Immunochemical Study of Soybean Proteins
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Soybean protein fractions were analyzed by double
gel diffusion and disc. immunoelectrophoresis with
antiwhole soybean extract and anti-11S soybean
protein antisera. At least five immunologically
distinct components were identified in the whole
soybean extract, cold insoluble fraction, and cold
soluble fraction. Three precipitin bands were found
in the isoelectrically precipitated globulins, two im-
munochemically distinct bands in a crude prepara-
tion of the 11S component, and one in the purified
11S protein fraction. Each of these fractions

formed only one band when diffused against the
anti-11S soybean protein specific antiserum. This
band was identical to the band formed by the purified
11S component. The immunochemical method
offers an additional physicochemical criterion for
establishing homogeneity of isolated soybean pro-
teins, and for the detection of specific homogeneous
components. The isolated 11S component is the
only immunochemically homogeneous protein de-
scribed in the present study.

based on the steric configuration of certain anti-

genic groups in each molecule, has been utilized
as an analytical tool to define protein components in a
mixture and to prove their homogeneity. A recent ex-
ample of the usefulness of such immunochemical studies
as applied to the characterization of plant proteins was
given by Grabar er al. (1965). In the present report
immunodiffusion studies were used to define soybean
protein fractions.

The antigenic properties of the soybean were first re-
ported by Duke (1934). Ratner et al. (1955) concluded
that the soybean was a weak antigen and that sensitization
was enhanced by utilizing soybean extracts incorporated
in Freund’s adjuvant. Commercial soybean extracts were
also studied by Crawford er al. (1965) using rabbit anti-
sera in double gel diffusion and immunoelectrophoresis.
In addition, the antigenic properties of soybean flour have
been utilized in several serological methods for its detection
in food products (Ferguson er al., 1942; Glynn, 1939;
Hale, 1945; Munsey, 1947).

The main objective of the reported investigations was
to examine the antigenicity of soybeans by using whole,
unfractionated soybean extracts which are commercially
available. However, no attempt has been made to investi-
gate the immunochemical properties of defined soybean
protein fractions and especially of the soybean globulins
which are used in their isolated form for commercial food
purposes. Such a study could be useful in determining
homogeneity of isolated soybean proteins, possible struc-
tural alterations during fractionation, their fate during
germination of seeds, and their identification in food
products.

The immunochemical specificity of proteins, which is

EXPERIMENTAL

Protein Fractions. The soybeans used in this investiga-
tion were Harosoy 63 variety grown in 1964 and stored at
25° C. The seeds were cracked, dehulled, and flaked.
The soybean flakes were defatted with pentane (b.p.
36° C.) in a Soxhlet apparatus for 4 to 5 hours. The
extracted flakes were desolventized at room temperature.
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Whole soybean extract (WSE) was obtained by extrac-
tion of the defatted flakes with water (flake-water ratio,
1:10) at 25° C. for 1 hour and centrifugation at 10,000
r.c.f. for 30 minutes to clarify the supernatant liquor..
For fractionation of the globulins by cooling (Wolf and
Briggs, 1959), the defatted flakes were extracted with water
(flake-water ratio, 1:5) at 25° C. for 1 hour, and the ex-
tract was clarified by centrifugation at 10,000 r.c.f. for
30 minutes. Subsequently, the protein extract was cooled
overnight at 4° C. and centrifuged at 10,000 r.c.f. for 15
minutes at 4° C. The cold insoluble fraction (CIF) was.
obtained as a precipitate. The supernatant was desig-
nated cold soluble fraction (CSF). The cold insoluble
fraction was then subjected to ammonium sulfate fraction-
ation to obtain a crude preparation of the 11S component,
Fraction X (X), as described by Wolf er al. (1962). The
purified 11S component (11S) was prepared from Fraction
X by ionic strength gradient elution on DEAE-Sephadex
A-50 as reported by Catsimpoolas et al. (in press).

The isoelectric soybean globulins (ISG) were prepared
from the whole soybean extract (WSE) by isoelectric pre-
cipitation at pH 4.5 with 5% HCI, washed free of whey
constituents with water, and adjusted to pH 7.6 with 1N
NaOH. The isoelectric globulins were then dialyzed
against phosphate buffer, pH 7.6 made 0.4M in sodium
chloride and 0.01M in mercaptoethanol, designated stand-
ard buffer (Wolf and Briggs, 1959). All the protein frac-
tions described above were also dialyzed against the stand-
ard buffer to ensure identical conditions for ge!l diffusion.

Preparation of Antisera. Two different protein samples
were used in the immunization procedure(described below):
whole soybean extract and purified 11S component.
The protein concentration of both solutions in standard
buffer was 2%. Approximately 200 mg. of protein was
required for immunization of one rabbit.

New Zealand white rabbits weighing 4 to 6 pounds were
obtained from a commercial animal breeder and main-
tained on a typical medicated rabbit pellet diet. The rab-
bits were immunized by three intraperitoneal injections at
7-day intervals. Each injection contained 2% antigen
solution in standard buffer mixed and homogenized with
an equal volume of Freund’s complete adjuvant (Difco).
The immunizing dosage was 1 ml. the first week, 2 ml. the
second week, and 5 ml. the third week. After a 30-day
rest period, the animals were given a 5-ml. booster injection









then compared with the immunoelectrophoresis pattern
of WSE to establish relative mobilities and designation
of bands. The upper part indicates the precipitin arcs
formed by diffusion of the separated proteins against the
antiserum trench. A minimum of five precipitin lines
were visualized. The numbers indicate arc position within
a fraction starting with 1 for the arc of the protein com-
ponent with the highest electrophoretic mobility. The
precipitin arcs exhibit various intensities and diffusion
coefficients. The number of arcs obtained by disc. im-
munoelectrophoresis is the same as that indicated by
double gel immunodiffusion. However, correlation of
bands by these two technigues cannot be established with-
out isolation of the antigenic components. It was observed
that a larger number of stained protein bands is present
in the disc. electrophoresis column as compared with the
diffusion arcs against the antiserum. A possible explana-
tion for this phenomenon is that, although certain protein
components may exhibit different mobilities, and, thus,
are separated by simple disc. electrophoresis, these com-
ponents may have identical immunochemical specificity
because of considerable similarities in structure. Thus,
two or more separated bands spaced closely together be-
cause of a slight difference in electropinoretic mobility,
will diffuse out of the column and behave immunochemi-
cally as a single component against a common specific
antibody. Another possibility is that some of the stained
bands represent protein subunits which are nonantigenic
and, thus, fail to form a precipitin arc. Functionally, the
results obtained by disc. immunoelectrophoresis can be
more meaningful because they indicate proteins with struc-
tural differences. However, one cannot overlook the
possibility that a given antiserum may not contain anti-
bodies to all antigens in a complex mixture. Conse-
quently, the observed number of arcs should be regarded
as minimum.

The cold insoluble fraction (CIF) and cold soluble frac-
tion (CSF) also exhibited five antigenically distinct com-
ponents. The relative intensity of the arcs in these two
fractions appears to be considerably different in compari-
son to those of the whole soybean extract fraction. In
general, the relative electrophoretic mobility of the pre-
cipitin arcs in all three fractions (WSE, CIF, and CSF)
remained about the same. The crude preparation of the
118 protein (X) exhibited two broad precipitin bands which
appear to fuse at the ends, indicating two immunochemi-
cally similar components with different electrophoretic
mobilities. The 11S component purified by DEAE-
Sephadex (Figure 2B) exhibited only one precipitin arc
when diffused against anti-whole soybean extract anti-
serum. This indicates that the 11S component is electro-
phoretically and immunochemically homogeneous.

Three distinct precipitin bands were found when the
electrophoresced isoelectric soybean globulins (ISG) were
diffused against the antiwhole soybean extract antiserum
(A-WSE), Figure 2C. However, only one band was
found when diffusion proceeded against the specific
anti-11S soybean protein (Anti-11S) antiserum (Figure

2C). These results indicate that the isoelectrically pre-
cipitated soybean globulins consist of three immuno-
chemically distinct components, one of which is identical
to the 11S component isolated from the cold insoluble
fraction.

The soybean proteins remaining in the supernatant
(ISG Supnt.) after isoelectric precipitation of the globulins,
exhibit mainly two precipitin arcs (Figure 2D) which are
not present in the isoelectric globulin fraction. However,
these two bands together with the three bands present in
the isoelectric globulin fraction add up to a pattern similar
to that obtained with the whole soybean extract.

The advantage of disc. immunoelectrophoresis over
double gel immunodiffusion lies in the minimal probability
that two arcs will coincide unless two substances have the
same electrophoretic mobility and that their rates of diffu-
sion as well as the antigen-antibody ratios are present such
that precipitation occurs at the same line. However,
the simultaneous fulfillment of all these conditions rarely
occurs (Grabar and Burtin, 1964). The application of
disc. immunoelectrophoresis in the general characterization
of soybean proteins can be a valuable analytical tool in
establishing homogeneity of isolated soybean protein
fractions. The use of monospecific antisera would greatly
facilitate the identification of each soybean protein com-
ponent, The availability of the monospecific anti-11S
soybean protein antiserum makes possible the identifica-
tion of the 11S component in microgram quantities.
Such monospecific antisera are under preparation in our
laboratory by making use of the individual variations in
antibody response of experimental animals and by tech-
niques based on the absorption of polyvalent immune sera.
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