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ABSTRACT

The alteration of protein synthesis or degradation is one of the fundamental metabolic processes
that affects drought tolerance. To investigate the protein profiles of sugarcane exposed to drought
stress, two unrelated lines of sugarcane (Saccharum officinarum L.) Khon Kaen 1 and K86-
161were subjected to progressive water stress for 20 days. Under progressive drought stress
condition, the Khon Kaen 1 line is sensitive to water stress. The modification of leaves were
observed 2 weeks after the onset of water deficit. The Khon Kaen 1 leaves gradually turned yellow
and wilted whereas the K86-161 leaves from the tolerant line remained green. The relative water
content (RWC) in Khon Kaen 1 was decreased to 60% on day 20" whereas the RWC of K86-161
was slightly decreased and remained constant at 86% upon exposure to the water stress. In
addition, when the protein changed in leaves were studied by two-dimensional electrophoresis, the
accumulation of a 18 kDa protein was detected in drought-tolerant, K86-161 line. Antiserum
raised against this protein, purified from SDS-PAGE, was used as a probe to detect the protein in
sugarcane leaves by Western blotting technique. The titer of antigen-antibody interaction, was
estimated to be 1:100. Furthermore, this polyclonal antibody was used to detect the accumulation
of the 18 kDa protein in K86-161 and Khon Kaen 1 sugarcane leaves by Western blotting
technique. The results show that the 18 kDa protein band from K86-161 expressed higher intensity
than that of Khon Kaen 1 in equivalent to total protein amount. These results indicate that 18 kDa
protein expressions had a high potential for development as a marker in any screening technique
for drought-tolerant sugarcane cultivars.
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1. INTRODUCTION

Sugarcane is a major industrial crop cultivated in tropical and sub-tropical regions to produce
sugar. The sugarcane has been cultivated either in arable or drought region [1-3]. However,
sugarcane production in the Northeastern Thailand still faces some problems that should be
resolved. One of the problems is low productivity of recent sugarcane lines according to poor
ratooning ability. This problem leads to the high cost production. To overcome this problem, the
analytical method to detect the drought tolerance sugarcane lines should be developed for planting
programme.

Abiotic stresses can directly or indirectly affect the physiological status of an organism
by altering its metabolism, growth, and development. A common response of organisms to
drought, salinity, and low-temperature stresses is the accumulation of sugars and other compatible
solutes. These compounds serve as osmoprotectants and, in some cases, stabilize biomolecules
under stress conditions [4-6]. Drought stress is a major environmental factor affecting the
sugarcane productivity in the Northeastern Thailand. It induces accumulation of compatible
solutes, such as proline, sugar, sugar alcohol and betaine in plants [7-8]. These compounds help
plants to adapt to the severe condition by means of specific biochemical functions. A specific
behavior is also observed in the aerial part of the plant: the first leaves, developed before the water
stress, wilt progressively, whereas the leaves that emerge after the onset of water deficit remain
turgid and harden [9].

Biomarkers to identify and characterize the drought-tolerant sugarcane lines have been
sought for many decades. These markers fall under three broad categories: morphological,
cytogenetic, and biochemical. Morphological markers are based on the traditional botanical
descriptions of visible characters and were the first markers to be utilized. They are of limited
value because in sugarcane they are not inherited in a simple Mendelian manner [10]. Cytogenetic
markers observed from mitotic and meiotic chromosomes provide additional information, but the
small and variable size of sugarcane chromosomes and their abnormal pairing behavior make
difficultly cytogenetic observations [11]. Biochemical markers became a popular tool in plant
genetics, and studies utilizing such markers were also initiated in sugarcane [12]. Protein and
secondary metabolites of leaves from variety of plants have been examined and were found to be
promising as markers, such as dehydrin [13-15], superoxide dismutase [16], ASR (ABA-water
stress-ripening-induced) protein [17], actin depolymerizing factor [18]. Thus, in this study,
proteins involved in drought stress from sugarcane leaves were screened by proteomics.
Furthermore, we used this protein to screen drought-tolerant sugarcane lines by Western blotting
technique.

2. MATERIALS AND METHODS

2.1 Plants and drought stress condition

Two unrelated lines of sugarcane plants (K86-161 and Khon Kaen 1) were grown in a greenhouse
for the evaluation of drought tolerance. In the greenhouse, the propagative organs of K86-161 and
Khon Kaen 1 were grown in pots (50 cm in diameter and 30 cm deep) containing topsoil under
natural light conditions. Soil had pH of 4.75 and contained total nitrogen 0.0255 %; field capacity
(FC) of 12.26 % and permanent wilting point (PWC) of 3.36%. After growing for 3 months, the
K86-161 and Khon Kaen 1 sugarcane plants were treated by stopping watering for 3 weeks. Leaf
samples were collected from stressed and control plants after the drought treatments.

45



KMITL Sci. Tech. J. Vol. 7 No. S1 Nov. 2007

2.2 Protein extraction

Sugarcane leaves were ground to fine powder using liquid nitrogen and suspended in lysis buffer,
which contain 7 M urea, 2 M thiourea, 4% (w/v) CHAPS, 2% (w/v) DTT, 0.8% (w/v) IPG buffer
(Amersham Bioscience, Sweden). The homogenate was centrifuged for 30 min at 10,000 xg at
4°C. The supernatant was transferred to a new 1.5 ml tube and cleaned to remove the
contaminating substance by 2D-Clean up kit. The pellets were resuspended in rehydration buffer
containing 7 M urea, 2 M thiourea, 2% (w/v) CHAPS, 2 mM (w/v) DTT, 0.8% (w/v) IPG buffer
and 0.2% bromophenol blue. The protein concentration was determined by the Bradford assay
with BSA as the standard.

2.3 Protein analysis by gel electrophoresis

One-dimensional polyacrylamide gel electrophoresis (SDS-PAGE) was performed as described
previously [19] using 15% separating gel and 4% stacking gel. Total proteins (0.05-0.1 ug) were
loaded in each well and separated on a Mini-Protein Il Cell (Bio-Rad, U.S.A) at 150 constant
volts until the tracking dye reached the bottom of the gel. The following molecular weight
standards (Amersham Bioscience, Sweden) were run alongside the extracted proteins:
phosphorylase b, 97 kDa; albumin, 66 kDa; ovalbumin, 45 kDa; carbonic anhydrase, 30 kDa;
trypsin inhibitor, 20.1 kDa; and o lactalbumin, 14.4 kDa. Proteins were stained with Coomassie
brillant blue R-250. Two-dimensional (2-D) electrophoresis was performed according to a
modified method of O'Farrell [20]. For first dimension isoelectric focusing gel, proteins were
resuspended in the rehydration buffer. Samples were allowed to rehydrate at least 1 h on ice. Two
hundred and fifty ug of proteins were loaded onto IPG strip (13 cm, pH 4-7, Amersham
Bioscience, Sweden). The second dimension SDS gel contained 12.5% acrylamide. The molecular
weight standards were as described previously. Following electrophoresis of the second
dimension, proteins were stained with silver nitrate.

2.4 Production of polyclonal antibody

Sample containing total proteins (500 ng) were separated by SDS-PAGE and the bands of protein
related to drought stress were excised from the gels. The lyophilized protein bands were ground to
fine powder and suspended in 1 to 2 ml of PBS buffer (135 mM NaCl, 1.5 mM KH,PQOy,, 2.5 mM
KCI, and 8 mM Na,HPQO,4). A suspension of protein related to drought stress and Freund’s
complete adjuvant (Sigma, USA) was sufficiently emulsified. One hundred pl of the emulsion was
subcutaneously injected into mice. Two weeks following the second boost, the same emulsion but
containing Freund’s incomplete adjuvant (Sigma, USA) instead of the complete adjuvant was
subcutaneously injected into mice at intervals over 8 weeks. Blood was drawn from the mice 2
weeks after the last injection and allowed to clot overnight at 4°C. The serum was collected by
centrifugation at 8,000 xg for 10 min and then the supernatant containing anti-18 kDa protein
antibody was pooled and used for Western blotting.

2.5 Western blotting analysis

After separation by electrophoresis, proteins were transferred onto a nitrocellulose membrane
(Bio-Rad, USA) in transfer buffer containing 48 mM Tris-base, 39 mM glycine buffer containing
20% methanol at a constant current of 130 mA for 1 h. The membrane was incubated in blocking
solution (5% skimmed milk in TBST buffer) at room temperature for 1 h. Next, the membrane
containing proteins was incubated with the first antibody diluted 1:100 with blocking solution at
room temperature for 1 hrs. After rinsing the membrane three times for 5 min each with TBST (10
mM Tris—HCI, 150 mM NaCl containing 0.05% Tween 20), the membrane was incubated in
alkaline phosphatase-goat antimouse IgG (1:500 in TBST) for 1 hrs. at room temperature. The
membrane was again rinsed three times for 5 min each with TBST, followed by TBS pH 8.0 (10
mM Tris—HCI containing 150 mM NacCl) three times, and then substrate buffer, pH 9.5 (100 mM
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Tris-base, 100 mM NaCl containing 50 mM MgC,,:6H,0) twice for 30 s each at room
temperature. Visualization of any immunoreaction was carried out by incubating the membrane in
a substrate solution containing 30 pl p-nitroblue tetrazolium chloride (NBT) and 30 pl 5-bromo-4-
chloro-3-indolyl phosphate (BCIP) in 5 ml substrate buffer, pH 9.5 for at least 5 min. The color
reaction was stopped by transferring the membrane into water. Control membrane with marker
was stained with 0.1% amido black.

3. RESULTS AND DISCUSSION

3.1 Plant responses to drought stress

To study and determine the drought tolerance of sugarcane lines, 3-month-old K86-161 and Khon
Kaen 1 sugarcane plants were drought stressed under non-watering conditions for 20 days.
Various degrees of wilting were observed after drought treatment. After stress treatment, the
leaves of Khon Kaen 1 line became wilted and yellow. In contrast, K86-161 showed normal
growth and morphology until the end of experiment (Figure 1).

A. Control K86-161 B. Stressed K86-161

C. Control Khon Kaen 1 D. Stressed Khon Kaen 1

Figure 1 Sugarcane was grown in pots under drought condition. A. Control K86-161, B. Stressed
K86-16, C. Control Khon Kaen 1 and D. Stressed Khon Kaen 1.
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Changes in relative water content (RWC) of plant tissues can well reflect the effects of
water stress on plants [21]. When the K86-161 and Khon Kaen 1 sugarcane lines were grown in
the pots for 3 months, RWC of leaves were measured to be about 92% and 86% respectively.
RWC was used to determine drought stress condition. Figure 2 showed that at the day start, no
significant different in RWC of both sugarcane lines. However, after 10 days, the morphology
change, wilting showed in Khon Kaen 1. The RWC of stressed Khon Kaen 1 reduced to 75%. At
20 days, the RWC of stressed Khon Kaen 1 dramatically decreases to 60%, whereas stressed K86-
161 still maintains 86% RWC. Moreover, the leaves of stressed Khon Kaen 1 shows obvious
wilted comparing to leaves of K86-161. From this result we conclude that K86-161 might be a
drought stress tolerance line.
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Figure 2 Effect of drought stress on relative water content (RWC) of sugarcane leaves A. Relative
water content of K86-161, B. Relative water content of Khon Kaen 1.
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3.2 Comparison of protein patterns of K86-161 and Khon Kaen 1 under drought
stress

The effect of drought stress on protein expression patterns in sugarcane leaves were examined by
treating sugarcane plants with withholding watering. After the treatment, proteins from leaves of
both sugarcane lines were extracted and separated by 2D-PAGE. Silver-stained gels displayed
more than 500 protein spots in K86-161 and more than 400 protein spots in Khon Kaen 1 (Figure
3). There are many proteins in K86-161, 128 protein spots showed a response to water deficit. Of
these proteins, 54 protein spots were only detected in response to drought stress compared to
control. Forty-six protein spots were up-regulated and 28 protein spots were down-regulated. In
Khon Kaen 1 line, 104 protein spots showed a change in abundance under stress; of these 30
protein spots were only detected in response to drought stress. Forty-two protein spots were up-
regulated and 32 protein spots were down-regulated. Drought-induced polypeptides have been
observed in many studies [22-24] Mostly; found polypeptide play a role in water stress tolerance.
Our results in sugarcane also indicated that among the modifications induced by drought; up-
regulated of a highly intense 18 kDa protein was particularly noticeable and it can be possibly
used as protein marker (Figure 4). In the 2D-patterns from drought-stressed leaves, the intensity of
a 18 kDa protein spot was increased when compared to the control leaves of K86-161, which is a
drought-tolerant sugarcane line (Figure 4, A and B). In contrast, the increase of 18 kDa protein in
the leaves of sensitive line Khon Kaen 1 was decreased when compared to control (Figure 4, C
and D). The relationship between 18 kDa protein changes and drought-tolerant was still to be
unknown. However, previous study [24] also found that the accumulation of 18-, 28-, 31-kDa
dehydrin-like proteins in the seeds of crowfoot (Ranunculus sceleratus L.) depended on stages of
water stress. In bromegrass (Bromus inermis Leyss) the polypeptide with a calculated molecular
mass of 18.08 kDa and isoelectric point (pl) of 7.50 was induced by ABA, cold and drought stress
[25]. So, the accumulation of an 18 kDa protein was responsive to drought stress and may play
important role to preserve water in plant.

3.3 Accumulation of 18 kDa protein in sugarcane leaves

Accumulation of the 18 kDa protein in sugarcane leaves was investigated by Western blotting.
The 18 kDa protein was purified by SDS-PAGE. The bands of this protein were excised from the
gels and used as immunogen for antibody production in mice. The titer of antigen-antibody
interaction at around 1:100 was obtained. The polyclonal antibody was used to detect drought
tolerant sugarcane line (K86-161) and drought intolerant sugarcane line (Khon Kaen 1) by
Western blotting technique. Both plants were grown in the field under natural drought condition.
The result showed that the 18 kDa protein band from K86-161 expressed higher intensity than that
of Khon Kaen 1 in equivalent total protein amount (Figure 5). These results indicated that the 18
kDa protein expressions had a high potential for development as a marker in any screening
techniques for drought-tolerant sugarcane lines.
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Figure 3 Protein patterns in sugarcane leaves exposed to 20 days of drought stress. Proteins were
extracted from leaves, separated by 2D-PAGE. In the first dimension (IEF), 250 pg of
protein was loaded onto a 13 cm IPG strip with a linear gradient of pH 4-7. In the second
dimension (SDS-PAGE), 12.5 % polyacrylamide gel was used. Proteins were visualized
by silver staining. A. Control K86-161 (well-watered plants),B. Drought-stressed K86-
161,C. Control Khon Kaen 1 (well-watered plants), D. Drought-stressed Khon Kaenl.
The arrows point to 18 kDa protein position.
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Figure 4 Silver stained 2D-gel of protein from sugarcane leaves. A. Control K86-161 (well-
watered plants), B. Drought-stressed K86-161,C.Control Khon Kaen 1 (well-watered
plants), D. Drought-stressed Khon Kaenl. The arrows point to 18 kDa protein position.

4. CONCLUSIONS

In conclusion, under water stress conditions, the leaves of Khon Kaen 1 sugarcane line wilted and
turned yellow. In contrast to K86-161 showed normal growth when compared to the control.
Relative water content (RWC) in the leaves of stressed Khon Kaen 1 decreased from 83% to 60%
in 20 days, while it stayed at 84 % in those of the controls. This stress can be considered quite
severe for sugarcane plants, since RWC of leaf lower than 70% is known to induce marked
damages. In K86-161 leaves, RWC decreased slightly and remained constant at 86% in both
controlled and stressed plants. These results indicated that K86-161 was more tolerant to water
stress than Khon Kaen 1.
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Figure 5 Western blotting analysis of crude protein extracts from sugarcane leaves using the
polyclonal antibody raised against 18 kDa proteins (dilution of antiserum, 1:100). The
bands were visualized by alkaline phosphatase reaction. Lanes: 1 and 2 crude protein
extracts from sugarcane leaves of K86-161 line 0.1 and 0.05 pg/well respectively,
Lanes: 3 and 4 crude protein extracts from sugarcane leaves of Khon Kaen 1 line 0.1
and 0.05 ug/well respectively. Both plants were grown in the field under natural
drought condition.

After 2D-PAGE separation, the accumulation of 18 kDa protein was found in K86-161
sugarcane plant under drought stress conditions. The intensity of this protein was increased in
drought stressed K86-161 which is the drought tolerant sugarcane line when compared to control
and both conditions (well-watered and drought stressed plants) of Khon Kaen 1 which is the
sensitive sugarcane line. Furthermore, the polyclonal antibody was raised against 18 kDa protein
and used for Western analysis. The result showed that the 18 kDa protein bands from K86-161
expressed higher intensity than that of Khon Kaen 1 in equivalent total protein amount, thus
confirming the accumulation of the 18 kDa protein in response to water deficit and it has a high
potential for development as a marker in any screening techniques for drought-tolerant sugarcane
lines.
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