MICROBIOLOGY AND IMMUNOLOGY

THE NATURE OF INCOMPLETE ANTIBODIES

D. N. Evnin and A. Ya. Kul'berg UDC 612.017.1 :576.8.097.5

It is shown by methods of immunochemical analysis that incomplete hemagglutinins belong to
the IgG-class of serum immunoglobulins. It is also demonstrated that the indirect Coombs'
test can give complete bivalent antibodies provided that they are present in low enough con-
centration not to cause direct hemagglutination.

The Coombs' method is widely used in modern immunology for the detection of incomplete antibodies.
However, sufficient precise information regarding structure of these proteins, their molecular weight, and
the class of serum immunoglobulins to which they belong is not yet available. The definition of incomplete
antibodies as monovalent antibodies, i.e., capable of forming an antigen—antibody complex but not eliciting
a visible phenomenon (agglutination, precipitation), likewise has not been proved [1, 2, 8, 10, 12]. The dif-
ficulties of studying the nature of antibodies are attributable to the fact that until recently it has been im-
possible to isolate them in a pure form and to study them in detail.

The object of this investigation was to study the nature of antibodies giving rise to the Coombs' in-
direct hemagglutination phenomenon (the potentiation phenomenon),

EXPERIMENTAL METHOD

Rabbits were immunized with sheep's erythrocytes by the following scheme: primary immunization
— two intravenous injections of 1 ml of a 10% suspension of erythrocytes at an interval of 48 h; reimmuni-
zation 3 months later with 5 intravenous injections of a 10% suspension of sheep's erythrocytes in the same
dose at intervals of 24 h. The animals were exsanguinated on the 7th day after the last injection of antigen.

To isolate highly purified preparations of IgG from antiserum, a two-stage procedure was used:
salting out of the total globulin fraction with ammonium sulfate at 0.4 saturation followed by purification
) of the IgG by ion-exchange chromatography on DEAE-

TABLE 1. Titers of Antibodies in Protein cellulose (Whatman, England) [4].

Samples at Different Stages of Isolation and The titer of complete antibodies against sheep's
Purification of IgG erythrocytes was determined by the active hemagglutina-
tion test performed in the usual manner, and the titer of
incomplete hemagglutinins was determined by the indirect
Coombs' test [5] using ass serum against rabbit immuno-

; Log of titer of hemag-
Fraction glutinins

complete | incomplete globulins, preliminarily inactivated on a water bath for
Antiserum. . . ... 5.42 7.29 30 min at 56° and absorbed with sheep's erythrocytes.
e 4.61 9.11 To destroy the IgM-antibodies, the antiserum was
7§ 4.61 9.72 incubated in a dilution of 1:10 with 2-mercaptoethanol
y-III (1gG). s v ... 4.01 9,11 (Loba~Chemie, Austria) in a final concentration of 0.1 M
Supernatant . . ... 2.41 4,21 (pH 7.2-7.3) at 37° for 1 h [6]. -The double diffusion

TLaboratory of Immunochemistry, N. F. Gamaleya Institute of Epidemiology and Microbiology,
Academy of Medical Sciences of the USSR, Moscow. Department of Biochemistry, Kursk Medical Institute.
(Presented by Academician of the Academy of Medical Sciences of the USSR G. V. Vygodchikov.) Trans-
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol, 70, No. 8, pp. 67~70, August, 1970.
Original article submitted January 22, 1970,

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

914



Eapo” g
4800 £

49700 -
4600}
45001
q%90+

4300}
q200}

2k z . Fig. 2, Demonstration of purity

N of IgG preparation by precipita-

I8 § 72 15 18 21 2% 27 30 33 36 39 #2 4§ 48 tion in agar Wlth ass antiserum

Volume of eluate (in mi) . sl s s

against rabbit immunoglobulins.

Fig. 1. Chromatograms of purified 1-6) Dilutions of IgG from 1:25

IgG (1) and supernatant fraction (2) to 1:800; 7) anti-rabbit serum,

on CM-cellulose column.

reaction in agar was carried out by Ouchterlony's method
in the micromodification of Abelev and Tsvetkov [1], using
ass antiserum against rabbit immunoglobulins for develop-
ment,

EXPERIMENTAL RESULTS

The titer of complete and incomplete hemagglutinins
in the rabbit antiserum (expressed in log units) was 5.42
and 7.22,respectively. After treatment of the serum with
2-mercaptoethanol, the titer of complete and incomplete
antibodies was unchanged, demonstrating that they do not
contain antibodies of the IgM-class. ‘

Fig. 3. Antigenic analysis of protein peak
of supernatant fraction after chromato-

graphy on CM-cellulose (a) and analysis of
antigenic relationship of proteins in eluate

of supernatant to IgG (b). In a: 1-6) dilu- At different stages of isolation and purification of
tions of eluate from 1:2 to 1:32; 7) anti- IgG from the antiserum, samples of protein were taken and
rabbit serum. Inb: 1) IgG; 2) eluate of the concentration of complete and incomplete antibodies in
supernatant fractions; 3) anti~rabbit serum. them was investigated. The first sample was taken after

precipitation of the globulins with ammonium sulfate and
dialysis against buffered 0.15 M sodium chloride. This fraction was described as vy -I. The second sample
&y -1I) was taken after dialysis of the protein against 0.01 M phosphate buffer (pH 7.55). It did not contain
euglobulins, which are precipitated during dialysis against buffer of low ionic strength. The third sample
ty -1III) was taken after chromatography of the proteins on DEAE-cellulose, and corresponded to highly puri-
fied IgG. In addition, the content of complete and incomplete hemagglutinins was determined in the fraction
of serum proteins (supernatant fraction) not precipitated at 0.4 saturation with ammonium sulfate (after
careful dialysis against 0.15 M sodium chloride), and also in the original antiserum (Table 1).

As Table 1 shows, when purified preparations of IgG (y ~III) were used, a marked increase in strength
of the hemagglutination reaction was observed in the presence of antiglobulin serum compared with that for
native serum. )

The results in Table 1 do not, however, show conclusively what is responsible for the phenomenon of
potentiation of hemagglutination in the Coombs' test when fraction y -III is used: the bivalent IgG antibodies
themselves or the monovalent antibodies contained in this fraction. For this reason, the presence of mono-
valent fragments of IgG antibodies, such as the Fab-fragments whose formation in vivo by catabolite splitting
of IgG has been demonstrated experimentally [3], in the IgG preparation could be postulated. To verify this
hypothesis, fraction y -III was passed through a column with CM-cellulose in 0.01 M acetate buffer, pH 5.76.
As was demonstrated previously [9], Fab-fragments of IgG are eluted under these conditions from the
column, whereas IgG is adsorbed on the ion-exchanger. To a column measuring 1 x12 cm, filled with CM-
cellulose in 0.01 M acetate buffer, pH 5.76, 1.64 mg of fraction y -III, previously dialyzed against the same
buffer, was added. The whole of the protein added to the column was adsorbed on the ion-exchanger (Fig.
1). When three fresh portions of fraction y -III (a total of 5 mg protein) were subsequently passed through
the same column, in no case was protein found in the eluate.
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Consequently, fragments resembling Fab were not present in the IgG preparation,

The homogeneity ot the y-III fraction was tested by double diffusion in agar using ass antiserum
against rabbit immunoglobulins (Fig. 2 ). In all concentrations used, IgG formed one distinct precipitation
line, indicating that it was free from contamination with other serum globulins.

Activity of complete and incomplete hemagglutinins was also found in the supernatant fraction (Table
1). To establish the nature of this activity, the supernatant (5.5 mg protein), after dialysis against 0.01 M
acetate buffer (pH 5.76), was passed through CM-cellulose (Fig. 1). A single protein peak was obtained,
and after concentration it was found to contain 4 antigenic components (Fig. 3a), unrelated to IgG (Fig. 3b).
The agglutination test and the indirect Coombs' tests revealed only a trace of activity in the composition
of the protein peak (titer of incomplete antibodies 0, of incomplete 1 :8). Hence, the serologic activity of
the supernatant was due principally to IgG-antibodies not precipitated completely by ammonium sulfate at
0.4 saturation,

The facts described above suggest that the phenomenon of potentiation of hemagglutination in the
Coombs' test is given by bivalent antibodies belonging to the IgG-class of serum immunoglobuling, capable
of participating in direct serological reactions. This phenomenon is manifested when the concentration
of bivalent antibodies is insufficient for direct hemagglutination. This hypothesis was put forward initially
by McDuffie and Kabat [11], and the results of the present investigation confirm it experimentally.

The significantly greater potentiation of the hemagglutination reaction when purified IgG preparations
were used compared with native serum can be explained on the basis of observations [7, 13], showing that
the blood serum of man and animals contains factors inhibiting the hemagglutination reaction.

Hence, if an investigator is dealing with an antiserum which gives a direct hemagglutination reaction,
and on addition of antiglobulin serum to the system the phenomenon of potentiation of hemagglutination is
exhibited, this potentiation cannot be completely attributed to incomplete antibodies, but their presence
must be excluded.
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