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Translated from Dok. Akad. Nauk SSSR, 110 (1956), 1, 119-121

THE QUESTION OF THE STRUCTURAL RELATIONSHIP

BETWEEN ANTIGEN AND ANTIBODY MOLECULES

0. Ye. Viazov and P. I. •eitlln

(Presented by A. D. Speranski,
MLember of the Academy, March 12, 1956).

The mechanism of antibody production, and the reasons why antigens
specifically unite with specific antibodies, form one of the central problems
of present-day theoretical immunology.

Today, the leading position is occupied by the theory advanced in
1928 by N.F. Gemalei and subsequently developed by a number of research
workers (1-5]. According to this theory, the molecules of the antibody are
formed in the reticulo-endotheliar cells in response to the incidence in the
cell of an antigen protein molecule, which serves, so to speak, as a pattern
or die on which newly forming r-globulin molecules are stamped out. The union
of the antibodies thus formed with the homologous antigen takes place through
an action of intermolecular attractive forces (of the van der Waals type),
non-specific by nature. The specificity of this union is due to a specific
spatial distribution, on the surface of the protein molecule, of active
groupings so positioned that the molecules of homologous antigens on the one
hand and antibodies on the other hand are, so to speak, mirror imbges of each
other.

This theory, because of its reasonableness and logic, has achieved
almost complete acceptance. Bat numerous attempts to provide 14 with a
direct experimental demonstration have been unsuccessful* and to some extent
the theory Is still of hypothetical character.

We decided, in our work, to try-to find some approach to the experi-
mental solution of this problem. It seemed to us important, in the first
place, to establish whether or not homologous antigens and antibodies do have
a "mirror" relationship one to the other.

If the thesis of the structural "complementariness" of antigens and
corresponding antibodies Is correct, then one should expect that upon imiun-
zation of a rabbit the antibodies B (see Figure 1) will in their structural
aspect be some kind of mirror Image of the antigen A; when this antiserum
is in turn used for immunization, the antibodies B now formed, as mirror
images of their antigen, will structurally resemble the originally used
antigen A.

Our experiment was conducted according to the scheme in Figure 2.
As shown in this figure, a 2Z solution of electrophoretically homogeneous
human serum albumen, of mobility about 6.5.10-5 cm? sec-V-1 (veronma buffer,
Pb 8.6, Ion strength 0.1), was used as antigen for imnmziing two rabbits.

(1)



The Iimnnization was carried out according to the following schedule: .ml of
the antigen was injected intravenously four times per week for a total of three
such weekly cycles.* On the tenth day, blood was taken from a vein in the
rabbits' ears and serum prepared from it. However, titration of these sera by
the complement fixation reaction showed that the antibody titer was insuffi-
ciently high (1:320). Therefore the rabbits, thirteen days after the bleeding,
were given three more 0.5 al injections on alternate days. Titration of the
sera then obtained showed an antibody titer of 1:1200. These sera were used as
autigens for imamizing three chickens, as follows: Three 0.5 al intramuscular
injections on alternate days, and fourteen days later three mre of the sam
inJec'ions (0.5 al on alternate days). Seven days after the last injection, the
fowls wre totally bled. Titration of the sera, by the complement fixation
reaction, showed an antibody content of titer 1:400.

The fowl sere thus obtained were then used to sensitize four guinea-pigs
(0.1 al subeutmneously). Four other guinea-pigs, as controls, were sensitized
in the saw way 4 th normal sare from non-ism-nized fowl. On the 31st day after
sensitization, the sensitized guinea-pigs were all given an 0.8 al intravenous
Injection of a 2% solution of human serum albumen. The results of this experiment
are shown in Table 1.

Table 1

AnapWlactic reaction In guinea-pigs sensitized with fowl sera,

In response to intravenous injection of human albumen.

Guinea-pig
No. Sensitization Final injection

Antigen and Antigen and
date of date of
nestion Dose, ml Reaction injection Dose, ml Reactlon

1 lMeý fowl serum, 0.1 - 2% solution of 0.8 + +
2 July 30 0.1 - human alb&men, 0.8 + +
3 0.1 - AugVut 31 0.8* +
4 0.1 - 0.8 +

5 Normal fowl serun, 0.1 - 2% solution of 0.8
8 July 30 0.1 - human albumen, 0.8
7 0.1 - Auguist 31 0.8

* Part of the antigen went under the skin.

SBeginning from the second cycle, the injections were nade after desensitization

of the rabbits by the Bezredka method.
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As the rcsults in Table 1 show, the guinea-pigo which were sensitized
by serum from fowl in--inized with the "anti-alburan" rabbit serum exhibited, in
response to intravenouz injection of huan albuz.on, a distinct picture of anaphy-
lactic shock (dyspnca,, cternutation, diocharge of urine and fmces, intensified
rubbing of nose with pai:s). At the scxe_ tir-, not one of the guinea-pigs sensi-
tized with nor=l fo.zl erum shoi.cd any synptons of anaphylactic shock in response
to the intravenous injection of 2ýS h: -n alburun solution.

Tae oaly exyln'nation for thcse finding7s, it seems to us, is that the
antibodies against hu -ýz c2..bxrz-_ fo:.2d in the ii -rnc rabbit possessed a stero-
chemical configuration of rirror-iL220: chzorc.cter uith rezpcct to this antigen.
The i•---unization of fo3.l i-:th these cAtlboClics lei to the forration, in these
fo-.l, of =ntibcdiez likewice of ;. ii.rror-irT-Ze stereoch%-r'c.l configuration with
respect to the rabbit-sct.r:n antibcdies. Consequently '.1 crntibodiQ3 obtained
from the fowl had a stcý'coahcnical configuration similcr to th- configuration of
humsn albumen, as indeed w:az revealed by the enaphylactic reaction.

It might, ho-?ever, be suzZected that the sensitization of the guinea-
pigs took place by the prinr.y antigen's "Fctting through"; it might, so to
speak, have been passaged through the rabbit and the chicken. To eliminate this
suspicion, the follo.wing check was devised.

It is well known that a foreign protein introduced into an animal dis-
tributes itself very rapidly throughout the humoral channels and then gradually
introduces itself into the organism.

According to the findings of K. I. Kotkov and T. V. Sayenko [6], when
a foreign serum marked with IS' is injected into a rabbit, the radiation count
per ml of rabbit serum one hour after the injection is less by 200-400 times
than in the initial foreign serum. This is apparently due to ordinary physical
dilution. Although the tranafer of serum from rabbit to fowl and from fowl to
guinea-pig was carried out 7-10 days after rhe last injection, we neglected the
fact that in this time a considerable amount of the foreign protein (as much as
90-99%) would have been eliminated from the organism, =ud allowed only for the
actual dilution of the antigen; in the rabbit a 200-fold dilution, and in the
fowl, with Its smaller weight taken into account, a 100-fold dilution. Simple
calculation shows that under these circumstances 0.1 ml of the fowl serum may
have a content of about 0.025 y of the initial antigen.

Actually the antigen content will be many times smaller, since a
considerable amount o÷ it will be split during the time it is in the organism.

With the above as our starting point, we effected a control sensi-
tization of two guinea-pigs with human albumen in the amount of 0.1 y (exceeding
by four tines the figure theoretically found). Final inoculation of these
rabbits with 2% human albumen solution gave distinctly negative results.

These findings do not by any means settle the whole intricate complex
of questions connected with the structural interrelationships between antigen
and specific antibody. Nevertheless we think that they may indicate routes of
experimental approach to this problem.

Institute of Experimental Biology, Received February 10, 1956.
Academy of -e1dical Sciences, USSR.
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A B C
Fig. 1. Suggested scheme
for antibody formation.
A - human albumen. B -
antibody of anti-albumn
serum. C - antibody of
antiserum to anti-albumgn
serum.
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Fig- 2. Diapam of procedure
In experimnnt om relationship
between antigen and antibodymolecule.


