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The proteins of Glycine hispida Max. (soybean) are rich in lysine [1, 2} they have been studied by numerous in~
vestigators [3-6]. Only free amino acids have been found in alcoholic extracts of seeds of the leguminosae [4]. We have
succeeded in showing that, in addition to amino acids, these extracts also contain a number of peptides of different
degrees of complexity,

From soybean flour, about 10% of nitrogen-containing compounds is extracted with 70% alcohol and precipitated
with acetone. Some authors have regarded these substances as free amino acids [4] and, on paper chromatography, have
assigned them to "an unidentified spot” [7].

The aim of the present work is to consider the chromatographic and electrophoretic behavior of the total peptide
fraction and its components and to establish their amino acid composition. Kubanskaya soybean of variety 276 (1962
harvest, Central Asian Station of the All-Union Institute of Plant Breeding) was used in the experiments.

Cases are known in which peptides have been discovered, or their presence has been assumed [9], in seeds of
leguminosae, for example, lupin [8], However, the free amino acids [4, 5] and other nitrogen -containing components
[10] have usually been investigated, '
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Fig. 1. Two-dimensional chromatogram of the alcoholic frac-
tion; right to left - phenol-water; bottom to top - butan-l-ol=-
acetic acid-water(4:1:5).

We have found no report of a method of obtaining peptide fractions from an alcoholic extract of leguminosae seeds
in the literature available to us. We have determined the peptides extracted by alcohol and precipitated by acetone in
four species of the family leguminosa¢ (soybean, mung bean, cow pea, chick pea) and one species of the malvaceae
(cotton family). Various peptides may apparently be present in the seeds of other plants, as well.

The mixture of peptides was freed from the uncombined amino acids by means of acetone. On the chromatogram,
this mixture showed the presence of seven individual peptides (Fig. 1), After hydrolysis of the peptide mixture with
hydrochloric acid, twelve amino acids were found by chromatography (table).

The mixture of peptides was separated into seven fractions by preparative chromatography (Fig. 2). Each fraction
was subjected to hydrolysis, The amino acids formed were chromatographed on paper with reference samples. The
amounts of the amino acids were determined both visually [4, 6, 11, 12] and spectrophotometrically by Bohley's
method {13],

Thus, the soybean peptides contain 12 amino acids in the following sequence with respect to the size of the spots:
glutamic acid, glycine and cystine, alanine, lysine, and so on. In determining the food value of the seeds, the
presence of a considerable amount of lysine in them must be taken into account.
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Amino Acid Composition of the Peptide Fractions of Soybean

Amount of amino acid residues found in the
individual fractions
Presence of [ fraction no.
Amino acid free amino I . I ; l o
acids [2] 1 11 v v 'v1 . v
visual~ [by the|visual-|visual-|by the
visually ly |sp-4 ly ly SF -4

Glycine - - 2|1 — 1= 1 1.02 - 4 2.78
Alanine + ol R 2] — —_ 2 1 1.00
Serine + - | — 1] — — — — 2 1.51
Threonine —_ — | — —_ — 3 1.78 — — —
Cystine — 1] 3| — 9 1.77 1 . .
Valine + — — - — — — — .
Leucing, isoleucine + — — — — _ — — — _
Aspartic

acid | + — 1 1 — — —_ — — —
Glutamaric

acid + 3 2 — 3
Arginine + — |1 -1 1l=1= _ - _ _
Lysine - - == 3] 1t jro| — | - | -
Histidine — — | — 1} — — - - — —
Tyrosine + I B 1 1.62 - — —
Proline - . - | — 3 3.50 — — —
Number of amino acid
residues in the peptide
subfraction — 4 3 9 5 11 10.7 6 7 5.3

Experimental

The seed lobes freed from the coat and germ part, were ground to a flour and exhaustively defatted with ether and

then with acetone, The flour was extracted with 70% alcohol
(1:5 and 1:8) until the extract gave a negative reaction with the
Folin-Lowry reagent [14], The extracts were combined, filtered,
and evaporated in vacuum at 40-50°C to a volume of 65-70 ml,
Part of thern were dried (P05, 99°C, 30-50 mm). The yield of
extracted substances calculated on the air-dry flour was 18.2%.

A double volume of acetone was added to the concentrate
and after the mixture had stood for 15 hr in the cold it was centri-
fuged for 50 min at 3600-3800 rpm. A viscous mass separated out,
The upper layer (alcohol -acetone) was decanted off and the residue
was treated with a five-fold amount of acetone. After vigorous
shaking, the mixture was left to stand for 2-2,5 hr and was then
centrifuged again. The sticky hygroscopic mass was triturated
with dry acetone to form a free-flowing powder. The faintly
yellowish mixture of peptides without free amino acids obtained
was readily soluble in water and 70% alcohol. A considerable
part of the substances from the solution passed through a colloid
membrane, The solutions gave a positive reaction with ninhydrin
and with the Folin-Lowry reagent, and also the reaction for carbo~
hydrates with malonic ester [15],

The aqueous extracts were subjected to paper electrophoresis
in an EFA-1 apparatus with two buffer solutions: medialveronal
buffer — pH 8.6; 0.1 y, 150 V; 0.625 ma; borate buffer —
pH 12.37; 0,1p 200V, 2.2 ma. The electrophoregrams had di-
mensions of 3 X 26 cm. The substances were found to be clearly
separated after phoresis for 4 hr with both buffers, The mixture
of peptides consisted of seven components of which five migrated
to the anode and two to the cathode on the electrophoregrams. The
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Fig. 2. One-dimensional descending chroma-
togram of the total peptide fraction: 1) Stan~

dard, glycine; 2) guide trace of substance
under investigation; the broken line shows
where the paper was cut. A) Detected (with
ninhydrin); B) undetected; I-VII) cutting of

strips with the seven peptides,
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electrophoregrams were obtained with a 0,2% solution of ninhydrin in butan-1-ol saturated with water and containing
4% of acetic acid; three spots were brighter and two showed up very weakly.

One -dimensional chromatography. A solution of 20 mg of the mixture of peptides in 20 pl of water was deposited
on five strips of chromatographic paper (Leningrad type "B") with dimensions of 8 X 60 cm together with reference
samples of glycine and tyrosine. The descending method of chromatography in the butan-~1-ol-acetic acid-water
(421 5)system was used, and runs were continued for 24, 48, 72, 96, and 120 hr, The chromatograms were revealed by
a ninhydrin solution. The optimum running time was 96 hr, under which conditions glycine had moved 34 cm and
tyrosine had been eluted from the paper. By this means, the mixture was separated into seven fractions (I1-VII) with the
following Rf values: 1-0.23, 11-0,28, 110,32, 1V-0,38, V-0,51, VI-0,63 and VII-0, 65, In this way the necessary
amount of the individual fractions for further investigation was obtained,

Elution of the substances from the chromatograms was carried out by the Dent-Ioffe method [11], The fact that
each fraction consisted of a single compenent was shown by electrophoresis.

All the peptides were individually hydrolyzed for 24 hr in the boiling water bath in a sealed capillary with a
5.7 N solution of hydrochloric acid. After hydrolysis, the hydrochloric acid was eliminated by repeated distillation
with water, and the residue was analyzed by paper chromatography.

Summarz

Seven peptides have been isolated from soybean seeds, Twelve amino acids have been detected in the hydrolysis
products of the peptides.

REFERENCES

1, I. F. Belikov and E. Ya. Nedel'ko, Izv. SO AN SSSR, 8, 84, 1960,

2, D. E. Belen'kii, Proteins in Industry and Agriculture [in Russian], Moscow, 242, 1952,

8. V, L. Kretovich, The Problem of the Nutritive Value of Cereals [in Russian], Moscow, 149, 1948,

4, D. R, Gupta and H, C, Sah, Proc, Nat., Acad. Sci. India, A29, 140, 1960,

5, 1. Przybylska and J. Hurlich, Bull,, Acad. Polon. Sci., ser. sci. biol., 8, 505, 1960,

6. W. D. Powry, J. Agric. and Food, 41, 1960,

7. V. V. Sayanova, Trudy po khimii prirodnykh soedinenii, 3, 41, 1960.

8, Ya. Augustinyan, Trudy 5 MBK, 9, 55, 1961,

9. M. I. Smirnova-Ikonnikova, Plant Proteins and their Use in the Feeding of Farm Animals [in Russian], Lenin-
grad, 11, 1964,

10, A, Virtanen, in: G. Neurath and K. Bailey (eds.), Proteins [Russian translation], Moscow, vol. 3,
pt. 2, 262, 1958,

11. K. G. loffe, Biokhim., 19, 501, 1954,

12. R. B. Fischer and D. S. Parsons, Nature, 161, 764, 1948,

13. P. Bohley, Nature, 49, 326, 1962,

14, O. H. Lowry, N. J. Fosenbrouch, A. L. Farr, and R. J. Randell, J. Biol. Chem., 193, 265, 1951.

15. T. Harada, Biochim. and Biophys. Acta., 65, 334, 1962,

5 May 1965 Tashkent Pharmaceutical Institute

34



