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Abstract Musa paradisiaca cv Lang belongs to the cooking banana group, and it has high
potential to be used in banana chips production. Like other cultivars, M. paradisiaca cv Lang is
susceptible to drought, which could affect banana growth and productivity. Therefore, in this study
we aimed to determine the physiological and biochemical changes of in vifro Lang banana
plantlets grown under drought stress. To achieve the objective, polyethylene glycol (PEG) was
added into the culture media to induce drought condition. The physio-biochemical data were
captured by determining root and leaves number, root length, total chlorophyll content, total
protein content, and antioxidant enzymes activities. Overall, decrement of roots length and
chlorophyll (Chl) content was displayed by the plantlets exposed to 1%, 2%, 3%, 4%, and 5%
(w/v) of PEG after three weeks of exposure. However, the proline content, total soluble protein
content, and antioxidant capacity in leaves and roots were varied in response to different
concentrations of PEG. Plantlets supplemented with 2% (w/v) of PEG recorded the highest proline
content in leaf (12.66+0.38 pmole/g FW) while the total soluble protein content was recorded the
highest in roots of 5% (w/v) of PEG-treated plantlets (30.65+1.07 mg/g FW). The highest catalase
(CAT) and guaiacol peroxidase (POD) activities were found in the leaf of 1% (w/v) (10.69+5.06
pgmol/min/mg protein) and 4% (w/v) (0.0794£0.03 pmol/min/mg protein) of PEG- treated plantlets.
Meanwhile, the highest ascorbate peroxidase (APX) activity was found in the roots of 3% (w/v) of
PEG-treated plantlets (16.69+0.5 ymol/min/mg protein). Therefore, these data show the capability
of Lang banana to develop physio-biochemical mechanisms in response to different levels of
drought stress, in which these data can be used in the future to develop drought tolerant Lang
banana.

Keywords: Antioxidant enzyme activity; chlorophyll content; drought stress; Musa paradisiaca cv Lang;
polyethylene glycol.

Introduction

Climate change has prolonged hot temperature period and reduced rainfall rate and freshwater
availability. These impacts lead to the occurrence of drought stress or dehydration that negatively affects
growth and productivity of many food crops including banana [1,2]. Banana requires different water
amount in different conditions. For instance, M. paradisiaca cv. Domino-Harton requires sufficient daily
water uptakes, which are about 26 L in sunny weather, 17 L in semi-cloudy weather, and 10 L in cloudy
weather [3]. Lack of water uptake by banana especially under sunny or drought condition can overheat
plant cells and tissues, decrease transpiration rate, and reduce photosynthetic rate [3,4]. These
physiological changes lead to reduction of banana yield and fruit quality [5]. Symptoms like wilting and
drying of leaves, reduced bunch and finger size, stunted growth, strangled birth, snapping of weak
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pseudo-stem, and formation of leaf petiole rosette may occur under severe water stress in banana.
Meanwhile, water withholding imposed at flowering stage of banana for one month showed a reduction
in the bunch weight, fruit length, and circumference in cultivars ‘Robusta’, ‘Karpuravalli’, and ‘Rasthali’
[6].

There are two types of bananas: edible banana and cooking banana. Musa paradisiaca cv. Lang or
known as Lang or Helang banana amongst Malaysian belongs to cooking banana group. This cultivar
has similar fruit shape with Musa paradisiaca cv. Tanduk but Lang banana produces more fruits with
smaller size compared to Tanduk banana [7]. In Malaysia, Lang banana fruits have been used to produce
banana chips and fritters. This cultivar may also offer health benefits to humans as most of the banana
cultivars have been reported to contain high antioxidant compounds [8].

Addition of PEG in the nutrient media can block absorption of water by root system, therefore mimicking
drought stress and decreasing photosynthesis rate [4]. Heretofore, PEG-induced drought stress has
been successfully studied in many plants such as soybean [10], rice [4], chickpea [11], banana [9],
tomato [12], peanut [13], and barley [14]. The level of drought stress induction however depends on
concentration of PEG and plant species. The reduction of photosynthesis rate under PEG treatment
could also be associated with chlorophyll degradation [13]. There are two chlorophyll pigments that play
vital roles in capturing energy from sunlight and running photosynthesis. Chl a is the main chlorophyll in
photosynthesis while Chl b role is to support Chl a by supplying more light energy [15]. Under drought
condition, photolysis of water could be interfered, therefore impairment of photosystem Il (PSII) occurs
and resulting Chl a reduction [16].

Previous study conducted on Grand Nain cultivar, the banana that belongs to dessert banana group
showed the reduction of root length, root number, and leaf number in response to PEG [9]. The
decrement of vegetative growth is due to cellular dehydration suffered by the plants. To lessen the
injuries, activation of antioxidant capacity has been reported in many plant species including dessert
banana, but none has been recorded on Lang banana, the cooking cultivar. Activation of enzymatic and
non-enzymatic antioxidants is generally occurred to protect plant cells from reactive oxygen species
(ROS) [17]. Enzymatic antioxidants like catalase, peroxidase, ascorbate peroxidase, and superoxide
dismutase are activated in stressed plants not only to reduce ROS but also malondialdehyde content
[5,18]. Similar function has also been observed for non-enzymatic antioxidants such as ascorbic acid,
tocopherol, and carotenoids [19]. Apart from that, the accumulation of proline in drought-stressed plants
is important to adjust cell osmotic and protect cell components as proline can maintain cell turgor during
water deficit, and therefore allowing cell enlargement and plant growth [20]. However, the physiological
and biochemical changes rely on plant species and cultivar, including banana, which none of the studies
has been reported on Lang cultivar. Therefore, in this study we aimed to determine physiological and
biochemical responses of in vitro Lang banana plantlets when the plants were treated with different
concentrations of PEG.

Materials and methods

Plant materials

In vitro plantlets of Musa paradisiaca cv. Lang were obtained from Plant Biochemistry and Biotechnology
Laboratory, Department of Biochemistry, Faculty of Biotechnology and Biomolecular Sciences, Universiti
Putra Malaysia, Malaysia. The in vitro plantlets were established from 4 months old of Lang banana
sword suckers. The pointed stem and leaves of sword suckers were cut until basal part reached 15 cm
length prior to surface sterilization. The sterilized meristem block tissues obtained were longitudinal cut
into half and cultured on full-strength of Murashigae and Skoog (MS) basal media [21] containing
Gamborg B5 vitamin [22] and 5 mg/L Kinetin (MS5K) at 24 + 2°C and photoperiod 16/ 8 hour for day and
night using Tubular 8 (T8) day light light-emitting diode (LED) 1080 lumen. The plantlets produced were
then cut and cultured on new MS5K media under the same growth condition. After 3 weeks of culture,
the plantlets were transferred onto full-strength MS basal media without plant growth regulators (PGRs),
named as MSO for a week prior to PEG treatment.

PEG treatment

The roots of banana plantlets were cut into 2 cm, and the plantlets were grown in full-strength of liquid
MS basal media containing Gamborg B5 vitamin and different concentrations of PEG 8000 (1%, 2%,
3%, 4% and 5% (w/v)) to induce drought stress [9]. The growth of banana plantlets was monitored by
recording the number of leaves, number of roots, and length of roots after 3 weeks of PEG treatment.
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The control treatment was conducted by growing the plantlets in full-strength of liquid MSO containing
Gamborg B5 vitamin. Each treatment consisted of five replicates.

Determination of total chlorophyll content in leaf

Frozen leaf sample with weight of 0.1 g was ground using pre-chilled mortar and pestle in 2 mL of 80%
(v/v) acetone. Calcium carbonate (0.1 g) was then added into the crude extract, and the mixture was
further homogenized. The extract was filtered using Whatman paper No.1 and the excess sample was
washed with acetone until it became colourless. The 80% (v/v) acetone was added into the mixture until
it reached 4 mL. The absorbance was measured at 645 nm (Chl b) and 663 nm (Chl a). The reading was
taken in triplicate. The total chlorophyll content was expressed as milligram per gram fresh weight (mg/g
FW). The content of Chl a, Chl b, and total Chl were calculated based on equation 1, 2, and 3 below:

12.3 Aggz— 0.86 Agas X V

Chl a (mg/g) = a x1000 x W (1)
19.3 4 -36A 14
Chl b (mg/g) n a6:<51000 X ?;3 - (2)
Total Chl = Total Chl a (mg/g) + Total Chl b (mg/g) 3)

Where Agss and Agss are the absorbance at 645 and 663 nm, V is the volume in mL, a is the length of the
light path in the cell (1 cm), and W is the fresh weight in grams [23].

Determination of total soluble protein content in leaf and root

The total soluble protein content of 0.1 g of frozen leaf and roots was respectively determined by grinding
each sample in 1.5 ml of extraction buffer containing 50 mM potassium phosphate buffer pH 7.5 and 5
mM dithiothereitol (DTT) at 4°C. The extract was centrifuged at 5,000 x g for 15 minutes at 4°C and the
supernatant was collected. The supernatant was kept at 4°C prior to protein and enzymes assays [24].

Protein solution (10 pl) was pipetted into a test tube. Then, 90 pl of extraction buffer (50 mM potassium
phosphate buffer pH 7.5 containing 5 mM DTT) was added into the protein solution. Afterwards, the
Bradford working buffer was added and the mixture was vortexed. The absorbance was measured at
595 nm after 2 minutes of incubation time using glass cuvette. The absorbance reading of the samples
was compared with a standard protein, the bovine serum albumin (BSA) [25]. The reading was taken in
triplicate and the results were compared with a protein standard curve. The protein standard curve was
plotted using BSA at range concentrations of 0.2 - 1.0 mg/mL as a standard protein. The total soluble
protein was expressed as milligram per milligram fresh weight (mg/mg FW).

Determination of catalase (CAT) activity

The CAT activity was assayed according to a method described by Azzeme et al. [16]. The 3 mL of
reaction mixture consisting of 50 mM potassium phosphate buffer (pH 7.0), 20 mM of 30% hydrogen
peroxide, and 50 pl of crude extract was prepared. The CAT activity was determined by measuring
absorbance at 240 nm after 3 minutes of incubation using LaboMed UV-VIS Spectrophotometer wherein
the potassium phosphate buffer was used as a blank. The reading was carried out in triplicate. The
enzyme activity was calculated as per its extinction coefficient of 36 mM/cm. The enzyme activity was
expressed as pmole per min per milligram protein (umole/min/mg protein).

Guaiacol peroxidase (POD) assay

The 3 mL of reaction mixture consisting of 0.1 mM potassium phosphate buffer (pH 6.0), 7.5 mM of 30%
of hydrogen peroxide, 15 mM of guaicol, and 50 yl of crude extract was prepared. The POD activity was
determined by measuring absorbance using LaboMed UV-VIS Spectrophotometer at 470 nm after 3
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minutes of incubation time. The potassium phosphate buffer was used as a blank solution. The
experiment was carried out in triplicate. The enzyme activity was calculated as per its extinction
coefficient of 25 mM/cm. The enzyme activity was expressed as pmole per min per milligram protein
(umole/min/mg protein) [16].

Ascorbate peroxidase (APX) assay

The 3 mL of reaction mixture consisting of 0.1 mM potassium phosphate buffer (pH 7.0), 1 mM of 30%
of hydrogen peroxide, 1 mM of ethylenediaminetetraacetic acid (EDTA), and 50ul of crude extract was
prepared. The APX activity was determined by measuring absorbance at 290 nm after 3 minutes of
incubation time. Potassium phosphate buffer was then used as a blank solution. The experiment was
carried out in triplicate. The enzyme activity was calculated as per its extinction coefficient of 2.8 mM/cm.
The enzyme activity was expressed as pmole per min per milligram protein (umole/min/mg protein) [16].

Determination of total proline content

Proline content was determined according to a method described by Bates et al. [26]. The total proline
was extracted by homogenizing the leaf (0.3 g) in the 6 mL of aqueous sulfosalicyclic acid. The mixture
was centrifuged at 13,000 x g for 30 minutes. Then, 2 mL of supernatant was taken and mixed with 2
mL of ninhydrin solution and 2 mL of glacial acid in the test tube. The mixture was incubated for 1 hour
at 100°C. After 1 hour, the mixture was immediately incubated on ice for 5 minutes to terminate the
reaction. Toluene (4 mL) was added into the mixture and the reaction mixture was mixed vigorously
using micropipette. The absorbance reading was taken at 520 nm using toluene as a blank. The reading
was taken in triplicate. The total proline content was expressed as umole proline per gram fresh weight
(umoles/g FW). The proline concentration was determined from a standard curve and calculated on a
fresh weight basis using following equation:

pmoles proline/ gram of fresh weight material = [(ug proline/mL x mL toluene) / 115.5 4)
pg/umole] / [(g sample)/5]

Statistical analysis

The data of each parameter were subjected to one-way analysis of variance (ANOVA). The significant
of the difference between the means was determined by Tukey’s multiple range test (p< 0.05) using
SPSS (Statistical Packages for the Social Sciences) software. The values were expressed as means of
triplicate determinations + standard error (SE).

Results and discussion

In this study, PEG has capability to induce drought stress or osmotic stress for in vitro Lang banana.
PEG is a high molecular weight compound that has been exploited as an osmotic agent to block the
absorption of water through plant roots. The blockage leads the plants to suffer dehydration, and
therefore mimicking drought stress condition [4,27]. In this study, PEG with a molecular weight of 8000
dalton was utilized because it has been proven to have an ability to induce osmotic stress in banana
[28,29,30,31]. From our observation, the application of PEG 8000 had affected the growth of leaf and
roots of Lang banana plantlets. The number of leaves increased in all PEG treatments (Table 1). The
increment is probably due to physiological adjustment of plantlets in order to maintain photosynthesis
under unfavorable condition. These findings were contradictory with previous findings that showed
reduction of leaf number in PEG-stressed banana plantlets as reported by Ismail et al. [32] for Mas and
Berangan cultivars and Said et al. [9] for Grand Nain cultivar. Therefore, the present findings suggest
the involvement of antioxidant activities in treated Lang banana plantlets that might facilitate the
maintenance of cell division in leaf. This response was also observed in tolerant maize hybrid [33].
Application of PEG in the culture media also negatively affected the average root length of the Lang
banana plantlets as compared to the control media (Table 1), which the decrement of average root length
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was observed from 9.84+0.55 cm to 3.43+0.66 cm. The decrement of root length in this study was in
line with a study conducted by Said et al. [9] for PEG-treated Grand Nain cultivar. The decrement of root
length is probably due to the disruption of root meristem cells, therefore disrupting cell division and
elongation processes. Accumulation of abscisic acid in Lang banana roots might also be a reason of root
inhibition. As reported by Brunner et al. [34], the root growth inhibition in plant responding to drought
stress is due to abscisic acid accumulation in the stressed cells.

Table 1. The number of leaves, number of roots, and length of roots (cm) of Lang banana plantlets treated with different concentrations
of PEG. Means with different letters are significantly different at p < 0.05 by Tukey’s Test.

PEG Treatment (%) Number of leaves Number of roots Length of roots (cm)
0 5+0.61° 7+0.112 9.84+0.55°
1 7+0.75° 6+0.28° 6.68+0.33°
2 7+0.69° 7+0.24° 6.24+0.58¢°
3 6x0.172 4+0.514 3.43+0.66
4 7+0.89° 7+0.55¢ 5.98+0.252
5 60.132 7+0.33° 7.46+0.57°

Figure 1. Morphological appearance of Lang banana plantlets after 3 weeks of exposure to different concentrations of
PEG 8000. (A) Control plantlet; (B) 1% of PEG treated plantlet; (C) 2% of PEG treated plantlet; (D) 3% of PEG treated
plantlet; (E) 4% of PEG treated plantlet; (F) 5% of PEG treated plantlet.
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Lipid peroxidation that arises due to osmotic stress can induce chlorophyll degradation [35,36]. In this
study, the leaf color of stressed plantlets changed from green to yellow when they were exposed to PEG,
showing the disruption of photosynthesis. The clear observation can be seen when PEG exposure was
increased to 5% as shown in Figure 1F. The alteration of leaf color might be due to the chlorophyll
degradation, which was proven by chlorophyll content analysis (Table 2). The total chlorophyll content,
Chl a, Chl b, and ratio of Chl,:Chl, were decreased when responding to all PEG concentrations. The
activation of chlorophyllase enzyme might be a significant reason for depletion of chlorophyll content as
reported by Mihailovi¢ et al. [37]. Chlorophyllase is one of important enzymes involved in chlorophyll
metabolism that catalyzes the hydrolysis of chlorophyll into chlorophyllide and phytol [38]. In a study
conducted by Haider et al. [39], the pheophorbide a oxygenase (PAO) was up-regulated in Prunus
persica L. under drought. PAO involves in degradation of chlorophyllide a into non-fluorescent chlorophyll
catabolites. Similar observations were also reported by previous studies in banana [40,41] and other
plants [12,42].

Table 2. Total Chlorophyll a (Chl a) content, total chlorophyll b (Chl b) content, total chlorophyll (TC) content and Chl a:Chl bratio in the
leaf tissue of Lang banana plantlets treated with different concentrations of PEG. Means with different letters are significantly different at

p < 0.05 by Tukey’s Test.

PEG Treatment (%) Chl a (mg/g FW) Chl b (mg/g FW) TC (mg/g FW) Chl a:Chl b
0 2.39+0.02¢ 0.95+0.02° 3.3310.24° 2.4
1 1.26+0.12° 0.54+0.10° 1.81+0.13% 2.6°¢
2 1.25+0.03 0.57+0.04° 1.82+0.042b 2.0%
3 0.57+0.04° 0.29+0.082 0.87+0.032 2.0%
4 1.64+0.03° 0.61+0.11°P 2.25+0.14% 2.7°¢
5 0.52+0.022 0.51+0.13° 1.03+0.222 1.02

Proline is an amino acid, which is known to involve in cell osmotic adjustment and cell component
protection during drought stress [43,44]. Figure 2 shows the highest accumulation of total proline content
in Lang banana plantlets treated with 2% of PEG (12.66+0.38 pmole/g FW) followed by 1% of PEG
(10.6840.03 pmole/g FW) and 3% of PEG (9.00+4.38 pmole/g FW) compared to that of control
(8.28+0.44 ymole/g FW). The total proline content was significantly decreased in plantlets treated with
5% of PEG (6.44+0.78 ymole/g FW) and 4% of PEG (4.81+0.04 ymole/g FW) compared to control. The
findings therefore show an ability of Lang banana plantlets to accumulate high proline to maintain cell
turgor under osmotic stress. This may allow cell enlargement and adaptation of plant growth under water
stress. The proline also allows stomata to remain at least partially opened for CO, assimilation to
continue [20,45]. The proline produced may also react as nonenzymatic antioxidant, therefore, it can
protect cell from injuries due to high production of ROS. However, when there is high accumulation of
enzymatic antioxidant in cell, the condition may cause the decrement of total proline content [46].
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Figure 2. Effect of different concentrations of PEG on the total proline content in leaf of Lang banana
plantlets. Data represent as means + SE. Different letters represent as significant difference at
p < 0.05 Tukey’s range test.

The total soluble protein content of PEG treated leaf was significantly decreased compared to that of
control (36.28+3.24 mg/g FW) (Figure 3A). The total soluble protein content in leaf treated with 1%, 2%,
3%, 4%, and 5% were 7.49+1.53, 34.50+3.46, 10.14+1.36 mg/g FW, 12.74+2.49, and 10.85+0.99 mg/g
FW, respectively suggesting the accumulation of different drought related proteins. The reduction of total
soluble protein content in leaf might also be due to immediate decrease of photosynthetic proteins
especially Rubisco. It is because 80% of total soluble proteins in many plants are derived from Rubisco,
which is a key enzyme in Calvin cycle [41]. The significant decrease of total soluble protein content in
banana leaf was also observed in Karpuravalli, Karpuravalli x PisangJajee, Saba, Sanna Chenkathali,
Poovan, Ney poovan, Anaikomban, Matti x Cultivar Rose, Matti, Pisang Jajee x Matti, Matti x
Anaikomban, and Anaikomban x Pisang Jajee cultivars [47]. In Lang banana roots, the total soluble
protein content was only decreased in 1% and 3% of PEG treated plantlets. The protein content however
increased in 2% (28.05+6.67 mg/mg FW), 4% (25.10+0.44 mg/mg FW), and 5% (30.65+1.07 mg/mg
FW) of PEG treated plantlets compared to that of control (23.90+3.42 mg/g FW) (Figure 3B). The
adjustment of protein content in roots is probably due to the direct contact of roots to PEG containing
media that sense the drought stress. Similar findings were also reported in rice by Agrawal et al. [48]
and banana by Amnan et al. [49]. Further, the root is the first organ that perceives the drought signal.
Thus, the higher protein content in roots under all PEG treatments compared to the leaf is due to
accumulation of stress-responsive proteins to protect the root cell from drought stress [41].
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Figure 3. Effect of different concentrations of PEG treatment on the total soluble protein content in (A) leaf and (B) root of Lang
banana plantlets. Data represent as means + SE. Different letters represent as significantly different at p < 0.05 Tukey’s range test.
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Drought stress exposure activates enzymatic antioxidants [50]. In this study, the activities of CAT, POD,
and APX were analyzed. Overall, the present findings showed the different modulations of CAT activity
in leaf and roots of Lang banana during combating against drought stress. The CAT activity in leaf was
significantly increased compared to control (0.21£0.02 pmol/min/mg protein). The highest CAT activity
was observed in the leaf treated with 1% of PEG (10.69+0.56 ymol/min/mg protein) followed by 5% of
PEG (7.52+0.55 pmol/min/mg protein), 3% of PEG (3.7840.31 pmol/min/mg protein), 4% of PEG
(3.44+0.95 pmol/min/mg protein), and 2% of PEG (1.91+0.48 pymol/min/mg protein) (Figure 4A). The
reduction of CAT activity was observed in roots of plantlets treated with 2% of PEG (0.36+0.01
pmol/min/mg protein) followed by 4% of PEG (0.35+0.14 pmol/min/mg protein) and 5% of PEG
(0.27+0.12 pmol/min/mg protein) compared to that of control (0.41+0.01 ymol/min/mg protein) (Figure
4). However, the CAT activity in roots was higher than control plantlets treated with 3% of PEG and 1%
of PEG. The decrease in CAT activity in stressed plantlets is due to an increase accumulation of lipid
peroxidation, which produces ROS that can cause loss of protective function of antioxidant enzymes that
protect the plant [51]. Previous study on pigeon pea reported that CAT activity decreased after PEG
exposure (1.33+0.42 pymol/min/mg protein) compared to control (2.20+0.86 pmol/min/mg protein) [52].
Meanwhile, the high CAT activity is probably due to the involvement of CAT in protecting leaf tissue
against drought stress.
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Figure 4. Effect of different PEG concentrations on catalase (CAT) activity in (A) leaf and (B) roots of Lang banana plantlets. Data
represent as means + SE. Different letters represent as significantly different at p < 0.05 Tukey’s range test.

The highest POD activity in leaf was observed in plantlets treated with 4% of PEG (0.079+0.03
pmol/min/mg protein), followed by 1% and 3% of PEG compared to control (0.025+0.04 pmol/min/mg
protein). The POD activities in 5% of PEG (0.043+0.08 pmol/min/mg protein) and 2% of PEG (0.029+0.02
pmol/min/mg protein) treated plantlets were significantly reduced compared to control as shown in Figure
5A. The different trends of POD activity were also observed in roots. The POD activity was significantly
increased in roots treated with 2% of PEG (0.029+0.02 pmol/min/mg protein) and 3% of PEG
(0.01240.01 pmol/min/mg protein) compared to that of control (0.008+0.02 ymol/min/mg protein) (Figure
5). Guo et al. [53] also determined similar finding for POD extracted from root and leaf of Lycium
ruthenicum Murr. However, POD activity was reported to be increased in all treatments in maize [54].
The variation trends in enzymatic activities in plants are most probably due to the different plant species,
plants age, treatment durations, and experimental conditions [55]. Apart from that, the different stress
levels received by the banana plantlets might also interfere the three-dimensional structure of the
enzyme as reported by Azzeme et al. [16]. Thus, POD enzyme in the Lang banana root might also be
affected by the drought stress. In present study, the scavenging activity of hydrogen peroxide in root was
led by APX.
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Figure 5. Effect of different concentrations of PEG treatment on guaiacol peroxidase (POD) activity in (A) leaf and (B) root of
Lang banana plantlets. Data represent as means + SE. Different letters represent as significantly different at p < 0.05 Tukey’s
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Figure 6. Effect of different PEG concentrations on ascorbate peroxidase (APX) activity in (A) leaf and (B) roots of Lang banana
plantlets. Data represent as means + SE. Different letters represent as significantly different at p < 0.05 Tukey’s range test.

The APX activity in leaf was significantly increased compared to control plantlets (0.83+0.30
pmol/min/mg protein). The highest APX activity in leaf was observed in plantlets treated with 5% of PEG
(9.11+8.47 pmol/min/mg protein) followed by 1% of PEG (9.07+ 2.71 ymol/min/mg protein), 4% of PEG
(4.07+4.73 pmol/min/mg protein), 3% of PEG (2.9347.03 pmol/min/mg protein), and 2% of PEG
(2.54+0.51 ymol/min/mg protein) (Figure 6A). APX has a high affinity in eliminating hydrogen peroxide
even in a small amount. Moreover, APX has an ability to keep hydrogen peroxide concentration low
when plants are under stress condition [56]. Previous study reported that APX activity of moderate
drought stress (2.7 pmol/min/mg protein) and severe drought stress (3.2 pmol/min/mg protein)
decreased compared to control (3.8 ymol/min/mg protein) in citrus plant. This is due to the high proline
content that becomes a main compound to prevent ROS, and APX may not be involved in preventing
ROS in the cell [57]. The significant increase of APX activity under 5% of PEG treatment in leaf might be
due to incorporation of APX with other antioxidant enzymes such as CAT to induce more tolerance to
drought stress. The APX and other enzymes are also reported to involve in the ascorbate-glutathione
cycle. The overexpression of APX with other antioxidant enzymes leads to the increase tolerance under
environmental stress [58]. Meanwhile, the reduction of APX under severe stress condition in root could
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be due to instability of enzyme structure as reported happened to POD enzyme. Therefore, it could be
observed that in general the stability of antioxidant enzymes is dependent on the strength of the stress
received by the plants.

Overall, the APX activity was significantly decreased in roots of Lang banana plantlets treated with 1%
of PEG (11.75+0.41 pmol/min/mg protein), 2% of PEG (10.80+0.67 umol/min/mg protein), 4% of PEG
(15.3740.40 pmol/min/mg protein), and 5% of PEG (4.52+2.85 ymol/min/mg protein) compared to control
(15.774£0.73 pmol/min/mg protein) as shown in Figure 6B. However, the 3% of PEG treated plantlets
showed slightly higher in the APX activity compared to control. Thus, the findings suggest the high
accumulation of hydrogen peroxide in Lang banana roots could be a factor of decrement of APX activity.
It is because APX is reported can immediately inactivate under excess production of hydrogen peroxide,
which can cause cellular damage in the drought-stressed cell [59].

Conclusions

The PEG treatment had significantly affected the Lang banana growth. The root length and total
chlorophyll content of treated plantlets decreased in response to PEG treatment. The total proline content
however increased in leaf with the increment of PEG concentrations but the decrement of proline content
in leaf was observed in plantlets treated with high concentration of PEG. Meanwhile, variation amount of
total soluble protein content was quantified in leaf and roots of treated plantlets. For enzymatic
antioxidants, the CAT, POD, and APX activities were found the highest in roots, yet in the leaf the findings
showed variation in activities of CAT, POD, and APX. Therefore, based on these findings, we found that
Lang banana plantlets have capability to develop defense mechanisms by modulating physio-
biochemical responses when they responding to different concentrations of PEG.
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