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Effects of trxS gene on protein degradation in germinating
barley seeds
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Abstract: We assessed the effects of trxS gene on changes of proteinase activity, contents of different protein fractions and
SDS-PAGE profiles in germinating seeds of contrasting transgenic and nontransgenic barley variety. Proteinase activity was
enhanced by 70.28% in transgenic than nontransgenic barley seeds, whereas contents of albumin, globulin, hordein and glutelin in
transgenic seeds were 3.68%, 23.52%, 31.37%, and 21.04%, lower than those in nontransgenic seeds. Degradation rates of hordein
and glutelin in transgenic seeds were faster than those in nontransgenic seedlings as indicated by the SDS-PAGE profiles. Our data
imply that the transformation of trxS gene could promote the degradation of protein, providing theoretic basis for the use of trxS gene
and barley quality breeding.
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Introduction

Protein is the major component which stored in the
endosperm and constitutes about 8%—15% (W/W) of
gain seed". Originally, Osborne classified proteins
into four groups according to soluble characteristics:
albumin, globulin, hordein and glutelin. The
degradation of protein is dependent on proteinase
activity, accelerating the process of protein
degradation will generate more amino acids, which
will facilitate seed germination and early seedling
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development. Meanwhile, more soluble amino acids
and a-ammonia nitrogen generated during seed
germination will provide more available nitrogen
sources for yeast growth and finally increase Kolbach
Index in beer brewing.

Extra proteinase is usually used in domestic beer
brewing industry in order to accelerate the degradation
of proteins, but it may increase the cost and excessive
proteinase may promote the formation of turbidity
during beer storage process!®!. Biotechnology provides
a new way to accelerate the degradation of protein by
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modifying seed germination characteristics so as to reaction buffer containing substrate (0.1 moL/L

generate more proteinases’”). It was reported that

thioredoxin h could reduce the intramolecular or
intermolecular disulfide bonds and increase the
sulthydryl (-SH) content of proteins, prompting
protein solubility and hydrolyzation'*’!. A putative S
gene has been isolated from the pollen of the grass
Phalaris coerulescens ', a database search showed
that S gene has high homology with thioredoxin h
proteins at its conserved C terminus. This was
functionally  confirmed by demonstration of
thioredoxin-like activity in the Escherichia coli
expressed C terminal protein'”). The trxS gene was
transformed into barley by particle bombardment and
its expression was confirmed by RT-PCR analysis '/,
the thioredoxin h activity was also increased in
germinating barley grains”. From the previous
research, it is possible that increasing thioredoxin h
activity may change the solubility and hydrolyzation
of storage protein.

The present study was undertaken to illuminate the
effects of trxS gene on proteinase activity, protein
solubility and protein degradation in order to provide
scientific basis for modifying barley quality with trxS
gene.

1 Materials and Methods

1.1 Plant material

Dry mature seeds from transgenic  and
nontransgenic (as CK) lines of barley (Hordeum
vulgare cv. Jinyin 6) were surface-sterilized with 70%
aqueous ethanol for 5 min and then washed 3 times
with sanitized water. The grains were incubated at
25°C for 6 days for germination, the germinated seeds
were freezen in liquid nitrogen and then stored at
-80°C.

1.2 Proteinase activity

Proteinase extraction and determination were
carried out according to Ouyang et al " 0.2g
endosperms of transgenic and nontransgenic grains
were ground to fine powder in liquid nitrogen and the
powder was suspended in 3 mL extraction buffer
(0.1 moL/L Tris * HCI, 0.01 moL/L CaCl,, 1% PVP,

pH 8.0). The suspension was ashaked at 4°C for 1 h
and then centrifuged for 10 min at 14 000 r/min, 4°C.
The supernatant was saved at —20°C as proteinase
extracts.

Proteinase activity was assayed using BAPNA
(N-benzoyl-DL-arginine-4-nitroanilide) as substrate.
0.2 mL of proteinase extracts was incubated with 3 mL

Tris + HCI, 0.01 moL/L CaCl,, 0.001 moL/L BAPNA,

pH 8.0) with frequently shaking at 30°C for 1 h. Then,
0.5 mL of 30% acetic acid was added to stop the
reaction. The reaction mixture was centrifuged for
15 min at 14 000 r/min and the supernatant was used to
read the absorbance at 410 nm. The absorbance was
used to weigh the proteinase activity. 0.1 mL of
proteinase extract was used to read the absorbance at
595 nm to determinate protein content U 0D/
ODsys was used to indicate proteinase activity in per
unit protein. The result was identified by repeating for
three-times (the following experiments were the
same).

1.3 Protein content and SDS-PAGE analysis

The extraction of four protein fractions (albumin,
globulin, hordein, glutelin) was according to Chen ',
The protein content was determinated by the methods
described by reference [11]. ODsys was used to
indicate protein content. Hordein and glutelin were
separated by SDS-PAGE according to Wang et al '],

2 Results

2.1 Changes of proteinase activity

The changing trend of proteinase activity in
transgenic and nontransgenic seeds was similar (Fig. 1).
From 1 d to 5 d after seed germination, the proteinase
activity increased with seed germination and reached
the highest level on 5 day after seed germination, then
reduced on day 6 after seed germination, the
proteinase activity in transgenic seeds was higher than
in nontransgenic seeds. On each time point, the
proteinase activity in transgenic seeds was 2.29%,
21.28%, 29.30%, 59.91%, 130.40%, 178.49% higher
than in nontransgenic seeds and reached significant
level (P<0.05).

2.2 Changes of albumin, globulin, hordein and
glutelin content

The degration of protein is mainly relayed on
proteinase activity. The contents of four group protein
were analyzed during seed germination (Table 1).
Table 1 showed that the content of albumin was high
from 1 d to 3 d after seed germination, then reduced
from four day after seed germination, the content of
albumin in transgenic seeds was lower than in
nontransgenic seeds except on two day after seed
germination. By t pair detection, the difference of
albumin content between transgenic and non
transgenic seed was not significant. The contents of
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globulin in transgenic barley seeds were lower than in
nontransgenic seeds from 1 d to 6 d after seed
germination, the reducing rate was from —-5.9% to
—40%, and reached significant level (P<0.01); the
hordein content in transgenic seed was higher than in
nontransgenic seed on 1d after seed germination, but it
was lower than in nontransgenic seed from 2 d to 6 d
after seed germination, which indicated that the
degradation rate of hordein in transgenic seed was
faster than in nontrasgenic seed, the difference of
hordein content between transgenic and nontransgenic
seed was significant by t detection (P<0.05). The
glutelin content in transgenic seeds was also lower
than in nontransgenic seeds during seed germination
process, the reducing rates was from -2.53% to
—66.7%, and reached significant level (P<0.01),
demonstrating that higher proteinase activity promoted
the degradation of four protein fractions.
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Fig. 1 Changes of proteinase activity in germinating barley
grains.
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From the SDS-PAGE profiles of hordein and
glutelin (Fig. 2), we knew that the differences of the

protein bands of hordein between transgenic and
nonreansgenic seed were not obviously significant
from one day to two day after seed germination (Fig. 2,
left). From three day after seed germination, the bands
in transgenic seed were fewer and weaker than in
nontransgenic seed, especially those bands between
31.0 kD and 66.2 kD. Similar changes were found in
glutelin SDS-PAGE profile (Fig. 2, right).

3 Discussion

With the development of domestic beer industry,

more and more malting barley have been used to
produce beer. The beer quality is closely related to the
quality of malting barley, so imropving barley quality
is essential to beer industry. The hydrolysis of protein
plays a key role in beer quality, because the
characteristics such as the speed of wort filtration,
Diastaic power and Sol-Nitrogen have close
relationship with the hydrolysis of protein.

Genetic modfication provides a new way for barley
breeding. During germinating of barley seed, the
degradation of protein is related to the protease activity.
In our experiments we found that the proteinase
activity in transgenic seed was higher comparing to
nontransgenic seed after seed germination, indicting
that the transformation of trxS gene could modulate the
proteinase activity in transgenic barley seeds. The
reasons might be that there were proteinase inhibitors
in mature grains which had several intramolecular
disulfide bonds (S—S)!"*! and their degradation after
germination was mainly dependent on cysteine
proteases''” and the deoxidized sulfhydryl (-SH) was
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Table 1 Changes of albumin, globulin, hordein and glutelin content in germinating barley seeds

Protein fractions

Days after germination (d)

Albumin + CK (%) Globulin + CK (%) Hordein + CK (%) Glutelin + CK (%)

| T 0.138 -1.43 0.097 -5.825 0.160 3.896 0.270 -2.53

CK 0.140 0.103 0.154 0.277
T 0.159 3.247 0.061 —-20.78 0.079 —8.140 0.234 -2.90

2 CK 0.154 0.077 0.086 0.241
T 0.155 -3.73 0.05 -26.47 0.051 -17.700 0.099 —-10.00

’ CK 0.161 0.068 0.062 0.110
T 0.120 -4.76 0.039 -17.02 0.009 —43.800 0.040 —-14.90

! CK 0.126 0.047 0.016 0.047
T 0.080 -3.61 0.020 -31.03 0.006 —62.500 0.017 -29.20

> CK 0.083 0.029 0.016 0.024
T 0.045 —-11.80 0.009 —40.00 0.006 —60.000 0.008 —66.70

¢ CK 0.051 0.015 0.015 0.024
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Fig. 2 SDS-PAGE separation of hordein (left) and glutelin (right) in transgenic and nontransgenic germinating barley seeds. Marker:

97.4 kD, 66.2 kD, 43.0 kD, 31.0 kD, 20.1 kD, 14.4 kD.

essential to cysteine protease activity. The expression
of trxS gene increased the thioredoxin h activity and
higher thioredoxin h activity facilitated remaining the
deoxidized sulfhydryl (—SH) of cysteine proteases and
deoxidizing disulfide bonds (S—S) of proteinase
inhibitors to sulfthydryl (—SH), further released the
inhibition to proteinase and then increased the
proteinase activity. The enhancement of proteinase
activity could facilitate the degradation of insoluble
proteins, storage proteins and other proteins in grains.
Hordein and glutelin are main storage proteins in
barley grains. According to amino acid compositions
and electrophoretic mobility in SDS-PAGE, hordein
protein can be separated into four groups and are
named B hordein group (34—40 kD), C hordein group
(44-74 kD), D hordein group (>100 kD) and three
subsets of the y hordein group (32-33 kD). The B
hordein group and C hordein group are main hordein
fractions and constitutes 65%-90% and 10%-20% of
total hordein fraction (%), respectively!'®. Glutelin
protein can be also separated into four groups and are
named A group (80-120 kD), B group (42-51 kD), C
group (30-40 kD) and D group (with a molecular
weight between A group and B group) '), In our study,
we found that the contents of hordein and glutelin in
transgenic seeds were lower after germination and the
degradation rates were also faster comparing to
nontransgenic grains. The reasons might be that B
hordein (constituting 65%—-90% of total hordein
fraction), D hordein and, y hordein group were
abundant in Cysteine except for C hordein group,

which could become high molecular weight protein
polymers by forming intramolecular or intermolecular
disulfide bonds"®. The glutelin were also be
composed of polypeptide monomers by disulfide
bonds!'”. The expression of trxS gene increased
thioredoxin h activity, higher thioredoxin h activity
could improve the reduction of disulfide bonds (S-S)

to

sulfhydryl

(-SH) and depolymerized the

polymers!'®, then increased the protein solubility and
accelerated the degradation of endosperm protein. The
results would provide a new way for barley high
quality breeding and be beneficial for beer malting

industry.

REFERENCES

[1] Osman AM, Coverdale SM, Cole N, et al. Characterisation

(2]

(3]

(4]

and assessment of the role of barley malt endoproteases
during malting and mashing. J Inst Brew, 2002, 108 (1):
62-67.

Tao NR, Huang LB. Use of Barley hydrolase in demestic
malt brewing. Beer Sci & Tech, 2005, 4: 53-58.

B T B, B, RS K e A [ 7 2 2 R v g R
WP AL, 2005, 4: 53-53, 58.

Zhang ZM, Zhang KL. To improve barley quality with
biological technology. J Shandong Inst Light Ind, 1998,
12(2): 55-59.

TR, SRITH]. R AEYHORBCR KL B R
Tolb2#BEaEdR, 1998, 12(2):55-59.

Kobrehel K, Wong JH, Balogh A, et al. Specific reduction
of wheat storage proteins by thioredoxin h. Plant Physiol,

Journals.im.ac.cn

© FERZERMEMHARTATIKSHIEST http://journals. im. ac. en



88 ISSN1000-3061 CN11-1998/Q Chin J Biotech January 25, 2009 Vol.25 No.1
1992, 99: 919-924. 7 A, 2000: 184-185.
[5] Wong, JH, Cai N, Tanaka CK, et al. Thioredoxin reduction [12] Chen YQ. Research Techniques of Biochemistry. Beijing:
alters the solubility of proteins of wheat starchy China Agricultural Press, 1994: 196—-198.
endosperm:an early event in cereal germination. Plant Ml 2 . D= EoR. dent: hELOl bR
Cell Physiol, 2004, 45(4): 407-415. 1, 1994: 196-198.
[6] Li X, Neild J, Hayman, D, et al. Cloning a putative [13] Wang JZ, Fan M. Manual of Protein Technology. Beijing:
self—incompatibility gene from the pollen of the grass Science Press, 2000: 111-121.
Phalaris coerulescens. Plant Cell, 1994, 6:1923-1932. ERY, . HARBEARTN. Jbmt: Bl ik,
[7] Li X, Nield J, Hayman D, et al. A self-fertile mutant of 2000: 111-121.
Phalaris produces an S protein with reduced thioredoxin [14] Wen FD, Fu JR. Proteinaceous protease inhibitors and
activity. Plant J, 1996, 10(3): 505-513. their physiological functions in plants grains. Plant
[8] Wei L,Yin J, Kong WW, et al. Transformation of trxS Physiol Comm, 1997, 33(1): 1-9.
Gene into barley by particle bombardment. Agr Sci China, SCOTAE, S E. AR RN B 1 B ) A AR T
2005, 4(8): 574-578. fE. M4 BRI IR, 1997, 33(1):1-9.
Tmm, P4, fLYERL, 5. trxS B R7E R R AR [15] Papastoitsis G, Wilson KA. Initiation of the degradation of
1. HERAERRE (JESCRR ) |, 2005, 4(8): 574-578. the soybean Kunitz and Bowman-Birk trypsin inhibitors by a
[9] Liu L, Yin J. Effects of trxS gene on germination of cysteine protease. Plant Physiol, 1991, 96: 1086—1092.
transgenic barley seeds. Acta Agr Sin, 2005, 31(12): [16] Shewry PR. Barley Seed Proteins. In: Barley: Chemistry
1562-1566. And Technology. Inc St Paul, MN, USA: American
XUE, FE. BRES A EFE X R EE LR R . Association of Cereal Chemists, 1993: 18-20.
YEMIZ:4R, 2005, 31(12):1562-1566. [17] Gianibelli MC, Larroque OR, Ritchie FM, et al.
[10] OuYang XR. The effects of urea on the germination of Biochemical, genetic and molecular characterization of

(11]

maize grains. J Maize Sci (in Chinese), 2000, 8(4): 50-52.

BRFATE . JRZE N £ KA T RZFBIR . £ KRB,
2000, 8(4): 50-52.

Li HS. Principles and Techniques of Plant Physiological
Biochemical Experiment. Beijing: Higher Education Press,
2000: 184-185.

BE . YR AL SRR, JLat S

wheat endosperm proteins. Inc St Paul, MN, USA:

American Association of Cereal Chemists, 2001: 1-20.

[18] Wei L, Kong WW, Yin J. Chang of hydrolase activity in

germinating seeds of trxS transgenic barley. Chin J
Biotech, 2008, 24(9): 1526—1530.

B, fLEER, . B trxS FERKEE K ZER T K R B
PEIGAS AL, A4 TR 223, 2008, 24(9): 1526-1530.

REIORFDIREDIMREDRIODORIORIDREDR DR DR EDIRHEI R ER LR LR LD R ED R 5D R ED R ED R KR KD

A HA T R 5l

b Az il WA
GE Healthcare 27l B A Wl T
Roche W™= i A BRA H B F 96 [ 5in A Ak TR 45 A BN 7 N TT
FEER KRB A R F #H= LA R TR A S
2% [ Promega /A 7 P ZR N DL A W 4 AR A BR A N TT
. rp [ R 22 g R HE b A W R E 5T B
- : N T T
B B B A FR 2 A N T (%) Amp S

Journals.im.ac.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



