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Recently 7-globulin molecules have 
been found to consist of several peptide 
chains (Edelman, 1959; Fran6k, 1961). 
After partial separation these chains 
were shown to belong to two types 
differing in molecular weight (Edelman 
& Poulik, 1961) and were named H (heavy) 
and L (light) chains (Edelman & Benacerraf, 
1962). In different guinea pig antihapten 
antibodies several distinct L chains were 
found in starch gel electrophoresis (Edel- 
man et al. 1961). A hypothetical explan- 
ation was given by  these authors that  the 
L chains contain the antibody active site 
or at least determine the specificity. 
Porter (1962) separated the H and L chains 
from partially reduced and alkylated 
rabbit  ant ibody with the aid of Sephadex 
G--75.  Unlike the mentioned hypothesis, 
Porter  found the antibody activity in 
the peak of incompletely separated H 
chains. The aim of the present investig- 
a t ion was to estimate whether the anti- 
body combining activity is determined 
by  one (H or L) or more peptide chains. 

Diphtheria and tetanus antitoxins were 
isolated from hyperimmune horse plasma 
by  means of specific binding with cor- 
responding anatoxins fixed on fine particles 
of  cellulose (immunosorbents) (Gourvich, 
Ispolatovskay~ & Myasoedova, 1961; 
Gourvieh, Kusovleva & Tumanova, 1961; 
Nezlin et al. 1961). The same immune- 

*) Fran~k F.: Manuscript  in preparation.  

sorbents served also for t h e  determination 
of antibodies and their fragments. The 
reaction of the antibodies with the 
immunosorbent,  the washing and the 
elution with glycine buffer of pH 2.2 was 
carried out in centrifuge tubes. On an 
average, 650//0 of the purified diphtheria 
antitoxin reacted with the immunosorbent 
under the conditions used. Nonspecific 
adsorption on the immunosorbent was 
negligible in all cases (e.g. 0.3% of the 
total protein or less). 

Cleavage of the reactive disulphide 
bonds was carried out  in the following 
manner*: The antitoxin eluted from the 
immunosorbent was transferred into 0.5 M 
ammonium chloride on a column of 
Sephadex G-25. This solution was made 
0.15 molar with respect to sodium sulphite 
and the pH adjusted to 8.6 with ammonia. 
Immediately,  cupric nitrate in ammonia 
buffer of pH 8.6 was added to the final 
concentration 0.005 M. The mixture 
was allowed to stand for 5 hours at 20 ~ C, 
then the protein was freed from non- 
volatile low molecular substances on a 
column of Sephadex G-25 in 0.25 ~I 
ammonium carbonate and freeze dried. 
S-sulpho diphtheria antitoxin contains 
still 25--30% protein reacting specifically 
with the immunosorbent. The same 
relative amount reacted in 0.6 M or 1.2 M 
urea in neutral pH.  When the S-sulpho 
antitoxin was dissolved in a suitable 
medium for separation of peptide chains, 
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i.e. in 0.05 b[ formic acid with 6 M urea 
(pH ~ 3)*) and left in that  medium 
24 hours, the amount of protein reacting 
with the immunosorbent after neutraliz- 
at ion and. dilution with 4 or 9 volumes 
of  0.07 M sodium chloride decreased to 
a level of 3--5% of total protein. This is, 
however, an amount  still possible to 
detect after separation of peptide chains. 

Separation of antibody peptide chains 
was carried out in 0.05 M formic acid 
with 6 M urea on Sephadex G-100*). 
30 rag. of protein was easily fractionated 
on a 2.4 • 50 cm. column. The curve 
representing the distribution of protein 
in the eluate was characterized by a 
double-peak containing approximately 
75 per cent of the whole material and a 
second peak which was separated from 
the first double-peak by one or two 
fractions with zero protein concentration. 
By means of starch gel electrophoresis 
it could be demonstrated tha t  the first 
double-peak contained H chains and the 
second peak the L chains. The first part 
of the H double-peak, however, contained 
a component of apparently higher mole- 
cular weight than was the molecular 
weight of the H chain. This component 
is thought to represent an incompletely 
dissociated antitoxin. 

Prior to the determination of protein 
reacting with the immunosorbent, the 
fractions or their mixtures were neutraliz- 
ed and diluted with 4 volumes of 0.07 M 
sodium chloride. The presence of some 
antibody active material was demon- 
strated in first fractions of the H peak, i.e. 
in fractions also containing the incom- 
pletely dissociated component. The total 
amount  of protein reacting specifically 
with the diphtheria immunosorbent in 
individual fractions is by one order less 
than the amount  which reacts in the 
sample left without separation under the 
same conditions. The amount of protein 
reacting with the immunosorbent can 
be recorvered to the original level, 

*) F r a n 6 k  F. :  M a n u s c r i p t  in p repa ra t ion .  

however, when the material from the 
peak of the H and L chains is combined. 
The same effect is obtained when mate- 
rial from the second half of the t t  double- 
-peak (H-2) is taken for the combination. 
Since the H-2 peak does not contain any 
incompletely dissociated component, 
evidence is given that  the recovery effect 
is due to the apparently inactive H chains. 
I t  appears that  for such combination no 
covalent disulphide bond is needed. 

In order to investigate whether both 
chains taking part  in the formation of the 
active site are carriers of antibody specifi- 
city, molecular hybrids were prepared 
from isolated chains of the diphtheria 
and tetanus antitoxins. The results given 
in Table 1 indicate tha t  after mixing H 
and L chains from antibodies of different 
specificities, a certain amount  of active 
protein is recovered. In these hybrids 
the active site possesses the specificity 
of the corresponding H chain. The amount  
of recovered protein in the hybrid is 
lower than  the amount  recovered by 
combining the chains of a single anti- 

Table  I. R e c o v e r y  of  a n t i b o d y  ac t ive  complexes  
f rom dif ferent  cha in s  of  t he  d i p h t h e r i a  a n d  t e t a n u s  

a n t i t o x i n s  

T y p e  a n d  
origin 

of  cha ins*  

H D  
LD 
H T  
LT 
H D - t - L  D 
H T  A- LT 
H D ~- L T 
H T ~- L D 

To ta l  a m o u n t  
of  p ro t e in  in 
the mixture 

~g. 

~g. 

3420 7 
1860 1 
2800 1 
1560 0 
5280 185 
4360 1 
4980 35 
4660 5 

A m o u n t  o f  p r o t e i n  
b o u n d  b y  t h e  

i m m u n o s o r b e n t  
w i th  

d i p h t h e r i a  t e t a n u s  
a n a t o x i n  

~g- 

3 
2 
8 
2 
6 

25 
7 

19 

*H  D a n d  H T - - H  cha in s  f r o m  d i p h t h e r i a  a n d  
t e t a n u s  a n t i t o x i n s ;  L D a n d  L T - -  L cha in s  f r o m  
d i p h t h e r i a  a n d  t e t a n u s  a n t i t o x i n s .  
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body. Thus we were able to demon- 
strate that the antibody specifiity of 
horse antitoxins is determined by the 
H chain, but that  the presence of L 
chain is necessary for the formation of 
a fully active combining site. The L 
chains of one antibody cannot be fully 
substituted by L chains from an antibody 
of another specificity isolated from an- 
other individual. It is necessary to note 
that we found differences in the behaviour 
of diphtheria antitoxins from different 
individuals. The ratio "of the residual 
activity in incompletely dissociated anti- 
body and of the recovered activity was 
in some cases less than one order. 

More precise results are expected to be 
found with antibodies to a single antigenic 
de te rminan t ,  e.g. a n t i h a p t e n  ant ibodies .  
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B O 3 O B H O B I I E H H E  AI{THBI1OCTH 
CBH3LIBAHIIH AHTIITE~J B PE3Y.T/ , ' I 'ATE 

B 3 A H M O ~ E t l C T B H H  P A 3 J q l l q  H bI X 
IIEII ' rH~[HBIX I~EI IEh ,  BBI ,~EJ IEI IHbIX 

H3 O q [ I I I I E I I H B I X  ~qOIIIA~HIIBIX 
AIITHTOt~CHHOB 

<D. agpanen u P. C. He,nun 

H3yqa01acb  C, IIO(;.O6HOCTI, ])a3,IHqlthIX 
llelITH~I, IIRIX l l ene i i  n .2omaRuHbix aIITti- 
"roRcllHax cIIeI~H~HqeCKtt B3aHMO;iCfiCTBO- 
na ' rb  c, anaToi(ctaHaMii ,  a~copbnponan-  
ns1.~ui Ha ue:Ialoao:~y (nMMyUocop6enTIa). 
~.TIFI DTOFO B OqUIII, eHIIbIX aHTtlTOIr 
paapymam~ S-cy3~qbounpoaamteM peaK- 
TtfBnhle ;~Hcy~b~t~nahJC cBaan n ocno- 
5()m;laml~Hecn n e n T ~ ; ~ e  i~en~ oTJ~eaazm 
upn noMontn Sephadex  G-100 S 0,05 M 
.~ypanmmoii  Km:.noTe c 6 M Mouemfnoii. 
To:~mr B nep~b~x /~paLea~ax Tn~ne~blx 
([[) lmHeii, B ,r np~1cyTCTBOnam~, 
o~I iaKo,  HO()OJIhIIIH0 I(o~MqOCTBa IIelIO,'t- 
HOCTI~IO DacIi(OIIJIOIIHLIX allTl, ITe/l, BcTpe-  
qa: l l iCb B IIO~O;ILIIlHX KO,rIIIHOCTBflX 6eJII~H, 
('nemid~uqec~n a;w()p6JtpyH)muecn na nM- 
MyHocop6CHT. dlcrlene (L) imnu noobme 
ne p c a r n p o n a m i  c nMMyHOCOp6eHTOM. 
(.),'~HaKo y,~aBa.~()c~ IIO30(~HOI]I4TI~ aKT~IB- 
Hr flHTHTOK('tl]tOB ~ (*MeIIIH Bfl II lieUld 
I t  n L. TaKoc i~<c xeficTBne, X()T~I I~.()JIII- 
qecTBeHItO MellCe BblpaH(enIl()e,  Ha6;iro-  
; t a ~ o c b  n p t l  c m e u [ u a a u u n  Kene i i  l I  u L n:~ 
pa3m~qH~aX aHTnTe~. 3TH M()ncHy.'mpHU~C 
l'H6pli;[bI o601a;mmi cIIelDI(~)HHHOCTblO C()OT- 
neTCTByloIKHX l[  lmnefi. 


