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Effects of Salicylic Acid on Gaba Metabolism in Pepper Plants
under Stress Conditions

Salisilik Asitin Stres Kosullari Altinda Biber Bitkisinde Gaba
Metabolizmasi Uzerine Etkisi

Research Article

Fazilet Ozlem Cekig

Biology Department, Faculty of Science and Letters, Aksaray University, Aksaray, Turkey.

ABSTRACT

alicylic acid (SA) is a potential plant hormone that enhances the capacity of plants to cope with various stress

factors. Gamma-aminobutyric acid (GABA) is an important non-protein amino acid, which is increased by stress
conditions. However, the interaction between SA and GABA is not well known. In this response the aim of this study
was to evaluate the effects of SA on GABA metabolism in pepper plants (Capsicum annuum L.) under individual and
combined salt (NaCl) and polyethylene glycol (PEG) induced osmotic stresses. Total chlorophyll content, the activi-
ties of glutamate dehydrogenase (GDH, EC 1.4.1.4) and glutamate decarboxylase (GAD, EC 4.1.1.15), GABA content
were analyzed in the leaves of pepper plants. Total chlorophyll content was decreased by combined salt and PEG-
induced osmotic stresses. Individual SA, NaCl and PEG applications increased GDH activity. Under stress conditions,
SA did not enhance GDH activity; however, GAD activity was increased within these conditions. Our results showed
that salicylic acid application did not enhance GABA accumulation during individual and combined stress conditions.
The dose and application process of SA could lead to this result. However further studies should be done to identify
the interaction between SA and GABA under various stress conditions.
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6z

alisilik asit (SA), bitkilerin ¢esitli stres faktérlerine karsi korunma kapasitelerini artiran potansiyel bir bitki

hormonudur. Gama-aminobtirik asit (GABA) stres kosullarinda artan protein yapisinda olmayan énemli bir
amino asittir. Bununla birlikte, SA ve GABA arasindaki iliski tam olarak bilinmemektedir. Bu ¢alismanin amaci,
tek ve birlikte uygulanan tuz (NaCl) ve polietilen glikol (PEG) ile indlklenen ozmotik stres kosullarinda biber
bitkisinde (Capsicum annuum L.) SA'nin GABA metabolizmasi Gizerine etkilerinin incelenmesidir. Biber bitkisinin
yapraklarinda toplam klorofil miktari, glutamat dehidrogenaz (GDH, EC 1.4.1.4) ve glutamat dekarboksilaz (GAD,
EC 4.1.1.15) aktiviteleriile GABA miktari analiz edilmistir. Toplam klorofil miktari birlikte uygulanan tuz ve PEG'in
indlkledigi ozmotik stres kosullarinda azalmistir. SA, NaCl ve PEG'in tekli uygulamalari GDH aktivitelerini
artirmistir. Stres kosullari altinda SA, GDH aktivitesini artirmamistir; bununla birlikte GAD aktivitesi bu kosullar
altinda artmistir. Sonuglara gore, salisilik asit uygulamasi tekli ve kombine stres kosullarinda GABA birikimi
artirmamistir. SA'nin doz ve uygulama slireci bu sonuca neden olabilir. Bununla birlikte SA ve GABA arasindaki
iliskiyi belirlemek icin farkli stres kosullarinda cesitli calismalar yapiimalidir.
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INTRODUCTION
Plants have to cope with various abiotic stresses
such as drought and salinity that cause a
decrease in plant productivity. However under
these conditions, the accumulation of stress-related
hormones such as salicylic acid (SA) could be
changed rapidly [1]. In plants, SA could be identified
as an effective therapeutic agent that regulates
various physiological and biochemical processes

during their life cycle [2,3].

The role of SA in response to pathogens has
been intensively focused. SA plays also an important
role in response to various environmental stresses
such as salinity, chilling, heat, heavy metal and
osmotic stresses [2,4]. In recent years, SA is
suggested to be a promising compound within its
effect on eliminating the deleterious effects of stress
factors, and it is suggested to be a complex signal
transduction network. However, the impact of SA
could be changed according to the application and
the plant species [5].

GABA is a four carbon non protein amino acid;

especially it is enhanced by various stress conditions.

In the GABA shunt, initially o-ketoglutarate is
converted to glutamate by glutamate dehydrogenase
(GDH, EC 1.4.1.4) activity. Glutamate is then catalyzed
to GABA by the activity of glutamate decarboxylase
(GAD, EC 4.11.15). Therefore, GAD and GDH activities
have important roles in the GABA pathway. In plant
defense mechanism, hormone signaling has a critical
role under various stresses. Therefore, the effects
of plant hormones on signal molecules should be
well evaluated under stress conditions [6]. And the

interaction between SA and GABA is not well known.

In this study, our aim was to identify the interaction
between SA and GABA metabolism in pepper

(Capsicum annuum L.) plants under salt and PEG-

induced osmotic stresses. To our knowledge, this is
the first report indicating the effect of SA on GABA
metabolism during salinity and PEG-induced osmotic
stresses.

MATERIALS and METHODS
Chemicals and Spectral Measurements

Hoagland, PEG, NaCl, methanol (for
chromotography) were obtained

liquid

from Merck.

a-ketoglutarate, dithiothreitol, Hoagland, NADPH,
GABA, HN, pyridoxal-5-phosphate and Tris-HCI were
obtained from Sigma Chemical Co. Borax buffer,
EDTA, PVP, sodium phosphate buffer were obtained
from Fluka.

Growth Conditions and Stress Treatment

The seeds of pepper plants (Capsicum annuum L.)
were provided from Anatolia Agricultural Research
Institute in Eskisehir, Turkey. Seeds were surface
sterilized in 5% NaOCI and washed with sterile water
and germinated on perlite in a growth chamber under
a constant day/night temperature of 26°C/22°C and
16/8h light/dark, with a light source of 175 umol
m? s' and with a humidity of 65%. The seedlings
were watered reqularly with 1/2 Hoagland solution.
After 4 weeks, 100 mM NaCl and 10 % polyethylene
glycol (PEG 6000) and 0.5 mM SA were applied in
Hoagland solution for one week. The experiment
was laid out as a randomized complete block design
with three replications. The leaves (0.5 g, 1g) were
frozen in liquid nitrogen and then stored at -80°C
until analyses.

Total Chlorophyll Content

Total chlorophyll content was assayed according to
[71. The chlorophyll concentrations were calculated
by the following equation.

Chlorophyll a+b (mg/g)=[8.02xA663+20.20xA645]x
V/1000xW, Where V= volume of the extract (ml); W=
Weight of fresh leaves (q).

Sample Preparation and Enzyme Assay

Leaf samples (1 g) were homogenized in the buffer
contained 5 mM EDTA, 0.1 mM Tris-HCI, 10 mM
dithiothreitol, 1 mM pyridoxal 5 phosphate hydrate,
and 1% PVPP (pH 7.8). Homogenates were then
centrifuged at 10000 g for 10 min at 4°C according
to [8]. Leaf extracts were used in the analysis of
glutamate decarboxylase (GAD, EC 4.1.115) and
glutamate dehydrogenase (GDH, EC 1.4.1.4) activities.
100 mL of the crude protein was used for the assay of
GAD activity in a 500 mL reaction mixture containing
100 mM Tris-HCI (pH 7.0), 0.5 mM pyridoxal-5-
phosphate, 5 mM Glu, T mM DTT, 0.5 mM CaCl,, and
0.ImM bovine CaM [9]. For determining of the GDH
activity, leaf samples were added to assay mixture



containing 50 mM (NH,),SO,, 13 mM a-ketoglutarate,
0.25 mM NADPH and 1 mM CaCl, in 100 mM Tris-HCI
buffer (pH 8). The activity was detected at 340 nm
(T80+UV-VIS Spectrometer PG Instruments). The
results were given as micromoles per minute gram
fresh weight (FW) [8].

GABA Analysis

GABA analysis was performed by HPLC (Agilent
1200) according to [10]. Leaf samples (0.5 g) were
homogenized in 1 mL water:chloroform:methanol
(3:5:12 v/v/v) solution, then centrifuged at 10,000
rpm at 4 °C for 5 min. The supernatant was taken
and put
Samples were dissolved in a mixture containing
100 pL water, 150 uL Borax buffer (pH 8) and 250
puL 2-hydroxynaphthaldehyde (0.3% prepared in
methanol). The mixture was then put on a water
bath (80°C for 30 min). After cooling at room
temperature, 1 mL of methanol was added to the
mixture. Samples were separated by reversed-phase
column Supelco LC18 (250x4.6 mm?, 5 um) at 330
nm with an injection volume of 20 uL, flow rate 1
mL min™; and methanol:water (62:38 v/v) mobile

phase. The retention time of GABA peak was 12 min.

Quantification was calculated by comparing the peak
areas within GABA standards. We also derivatizated
GABA standards with HN.

Statistical Analysis

The effect of salt, drought and combined stresses
were determined using one-way variance analysis
ANOVA. The treatments of means were compared
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by least significant difference (LSD) test at p<0.05
and Duncan’s multiple comparison test. The spread
of values is shown in the figures as standard errors
of the means.

RESULTS and DISCUSSION

The Effect of Salicylic Acid on Total Chlorophyll
Content Under Stress Conditions

Salicylic acid (SA) is known naturally as a plant
hormone, and it is an important signal molecule in
abiotic and biotic stress conditions [11]. Previous
reports indicate that SA could induce the tolerance
mechanism against various stress conditions such as
salt [12-15], drought [16], and cold [17] stresses. SA
was also suggested as a potential growth regulator
in limited soil water availability [16]. However, SA
application could cause an increased sensitivity to
drought stress [18]. Previously it was mentioned
that high concentration of SA could lead to negative
effects on photosynthesis [19]. Therefore, the
application process of SA is important to enhance
the tolerance mechanisms under various stress
conditions.

Total chlorophyll content can be used as
an indicator in the determining the effects of
supplements on plant metabolism. In previous
reports, SA application could cause an increase
in total chlorophyll content [15,20,21]. We are in
agreement with these findings with an increase
in chlorophyll content by SA application (Figure

1). However, in our study, combined salt and PEG-
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Figure 1. The effects of SA on total chlorophyll content in the leaves of pepper plants. The data represent the mean of three
replications and error bars indicate SD. Different letters indicate significantly different values at p<0.05.
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Figure 2. The effects of SA on GDH activity in the leaves of pepper plants. The data represent the mean of three replications
and error bars indicate SD. Different letters indicate significantly different values at p<0.05.

induced osmotic stress significantly decreased total
chlorophyll content when compared to control plants.
Under these stress conditions, SA did not help to
increase total chlorophyll content in pepper plants.

The Effect of Salicylic Acid on GABA Metabolism
Under Stress Conditions

During stress, SA could have effect on the stress-

related metabolites. GABA is a non-protein amino
acid, and it is known to be enhanced by various stress
conditions. However, the interaction between SA and
GABA is still unknown. In GABA shunt, GDH activity
has important role by converting a-ketoglutarate to
glutamate which is the precursor of GABA. Glutamate

can be occurred in various biochemical processes.

Therefore, GDH activity is differently regulated
by stress conditions [22,23]. We are in agreement
with these studies. In our study, GDH activity was
enhanced by SA, NaCl and PEG-induced osmotic
stresses as compared to control plants (Figure
2). The highest GDH activity was found under salt
stress (p<0.05). However, GDH activity was found
similar to control plants under the combined stress
and SA+stress applications. It can be suggested that
during individual stress conditions, SA might have a
role in the accumulation of glutamate which could be
then converted to GABA.

GAD, the key enzyme in GABA-shunt, catalyzes
the conversion of glutamate to GABA. The earlier

studies indicate the increase in GAD activity under
NaCl stress and also supplemental of CaCl, [24,25].
In our study, GAD activity was increased especially
by NaCl, NaCI+PEG and SA+PEG-induced osmotic
stresses (p<0.05, Figure 3). The highest GAD activity
was found under NaCl+PEG applied plants (Figure
2). Under these stress conditions, GABA contents
showed an increase and it could be correlated with
GAD activity. However, GAD activities in individual
salt and PEG-induced osmotic stresses were not
exactly correlated with GABA content. This might
be as a result of GABA transaminase activity, which
catalyzes succinic semialdehyde (SSA) to GABA.
In this pathway, GAD activity might not be active.
Moreover, the polyamine degradation pathway could
respond in GABA accumulation without GAD activity.
Polyamines could be converted into GABA by the
activity of polyamine oxidase and diamine oxidase
[22,23].

Increased GABA accumulations were reported
in various stresses such as drought, salt, and heavy
metal stresses. In our study, individual or combined
NaCl and PEG-induced osmotic-stresses caused an
increase in GABA content of pepper plant (Figure 4).
We are in agreement with Akama and Takaiwa [26]
and Mekonnen et al. [27] with the increase in GABA
accumulation under salt and PEG-induced osmotic
stresses. However, SA application did not enhance
GABA content even under stress applications as
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Figure 3. The effects of SA on GAD activity in the leaves of pepper plants. The data represent the mean of three replications
and error bars indicate SD. Different letters indicate significantly different values at p<0.05.
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Figure 4. The effects of SA on GABA content in the leaves of pepper plants. The data represent the mean of three
replications and error bars indicate SD. Different letters indicate significantly different values at p<0.05.

compared to control plants. Also, we did not find any
remarkable difference between the combined salt
and PEG-induced osmotic stress applications. We
could suggest that 0.5 mM SA could cause a decrease
in GABA content. In addition, GABA accumulation
and GAD activity of pepper plants were not exactly
correlated under these stress conditions.

According to Akcay et al. [23], GABA
accumulation could berelatedto have abetter growth
in stressed conditions under long term salinity. In
response to stress conditions, plant hormones could
have an important role. Supplemental of different

substances could interact with GABA metabolism.

Das et al. [28] indicated that Zn addition could

help to increase activities of GABA-shunt enzymes.

Moreover, ABA could increase GAD activity and
GABA content [25]. In pepper plants, salicylic acid
did not cause a significant GABA accumulation in
individual and combined stress conditions. The dose
and the application process of SA could lead to this
result. Therefore, further analyses should be done
for identifying the effect of SA on GABA metabolism
especially in single and combined stress conditions
in different plants, and also the relationship between
GABA and stress-related hormones should be well
identified.
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