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Recently y-globulin molecules have
been found to consist of several peptide
chains (Edelman, 1959; Franék, 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 antibody 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-
ation 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,
Ispolatovskaya & Myasoedova, 1961;
Gourvich, Kusovleva & Tumanova, 1961;
Nezlin ef al. 1961). The same immuno-
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sorbents served also for the 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, 65%, 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 M
ammonium carbonate and freeze dried.
S-gsulpho diphtheria antitoxin contains
still 25—309, 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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ie. in 0.05 M 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-
ation and dilution with 4 or 9 volumes
of 0.07 M sodium chloride decreased to
a level of 3—59%, 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 mg. of protein was easily fractionated
on a 2.4 X 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 that 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,

*) Franék TF.: Manuscript in preparation.

ANTIBODY COMBINING

123

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 H 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.
It 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 that 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 1. Recovery of antibody active complexes
from different chains of the diphtheria and tetanus

antitoxins

Type and Total amount| Amount of proteiil
origin of protein in bound by the
of chaing* the mixture | immunosorbent

with
diphtheria tetanus
ug. anatoxin
722 pe-
Hp 3420 7 3
Lp 1860 1 2
Hy 2800 1 8
Ly 1560 0 2
Hp + Lp 5280 185 6
Ht + Ly 4360 1 25
Hp + Lp 4980 35 7
Ht + Lp 4660 5 19
I

*Hp and Hp — H chains from diphtheria and
tetanus antitoxins; Ly and L1 — L chains from
diphtheria and tetanus antitoxins.
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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
determinant, e.g. antihapten antibodies.
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BO3OGHOBJEHHE AKTHBHOCTH
CBA3BIBAHHA AHTHTE.T B PE3Y.ILTATE
B3AUMOJIEHCTBUA PA3JIHMUYHBIX
HENTHIAHBIX LENEM, BBIJEJIEHHBIX
H3 OUHIHEHNHBIX JOIMATMHBIX
AHTHUHTORCHHOB

D. Oparner u P. C. [eaaun

Uayyanack ¢nocoBHOCTL  pas;IM4HBIX
NenTHAHBX 1eled B JOMAJHHLIX AHTH-
TOKCHMHAX CTeOUQHUUECKU B3anuMojIelcTBO-
BaTh ¢ AHATOKCMHAMM, axcopOMpoBaH-
HBEIMH Ha UCINTIONO3Y (MMMYHOCOPOCHTH).
Ana 9TOro B OMMINEHHBIX AHTHTOKCHMHAX
paspymamn  S-cy.1bOBMUPOBAHUEM Ppeak-
TUBHLIE IMCYIbOUIHLIC CBASH ¥ OCBO-
Ho;laloIecsT NeNnTuIHhe Hend OTXeIAIN
npn nomomu Sephadex G-100 B 0,05 M
MypaBbHHOI Kuceaore ¢ 6 M movenuHoil.
Tonbko B uepBHIX (pPAKUUAX TAKEIBIX
(H) meneit, B KOTOPBIX LPUCYTCTBOBANM,
OIHAKO, HeGOJBIING KOJIHYCCTBA HELO.i-
HOCTBIO PACHCIJICHHBIX aHTHTE:1, BCTPC-
Ya uch B HeOOIIBIMUMX KoluecTBax OenkH,
cnenHduyecKn ajcopOupyIONIMeca Ha HM-
myHocopOenr. Jlerkue (L) meun BooGme
HEe peardupoBalld ¢ HMMYHOCOPOCHTOM.
Ojnako ynaBsasioch BO30OHOBHTH AKTUB-
HOCThH AHTUTOKCHHOB, CMEIIHBAS LW
Il o L. Takoe ke JielcTBHe, XOTA KOJI-
UCCTBEHHO MeHee BHIpasKeHHoe, HalIo-
Jlanoch npy emeunipanuu ueueil 1 u Loua
pasPYHBLIX AHTHTEN. JTH MOJEKY.IAPHEIC
rHOpubl 067124804 ClIeMAGUEIHOCT B COOT-
seTerBYIonx 1 nenei.



