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With the aim of extending the genetic identifica-
tion of soybean varieties and mutants, gradient
polyacrylamide gel electrophoresis has been em-
ployed to detect differences in proteins extracted
from seeds of the varieties Lee, Pickett, and Har-
osoy, and three radiation-induced morphological
mutants of Harosoy. Of eight solvents compared,
a Tris-glycinate buffer (pH 8.6), with or without
2-mercaptoethanol, extracted the most protein
from seed-meals. Sonication extracted more pro-
tein into a given solvent than did agitation.
Electrophoretic banding patterns of the extracted
proteins of a given variety or mutant were quali-
tatively the same (given bands migrated to the
same positions) regardless of solvent or solution
method employed, although different relative in-
tensities of bands were observed for the same

sample in different solvents. By electrophoresis of
the extracted seed proteins on gradient polyacryl-
amide slab gels, we detected previously unreport-
ed differences between Lee and Pickett varieties
and discovered that the patterns of two of the
mutants were similar to each other but different
from that of the other mutant, which was similar
to the pattern of the parent Harosoy variety.
When the extracts were treated with sodium do-
decyl sulfate and 2-mercaptoethanol before elec-
trophoresis on gels containing sodium dodecyl
sulfate (1) there were differences in the major
proteins or protein subunits of the two mutants
that had similar patterns on gradient gels, and
(2) the remaining mutant and the three natural
varieties shared the same proteins, differing only
in the relative amounts present in each.

The increase in genetic knowledge of soybean seed pro-
teins has not kept pace with the chemical and physical
knowledge gained in recent years (see, e.g., Catsimpoolas
et al., 1971; Eldridge et al., 1970; Koshiyama, 1972; Wolf,
1970, 1972). A rapid method of detecting differences in
protein compor.ents would be advantageous for the pur-
pose of genetic analysis, which involves mass screening.
This report has two purposes: (1) to compare various
methods of preparing samples of soybean seed protein for
electrophoretic analysis and (2) to describe differences de-
tected among soybean varieties and induced mutants
through gradient polyacrylamide gel electrophoresis of
their seed proteins. We also report electrophoretic differ-
ences on gels containing sodium dodecyl sulfate (SDS)
after pretreatment of the extracts with SDS and 2-mer-
captoethanol (ME). A previous electrophoretic analysis of
soybean proteins showed that 61 soybean varieties could
be separated into two major groups on the basis of a dif-
ference in only two proteins, component ‘“A” being pres-
ent in 13 varieties and “B”’ in 48 (Larsen, 1967).

Three varieties of soybeans, Lee (L), Pickett (P), and
Harosoy (H), were chosen for comparison in the present
study, because the last (H) was reported to have the “A”
component and the first two (L., P) the “B” component
(Larsen, 1967). We wished to see whether our methods
could distinguish between the Lee and Pickett varieties.
Fourth-generation mutants derived from Harosoy seed ex-
posed to 18 krads of v-rays were chosen on the basis of
differences from the parent Harosoy variety in pod color
and pubescence characters (mutants H1 and H3) or in
time of seed maturation (mutant H2). The aim was to
discover whether these visible characters were correlated
with differences in seed protein components.

EXPERIMENTAL SECTION

Seeds used in this study were harvested in 1971 at the
University of Tennessee-Atomic Energy Commission Ag-

Biology Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee 37830.

1 ORAU Undergraduate Research Trainee, New College,
Sarasota, Fla. 33578.

2 Analytical Chemistry Division and the MAN Program,
Oak Ridge National Laboratory, Oak Ridge, Tenn. 37830.

ricultural Research Laboratory and were stored in a room
with a constant temperature of about 50°F until use. The
seeds had an approximately 8% moisture content and con-
tained the following percentage of nitrogen, as judged by
Kjeldahl analysis: L, 6.1%; P, 6.5%; H, 5.8%; H1, 6.8%;
H2, 6.9%; H3, 6.8%.

Whole seeds of the varieties and mutants were ground
for 20 sec in a Mitey-Mill electric food grinder (STUR-
DEE Health Products, Island Park, N. Y.). Each resulting
meal was stirred thoroughly, so as to be as homogeneous
as possible. Sixteen 0.5-g portions were weighed from each
meal sample, and 5 ml of solvent was added to each por-
tion, so that for each kind of meal there were two samples
containing each of the eight solvents to be tested (Table
I). One of each pair of samples was then agitated for 18 hr
at ca. 2° in a cold room, and the other was sonicated for
three 10-sec bursts with a Sonifier Model 15-75 (Branson
Instruments, Inc.). The samples were centrifuged for 1.5
hr at 45,000 rpm in a Beckman Model L2 with a 50Ti
rotor. The samples used in this study all come from this
single extraction. The sample solution (2-3 ml) was with-
drawn from between the lipid layer and the sediment, and
25 ul of 10% NaNj; was added to each sample to prevent
microbial growth. The concentration of protein in the ex-
tracts of the seed-meals was determined by the method of
Lowry et al. (1951), as modified by Elrod (1967). This
modification employs a Technicon AutoAnalyzer. In this
method the copper tartrate solution was 0.05% (w/v) Cu-
S04-5H20 and 0.10% NaKC4H40¢-4H20, the buffer con-
tained 80 g of NasCOs and 32 g of NaOH in each liter,
and the phenol reagent (Precision Laboratories, Cincin-
nati, Ohio) was diluted with three parts (by volume) of
water before use.

Three different solutions were used to prepare the sam-
ples for electrophoresis. Solution A was an aqueous solu-
tion containing 60% (v/v) glycerine. 0.002% (w/v) Phenol
Red, 0.3% (w/v) NaNj, 0.015 M NaH;PO,. and 0.015 M
NaoHPO4. The apparent pH was 6.7. Solution B was an
0.08 M aqueous sodium phosphate solution adjusted to
pH 7.0. It also contained 1.0% (w/v) SDS and 1.0% (v/v)
ME. Solution C was an aqueous solution containing 50%
glycerine, 0.01% (w/v) Bromophenol Blue, 1.0% (w/v)
SDS, and 1.0% (v/v) ME.

The electrophoresis tank (Model 4200) and appropriate
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