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Gel Electrophoretic Analysis of Peanut Proteins and Enzymes. I. Characterization of

DEAE-Cellulose Separated Fractions

John P. Cherry,! Joseph M. Dechary, and Robert L. Ory*

The total proteins of Virginia 56R peanuts were
solubilized by extracting the seeds with dilute
phosphate buffer. The individual components
were separated by DEAE-cellulose chromatogra-
phy into eight major fractions which were then
characterized by polyacrylamide disk gel electro-
phoresis. Using immunoelectrophoretic analysis,
the peanut trypsin inhibitor was localized in the
albumins fraction. Seven enzyme activities were
examined by polyacrylamide disk and starch gel

electrophoretic techniques. Zymograms of these
enzymes, similar to those in the total cotyledon-
ary extracts, seemed to be confined mostly to the
fractions containing albumins and smaller molec-
ular weight globulins. These studies provided in-
formation that may be potentially useful in the
preparation of high-quality protein concentrates
and in identification of specific changes in pro-
teins caused by conditions used during processirig
of peanut meals into concentrates or isolates.

There have been many investigations on the reserve
proteins of peanuts because of their potential usefulness
as food supplements. In general, these studies have shown
that most of the proteins are easily extractable (Altschul
et al., 1961, 1964a,b; Dawson, 1971; Dechary and Altschul,
1966; Dechary et al., 1961) and can be separated into two
major fractions, arachin and conarachin (Daussarnt et al.,
1969a,b; Dechary et al., 1961; Evans et al., 1962; Neucere,
1969; Neucere and Ory, 1970). More extensive purification
of these two fractions (Dawson, 1971; Evans et al., 1962;
Tombs, 1965; Tombs and Lowe, 1967; Neucere, 1969) has
revealed that they are composed of complex large molecu-
lar weight globulins («-arachin, a-conarachin), plus some
other closely related components, not completely sepa-
rated by the usual techniques.

Gel electrophoresis has ‘been used extensively to charac-
terize and identify proteins and enzymes in biological sys-
tems (Cantagalli et al., 1971; Cherry et al., 1970, 1971a,b,
1972; Dawson, 1971; Haikerwal and Mathieson, 1971; Mi-
netti et al., 1971; Neucere and Ory, 1970; Sastry and
Virupaksha, 1967; Tombs, 1963) and to detect experimen-
tally induced modifications in these molecules (Jensen,
1959; Neucere, 1972; Neucere et al., 1972).

Cherry et al. (1971b) and Cherry and Ory (1973a,b,c)
have shown that the electrophoretic protein and enzyme
profiles of individual peanuts are very complex, with
much variation within the cultivars examined. The com-
plexity of these electrophoretic patterns made it difficult
to identify specific proteins that varied qualitatively and/
or quantitatively. Identification of groups of proteins
showing polymorphism could provide information that
might be used during the fractionation of peanut proteins
to produce concentrates or isolates of good amino acid
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balance. Also, standardization of thesé electrophoretic
protein patterns could help in identifying changes in pro-
teins caused by processing conditions.

For this investigation, peanut protein extracts were sep-
arated into eight fractions by DEAE-cellulose chromatog-
raphy. The protein and enzyme components of each frac-
tion were further characterized by polyacrylamide disk
and starch gel electrophoretic techniques.

MATERIALS AND METHODS

Seeds. Virginia 56R certified peanut seeds were ob-
tained “in shell” from a commercial supplier in Holland,
Va. The seeds were shelled and hand-selected for uniform
size and quality through the courtesy of W. K. Bailey.

Fractionation of Peanut Proteins. Most of the frac-
tions were prepared by the method of Dechary et al
(1961). Fraction IV was separated into V and VI by chro-
matography over DEAE-cellulose in pH 8.0, I = 0.06,
phosphate buffer, with a linear gradient of 0-0.5 M sodi-
um chloride. Protein content of each fraction was deter-
mined by the method of Lowry et al. (1951). Arachin was
purified by cryoprecipitation as described by Neucere
(1969).

Gel Electrophoretic Techniques. Protein samples were
dissolved in phosphate buffer, pH 7.9, I = 0.01, and ex-
amined by polvacrylamide (Cherry et al., 1970) and starch
(Brewbaker et al., 1968) gel electrophoresis. Each fraction
was examined at three protein concentrations (1.0, 0.6-
0.8, and 0.4 mg/gel) to determine the major as well as all
minor electrophoretic bands in each preparation. Methods
for determining enzyme activities within each fraction
were described by Cherry and Ory (1973a,b).

Immunochemical Techniques. Peanut trypsin inhibitor
activity was analyzed according to Daussant et al
(1969a).

RESULTS AND DISCUSSION

Fractionation of Conarachin and Arachin. The com-
plexity of the total proteins of peanut cotyledonary ex-









oxidase) produce achromatic regions of enzyme activity on
the same gels with alcohol dehydrogenase (Brewer and
Sing, 1970; Larson and Benson, 1971) of total cotyledon-
ary extracts were compared in all of these different frac-
tions (Figure 4). Most enzyme activity was found in the
conarachin fraction (Fraction I + II + III) and was similar
to that of the total extract. Some diffuse activity was as-
sociated with arachin but this may be simple adsorption
of enzyme molecules to this globulin (Evans et al., 1962).
Most of the peroxidase activity was located in Fraction I
(region 0-1.0 cm). Three other peroxidase isozymes (re-
gion 3.0-4.0 cm) had little activity and seem to be present
in Fraction IT + III (small globulin fraction). Peroxidase
has been employed in food quality control as an index of
blanching temperatures (Gardner et al., 1969) and, with
certain other enzymes, has been implicated in the devel-
opment of off-flavors during food storage (Acker and Beu-
tler, 1965; Wagenknecht, 1959). Since most of the peroxi-
dase activity is localized in Fraction I (albumins), analysis
of this fraction may, therefore, be a useful tool in quality
control during the preparation of protein isolates or con-
centrates. Alternatively, the early removal of Fraction I
may prevent or retard the production of off-flavors.

Further purification of the conarachin fraction showed
that the esterase, catalase, and leucine aminopeptidase
activities were virtually unchanged from the patterns
present in the total protein extracts. Except for some dif-
fuse esterase activity in region 0-2.0 cm of Fraction I (al-
bumins), these three enzymes were localized in the small-
er globulins of the conarachin fraction. Fraction I also
contained one of the two INT-oxidase bands at 3.5-4.0
cm, whereas both bands were present in conarachin (Frac-
tions [ + II + III plus II + III). Alcohol dehydrogenase ac-
tivity was faint in the crude DEAE-cellulose separated
Fraction I + II + III, but activity of this enzyme may be
adversely affected by the isolation techniques. Other po-
tential uses of the enzymes described here may provide
additional biological indicators useful in food processing.

Localization of Peanut Trypsin Inhibitor. Immu-
noelectrophoretic analysis for the presence of peanut tryp-
sin inhibitor is shown in Figure 5. Daussant et al. (1969b)
showed that the major peanut globulin, a-arachin, shifted
anodically after exposure to 0.1% trypsin. This effect was
inhibited by addition of soybean trypsin inhibitor to the
reaction mixture. In the present study, when Fraction I
proteins were added to a 0.1% trypsin solution to which
a-arachin was subsequently added, they inhibited trypsin
hydrolysis of arachin. Such inhibition was not affected by
other protein fractions (Figure 5), indicating that the
peanut trypsin inhibitor is located in Fraction I. Separa-
tion of Fraction I proteins may be utilized to obtain large
quantities of peanut trypsin inhibitor for further study or
to remove it from protein isolates.

A thorough understanding of the nature, stability, and
interaction of proteins obtained from seed meals is essen-
tial in developing new products. The effects of thiol-re-
ducing reagents and/or frozen storage on certain proper-
ties of peanut proteins, presented in an adjoining paper
(Cherry and Ory, 1973c), offer an additional means of ob-

DEAE-CELLULOSE SEPARATED FRACTIONS

taining useful information during the preparation of high-
quality protein products from oilseeds.

ACKNOWLEDGMENT

The authors thank N. J. Neucere for immunoelectro-
phoretic characterization of the trypsin inhibitor.

LITERATURE CITED

Acker, L., Beutler, H. O., Fette Seifen Anstrichm. 67, 430 (1965).

Altschul, A. M., Snowden, J. E., Jr., Manchon, D. D., Jr., De-
chary, J. M., Arch. Biochem. Biophys. 95, 402 (1961).

Altschul, A. M., Dechary, J. M., Evans, W. J., “Intracellular
Distribution of Seed Proteins. Implications for Food Science,”
First International Congress of Food Science and Technology,
1964a, pp 149-156.

Altschul, A. M., Neucere, N. J.,, Woodham, A. A., Dechary, J.
M., Nature (London) 203, 501 (1964b).

Brewbaker, J. L., Upadhya, M. D., Makinen, Y., Macdonald, T.,
Physiolog. Plant. 21, 930 (1968).

Brewer, G. J., Sing, C. F., “An Introduction to Isozyme Tech-
niques,” Academic Press, New York, N. Y., 1970.

Cantagalli, P., Di Giorgio, G., Morisi, G., Pocchiari, F., Silano,
V.,dJ. Sci. Food Agr. 22, 256 (1971).

Cherry, J. P., Phytochemistry submitted for editorial review
(1973).

Cherry, J. P., Katterman, F. R. H., Endrizzi, J. E., Evolution 24,
431 (1970).

Cherry, J. P., Katterman, F. R. H., Endrizzi, J. E., Can. J.
Genet. Cytol, 13, 155 (1971a).

Cherry, J. P., Katterman, F. R. H,, Endrizzi, J. E., Theor. Appl.
Genet. 42, 218 (1972).

Cherry, J. P., Neucere, N. J., Ory, R. L., J. Amer. Peanut Res.
Educ. Ass. 3,63 (1971b).

Cherry, J. P., Ory, R, L., Phytochemistry 12, 283 (1973a).

Cherry, J. P., Ory, R. L., Phytochemistry in press (1973b).

Cherry, J. P., Ory,R. L., J. Agr. Food Chem, 21, 656 (1973c).

Daussant, J., Neucere, N. J., Conkerton, E. J., Plant Physiol. 44,
480 (1969a).

Daussant, J., Neucere, N. J., Yatsu, L. Y., Plant Physiol. 44, 471
(1969b).

Dawson, R., Anal. Biochem. 41, 305 (1971).

Dechary, J. M., Talluto, K. F., Evans, W. J., Carney, W. B,,
Altschul, A. M., Nature (London) 190, 1125 (1961).

Dechary, J. M., Altschul, A. M., Advan. Chem. Series 57, 148
(1966).

Evans, W. J., Carney, W. B., Dechary, J. M., Altschul, A. M.,
Arch. Biochem. Biophys. 96, 233 (1962).

Gardner, H. W., Inglett, G. E., Anderson, R. A., Cereal Chem.
46, 626 (1969).

Haikerwal, M., Mathieson, A. R.,J. Sci. Food Agr. 22, 142 (1971).

Jensen, E. V., Science 130, 1319 (1959).

Larson, A. L., Benson, W. C., Crop Sci. 10, 493 (1970).

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J., J.
Biol. Chem. 193, 265 (1951).

Minetti, M., Petrucci, T., Pocchiari, F., Silano, V., Avella, R., J.
Sci. Food Agr. 22, 72 (1971).

Neucere, N. J., Anal. Biochem. 27, 15 (1969).

Neucere, N. J.,J. Agr. Food Chem. 20, 252 (1972).

Neucere, N. J., Conkerton, E. J., Booth, A. N., J Agr. Food
Chem. 20, 256 (1972).

Neucere, N. J., Ory, R. L., Plant Physiol. 45, 616 (1970).

Sastry, L. V. 8., Virupaksha, T. K., Anal. Biochem. 19, 505
(1967).

Tombs, M. P., Biochem. J. 96, 119 (1965).

Tombs, M. P., Nature (London) 200, 1321 (1963).

Tombs, M. P, Lowe, M., Biochem. J. 105, 181 (1967).

Wagenknecht, A. C., Food Res. 24, 539 (1959).

Received for review October 30, 1972, Accepted March 8, 1973. J.
P. Cherry was a National Research Council Postdoctoral Re-
search Associate. One of the facilities of the Southern Region, Ag-
ricultural Research Service, U. S. Department of Agriculture.

J. Agr. Food Chem., Vol. 21, No. 4, 1973 655



