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Two-Dimensional Electrophoretic Analysis of the Proteins of Isolated
Soybean Protein Bodies and of the Glycosylation of Soybean Proteins

Mei-Guey Lei and Gerald R. Reeck*

Two-dimensional electrophoresis was used to examine the protein components in isolated soybean protein
bodies. We found that most individual, abundant polypeptides of soybean seeds occur in protein bodies.
These include 8-conglycinin, glycinin, lectin, and Kunitz trypsin inhibitor (as expected, based on previous
work of other investigators) and many other, unidentified polypeptides. There are, however, numerous
soybean polypeptides that are not present in protein bodies. Dansylhydrazine staining of water-extracted
soybean proteins that had been separated on two-dimensional gels demonstrated that not only 8-con-
glycinin and lectin but several other proteins of unknown identity are glycosylated. We also demonstrate

that a small portion of glycinin is glycosylated.

Protein bodies in soybean seeds are nearly spherical
particles with diameters of 2-10 um (Saio and Watanabe,
1966) surrounded by a membrane (Tombs, 1967; Wolf,
1972). It has been revealed by immunoelectrophoresis
(Catsimpoolas et al., 1968) and by ultracentrifugation
(Wolf, 1970) that the major storage proteins, glycinin and
B-conglycinin, are the most abundant components of
protein bodies (Koshiyama, 1972). During germination,
protein bodies disintegrate (Tombs, 1967; Catsimpoolas
et al., 1968), and protein in them is degraded to serve as
the source of nitrogen for nitrogen-containing compounds
synthesized by the developing seedling (Derbyshire et al.,
1976). Protein bodies can be isolated by differential cen-
trifugation in cottonseed oil/carbon tetrachloride mixtures
of various densities (Saio and Watanabe, 1966) or by su-
crose density gradient centrifugation (Tombs, 1967). Em-
ploying two-dimensional electrophoresis on proteins of
isolated protein bodies, we report here that protein bodies
contain many other proteins besides glycinin and 8-con-
glycinin. These include soybean lectin, Kunitz trypsin
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inhibitor, and a large number of other unidentified poly-
peptides.

We also report an electrophoretic analysis of glycosyla-
tion of soybean proteins. Certain soybean proteins are
known to be glycosylated. The lectin of soybean seeds has
been shown to consist of 4.5% mannose and 1.2% N-
acetyl-D-glucosamine (Lis and Sharon, 1973). The 8-con-
glycinin polypeptides are also found to have carbohydrate
covalently attached: the a and o’ polypeptides contain 4
mol of glucosamine and 12 mol of mannose; the 3 poly-
peptides have 2 mol of glucosamine and 6 mol of mannose
(Thanh and Shibasaki, 1977). The situation is not clear
with glycinin. Fukushima (1968) reported that glycinin
contains a low amount of carbohydrate (about 0.88%), and
Wolf et al. (1966) reported 0.17-0.24% carbohydrate in
glycinin but later Koshiyama and Fukushima (1976) re-
ported that glycinin is not glycosylated.

Kitamura et al. (1974) used a concanavalin A—agarose
column to purify glycinin by removing 8-conglycinin, which
is retained by the column. Using that method (Lei et al.,
1983), we found that a small amount of glycinin binds to
the concanavalin A—agarose column and coelutes with
B-conglycinin. This suggests that a small portion of gly-
cinin is glycosylated, and we confirm that in this paper.
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Table I. Amino Acid Compositions of Glycosylated and
Nonglycosylated Glycinin®
37-42-kDa
acidic polypeptides

17-20-kDa
basic polypeptides

amino glyco- nonglyco- glyco- nonglyco-
acid® sylated sylated sylated sylated
Asx 14 13 16 16
Glx 21 25 13 14

- Ser 7.9 7.3 8.9 8.8
His 2.0 1.8 1.9 1.8
Arg 6.2 6.4 5.9 6.1
Thr 5.4 5.0 5.7 5.3
Ala 4.7 4.4 8.3 8.3
Pro 6.7 7.3 5.4 5.7
Tyr 2.8 2.7 3.8 3.7
Val 5.7 6.1 7.3 6.8
Met 1.1 1.0 1.0 1.0
Cys 1.3 1.3 0.6 0.6
Ile 4.8 4.4 4.6 4.3
Leu 7.0 6.6 10 9.8
Phe 4.4 4.1 5.1 5.0
Lys 4.2 4.3 3.0 3.0

¢The values shown are averages of duplicate determinations
(mol %). ®Trp was not determined. Gly is excluded from these
amino acid compositions because the SDS gel electrophoresis run-
ning buffer contained glycine. The polypeptides eluted from the
SDS gels were therefore contaminated with glycine.

(Figure 7) the number of glycosylated spots is approxi-
mately the same as the number of nonglycosylated spots.
There appears to be little, if any, glycosylation of the basic
polypeptides of glycinin.

To obtain additional evidence that the glycosylated
material with electrophoretic properties of glycinin was in
fact glycinin, we obtained amino acid compositions of the
glycosylated glycinin-like bands. In Table I, these com-
positions are compared to the compositions of the acidic
and basic polypeptides of nonglycosylated glycinin. The
excellent agreement between the compositions of the gly-
cosylated material and nonglycosylated glycinin strongly
supports our conclusion that the glycosylated material is
glycinin.

We cannot exclude the possibility that there are par-
ticular glycinin polypeptides that occur in low amounts and
that are glycosylated to a high extent. There appears to
be a simpler interpretation, however. Given the structural
similarities between glycinin and 8-conglycinin (Argos et
al., 1985; Lei et al., manuscript in preparation) and the
similar complexities of nonglycosylated and glycosylated
acidic glycinin polypeptides (Figure 7), the simplest in-
terpretation of our observations is that most acidic glycinin
polypeptides can be glycosylated (perhaps by the gl
ycoslyation system that operates so efficiently on 3-con-
glycinin) but that only a small fraction of any particular
polypeptide is glycosylated in the total glycinin population.
That is, the glycosylation of glycinin is inefficient. Even
within the population of glycosylated glycinin molecules,
only a portion of any particular polypeptide is glycosylated,
since we find both glycosylated and nonglycosylated po-
lypeptides in the concanavalin A binding glycinin mole-

Lei and Reeck

cules. It is of course unclear at this stage whether there
is a special biological role for the small percentage of
glycinin molecules that is glycosylated.
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