
A N T I G E N I C  A N A L Y S I S  O F  S U B M O L E C U L A R  

S T R U C T U R E  O F  B O V I N E  T - G L O B U L I N  

N. E .  S h e m e l e v a  ( K u c h i n s k a y a )  
a n d  A.  Y a .  K u l ' b e r g  

UDC 615.373.6-097 

After  pro teo lys i s  of bovine 7-globul in  with papain, 3.6S- and 2.4S- f ragments  were  isolated. Two 
types of 3 .6S-fragments  were  found, differing in the i r  e lec t rophore t ic  mobil i ty,  solubility, and antigenic 
s t ruc ture .  The crys ta l l izable  F c f r a g m e n t t s  formed by par ts  of the heavy polypeptide chains of 7-globul in ,  
and the soluble Fob f ragment  by par ts  of the heavy and light chain. 

The 2.4S-fragment  is pa r t l y  identical ant igenical ly with the Fob- f ragment  and reac t s  with an t i se ra  
against  the light and heavy chains. 

Immunochemical  analysis  of the polypeptide chains and 3.5S papain f r agmen t s  of humanand rabbit  im-  
mune T-globulins  [3, 5, 12-14] have made possible the construct ion,  in its general  fo rm,  of a scheme of 
the s t ruc tu re  of this c lass  of serum proteins  (see below, Fig. 3) [4, 13]. The universa l i ty  of this schemat ic  
s t ruc tu re  may  be conf i rmed by investigating T-globulins  a r i s ing  f rom a different  species .  

The object of the presen t  investigation was to pe r fo rm an immunoehemieal  analysis  of the submolec-  
ular  s t ruc ture  of bovine T-globulin.  Choice of this pa r t i cu la r  globulin was de termined by the fact  that, 
compared  with human and rabbit  T-globul ins ,  this prote in  is noticeably res i s tan t  to proteolys is  by papain, 
and its hydrolysate  obtained with high concentrat ions of the enzyme contains,  bes ides  3 .6S-fragments ,  
products  with a sedimentat ion constant  of 2.4 Svedberg units [2]. 

Fig. 1. Immunoelee t rophores i s  of 3.6S- and 
2.4S-fragrnents of bovine T-gl~ A: 1) F 
component; 2) initial 3.6S-fragment;  3) S corn- 

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

Isolation of 7-globul in  f rom normal  bovine 
se rum,  its purif icat ion on a DEAE,ce l lu lose  column, 
proteolys is  with papain, and subsequent separat ion of 
the hydrolys is  products  on a Sephadex G-100 column 
were ca r r i ed  out as descr ibed  e a r l i e r  [2]. Immuno- 
e lec t rophores i s  and double diffusion in agar  were 
pe r fo rmed  in a micromodif ica t ion [1]. To separa te  
the polypeptide chains of bovine T-gl~ a f te r  
reduction of the prote in  with 0.1 M mereaptoethanol  
and alkylation with monoiodoacetate [7], gel- f i l t ra t ion 
was pe r fo rmed  on a Sephadex G-200 column (120 • 2.2 
cm) in 1 M propionic acid. To analyze the peptide 
composit ion of the papain f ragments  of bovine T -  
globulin, an t i se ra  to the L -  and H-chains of bovine 7 -  
globulin were  obtained by  select ive exhaustion of a 
rabbi t  an t i serum against  bovine T-globulin with pure 
prepara t ions  of L -  and H-chains  used in excess .  
Completeness of exhaustion of the s e r a  was a s se s sed  
by d i rec t  and c ross  t i t ra t ion in a double diffusion 
react ion in agar  with L -  and H-chains.  

ponent. B: a) 3.6S-fragment;  b) 2.4S-fragment;  
1) antigen-H serum;  2) an t i -L  serum.  
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Point of action of papain 
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Fig.  2. Compar i son  of 3.6S- and 2.4S- 
f r agmen t s  with F and S components  in 
double diffusion reac t ion  in aga r .  A: 
1) F component;  2) 3 .6S-fragment ;  3) S 
component;  c) rabbi t  bovine an t i se rum;  
B,: 1) F component  of 3 .6S-f ragment ;  
2) 2 .4S-fragment ;  3) S component  of 
3 .6S-fragment ;  c) rabb i t  bovine 
an t i s e rum.  
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Fig. 3. Scheme of s t ruc tu re  of 
immune T-gl~  a) Af te r  
P o r t e r  [13]; b) p robable  scheme  
of s t ruc tu re  of bovine 3i-globulin. 

EXPERIMENTAL RESULTS 

After proteolysis of the bovine -/-globulin with 
papain, with an enzyme-protein ratio of 1:16 and 
filtering the hydrolysate through a Sephadex G-100 
column (180 x 1.6 cm), equilibrated with 0.15 M NaCI, 
fractions of 3.6S-fragments and 2.4S-fragments [2] 
were obtained. 

Investigation of the fraction of 3.6S-fragments by immunoelectrophoresis with antiserum against 
bovine ~/-globulin showed that it contained two components differing in electrophoretic mobility and anti- 
genic structure (Fig. 1, A), designated fast (F) and slow (S). During dialysis against 0.01 M phosphate 
buffer in the cold, a precipitate of crystals, composed of thin, rectangular plates, was thrown down from 
the solution of the fraction of 3.6S-fragments [2]. The supernatant fluid after dialysis against 0.02 M ace- 
tare buffer, pH 5, Was filtered through a column of carboxymethyl-cellulose (30 • 2.2 cm), equilibrated with 
the same buffer. The filtrate obtained from the column corresponded in immunoelectrophoresis to the S 
component, while the crystals, which dissolved on alkalinization, were analogous to the F component 
(Fig. I, A, 1 and 3): During double diffusion in agar, the fraction of 3.6S-fragments gave two precipitation 
lines, one of which merged with the precipitation line of the solution of crystal (F component), while the 
other merged with the precipitation line of the pure S component (Fig. 2, A). 

During double diffusion in agar the fraction of the 2.4S-fragments was shown not to be identical anti- 
genically to the F component, but to be partially identical to the S component (Fig. 2, B). 

Antiserum against bovine T-globulin, exhausted with L-chains of ~/-globulin (anti-H serum), revealed 
the presence of both F and S components in the fraction of 3.6S-fragments (Fig. I, B). Antiserum against 
bovine y-globulin, exhausted by H-chains of 7-gl~ (anti-L serum), revealed the presence of the S com- 
ponent only in the fraction of 3.6S-fragments (Fig. 1, B): The fraction of 2.4S-fragments reacted during 
immunoelectrophoresis with both (anti-H and anti-L) sera (Fig. I, B). 

The results of antigenic analysis of the fragments of the bovine y-globulin molecule described above 
are further evidence in support of the earlier hypothesis [2] of a resemblance between the submolecular 
structures of this protein and those of human and rabbit ~/-globulinsl As in these other proteins [5, 6, 8-10, 
13], the crystallizable F component of the fraction of 3.6S papain fragments of bovine ~/-globulin was anti- 
genically different from the soluble S component and was formed only by segments of the H-chains; mean- 
while the S component was formed by both H- and L-chains. In turn, on the basis of the modern ~ nomen- 
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cla ture  [11] and of the resu l t s  desc r ibed  above,  we can designate the F and S components  of the papain hydro -  
lysa te  of bovine 7-g lobul in  as  Fc  and Fab f r agmen t s  r e spec t ive ly  (Fig. 3). 

Bea r ing  in mind that  the 2 .4S-f ragments  of bovine 7-g lobul in  a r e  re la ted  ant igenical ly  to its S f r a g -  
ment  (the Fab component) and r eac t  with an t i :L  and ant i -H s e r a ,  they mus t  be r ega rded  as c leavage products  
of the Fab f ragment .  Accord ing  to our p r e l i m i n a r y  data the 2 .4S-f ragments  isola ted f rom antibodies aga ins t  
the dinitrophenyl group p o s s e s s  specif ic  act ivi ty ,  and the i r  posi t ion in the bovine immune ~-g lobul in  m o l e c -  
ule m a y  the re fore  be conventional ly defined as in Fig. 3, b. 
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