collected,  concentrated by u l t ra f i l t ra t ion  through a Diaflow PM-10 (Amicon) m e m b r a n e ,  and 
passed  again through the same  column to purify the F(ab')~ f r agments  fu r ther  f rom contaminat ion by unhydro-  
Iyzed IgG and low-molecu la r -we igh t  products .  The Fab '  f r agmen t  was obtained by incubating the F(ab ' )  2 f r a g -  
ment  in 0.01 M 2-mercap toe thano l  for  5 h at 37~ After  the addition of iodoaceta te  to block f ree  SH groups 
the p repa ra t ion  was passed  through a Sephadex G-200 column and the 3.5S peak was col lected and concentrated 
by ul t raf i l t ra t ion.  

The papajn Fab  f r agmen t  of rabbi t  IgG was obtained by P o r t e r ' s  method [11]. All p repa ra t ions  of the 
f r agmen t s  were  tested by the double diffusion tes t  in aga r  with donkey s e r u m  against  rabbi t  globulins. They 
were  found to be homogeneous and were  pa r t ly  identical  with rabbi t  IgG. The homogenei ty of the p repara t ions  
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TABLE 1. Effec t  of P a p a i n  F a b  F r a g m e n t  
and P e p s i n  F a b '  and F(ab')2 F r a g m e n t s  of 
N o r m a l  Rabbi t  IgG on P r o l i f e r a t i o n  of AFC 

in  Spleen of Rabb i t s  I m m u n i z e d  with Sheep ' s  
Red Ce i l s  

e~ Ixl 

1 4 
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3 

4 

Preparation 

Physiological 
saline 
Papain Fab 
fragment 

Pepsin Fab' 
fragment 

Pepsin F(ab') z 
fragment 

No. of A FC 

per 10 8 vi- Significance 
able spleen 
cells on ?th of difference 
day 

172• 23 

284-----32 P~_.~ 
P~_:~<c,ool 
P~-a<0,0Ol 

7C8~31 P~_ ~<C,C.C 1 
P~_4>(',s 

633~26 Pt_4<C,CCl 

Legend. Animals of experimental groups received 5" 10 6 
sheep's red cells simultaneously with 0.5 mg of the prepara- 
tion of the corresponding fragment in 5 ml physiological 
saline intravenously. Animals of the control group received 
the same dose of sheep's red cells in 5 ml physiological saline. 

TABLE 2. Effect  of Papa in  Fab  F r a g m e n t  and P e p s i n  F a b  p and F(ab02 F r a g m e n t s  of 
Norma l  Rabbi t  IgG on P roduc t i on  of Hemagg lu t i n in s  a ga i n s t  Sheep*s Red Ce l l s  in  Rabbi t s  
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2 
t3 

09 "~ ,.Q~I 

12 

14 
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Preparation 

Physiological saline 

Papain Fab fragment 

Pepsin Fab' fragment 

Pepsin F(ab')2 fragment 

P1-2 
21- 3 
PI -  4 
P2-3 
P3-4 

Hemagglutinin titer (1%2) 
7th day 

total  

4,25--+0,2 

5,l~0,2 

7,5-+0,3 

6,9+-0,26 
<0,01 
<0,001 
d0,001 
<0,001 
>0,05 

lgG 

2,9+-0,26 

2,48~+0,28 
>0,05 
<0,001 
<0,001 
<0,00I 
>0,05 

llth day 

total 

5,0+-0,2 

5.7+-0,15 

8.3~0,3 

7,7--+0.3 
<0,02 
<0,001 
<0,001 
<0,001 
> 0,05 

total IgQ 

5,4--+0,18 1,2+-0,48 

6,0--+0,2 2,5+----0, I7 

8,7+--0,3 3,7+-0,3 

8,3--+0,3 3,7+-0,3 
<0,05 <0,05 
d0,001 <0,002 
<0,001 <0,002 
<0,00I <0,01 
> 0,05 > 0,05 

15th day 

lgG 

2,C• 

2,9+-0,18 

4,0+0,0 

3,7--+0,3 
<0,05 
<0,001 
<0,0t 
<0,001 
> 0,05 

of f r a g m e n t s  a lso  was e s t ab l i shed  by ana ly t i c a l  u l t r a c e n t r i f u g a t i o n .  The s e d i m e n t a t i o n  cons t an t  of the F(ab')2 , 
F a b ' ,  and Fab  f r a g m e n t s  were  5.0, 3.5, and 3.4S, r e s p e c t i v e l y .  

Rabb i t s  were  given i n t r a v e n o u s  i n j ec t i ons  of 5-106 s h e e p ' s  red  ce l l s  and 0.5 mg of one of the t e s t  p r e p -  
a r a t i o n s  of F a b  f r a g m e n t s .  The a n i m a l s  of the c on t r o l  group r ece ived  s h e e p ' s  red ce l l s  only,  in  the s a m e  dose.  

The n u m b e r  of a n t i b o d y - f o r m i n g  ce i l s  (AFC) in the sp l een  was d e t e r m i n e d  by the d i r e c t  method of J e r n e  
et al. [6] .  H e m a g g l u t i n i n s  were  t i t r a t ed  by m e a n s  of a m i c r o t i t r a t o r  of the Takachi  s y s t e m  (Labor) .  The t i l e r  
of IgG h e m a g g l u t i n i n s  was d e t e r m i n e d  af ter  i nac t i va t i on  of the IgM h e m a g g l u t i n i n s  by 2 - m e r c a p t o e t h a n o i .  The 
double d i f fus ion t e s t  in  aga r  was c a r r i e d  out in the m i c r o m o d i f i c a t i o n .  P e p s i n  and papa in  h o m o r e a c t a n t s  in the 
r a b b i t s '  s e r a  were  t i t r a t ed  by the pa s s ive  hemagg lu t ina t i on  method d e s c r i b e d  p r e v i o u s l y  [3]. 

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

On i m m u n i z a t i o n  of the r a b b i t s  with 5.10 ~ s h e e p ' s  red  ce l l s  s i m u l t a n e o u s l y  with F(ab ' )  2- and F a b ' - p e p s i n  
f r a g m e n t s  of n o r m a l  r a b b i t  IgG (each in  a dose of 0.5 mg) m a r k e d  s t i m u l a t i o n  of the i m m u n e  r e s p o n s e  took 
p lace ,  as r e f l ec t ed  in  an i n c r e a s e  in  the n u m b e r  of AFC in the sp leen  and i n c r e a s e d  produc t ion  of 19S and 7S 
h e m a g g l u t i n i n s  (Tab les  1 and 2). 
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The degree of stimulation of the immune response by the f ragments  compared was identical. Meanwhile, 
the same dose of papain Fab fragment  (0.5 mg) had significantly less  effect on the immune response of the r ab -  
bits to sheep 's  red cells (Tables 1 and 2). Differences in the immune response of the animals of the various 
groups were s ta t is t ica l ly  significant for all t imes of observation. 

Normal  rabbit  se rum is known to contain natural ly produced antiglobulin factors~ known as homoreac-  
rants, which in teract  specifically with f ragments  f rom the Fab region of the IgG molecule [9, 13]. The de-  
terminants  recognized by the homoreactants  are located in the C terminal  regions of the Fd f ragments  of the 
heavy chain [ 12, 13], and for that reason the pepsin homoreactant  does not reac t  with papain Fab fragment  
and vice ve r sa  [ 8]. In the light of these findings it might be supposed that the adjuvant activity of the pepsin 
and papain f ragments  of normal  rabbit  IgG is dependent on the concentrat ion of homoreactants  against these 
f ragments  in the rabbi ts '  serum. 

Sheep's red ceils sensit ized by equal quantities of monovalent pepsin and papain Fab fragments  of rabbit  
IgG antibodies against sheep 's  red ceils  were used to t i trate the homoreactants  in the passive hemagglutination 
test  (PHT). The quantity of f r agment s  fixed on'the red ceils was judged f rom the resul ts  of the PHT with 
donkey se rum against rabbit IgG. All the se ra  tested were f i rs t  heated to 56~ and exhausted by adsorption 
with sheep 's  red cells. 

Investigation of the pool of normal  rabbit s e r a  showed that the t i ter  of the papain homoreactant  was s ig-  
nificantly higher than the ti ter of the pepsin homoreactant  (1:1024 and 1:128, respectively),  whereas the quan- 
tity of papain and pepsin Fab f ragments  fixed on the red cells was the same (the hemagglutination ti ter with 
donkey se rum against rabbit  IgG was 1:3000 in both cases.  These resul ts  were in agreement  with those ob- 
tained by other workers  [15]. The ability of the corresponding Fab f ragments  to st imulate the immune r e -  
sponsewas  thus shown to be inverse ly  proport ional  to the concentrat ion of homoreactants  against that f ragment  
in the normal  rabbit  serum.  Since homoreactants ,  as natural ly produced antiglobulin factors ,  specifically 
recognize  C- te rmina l  regions of Fd fragments  of the heavy chain which differ in their amino acid sequence 
[ 12, 13], it can be postulated that the absence of any marked adjuvant action of the papain Fab fragments  is 
due to specific blocking of the f ragments  by the papain homoreaetants  on account of the high concentrat ion of 
the lat ter  in rabbit  serum.  

In the light of these observat ions  it is reasonable  to assume that it is the determinants  formed by the 
C- te rmina l  regions of the Fd fragment  of the heavy chain which are  responsible for the adjuvant proper t ies  of 
the Fab fragments;  moreover ,  recep tors  s imi lar  in specificity to se rum homoreactants  are present  on lympho- 
cytes.  The existence of such recep tors  on mouse lymphocytes has recent ly  been demonstrated by Johnson 
et al. [7].  With these observations in mind it can be postulated that the target  cells  for Fab f ragments  are  
lymphocytes with cytophilic homoreactants  as their receptors ;  under these c i rcumstances  the se rum homo- 
reactants  per form the role of specific inhibitors,  preventing the adjuvant action of the hydrolysis  products of 
IgG ar is ing f rom its Fab region f rom taking place. 

L I T E R A T U R E  C I T E D  

1. D.N.  Evnin, I. A. Tarkhanova, and A. Ya. Kul 'berg,  Byull. ]~ksp. Biol. Med., No. 2, 206 (1976). 
2. A. Ya. Kul 'berg,  L. M. Bartova, I. A. Tarkhanova, et al., Biokhimiya, 3..3_3, 105 (1968). 
3. A. Ya. Kul 'berg (A. Y. Kulberg) et al., Immunochemis t ry ,  8, 733 (1971). 
4. A. Ya. Kul 'berg,  Yu. V. Docheva, M. N. Svirezheva, et al., Vesta. Akad. Med. Nauk SSSR, No. 7, 15 (1970). 
5. A. Ya. Kul 'berg (A. Y. Kulberg) et al., Immunology, 30, 715 (1976). 
6. N.K.  Jerne,  A. A. Nordin, and C. Henry, in: Cell-Bound Antibodies (ed. by B. Amos and H. Koprowski), 

Philadelphia (1963), p. 109. 
7. P . M .  Johnson, M. Papamichail ,  C. Gutierrez,  et al., Immunology, 2...88, 797 (1975). 
8. W . J .  Mandy, J. !mmuno L, 99, 815 (1967). 
9. W . J .  Mandy, H. H. Fudenberg,  and F. J. Lewis, J. Immunol.,  95, 501 (1965). 

10. A. Nisonoff, F. C. Wissler ,  L. N. Lipman, et al., Arch. Biochem., 8-9, 230 {1960). 
11. R . R .  Por te r ,  Biochem. J., 7__.33, 119 (1959). 
12. E . R .  Richie, D. Grote, and W. J. Mandy, J. Immunol. ,  108, 1482 (1972). 
13. E . R .  Richie, M. E. Woolsey, and W. J. Mandy, J. Immunol. ,  104, 984 (1970). 
14. F . I .  Tsuji, D. L. Davis, and D. H. Donald, J. Immunol. ,  102, 519 (1969). 
15. S. Watanabe and M. Kitagawa, Immunochemis t ry ,  7, 363 (1970). 

56 


