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ABSTRACT
This research aims to identify the changing of protein of soybean (Glycine max L. Merr) in response to
drought stress. Four tolerant varieties of soybean Tanggamus, Nanti, Seulawah, Tidar, two moderately tolerant
varieties Wilis and Burangrang and one sensitive variety Detam-1 were subjected to drought stress using limitation
of watering. Proteins were isolated from leaf using presipitation method with TCA, and then run on SDS-PAGE. The
suspected protein then sequenced at Proteomics International, Western Australia and analyzed using Malditoff
Mass Spektrometer Proteomics Analyzer. Spectrum analysis based on hint peptide was identified using Mascot
Sequence Matching Software and compare to the protein database and aligned using Clustal X software Bioedit
and BLAST (Basic Local Alignment Search Tool) at NCBI. Two new protein band, 13 kDa and 52 kDa, identified in
previous experiment were separated using 2D-PAGE. The result shows that the 13 kDa protein band in tolerant
varieties were thicker when the plant subjected to drought stress than in normal condition. This protein show high
(96%) homology to auxin binding protein and 88% homology to germin like protein, which has enzymatic activity as
detoxification enzyme oxalate oxidase and superoxide dismutase which has a role in the drought tolerance
mechanism.
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INTRODUCTION
The insufficiency of soybean production to meet domestic demand was happened due
to the low and instability of the productivity (0.5 to 1.6 tons/ha). One of the causes of the low
productivity is drought stress which causes insufficient soil water availability for soybean to
grow. Drought has been known as one among the most limiting environmental stresses on
plant growth and productivity. Drought stress causes biochemical changes such as osmolite and
specific protein accumulation caused by changes in the cellular and molecular level [1]. Plant
responses to drought as a result of some physiological and biochemical mechanisms are
integrated events ranging from signal perception, transduction and regulation of gene
expression that leads to adaptive changes in plant growth such as: changes in growth rate,
stomatal conductance, osmotic potential network, and antioxidant defences [2-5]. Changes in
protein expression, accumulation and synthesis of protein has been observed in several plant
species under conditions of drought stress during the growing [6, 7]. Protein changes that occur
both qualitatively and quantitatively detected during drought stress [8], drought stress
increased the expression of a number of 50 proteins, decrease the expression of 23 proteins
and induction of 10 proteins were detected by 2-dimensional gel electrophoresis.
In addition to the decrease in protein synthesis, new proteins also occur under drought
stress conditions. There are hundreds of proteins induced by environmental stresses as plant
defence responses to stress, but the mechanisms of plant resistance that caused by the
synthesis of new protein is not yet [9, 10]. The concentration of a particular protein (10-70 kD
protein) increases in drought conditions, in addition to the decline in the concentration of
several other proteins as well as the synthesis of new proteins [11-13]. Late embryogenesis
abundant (LEA) protein especially with a molecular weight of 10-30 kDa involved in the
protection of higher plants from damage caused by environmental stresses, especially drought
[14-16].
Drought stress causes changes in physiological processes, metabolism and the
expression of several genes that are thought to play an important role on adaptive response of
plants to water stress. Some of the genes responsive to drought stress , high salinity and cold
temperatures at the level of transcription ( mRNA ) has been widely reported [17, 18] . The
amount of mRNA of genes responsive to drought stress decreased when the stress condition
ceased. This suggests that the genes expression is induced by water deficit in environment. The
functions of several gene products based on predicted amino acid sequence is protecting plant
cells during dehydration [19]. So, in this research protein expressed during drought stress were
identified and sequenced in order to develop candidate marker for drought tolerance varieties.
MATERIAL AND METHODS
Plant Material and Protein Isolation
The plant materials used for the isolation of protein is the leaf of seven soybean
varieties including: four drought tolerant varieties Tanggamus , Nanti , Seulawah , and Tidar,
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two moderately tolerant varieties Wilis and Burangrang and one sensitive variety Detam - 1.
Two-dimensional protein analysis is done in two stages, i.e. isoelectrofocusing as the first
dimension and SDS - PAGE as the second dimension. Protein was isolated from leaves using
acetone/trichloroacetic acid (TCA) method [20].
Amino Acid Sequencing
2D - PAGE protein profile that indicates the position of the target protein in a specific
molecular weight and specific isoelectric point (pI), was determined to decide the transfer
buffer solution to be used. Sample preparation for amino acid sequencing includes two phases:
the first phase was SDS - PAGE electrophoresis protein, the second stage is staining and
destaining. Gel containing the target protein band was cut and sends for amino acid sequencing
using the N terminal acid method to Proteomics International, Western Australia.
RESULT AND DISCUSSION
Identification of Drought Stress Protein
Protein analysis by 2D-PAGE technique (two-dimensional polyacrylamide gel
electrophoresis) was conducted to determine the protein profile differences of drought
tolerant soybean varieties under drought conditions compared to the control which grow under
normal condition based on differences isolektric point (pI) and molecular weight (kDa). In
normal conditions the plant showed the presence of several proteins of a molecular weight of
14 kDa - 97 kDa, with a pI range 4-7 and there are about 90-100 points (Figure
1).Electrophoresis results showed that there were differences between the control condition
with stress, soybean varieties tolerant to the presence of specific proteins appear different
when compared to the control condition with a molecular weight of about 13 kDa and an
isoelectric point of 5.3.
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Figure 1: 2D-PAGE protein profile of leaves of soybean varieties tolerant (Tanggamus), (a) in normal condition,
(b) in drought stress condition. (Note: The arrows indicate the specific protein with a molecular weight of 13
kDa)
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Amino acid sequencing
Amino acid sequencing of the 13 kDa protein yielded a sequence of 19 peptides. This
peptide sequence is then compared to the existing database at NCBI using the BLAST program
(Basic Local Alignment Search Tool). The analysis showed that the 13 kDa protein fragment has
96% homology with Glycine max ABP19a-like auxin-binding protein, 88% the protein germinlike protein subfamily 3 member 4 precursor Arachis hypogaea, 44% GLP Pisum sativum, 83%
GLP Capsicum chinense, 83% GLP Nicotiana tabacum, 83% GLP Chimonanthus praecox, 79% GLP
Gossypium barbadense, 79% GLP Hordeum vulgare subsp. Vulgare, 79% GLP Oryza sativa,
Arabidopsis thaliana 64% GLP.
It is known that the resistance of plants to face stress involve a change in gene
expression, in addition to changes in the genes themselves. Changes in proteins is an important
part of plant response to environmental stress conditions and for adaptation to specific
environmental conditions [21, 22]. Under drought conditions some process changes, including
changing in protein levels in plants. Some researchers showed that the protein content
decreased in drought stress conditions [23, 24], another study showed increased levels of
protein in drought stress conditions [25].
Changes in protein expression, accumulation and synthesis of new protein has been
observed in several species of plants in drought stress conditions during growth [6, 7]. Drought
stress has been reported to increase the expression of 50 proteins, formation of 23 proteins
and a decrease in the number of 10 proteins [8].
In the previous research, characterization of proteins using SDS-PAGE electrophoresis
results showed the formation of new proteins with a molecular weight of 13 and 52 kDa in
drought-tolerant varieties Tanggamus, Nanti, Seulawah and Tidar [26]. This protein is not found
in the moderate tolerant varieties Wilis and Burangrang and drought sensitive variety, Detam1. Induction of new proteins in drought tolerant varieties showed the mechanism of these
varieties to coupe with drought stress conditions. Tolerance in these varieties is indicated by
the appearance of new proteins in stress conditions which thought to play a role in the
mechanism of drought resistance.
Confirmation using 2D-PAGE electrophoresis in this research showed that the drought
tolerant varieties induced new proteins which different in the thickness compared to the
control condition. In drought tolerant soybean varieties showed a thicker protein than the
control. This protein has a molecular weight of about 13 kDa and an isoelectric point of 5.3. On
the other hand the moderate and sensitive varieties was not any induction of new proteins in
drought stress conditions.
The change of protein type or the emergence of new protein is also found in other
plants. Research on palm oil showed the formation of a new proteins in the molecular weight
of approximately 60 kDa in drought stress conditions [27], whereas severe drought stress
conditions reported to cause the induction of 40 kDa new protein on wheat [12]. Sugarcane
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which experiencing drought stress accumulated a specific protein with a molecular weight of 22
kDa and an isoelectric point of 6.0 [28]. Generally, accumulation of low molecular weight
proteins increase when plants experience drought stress [29, 30], but the total protein
decreased.
The 13 kDa protein identified in this research showed 96% homology with auxin binding protein - like ABP19a of Glycine max, 88 % with germin - like protein (GLP) subfamily 3
member 4 precursor Arachis hypogaea. Homology between auxin - binding protein with GLP
are also found on peach. Cloned of a gene that encodes auxin - binding protein ( ABP19/20 )
showed high homology with proteins in the germin family [31]. Auxin binding protein has
enzymatic activity as glutathione S - transferase [32], and manganese superoxide dismutase
[33]. Glutathione is one of the endogenous antioxidants in plants [34] which has an important
role in defence mechanisms.
Some important catalytic enzymes that use glutathione in the mechanism of resistance
in stress conditions such as cold temperatures and drought is the glutathione S - transferase (
GST ) and glutathione reductase ( GR) [35] . Increased activity of GST on suspected tolerant
varieties have an important role in protecting plants again drought stress [36], by the
mechanism of antioxidant defence as also showed by catalase ( CAT ), superoxide dismutase (
SOD ) , ascorbate peroxidase ( APX ) , and glutathione reductase ( GR ) [37].
GLP subfamily are classified into two groups based on the activity of oxalate oxidase
(OXO) and superoxide dismutase ( SOD ). Germin has been identified as oxalate oxidase [38,
39]. Oxalate oxidase and Super Oxide Dismutase (SOD) produces hydrogen peroxide (H2O2)
which catalyzes the oxidative breakdown of oxalate (C2H2O4) to 2 CO2 and H2O2. Germin was
suspected to contribute in the preparation of cell wall [39] by producing H2O2 required by
peroxidase to catalyze the crosslinking of several components of the cell wall [40]. Germin and
germin - like proteins play a role in strengthening the cell walls of plants for resistance to biotic
and abiotic stress [41, 42, 43].
The expression of gene encoding germin-like proteins (GLP) observed in experimental
trials of plant subjected to drought , high salt stress and high temperature stress [44, 45, 46,
47]. GLP gene function are not clearly understood, but is thought to be involved in the
regulation of cell wall expansion. Germin protein first identified in wheat as genes expressed
during germination. In Mesembryantemum crystallinum plants, germin - like protein (McGLP)
expressed in roots and decreased in response to salt stress [48].
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Figure 2: Alignment of amino acid sequences of soy protein 13 kDa locally with existing sequences in the NCBI
database. ABPGm (Glycine max), GLPGm (Glycine max) local, GLPAh (Arachis hypogaea), GLPPs (Pisum sativum),
GLPCc (Capsicum chinense), GLPNt (Nicotiana tabacum), GLPAt (Arabidopsis thaliana), GLPGb (Gossypium
barbadense), GLPHv (Hordeum vulgare), GLPOs (Oryza sativa). Identical amino acids are marked symbols which
conserved marked box and star symbol.

CONCLUSION
A new protein of the molecular weight of 13 kDa was produced by drought tolerant
soybean varieties in response to drought stress. Based on the 2D-PAGE electrophoresis results,
the production of this protein was higher under drought stress than that in normal condition.
The 13 kDa protein was identified as a protein which homologous to the detoxification enzyme
oxalate oxidase and superoxide dismutase which plays a role in the mechanism of drought
resistance
ACKNOWLEDGEMENT
We are grateful to the Research Institute of Legumes and Tuber Crops, Kendalpayak,
Malang, Indonesia, for pro- viding soybeans seeds. The research was supported by the
Directorate General of Higher Education (DGHE)’s, Brawijaya University, Malang, Indonesia,
BOPTN funding.
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]

Shinozaki K, Kazuko Yamaguchi-Shinozaki. J Exp Bot 2007; 58 (2): 221-227.
Kozlowski TT and Pallardy SG. Bot Rev2002; 68:270-334.
Zhang Y, Wang Y, Jiang L, Wang Y, Liu D and Chen F. Acta Biochimica et Biophysica
Sinica; 39(10): 787-794.
Lei YB, Yin CY and Li CY. Physiologia Plantarum 2006; 127:182-191.
Lobato AK., de Oliveira Neto CF, dos Santos Filho BG, da Costa RCL, Cruz FJR, Neves HKB,
dos Santos Lopes MJ. Aust Journ of Crop Science 2008; 2(1) : 25-32.
Chen RD & Tabaeizadeh Z. Genome 1992; 35 : 385-391.
January - February

2014

RJPBCS

5(1)

Page No. 794

ISSN: 0975-8585
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

Cheng Y, Wyne J, Joshi CP. Crop Sci 1993; 33 : 1397-1400.
Riccardi F, Gazeau P, Vienne D. Plant Physiol 1998; 117 : 1253-1263.
Nguyen HT and Joshi C. Proceeding of an International Symposium, Adaptation of Food
Crop to Temperature and Water Stess Taiwan 1992.
Mohammadkhani N and Heidari R. Turk J Biol 2008; 32 : 23-30.
Bakalova S, Nedeva N, Mckee. J Appl Eco Envi Res 2008; 6 (2): 37-48.
Bayoumi TY, Manal HE, and, Metwali EM. African J Biotechnol 2008; 7 (14) : 2341-2352.
Bibi N, Hameed A, Ali H, Iqbal N, Haq MA, Atta BM, Shah TM, Alam SS. Pak J Bot 2009;
41(2): 731-736.
Hong-Bo, Barg R, Ho T-DH. Plant Mol Biol 2005; 18:663-674.
Samarah NH, Mullen RE, Cianzio SR, and Scott P. Crop Sci 2006;46:2141–2150.
Demirevska K, Simova-Stoilova L, Vassileva V, Vaseva I, Grigorova B, Feller U Gen. Appl
Plant Physiology Special Issue 2008;34(1-2): 79-102.
Ingram J and Barterls D. Annu Rev Plant Physiol Plant Mol Biol 1996; 47 : 277-403
Shinozaki K, Shinozaki KY .Plant Physiol. 1997; 115 : 327 - 334
Bray EA. Trends in Plant Sci 2000.2 (2) : 48-54
Natarajan S, Xu C, Caperna TJ, Garret WM. Anal Biochem 2005; 342 : 214-220.
Viestra RD, Ann Rev Plant Physiol Plant Mol Biol 1993; 44 : 385- 410.
Hieng B, Ugrinovich K, Sustar-Vozlich J, Kidric M. J Plant Physiol 2004; 161 : 519-530.
Pierre M, Savoure A. Plant Physiol Biochem. 1990; 28 : 95-104.
Roy-Macauley H, Zuily-Fodil Y, Kidric M, Pham Thi AT, Viera da Silva. J Physiologia
Plantarum 1992; 85 : 90-96.
Singh G, Rai VK. Biologia Plantarum 1992; 24 (1) : 7-12.
Arumingtyas EL, Savitri ES, Purwoningrahayu RD. American J Plant Sci 2013; 4:134-141.
Mathius NT, Wijana G, Guharja E, Aswidinnoor H, Yahya S, and Subronto. Menara
Perkebunan 2001; 69 (2) : 29-45.
Widyasari WB, Sugiharto B, Ismayadi C, Wahjudi K, Murdiyatmo U Berkala Penelitian
Hayati 2004; 9 : 69-73.
Sabehat A, Weiss D, Lurie S. Phsysiol Plant 1998; 23 : 201-210.
Pelah D, Wang W, Altman A, Shoseyov O, Bartles D. Physiol Plant 1997; 99 : 153-159.
Ohmiya A, Tanaka Y, Kadowaki K, T Plant Cell Physiol. 1998; 39(5) : 492-499 .
Zettl R, Schell J, Palme K. Proc Natl Acad Sci USA 1994; 91: 689-693.
Feldwisch J, Zettl R, Campos N and Palme K. Biochem J 1995; 305: 853-857.
Alscher RG. Physiologia Plantarum 1989; 77 (3) : 457-464.
James VA, & Davis DG 2004; 120 : 421-433.
Mishra NK, Kumar M, Raghava GP. Protein Pept Lett 2007; 146 (6) : 575-580.
Xiong L, Schumacer KS, Zhu JK. The Plant Cell 2002; 65-83.
Dumas B, Sailland A, Cheviet JP, Freyssinet G, Pallet K. Comptes Rendus de l’Academis
des Sciences Serie III-Sciences de la Vie 1993; 316 : 793-798.
Lane BG, Dunwell JM, Ray JA, Schmitt MR, Cuming AC. J Biol Chem 1993; 268(17):12239–
12242.
Fry SC. Ann Rev Plant Physio 1986; 37: 165–186.
Schweizer P, Christoffel A, Dudler R. The Plant Journal 1999; 20 : 540–552.
Park C, An JM, Shin YC, Kim KJ, Lee BJ, Paek KH. Planta 2004; 219, 797–806.

January - February

2014

RJPBCS

5(1)

Page No. 795

ISSN: 0975-8585
[43]
[44]
[45]
[46]
[47]
[48]

Gucciardo et al , 2007.
Hurkman WJ, Tao HP, Tanaka CK. Plant Physiol 1991; 97 : 366-374.
Hurkman WJ & Tanaka CK. Plant Physio 1996; 110 : 971-977.
Berna A, & Bernier F. Plant Mol Biol 1999; 39 : 539-549.
Nowakowska J. Acta Physiologiae Plantarum 1998; 20 : 19-33.
Lane BG, Bernier F, Dratewka-Kos E, Shafai R, Kennedy TD, Pyne C, Munro JR, Vaughan T,
Walters D, Altomare F. J Biol Chem 1991; 266 : 10461-10469.

January - February

2014

RJPBCS

5(1)

Page No. 796

