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Varietal Influence on the Quantity of Glycinin in Soybeans

Sandra A. Hughes! and Patricia A. Murphy*

Glycinin content (118 protein) was determined in 10 soybean varieties (all grown in a uniform envi-
ronment) by analysis of eluted Coomassie blue dye from proteins separated on NaDodSO,—gradient
polyacrylamide gels. Significant differences in glycinin content between varieties were identified. Total
protein content for the 10 varieties (Coles, Corsoy, Hodgson, Kitamusume, Tokachi-nagaha, Toyosuzu,
Vinton, Wase-Kogane, Weber, and Yuuzuru) ranged from 39.4 to 44.1%. The content of glycinin per
total protein was observed between 31.4 and 38.3%. The percent glycinin per total weight was found
between 13.5 and 17.8%. High concentrations of total protein did not necessarily correlate with high
glycinin concentration although on a total glycinin per seed basis, this correlation was much closer.
Glycinin has previously been reported to possess gelatination properties vital for the production of some
soy foods. The confirmation that varietal variation in glycinin content does exist and application of
a method to quantitate these differences might aid in soybean selection for soy food manufacture.

Differences in the quantity of individual soy proteins
(namely, glycinin, 8-conglycinin, and the 28 fraction) be-
tween soybean varieties were reported by Wolf et al, (1961).
The source of these differences, genetic or environmental,
has not been previously investigated. Recently, several
groups have reported that there was heterogeneity in the
glycinin fraction both among soybean varieties (Kitamura
et al., 1980; Mori et al., 1981) and within single varieties
(Utsumi et al., 1981). However, these reports have focused
on qualitative data in terms of glycinin. We are interested
in the potential quantitative difference in glycinin con-
centration that might be observed in soybean varieties. In
this study, all soybean varieties were exposed to equivalent
environmental influences so that the importance of variety
alone could be evaluated. Glycinin was selected for study
in these soybean varieties because it has been reported to
be responsible for most of the hardness, cohesiveness, and
springiness in tofu, a gelatinous soy food (Saio et al., 1969).

Department of Food Technology, lowa State University,
Ames, Iowa 50011.

Present address: Columbus Foods Co., Chicago, IL
60622,

Tofu producers in the United States and Japan have ob-
served varietal differences in the suitability of soybeans
for tofu making (Leviton, 1979; Smith et al., 1960).

Polyacrylamide gel electrophoresis is a highly sensitive
technique making possible identification of micrograms
of protein. It produces better separation of protein mix-
tures than do other available techniques (Fishbein, 1972).
These characteristics make utilization of this technique
desirable for quantitation as well as identification of
proteins. The method of Fenner et al. (1975), with some
modification to accommodate soy protein, has been utilized
in the present study.

MATERIALS AND METHODS

Plant Materials. Ten varieties of soybeans, five of
Japanese lineage (Kitamusume, Toyosuzu, Yuuzuru, To-
kachi-nagaha, and Wase-Kogane) and five of American
lineage (Hodgson, Corsoy, Cole, Vinton, and Weber), were
used for comparison in this study. The varieties were all
grown in Ames, IA, during the summer of 1980. The 10
soybean varieties each were analyzed for protein by a
micro-Kjeldahl technique (AOAC, 1970, Method 38.012).
The crude lipids were measured by hexane extraction
(AACC, 1969). Protein in solution, after extraction from
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Phosphorylation of Casein and Lysozyme by Phosphorus Oxychloride

Gilinter Matheis, Michael H. Penner, Robert E. Feeney, and John R. Whitaker*

Casein and lysozyme were phosphorylated by phosphorus oxychloride at pH 6-8 and 3-20 °C. Up to
7.4 and 6.2 mol of phosphate/mol of protein were covalently attached to casein and lysozyme, respectively.
31P NMR spectral data and pH stability studies of the phosphate residues indicated that in phos-
phorylated casein, the phosphate was exclusively bound to hydroxyl oxygen as monophosphate and
diphosphate. The phosphate linkages were stable at pH 2.0-8.5. In contrast, the majority of the
phosphate in phosphorylated lysozyme appeared to be bound to nitrogen. In addition to mono- and
diphosphate, triphosphate bonds were present. Gel electrophoresis in the presence of sodium dodecyl
sulfate and urea indicated that protein cross-linking occurred during phosphorylation. Although there
was a considerable decrease in the initial rates of both trypsin- and a-chymotrypsin-catalyzed hydrolysis
of phosphorylated casein, the extent of hydrolysis after 24 h was the same for control and phosphorylated
casein. In the bioassay, Tetrahymena thermophili grew as well on the phosphorylated casein as on
Hammarsten casein. Dispersions of phosphorylated casein had significantly higher viscosities than control
casein. In contrast, the viscosity of lysozyme was not affected by phosphorylation. Both phosphorylated
proteins adsorbed more moisture than the corresponding control proteins. The emulsifying capacity

of phosphorylated casein was lower than that of control casein.

The feasibility of using alternative sources of proteins
(e.g., trash fish, grain, microbes, and leaf) as food proteins
is often limited due to their low biological value, unde-
sirable organoleptic properties, toxic constituents, and poor
functional properties. These problems may be overcome
by physical or mechanical treatment or by microbial, en-
zymatic, or chemical modification. Modification of pro-
teins by phosphorylation is examined in this paper as a
means to improve functional properties.

Phosphorylation of proteins has been achieved by using
a variety of chemicals: phosphorus oxychloride (Bechhold,
1901; Neuberg and Pollak, 1910; Neuberg and Oertel, 1914;
Rimington, 1927; Heidelberger et al., 1941; Mayer and
Heidelberger, 1946; Boursnell et al., 1948; Salak et al., 1965;

Department of Food Science and Technology, University
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Willmitzer and Wagner, 1975; Woo et al., 1982), phos-
phorus pentoxide dissolved in phosphoric acid (Ferrel et
al., 1948; Dickson and Perkins, 1971; Rao et al., 1975),
phosphoric acid with trichloroacetonitrile as a coupling
agent (Ullman and Perlman, 1975; Yoshikawa et al., 1981),
monophenyl phosphodichloride (Bourland et al., 1949),
phosphoramidate (Miiller et al., 1956; Rathlev and Ro-
senberg, 1956), diphosphoimidazole (Taborsky, 1958), and
trisodium trimetaphosphate (Sung, 1982). Changes in
functional properties (Heidelberger et al., 1941; Mayer and
Heidelberger, 1946; Ferrel et al., 1948; Salak et al., 1965;
Sung, 1982) and changes in in vitro digestibility (Neuberg
and Oertel, 1914; Rimington, 1927; Taborsky, 1958; Sung,
1982) due to phosphorylation have been studied only oc-
casionally.

According to previous studies, the phosphorus bound
to proteins by chemical derivatization could be attached
to the hydroxyl oxygen (Rimington, 1927; Ferrel et al.,
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