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Abstract

Melinjo is the family of Gnetaceae that contains high antioxidant compound withthe potentialsof being medicinal plant useful
for human health. In plant, antioxidant functions as defense system against reactive oxygen species (ROS) highly accumulated
by unfavorable environment such as drought stress. Ascorbate peroxidase (APX) is one of the antioxidant enzymes needed for
defense system against ROS. In this study, drought stress was stimulated by polyethylene glycol (PEG) in various
concentrations (0 to 15%). The results showed drought stress decreased several morphological characters and chlorophyll
content of Melinjo seedlings. On the contrary, drought stress increased the level of malondialdehyde (MDA), hydrogen
peroxide (H,0,), and the expression of APX. The H,O, was increased from 40.31 umol/g FW to 87.24 umol/g FW at 15%
PEG. While MDA level was increased from18.55 nmol/g FW to 38.20 nmol/g FW at 15% PEG. The expression of APX in
the RNA level and the enzyme activity of 15% PEG were increased 2 folds higher than the control. Thus, APX can be infered
to be an inducible agent as the key enzyme which plays a pivotal role in the defense mechanism of Melinjo seedlings against

drought stress. © 2018 Friends Science Publishers
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Introduction

Drought is one primary unfavorable condition which
influences most crops in the world (Dorota et al., 2016).
Plant responses drought stress through high reactive
accumulation of oxygen species (ROS) such as superoxide
anion (0%), singlet oxygen (*O,), and hydrogen peroxide
(H,0O,) (Caverzan et al., 2012; Sharma et al., 2012). It
causes an oxidative damage at the cellular level (Yoshimura
et al., 2000) that disrupts protein, lipid, and fatty acid (Jiang
et al., 2010). Furthermore, the damage may cause cell death
and suppress the plant growth and development that
eventually impacts reduction of crop production. There are
many mechanisms in plant defense against ROS one of
which is through antioxidant system. The antioxidant is
used to avoid a large amount of ROS by preventing the
cellular damage and keep the cellular metabolism in balance
(Racchi, 2013).

Recently, researchers have discovered the antioxidant
compoundsof the medicinal plant for pharmaceutical and
nutraceutical purpose namely Melinjo (Gnetum gnemon).
Melinjo seed extract contains reserveratol which contains
antibacterial and antioxidant activity (Hisada et al., 2005).
The ethanol extract of Melinjo seed has known contain
stilbenoids which have 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity, one is gnemonoside A

which has antibacterial activity to depress the multiplication
of enterobacteria to prevent it from making negative impacts
on human health (Kato et al., 2009). The seed extract of
Melinjo also contains active gnetin C that possess an
antitumor activity in human and murine tumor cell
(Narayanan et al., 2011).

Siswoyo et al. (2011) suggested that 9-10% protein in
the Melinjo seed has high antioxidants which will likely
actas the scavenging agent against free radical. Siswoyo et
al. (2017) recently reported that the fermented flour extract
from Melinjo seeds increased the capability to resist the
oxidative damage. Terangpi et al. (2013) also reported this
tree has potentials to be multiple benefits-food supply.
Melinjo is the family of Gnetaceae closely related to Ginkgo
biloba, as the ancient tree. It is widely spread in Southeast
Asia and Melanesia as an important Agroforestryspecies
which might betolerant in various unfavorable conditions
including several months of drought stress (Manner and
Craig, 2006).

Many antioxidants play a pivotal role in hindering the
oxidative damage caused by unfavorable conditions one of
which is ascorbate peroxidase (APX). The expression of
APX may be activated by various factors one of which is
water deficit (Dabrowska et al., 2007). It acts as the key
enzyme to catalyze the reaction of H,O, into H,O (Correa-
Aragunde et al., 2013). According to Tarchoune et al.
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(2010), APX used 2 molecules of ascorbateto reduce H,0,
into the water in a variety of cellular compartments.

This study was aimed at evaluating whether or not
drought stress was able to trigger the expression of APX in
Melinjo seedling. Its expression may deal with the
capability for scavenged ROS accumulated by drought
stress. Many researches have been conducted dealing with
the use of antioxidant for Melinjo medicinal purposes, but
its role as the defense mechanism under drought stress has
not yet been explored.The study on the expression of
antioxidant and its capacity to scavenging ROS
accumulation not only enables to figured out the role of
APX in alleviating the ROS accumulated by drought stress,
but also show the potential use as germplasm enhancement
of Melinjo.

Materials and Methods
Plant Preparation and Drought Stress Treatment

This study was carried out using 11-month melinjo (Gnetum
gnemon L., Gnataceae) seedlings, which taken from the
collection of Laboratory of Plant Analysis, University of
Jember, East Java, Indonesia. The seedlings were
transplanted in polybag containing soil, compost, and sand
(1:1:1). The plants were watered every three days in field
capacity for each polybag. The experiment consisted of four
treatments such as 0% PEG (control), 5% PEG (5 g/100 mL
H,0), 10% PEG (10 g/100 mL H,0), and 15% PEG (15
9/100 mL). Prior to treatment with PEG, all seedlings have
been adapted for 1 month after transplantation. Five
replications were provided for each treatments and designed
in a random block for all treatments. The leaf samples and
the data of morphological characters were taken after6
weeks of treatment.

Determination of Chlorophyll Content

The chlorophyll content was determined by Lichtenthaler
and Wellburn (1983). The leaf samples (0.05 g) were
homogenized in 80% acetone and centrifuged at 6000 rpm
for 10 min at 4°C. The remaining pellet was added by 80%
acetone and re-centrifuged at 6000 rpm for 10 min at 4°C.
The supernatant after centrifugation was collected and
added with 80% acetone up to 20 mL. The absorbance was
measured at 646 nm and 663 nm.

The Determination of Oxidative Damage and Reactive
Oxygen Species Accumulation

The oxidative damage was assayed according to
malondialdehyde (MDA) content in the leaves, determined
according to Cakmak and Harst (1991). Briefly, 0.2 g fresh
leaf homogenized in 5 mL of 0.1% trichloroacetic acid
(TCA), centrifuged at 4°C, 13000 rpm for 5 min. The
supernatant was used for assay by the reaction of 1 mL of
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supernatant and 4 mL of 0.5% thiobarbituric acid that
dissolved in 20% TCA. The mixture was incubated at 90°C
for 30 min and the absorbance was measured at 532 nm and
600 nm. The MDA content was determined by the molar
extinction of 155 mM cm™.

The reactive oxygen species (ROS) were estimated by
the level of hydrogen peroxide (H,0O,) in the leaves by using
Christou et al. (2014) method. The H,O, content was
determined based on the standard calibration curve using the
same solution without additional samples.

Sample of Extraction and Ascorbate Peroxidase Activity
Assay

The extraction was carried out using 0.5 g leaf samples that
ground in 0.1 M phosphate buffer containing 0.5 mM
EDTA, then centrifuged at 4°C for 15 min at 10.000 rpm.
The APX activity was assayed in 3 mL total reaction
volume containing 50 pL of enzyme extract, 50 mM
phosphate buffer (pH 7.0), 30% H,0,, and 5 mM ascorbic
acid (Nakano and Asada, 1981). The activity was calculated
by molar extinction 2.8 mM™ cm™ based on the oxidation of
ascorbate at 290 nm for 2 min.

Total RNA Isolation and cDNA Synthesis

The RNA was isolated from 0.1 g leaf samples, following
the protocols from total RNA plant isolation kit
(NucleoSpin® RNA Plant, Machenery-Nagel). Total
elution was 40 pL and the concentration of RNA was
measured at 260 nm and 280 nm using nanodrop
spectrophotometer (GE Nanovue Plus). For the cDNA
synthesis, 900 ng RNA was dissolved in 20 uL RT-
Premix (Bioneer Hyper Script RT) and used as template
for polymerase chain reaction. Polymerase chain reaction
(PCR) condition was conducted at 94°C for 30 sec, 58°C
for 30 sec, 72°C for 30 sec, and 72°C for 7 min as final
extension. The primer used for PCR was APX2 with the

sequence were
CCATGGTGAAGAAGAGTTACCCGGAAGT
(forward) and

TCTGAGATTACTCCTTGTCAGCAAACCCGA
(reverse). The primer used for reference gene was f-
tubulin, ATCGATTCCGTTCTCGATGT (forward) and
ATCCAGTTCCTCCTCCCAAC (reverse). PCR product
was visualized in 1.5% agarose gel. To evaluate the
different of the expression level for each sample, the
thickness of DNA band was quantified, using Image J
software (Java 1.6.0_20).

Statistical Analysis

The experimental results was subjected to identify the
significant difference by using analysis of variance
significant difference was continued using Duncan multiple
range test at P<0.05 using SPSS statistic software (version
17.0).
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Results
Effect of Drought Stress on Morphological Characters

Drought stress decreased several morphological characters
of Melinjo seedlings (Table 1). Drought stress induced by 5
to 15% PEG significantly decreased the fresh weight, leaf
number, leaf area, and shoot diameter, but not significantly
effected on the shoot length. The fresh weight was
statistically different between control and drought stress
treatment, it was 28.4% below the control. For the leaf area
and number of leaf, they were decreased up to 38.09 and
36.05% below the control, which found at 15% PEG. The
increasing concentration of PEG was statistically different
affected on the leaf area. While the shoot diameter was
decreased in the 10 to 15% PEG treatment, it was 6.9%
below the control. Drought stress induced with 15% PEG
caused the lowest value of fresh weight, leaf area, number
of leaf, and shoot diameter. The increasing concentration of
5 to 15% PEG was not statistically different for fresh weight
and number of leaf. The morphological differences among
each treatment were showed at Fig. 1. There were revealed
that drought stress induced by PEG inhibited the growth of
Melinjo seedlings (Fig. 1a) and the leaf area which also
followed with the yellowing leaves (Fig. 1b). The yellowing
leaves indicated the lack of chlorophyll that called chlorosis.

Total Chlorophyll Content on Melinjo Exposed with
Drought Stress

The effect of drought stress on chlorophyll content was
showed in Table 2. It revealed that drought stress was
significantly decreased the chlorophyll a, chlorophyll b, and
total chlorophyll content. The chlorophyll a decreased
22.88, 39.41; and 33.90% for 5, 10 and 15% PEG below the
control respectively. The chlorophyll b in drought stress
treatment decreased up to 50.4% below the control in 15%
PEG treatment. While the total chlorophyll decreased up to
42.36% below the control. The increasing concentration of
PEG from 5 to 15% did not affect the decrease of
chlorophyll content significantly.

Malondialdehyde and Reactive Oxygen Species Level in
Response to Drought Stress

Drought stress increased the level of malondialdehyde and
reactive oxygen species (Fig. 2). The content of
malondialdehyde (MDA) showed the high amount of lipid
peroxidation in leaf. There was statistically different among
each treatment, the MDA content increased by 29.27, 57.36,
and 104.91% for 5, 10, and 15% PEG compared to the
control. While ROS accumulation was shown in the level of
hydrogen peroxide (H,O,) in leaf. It was statistically
different, between control and drought stress treatment or
among the increasing level of PEG concentration. The
highest accumulation of H,O, was found at 15% PEG
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treatment, it was 116.42% above the control. While the
treatment of 5 and 10% PEG was increased the H,O, were
33.27 and 103.69% above the control.

Expression of Ascorbate Peroxidase in Response to
Drought Stress

Drought stress induced the expression of ascorbate
peroxidase that estimated based on the transcript level and
post translation level. The transcript level was determined
according to the band area of cDNA as the result of reverse
transcription of RNA that isolated from Melinjo leaf for each
treatment. While in the post translation level was estimated
by the enzyme activity of APX. The expression of ascorbate
peroxides in RNA level was estimated based on the band
area of the cDNA that visualized in 1.5% agarose gel (Fig.
3). Based on the band area, there was significant difference
between the control and PEG treatment 5, 10, and 15% PEG
treatment it was 20.98, 40.22, and 92.87% above the control.
The band area may estimate the expression level of the gene.
This result revealed that drought stress by PEG up to 15%
was able to induce the expression level of APX. Tubulin was
used for the gene reference to show that the increasing level
of APX expression was only caused by PEG.

The activity of APX showed the similar result as its
expression on the RNA level. The activity of APX increased
in drought stress treatment induced by PEG. The increasing
concentration up to 15% PEG was able to induce the
activity of APX. There was a significant difference between
control and PEG treatment 5 to 15%. The activity of APX
was extremely increased in 15% PEG, it was 77.08% above
the control (Fig. 4). While the concentration of 5 and 10%
PEG might increase the activity 27.08% and 37.5% above
the control.

Discussion

Drought stress is one major environmental stress that
affected mostly in crop production over the worldwide. The
crop plants for instance fruits, vegetables, and grains have an
economical value for human being which the production rate
is influenced by environments (Basu et al., 2016). Drought
stress induced by polyethylene glycol caused the reduction of
fresh weight, leaf area, shoot diameter, number of leaf, and
chlorophyll content of Melinjo seedlings used in this
experiment. On the contrary, drought stress caused the
increasing level of MDA and H,0O, content, also the
expression and enzyme activity of APX. Agele (2003)
reported that the drought stress reduced the shoot length,
shoot diameter, leaf area of sunflower during vegetative
stage. Drought stress impact the loss of turgor in leaf (Farooq
etal., 2010) and the decrease of the fresh biomass production
(Farooq et al., 2009). The turgor pressure in leaf plays a
pivotal role in cell expansion and cell enlargement (Tardieu
et al., 2011). It can correlate with the reduction of the plant
growth. Leaf area due to the leaf growth is important for
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Table 1: Effect of PEG on morphological characters in Melinjo seedlings six weeks after treatment

PEG (%) Shoot length (cm) Fresh weight (g) Leaf area (cm?) Number of leaf Shoot diameter (cm)
0 76.5° 79.19° 45.23" 40.00° 0.72°
5 7190° 58.73" 40.00° 27.25° 0.70*
10 74.14° 57.65° 3175 255° 0.67°
15 75.75° 56.70° 28.00° 24.00° 0.67%

Values are means with letter by Duncan’s multiple range test at P<0.05, the same letters in a column are statistically non-significant

Table 2: Effect of PEG treatment on the Chlorophyll Content in Melinjo seedling

PEG (%) Total Chlorophyll (mg/g FW) Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW)
0 3.82° 2.36" 1.45°
5 2,62 1.82% 0.80°
10 2.20° 143 0.76°
15 2.28° 1.56° 0.72*

Values are means with letter by Duncan’s multiple range tests at < 0.05, the same letters in a column are statistically non-significant
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Fig. 1: Morphological character of Melinjo seedlings 6 weeks after treatment. (a) Melinjo seedlings after 6 weeks
treatment, (b) Leaves area and leaves color after 6 weeks treatment
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Fig. 2: H,0, content and MDA content of Melinjo seedlings 6 weeks after treatment, 0 (control), 5, 10, and 15 % PEG.
The values were followed with standard deviation. Values are means with letter by Duncan’s multiple range test at
P<0.05, the same letter on each graph is statistically non-significant
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Fig. 3: The cDNA band visualization in 1.5 % agarose gel, using primer of APX2(1) and tubulin (I1), band thickness
quantification using image J software (111). a. 0 % PEG; b. 5 % PEG; c. 10 % PEG,; d. 15 % PEG

photosynthesis metabolism. Water deficit may cause
reduction in leaf growth in the plant (Farooq et al., 2009).
The reduction of leaf area impacts the decrease of the
photosynthetic rate in line with the photosynthetic products.
The photosynthetic rate was not only affected by the
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reduction of the leaf area, but also by the loss of the
chlorophyll content visualized on the degradation of the
green leaf color. Chlorophyll is the green component in the
plant cell that crucially acts in the photosynthetic process by
absorbing the light used for energy in carbohydrate synthesis
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Fig. 4: APX activity in Melinjo seedlings 6 weeks after
treatment, 0 (control), 5, 10, and 15% PEG. Values are
means with standard deviation and letter by Duncan’s
multiple range test at P<0.05, the same letter on each graph
is statistically non-significant

from carbon dioxide and water (Khalegi et al., 2012). There
are two major parts of the chlorophyll sensitively affected by
drought stress they are chlorophyll a and chlorophyll b. The
same result was found at sunflower exposed by drought
stress that caused the reduction in the chlorophyll a,
chlorophyll b, and total chlorophyll (Manivannan et al.,
2007) and chickpea at the vegetative and flowering stages
(Mafakheri et al., 2010). The reduced amount of chlorophyll
in leaf is related to the accumulation of ROS during drought
stress, it leads to lipid peroxidation that followed with the
degradation of chlorophyll (Kumar et al., 2011).

Lipid peroxidation formed by the reaction of oxygen
by taking the electron from the unsaturated lipid which
contains reactive hydrogen atom in the plant cell. It can be
detected by MDA level as a secondary product of the
oxidation process in lipid, it often used as biomarker of lipid
peroxidation. Mirzae et al. (2013) noted that the level of
MDA was raised along with the higher concentration of PEG
in canola (Brassica napus L.) SLMO046 cultivar. The high
amount of MDA content in leaf may show the cellular
damage generated by ROS accumulation. The accumulation
of ROS was indicated by the H,O, content in leaf. It is most
stable among the other ROS compounds and was able to
reactively oxidize other molecules (Michelet et al., 2013).
Based on the result, H,O, content was increased during the
increasing level of PEG concentration that induced the
higher level of drought stress. The increasing amount of
H,0, showed the level of oxidative damage and complex
signaling mechanism evolved in response to stress (Gunes et
al., 2007). When the H,0; is too highly accumulated in cell,
it may cause the cellular damage. In the low level, H,0, may
play a pivotal role as the intracellular signal that mediated
several cellular responses (Sharma et al., 2012). On the other
hand, it may trigger the higher activity of the antioxidant
enzymes due to its role as a ROS precursor (Mittler, 2002).

The expression of APX was higher than the control,
both in the RNA level and the enzyme activity. This
suggested that the antioxidant enzyme mechanism was
against ROS accumulation produced in drought stress
treatment. Drought stress would induce the change of the
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gene expression in the nucleus by transcription and was
continued by translation process (Buchanan et al., 2015).
Ascorbate peroxidase is an antioxidant enzyme, which acts
an important role in drought stress and its recovery system
(Sofo et al., 2015) and in the reduction of H,O, into H,O in
many cell compartments (Tarchoune et al., 2010).
scavenges potential adverse of H,O, from the chloroplasts
and cytosol of the plant cells (Faize et al., 2011). There are
many genes which encode the APX as the antioxidant
enzyme, one is APX2. The result was based on the RNA
level shown in Fig. 4 estimating the expression level. While
the enzyme activity was used to estimate the post
translational level, as the expression product that directly
takes a part in H,O, scavenging system. The different
expression level of APX2 in Melinjo seedlings was
estimated based on the band thickness using Image J
software. The result was based on the band area from Image
J software gives the similar trend with the gPCR result, as
reported by Antiabong et al. (2016) who has analyzed the
DNA concentration from Fusarium necrophorum using
conventional PCR and gPCR and the result showed both
have similar trends.

Drought stress induced by polyethylene glycol could
trigger the expression of APX2 in Melinjo seedlings. The
concentration of 15% PEG showed the highest expression
than the other. The same result was found in the rice,
OSAPX4 gene whichcodes the APX enzyme in rice leaf and
root has increased when exposed to a biotic stress, including
PEG 6000 (Guan et al., 2010). This result was in correlation
with the APX activity. The significant increase and highest
activity was found in 15% PEG treatment. The same result
was reported by Mirzae et al. (2013) in Hyola cultivar 308,
that 10% and 15% PEG was significantly induced by the
higher level of APX activity in shoots and roots. Enzymes
that scavenge ROS must pretend in two roles, in the active
and deactivated state. In active state, enzymes were
activated by signaling components to keep ROS
concentration at safe levels. While in deactivated state, the
ROS concentrations reach the crucial level which causes the
signaling components and unable to activate the enzymes
(Michelet et al., 2013) to prevent the cellular damage caused
by ROS. The result indicates that the concentration of PEG
up to 15% was able to place the APX in the active state to
keep ROS at normal levels. Onthe other hand, it may imply
that the expression of APX in Melinjo seedlings was
induced by drought stress.

Conclusion

Drought stress induced by 15% PEG triggered the highest
expression of ascorbate peroxidase, both in RNA level and
enzyme activity. It can be inferred that APX is an inducible
agent that playsan important role in defense mechanism of
Melinjo seedlings under drought stress. Onthe other hand,
this study was able to be a model way to increase the
antioxidant compound in plant.
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