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ABSTRACT

Drought is one of environmental stresses which the most limiting to plant growth and productivity. Drought stress led to
a series of changes including biochemical changes like accumulation of osmolit and specific proteins involved in stress
tolerance. One of the proteins that play a role in the mechanism of drought resistance is dehydrin protein. This study
aimed to identify the protein profiles and dehydrin accumulation in 7 varieties of local Indonesian soybeans: Tangga-
mus, Nanti, Seulawah and Tidar (tolerant), Wilis and Burangrang (moderate) and Detam-1 (drought stress sensitive).
Plants were treated with drought stress by adjusting soil water content to 25% below field capacity and compared with
plants which were grown on normal condition as control plants. The results of SDS-PAGE electrophoresis showed a
new protein with the molecular weight of 13 and 52 kDa were induced in Tanggamus, Nanti, Seulawah and Tidar varie-
ties. Western blotting analysis for dehydrin showed that the quantity of the protein in the leaves of all varieties except
Tanggamus decreased in drought stress conditions. The quantity of dehydrin protein in tolerant varieties higher than the

protein quantity in both moderate varieties and drought sensitive.
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1. Introduction

Drought stress led to a series of changes in molecular,
biochemistry, physiology and morphology of plants.
Biochemical changes include the accumulation of osmo-
lit and specific proteins involved in stress tolerance [1].
Proteins which are synthesized in response to drought
stress are called dehydrin (dehydration-induced) and are
included in group II late embryogenesis abundant
(LEA) proteins [2,3]. This protein was reported to have a
wide range of molecular weight of 9 - 200 kDa [3], but
most investigation on plant grown under drought stress
showed the evidence of dehydrin proteins with molecular
weight ranging from 22 - 60 kDa [4-7]. Close to the
C-terminus, dehydrin possess a K-segment which is a
conserved, lysine-rich 15-amino acid domain, and near
the N-terminus, it has a consensus motif of Y-segment.
Dehydrin also usually has an S-segment, a serine residues
and @ segments which is usually less conserved rich-
polar amino acids [8,9].

Dehydrin proteins is a functional protein which play a
role in the protection against stresses by controlling the
bond and the formation of structural proteins (cell mem-
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brane) and functional proteins (enzymes). These proteins
have function in facilitating water retention, membrane
stability and ions flow [10-13], and also play a role in the
protection of cytoplasms components during drought
stress [14] by its ability to bind water molecules on the
hydrophilic surface that prevents further damage to cel-
lular proteins [15]. Other proteins that have similar
structure with dehydrin, dehydrin-like protein, also have
been reported to protect the cell from drying out due to
drought stress [2,16]. Dehydrin-like proteins may have a
role in osmotic adjustment similar to other compounds
which has been identified in drought condition such as
proline, glycine betaine and sucrose. Another role of this
protein is associated with the accumulation of ions in
drought stress and control the concentration of the solu-
tion in the cytoplasm [16].

The involvement of LEA protein of a molecular weight
of 10 - 30 kDa in the protection of plants from damage
caused by drought stress has been reported [17-19]. LEA
proteins are expressed at the late stage of seed develop-
ment [16] and also accumulate in vegetative tissues in
response to water shortages [20]. LEA proteins have a

AJPS



Protein Profiles and Dehydrin Accumulation in Some Soybean Varieties (Glycine max L. Merr) in 135
Drought Stress Conditions

function to minimize water loss and membrane stability,
and to protect against/antidote of reactive oxygen species
(ROS) [21].

Dehydrin also suspected to have a role as antioxidative
defense directly through the activity of free-radical
scavengers [22] or indirectly by binding toxic metals to
prevent the production of ROS [23]. Dehydrin prevent
the binding of hydroxyl and peroxyl radicals rather than
superoxide anion and hydrogen peroxide [22]. Some
amino acid residues such as Lysin, Histidin, Glycine and
Serrin were assumed to have a link to radical antidote as
these residues are modified when dehydrin prevent hy-
droxyl radicals binding. Dehydrin also reported to protect
cellular components from oxidative stress [24].

In Indonesia, soybeans is the main source of nabati
protein. However, global climate changing that cause
drought stress to plants cause about 50% lost of soybean
production. Many effort has been done to overcome this
problem including breeding soybeans for drought tole-
rance. Indonesia has many local soybean varieties that
have potential as germplasm source for breeding purpose.
This study aimed to identify the protein profile of Indo-
nesian local soybean varieties under drought stress and to
confirm the existence of dehydrin in those varieties in
order to characterize the molecular characteristic of soy-
bean germplasm in Indonesia.

2. Materials and Methods
2.1. Plant Material

Seven soybean varieties were used in this experiment
(Table 1).

Those varieties were grown under severe drought
stress by applying soil water content of 25% field capac-
ity at the early growth phase until harvest time, and
compared to plant grown in normal condition (100%
field capacity) as control plants.

2.2. Materials and Chemical

The materials used for the isolation of protein and SDS-
PAGE including: 1 M Tris-HCI pH 8.3, 5 M NaCl, 1 M
DTT, 0.1 M EDTA, aquabidest, 40 mM PMSF, 10%
SDS, Tris-HCl pH 8, ammonium persulfate (APS),
TEMED (Sigma), 12.5% separating gel, 3% stacking gel,
RSB (Reducing Sample Buffer) for the plant (0.1 M
Tris-CI, 4% SDS, 0%, 2% Bromophenol blue, 200 mM
DTT), the staining solution (Coomasie Blue R-250,
methanol, distilled water, glacial acetic acid), destaining
solution (methanol, glacial acetic acid, distilled water).

Materials used for western blotting was 12.5% sepa-
rating gel, 3% stacking gel, RSB for plants (0.1 M Tris-
ClI, 4% SDS, 0.2% Bromophenol blue, 200 mM DTT),
PBS-Tween 0%, 2%, 5% BSA, primary antibody (anti-
rabbit IgG for plant dehydrin) Abcam, secondary anti-
body (biotin labelled anti-rabbit IgG), SA-HRP (Strept-
Avidin-Horseradish Peroxidase), membrane NC (nitro-
cellulose), TMB substrate, pre-stained protein ladder
marker SM-1811 (Fermentas).

2.3. Isolation of Soybeans Leaves Protein

Leaves protein was isolated using the method of Stacy
and Aalen [25]. Soybean leaves of 0.1 g was homoge-
nized in 500 pL cold extraction buffer. Homogenate then
moved into eppendorf tube that has been filled with 250
puL extraction buffer, and then mixed well and added
with 40 mM PMSF 25 pL, incubated for 1 hour in a re-
frigerator, vortexed every 15 minutes. The mixture then
was centrifuged at 13,000 rpm, in the temperature of 4°C
for 5 minutes. The supernatant moved into eppendorf
tube. Protein concentration was measured using Nano-
drop apparatus.

2.4. Isolation of Soybeans Seeds Protein

Seed protein was isolated using the method of Castle and

Table 1. Soybean varieties used in the experiment.

No. Variety Origin Seed Colour Hilum Colour Yield (ton/ha) Protein Content (%)
1. Tanggamus Kerinci x 3911 Yellow Dark Brown 1.2 44.5
2. Nanti Dempo x 3623 Yellow Brown 1.2 42.8
3. Seulawah Wilis x 3898 Greenish Yellow Dark Brown 1.6-2.5 45.9
4. Tidar Mutant B 1682 Greenish Yellow Dark Brown 1.4 37.0
5. Wilis Orba x 1682 Yellow Dark Brown 1.6 37.0
6. Burangrang Natural crossing Yellow Light Brown 1.6-25 39.0
7. Detam-1 9837 x Kawi Yellow na 25 45.4

n.a : data not available.

Copyright © 2013 SciRes.
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Randall [26]. Soybean seeds crushed into powder with a
mortar, 0.1 g of the powder was taken and added to 10
ml of extract buffer. Samples were again crushed with a
mortar in cold temperatures for 0.5 hours until dissolved.
After that, each sample was put into eppendorf tube then
centrifuged at 11,000 rpm at 4°C for 15 min. Supernatant
was taken and put into ependorf. Supernatant was taken
and put into ependorf. The pellet was added with 0.067
M Tris, 2% SDS and 5% f-mercaptoetanol, and extracted
for 2 hours, then centrifuged at 11,000 rpm at 4°C for 15
min. Supernatant was taken.

2.5. Sodium Dodecyl Sulphate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE)

The protein resulted from previous step was added with
sampel buffer (RSB) with the ratio of 1:1 (10 pl:10 pl),
then run in SDS-PAGE. The gel use in this experiment
was 12% separating gel and 3% stacking gel. Electro-
phoresis was done using a constant current 20 mA for 4
hours. The gel then stained using Coomassie Brilliant
Blue (CBB) and destained. The molecular weight was
determined using standards protein.

2.6. Western Blotting

Test for the specificity of protein dehydrin was con-
ducted using western blotting method [27], employing a
polyclonal antibody antiplant dehydrin. The proteins
separated using SDS PAGE was electro transferred onto
nitrocellulose (NC) membrane. Transfer was done using
100 volt 300 mA for 2 hours in the temperature of 4°C.
The membrane containing transferred protein was blocked
using BSA solved in PBST for | hour, then washed with
PBST twice for 5 minutes each, then soaked in an anti-
body primer dehydrin in BSA overnight. Secondary an-
tibody used in this experiment was IgG biotin solved in
TBS. SA-HRP was added after that step. The membrane
then washed using PBST 3 times, 5 minutes each. TMB
substrate then was added. The reaction was stopped by
adding aqua dest.

3. Results and Discussion

3.1. Profile of Leaf Protein Bands in Soybean
Varieties under Drought Stress Condition

The protein profiles of Tanggamus, Nanti, and Seulawah
varieties observed at 35 days after planting showed dif-
ferences between the plant grown in normal (the control)
and drought stress conditions (Figure 1). The control
plants showed 12 protein bands with molecular weights
of 11 - 200 kDa. In drought stress condition new protein
bands with molecular weight of 13 kDa and 52 kDa were
found in Tanggamus, Nanti, Seulawah and Tidar varie-
ties (Figure 1).

Copyright © 2013 SciRes.

In addition to the emergence of the new protein, there
were also found protein bands of different thickness. The
thickest the protein bands the more abundant the protein
produced.

However the profiles of protein bands produced by
drought-sensitive varieties: Wilis, Burangrang and De-
tam-1 showed no difference between the plants under
drought stress and normal water conditions. The profiles
of protein on those varieties observed at 35 days after
planting in either planting condition consisted of 12 pro-
tein bands ranging in molecular weight of 9 - 200 kDa.

3.2. The Profile of Seed Protein Band of Soybean
Varieties in Drought Stress Conditions

The profile of seed protein observed in the reproductive
phase when pods begin to mature were different com-
pared to the protein profile found in the soybean leaves
(Figure 2). Less protein bands were observed in the seed.
This phenomenon indicated the differences in the ex-
pression of genes in the different part of plants.

The profile of seed protein band on varieties that are
tolerant to drought stress (Tanggamus, Nanti, Seulawah
and Tidar) showed 11 protein bands with molecular
weights of 11 - 200 kDa. The profiles of seed protein
bands possessed by drought tolerant Tanggamus, Nanti,
Seulawah and Tidar varieties in stress and control condi-
tions showed no difference with the profile of seed pro-
tein band on drought-sensitive varieties, Willis, Buran-
grang and Detam-1.

3.3. The Existence of Dehydrin Protein in
Soybean Varieties under Drought Stress
Condition

Test for the existence of dehydrin proteins using primary
antibody anti-rabbit IgG anti plant dehydrin using West-
ernblotting method showed that Tanggamus, Nanti, Seu-
lawah and Tidar varieties possess specific bands com-
plementary to dehydrin with the molecular weight of 25
dan 40 kDa (Figure 3). Those bands were present in the
stress and control (normal) condition which indicates that
dehydrin protein was produced either in stressed or nor-
mal condition. This finding is in accordance to the re-
search reported previously [5] that a similar size of de-
hydrin protein (approximately 78 kDa) was expressed in
both irrigated leaf tissues and drought-stressed tissues in
P. bulbosa.

However based on the band thickness showed by all
varieties, it was observed that dehydrin protein produced
by plants under stress condition thinner than the one in
the normal condition. The molecular weight of protein
observed by western blotting method were different from
the one observed in the SDS-PAGE method which 13
and 52 kDa. This may be caused by the nature of SDS-

AJPS



Protein Profiles and Dehydrin Accumulation in Some Soybean Varieties (Glycine max L. Merr) in 137
Drought Stress Conditions

kDa =

225
150 -
100

M || TC TS NC |[|NS ||sC ||SS

‘TIC Hm‘ M || we || ws | Bc | Bs | pc | ps

Figure 1. The profile of protein isolated from soybean’s leaves at 35 days after planting. M = marker, TC = Tanggamus con-
trol, TS = Tanggamus stress, NC = Nanti control, NS = Nanti stress, SC = Seulawah control, SS = Seulawah stress, TC = Ti-
dar control, TS = Tidar stress, WC = Wilis control, WS = Willis stress, BC = Burangrang control, BS = Burangrang stress,
DC = Detam-1 control, DS = Detam-1 stress. Arrows show the new type of protein.
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Figure 2. The profile of protein isolated from soybean’s seed. M = marker, TC = Tanggamus control, TS = Tanggamus stress,
NC = Nanti control, NS = Nanti stress, SC = Seulawah control, SS = Seulawah stress, TC = Tidar control, TS = Tidar stress,
WC = Wilis control, WS = Willis stress, BC = Burangrang control, BS = Burangrang stress, DC = Detam-1 control, DS = De-

tam-1 stress.

PAGE method which denatured the protein during the
process. So, the protein observed in SDS-PAGE is poly-
peptides which may be part of the complete functional
protein.

Comparing the quantity of dehydrin protein among the
tolerant varieties showed that each variety demonstrate
different quantity of dehydrin protein (Figure 4).

Generally, the quantity of dehydrin protein in the plant
under stress conditions was lower compared to the con-
trol condition, except for Tanggamus. The low quantity
of dehydrin observed was in accordance to the result of
western blotting analysis which showed that plants
grown under stress condition had thinner protein bands
than the plants grown in normal condition. When the

Copyright © 2013 SciRes.

phenomenon showed by Tanggamus varieties was typical,
and in conformity to the general theory and observation
that drought stress cause the increase of accumulation of
dehydrin [2,3,13,18,22,24], yet, the phenomenon showed
by the other varieties were contradictory i.e. severe
drought stresses caused the decrease of dehydrin accu-
mulation. However similar evidence also has been re-
ported [28].

It has been reported that lower accumulation of dehy-
drin-like proteins in seedlings under stress was predicted
to be the effect of the greater accumulation of H,0, in-
duced by the stress, which lead to the increase of oxida-
tive damaged under water stress [28]. Dehydrins have
been reported to have radical scavenging activity and
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Figure 3. Dehydrin antibody specificity test with dehydrin Westernblot method on soybean plants. TC = Tanggamus control,
TS = Tanggamus stress, NC = Nanti control, NS = Nanti stress, SC = Seulawah control, SS = Seulawah stress, TC = Tidar

control, TS = Tidar stress.
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Figure 4. The quantity of Dehydrin protein in soybean va-
rieties. TC = Tanggamus control, TS = Tanggamus stress,
NC = Nanti control, NS = Nanti stress, SC = Seulawah con-
trol, SS = Seulawah stress, TC = Tidar control, TS = Tidar
stress.

inhibitory activity against lipid peroxidation. Dehydrins
like CuCORI19 may possibly oxidized by radicals like
hydroxyl and peroxyl radicals, so they could reduce
radicals and in turn lessen oxidative damages induced by
water stress [22]. However exceeding hydroxyl radicals
induced by a high level of H,O, may cause excessive
degradation of dehydrins, and result in low levels of de-
hydrins [22].

The decrease of dehydrin accumulation in response to
drought stress was also found in drought-sensitive varie-

Copyright © 2013 SciRes.

ties Wilis, Burangrang and Detam-1. Those varieties
showed specific bands of dehydrin protein with the mo-
lecular weight of 25 and 40 kDa either in the drought
stress condition and normal condition (Figure 5).

All varieties showed thinner dehydrin protein bands in
stress condition compared to the one in the normal con-
dition. This result was confirmed by the result of quanti-
fication of dehydrin protein of all soybean varieties in
both conditions (Figure 6). The plant grown in drought
stress condition produced lower quantity dehydrin pro-
tein compared to the one grown in normal condition.

Other than the decrease of a certain protein accumula-
tion, lost of certain protein was also reported [29]. This
indicates that in drought stress, some protein increase in
the quantity but some other was decrease or missing. The
differences in the plant responses to drought stress indi-
cates that there is many mechanism used by plants to
survive drought stress [30]. It has also been investigated
that genetically the nature of tolerance against drought
stress is controlled by many factors [31,32].

Generally, the quantity of dehydrin protein produced
by tolerant varieties Tanggamus, Nanti, Seulawah and
Tidar higher compared to the sensitive varieties Wilis,
Burangrang and Detam-1. Tolerant varieties seem ca-
pable in maintaining protein for defending against
drought stress compared to the sensitive varieties. In this
experiment, drought stress given to the both group of
varieties (tolerant and sensitive) cause the decrease of
production or accumulation of dehydrin protein as has
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Figure 5. Dehydrin antibody specificity test with dehydrin Westernblot method on soybean plants. M = Marker, WC = Wilis
control, WS = Willis stress, BC = Burangrang control, BS = Burangrang stress, DC = Detam-1 control, DS = Detam-1 stress.
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Figure 6. Quantification of protein in soybean dehydrin.
WC = Wilis control, WS = Wilis stress, BC = Burangrang
control, BS = Burangrang stress, DC = Detam-1 control, DS
= Detam-1 stress.

been reported in other research [3]. However the produc-
tion or accumulation of that protein was higher in the
tolerant varieties compared to the sensitive varieties. This
indicates that tolerance to drought stress was among oth-
ers, controlled by the amount of dehydrin accumulated
during the stress as has been reported in some experiment
in plants [4,7,33]. Several transgenic plants shows over-
expression of the gene codes dehydrin synthesis [34-37].
Since proteins are the basic compound which are im-
portant to support all cell function [38], maintenance of
protein concentration in the cell is very important for the
continuity of cell life [39-41]. The protein’s concentra-
tion depends on the expression of gene responsible for
the synthesis of those proteins. Moreover protein varia-

Copyright © 2013 SciRes.

tion, including the amount or the type has been reported
as an important part of plant response to environmental
stress and plant adaptation mechanisme to certain envi-
ronments [42,43].

4. Conclusion

The protein profile of different part of drought-tolerant
and drought sensitive plants used in this experiment were
different. The profile of leaf’s protein of drought-sensi-
tive varieties was not change under stress condition,
whereas changes were shown by drought-tolerant varie-
ties. Severe drought stress causes the decrease of dehy-
drin protein accumulation in most varieties, except for
the Tanggamus which is tolerant variety.
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