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Abstract

During the germination of mungbean seeds, the changes of water contents, total and soluble proteins, and

electrophoretic pattern of the soluble proteins were examined. The moisture content of a dry mungbean was

12.7%, which was greatly increased after the soaking. Along to the germination period, the moisture content
of the mungbean sprouts was gradually increased up to 90.7%. The contents of total and soluble proteins
were sharply decreased after the soaking of the mungbean and decreased gradually during the germination.
PAGE of the solubie proteins showed two broad bands and three sharp bands. During the germination, two
broad bands were weadened but other bands were relatively stable. SDS-PAGE showed 19 discrete bands and

during the germination, the most of the bands were thinned or disappeared. But some of the protein bands

were stable until the end of germination.

Introduction

Mungbean (Phascolus aurcus) contains 20-25% protein
and sufficient quantities of all amino acids except
methionine, cvstine and tryptophan.'’ Nevertheless the
legume as a protein food source is limited, which can be

attributed to three factors: 1) presence of several an-

tinutrients including trypsin inhibitor and hemag-
glutinating agent, 2) presence of flatulence factors, 3)
beany flavors.® Inactivation/ removal of these antinutri-
tional factors may. therefore, help improve the legume
utilization. _

Of the several processing methods used for dry bean
processing, germination is a relatively simple method,
does not require intensive energy input, and also yields
natural products. Germination of legume seeds is accom-
panied by the metabolism of the reserve proteins stored
in pretein bodies in the cotyledons. Although changes in
storage proteins of several legume seeds during germina-
tion have been investigated,**' no studies on the protein
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change of mungbean seeds were carried out, except that
of the change of oligosaccharides.”

In this paper, the changes of protein patterns during
the germination of mungbean seeds are investigated by
using the technique of polyacrylamide disc gel elec-

trophoresis.

Materials and Methods

Materials

Mungbean sees were purchased from local market,
and stored at 4°C until used. Some deformed grains were
discarded before use. Unless mentioned otherwise, all

chemicals used were reagent grade.

Germination

Each 20g of munghean seeds was soaked in 200m/ of
tap water for 15 hr at 25°C and germinated in the dark
at 25°C for 7 days in filter paper-laid flower-pot (20cm

diameter). During the germination, the tap water was
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sprinkled on seeds 3-4 times a day. Unsoaked seeds were
ground in a Wiley mill fitted with a 60 mesh sieve and
served as a control.

Moisture determination
The moisture content of sample was determined by
the conventional method at 115°C for 6 hr.

Total protein determination
The protein content of samples was determined by the
conventional micro-Kjeldahl method.

Soluble protein determination

The soluble protein of the samples prepared by the
precedure described in Fig. 1 was also determined by the
same method of micro-Kjeldahl.

Polyacrylamide gel electrophoresis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
was carried out according to the method of Weber ¢t al.®
Briefly, the soluble protein samples were dialyzed against
distilled water to remove salts and lyophilized. Samples
were dissolved in sample buffer (pH 8.0) containing 0.01M/
Tris base, 0.00I1M EDTA, 1% SDS, and 5%
R-mercaptoethanol and then the equal volume of a track-
ing dye was added. Samples were heated for 2 min in a
boiling water bath and loaded onto the SDS-
polyacrylamide gel.

The 7.5% gels were formed from stock solutions in
glass gel tubes. Electrophoresis was carried out at 1mA/gel
in upper gel and at 3mA/gel in lower gel. Gels were stained

Mungbean (20g)

Soak for 15 hr at 25°C
Germinate for 7 days at 25°C

Germianted Mungbeans

Add 100m! of 5% NaCl

Blend for 2 min

Centrifuge at 5,000rpm for 10min
Repeat the extraction 2 more times

Combined Supernatant

Filter through Whatman No.1
filter paper

Soluble proteins used for N analysis and
electrophoresis

Fig. 1. Procedure for soluble protein extraction

+
Residue (discarded)

WFAEH R

for 5-6 hr in a staining solution containing 0.25% Com-
massie brilliant blue, 50% methanol, and 10% acetic acid
and destained in destaining solution of 5% methanol and
7.5% acetic acid. The polyacrylamide gel electrophoresis
without SDS was also conducted by the same method of
SDS-PAGE.

Results and Discussion

Moisture analysis

The change of the moisture content of the mungbean
during the germination was studied. As shown in Fig. 2,
the moisture content of a dry mungbean was 12.7%, which
was greatly increased after soaking the mungbean seeds
in water bath at 25°C for 15 hr. Along to the germina-
tion period, the moisture content of the mungbean sprouts
was gradually increased up to 90.7%. These results are
consistent with other results reprted.®-'®

Total and soluble protein contents

The changes of the total and the soluble protein con-
tents of the mungbean during the germination are shown
in Fig. 3. The total protein contents of dry mungbean and
mungbean sprouts germinated for 7 days were 24.2% and
2.7%, respectively. The total protein contents of the
mungbean sprouts were relatively low, compared to that
of dry mungbean, which was mainly due to the higher
water content in the mungbean sprotits than in dry mung-
bean. On dry-weight base, they have similar total protein
contents near to 28%.

The total (24.2%) and the soluble (21%) protein con-
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Fig. 2. Change in water content of mungbean during
germination
C: dried mungbean, O: soaked mungbean.



Vol 18, No. 2 (1986)

tents of the mungbean showed that the most of the mung-
bean proteins are easily extractable by the treatment of
5% NaCl solution, since mungbean proteins are mostly
composed of soluble proteins in 5% NaCl solution such
as albumin, globulin, and other non-protein nitrogen
(NPN).'»

As shown in Fig. 3, the total and the soluble protein
contents are sharply decreased to 10.8% and 7.3% on
soaking of the mungbean and slowly decreased during the
germination, which may be explained by considering the
water absorption shown in Fig. 2 as well as the metabolic
consumption of proteins for sprouting the mungbean
seeds. After the 5th day of the germination, the changes
of the total and the soluble protein remained constant.
This fact suggests that a portion of the mungbean pro-
teins is resistant to the metabolic degradation during the
germination, which is evident from the results of the
polyacrylamide gel electrophoresis.

Electrophoresis

The changes of the mungbean protein pattern during
the germination were examined. The mungbean proteins
are progressively degraded during the germination as
shown in Fig. 4 and Fig. 5. The soluble fractions of various
samples show that the proteins of the mungbean seeds
are separated to two main bands, P1 and P5, and three
sharp bands, P2, P3, and P4 when they were not treated
with SDS (Fig. 4). Kang and Lee!"’ obtained 12 bands in-
volving 3 broad bands by the electrophoretic method of
Davis.'® At the present time, the differences are not clear-
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Fig. 3. Changes in total and seluble proteins of mung-
bean during germination
C: dried mungbean, O: soaked mungbean.
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ly understood but several reasons are assumed as follows.
They extracted the proteins from the defatted mungbean
by using the phosphate buffer, pH7.6, containing 0.4M
NaCl and 0.01M 8-mercaptoethanol, while the proteins

were extracted from the mungbean powder by using the
0.5% NaCl solution in this studies. Because of the def-
ferent solubility of the proteins in the extraction solution,
the different proteins may be obtained. Another reason
is the electophoretic methods. Besides, the 0.01M
R-mercaptoethanol solution in the extraction solution may
reduce the disulfide bonds of the proteins and cleave the
proteins to their subunits.

In the early germination periods, the proteins of P1
and P4 were gradually degraded, but the proteins of P2,
P3 and P5 were relatively stable in this periods. The pro-
teins of P1 were completely degraded by the 5th day of
germination and ti. - proteins of P4, by the 2nd day of ger-
mination. The proteins of P5 were slowly degraded by
the 4th day of germination, but hereafter further degrada-
tion was not occurred. The remained proteins of P5 were
intact until the end of germination. In the proteins of P2,
the degradation was not occuued during all the days of
the germiantion, judged on the basis of band width and
intensity. New protein band (NP 1) was appeared on the
6th day of the germination. This protein was considered
as the degradation intermediate of the P1 proteins. Ap-
parently, the degradation rate of the mungbean proteins
was slower up to 2 days compared to that at the end of
the 3rd, 4th, and 5th day of the germination. The reserve
protein degradation during the germination has been
shown to be slow in other legumes.!*' However, the
biological roles of the delayed-degradation of the reserve
proteins during the germination remain to be elucidated.

As in Fig. 5, SDS-PAGE electrophoretogram of the
mungbean proteins shows 19 discrete bands with 6 ma-
jor bands, 89, S11, S12, S13, S18, and S19. The proteins
of S1 and S2 were disappeared at the end of soaking,
which indicates that the vital metabolism is in progress
in the period of soaking. The most of the proteins were
very slowly degraded up to the 2nd day of the germiah-
tion. But the most of the proteins were completely degrad-
ed by the 7th day of germination except the proteins of
§7, 815, S16, S18, and S19. During the germination, the
three new bands (NS1, NS2, and NS3) were observed,
which was presumed that they were appeared in the
course of degradation of the proteins having higher
molecular weight. Relatively, the proteins having higher
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Fig. 4. Polyacrylamide gel electrophoretic patterns of soluble protein of mungbean during germination

C: dried mungbean, O: soaked mungbean.
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Fig. 5. SDS-polyacrylamide gel electrophoretic pattern of soluble protein of mungbean during germination

C: dried mungbean, O: soaked mungbean.

MW were degraded faster that that having lower MW
during the germination of the mungbean.
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