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Responses of Conocarpus lancifolius to environmental stress: a case study in the

semi-arid land of Kuwait

Respuestas de Conocarpus lancifolius al estrés ambiental: estudio de un caso en la zona semidrida

de Kuwait

Redha A, P Suleman, R Al-Hasan, M Afzal

Abstract. Cococarpus lancifolius Engl. grows wild in Djibouti, So-
malia and East Africa, and South Asia. The species was introduced
into Kuwait, where it is exposed to several stresses: oil pollution, sa-
linity, high temperature and harsh climatic conditions. These condi-
tions are prevalent in its semi-arid environment. In this study, the
impact of salinity (2, 6 and 10%), temperature (20, 30 and 40 °C),
polyethylene glycol (10, 30 and 60%) and drought has been investi-
gated on C. lancifolius. Proline (Pro) accumulation (5.5 + 0.03 pg/g
dry weight; p<0.05-0.005), protein (16.47 + 0.052 mg/g; p<0.001),
free amino acids (10.92 = 0.082 mg/g; p<0.006) and lipids (116.05
+ 2.17 pg/g; p<0.05) were measured in plants irrigated with 60%
polyethylene glycol (PEG) for 6 days. Similar increases in the accu-
mulation of osmolytes were observed under water deficit, NaCl, and
temperature-stressed plants. Accumulation of osmolytes was corre-
lated with photosynthetic capacity and electron transport rate. Fifteen
different phospholipids were detected in leaf extracts by TLC and 6
major fatty acids were identified by GC/MS analyses. On day 4, the
omega-3 fatty acid, linolenic acid was observed the predominant fatty
acid present at 61.32% in the 10% PEG-treated plants. The high con-
centration of this omega-3 fatty acid may help C. lancifolius to adapt
to semi-arid conditions in the State of Kuwait. Implications of this
study may highlight sustainability of C. Jancifolius in the Middle East,
African peninsula and other semi-arid regions of the world.
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Resumen. Conocarpus lancifolius Engl. crece naturalmente en
Djibouti, Somalia y Este de Africa, y Sur de Asia. La especie fue
introducida en Kuwait, donde estd expuesta a varios estreses: con-
taminacion ambiental, salinidad, alta temperatura y condiciones
climaticas adversas. Estas condiciones prevalecen en este ambiente
semidrido. En este estudio, se investigaron los efectos de la salinidad
(2, 6 y 10%), temperatura (20, 30 y 40 °C), polietilenglicol (10, 30 y
60%) y sequia en C. lancifolius. La acumulacién de proline (Pro) (5,5
+ 0,03 pg/g de peso seco; p<0,05-0,005), proteina (16,47 + 0,052
mg/g; p<0,001), aminodcidos libres (10,92 + 0,082 mg/g; p<0,006) y
lipidos (116,05 * 2,17 pg/g; p<0,05) se midieron en plantas regadas
con 60% de polietilenglicol (PEG) por 6 dias. Incrementos similares
en la acumulacién de osmolitos se observaron en plantas expuestas
a estreses por deficiencia hidrica, NaCl, y temperatura. La acumula-
cién de osmolitos se correlacioné con la actividad fotosintética y la
tasa de transporte de electrones. Se detectaron quince fosfolipidos
diferentes en extractos vegetales por TLC, y se identificaron seis dci-
dos grasos principales por andlisis GC/MS. Al 4° dia, el 4cido graso
omega-3, icido linoleico, fue el dcido graso predominante (61,32%)
en las plantas tratadas con PEG al 10%. La alta concentracién de
este dcido graso omega-3 podria ayudar a C. lancifolius a adaptarse a
las condiciones semidridas en el Estado de Kuwait. Las implicancias
de este estudio podrian destacar la sustentabilidad de C. lancifolius

Palabras clave: Conocarpus lancifolius; Sequia; Tasa de transporte
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INTRODUCTION

In Kuwait, efforts are being made to introduce plants with
the unique ability to tolerate local environmental pressures. In
this endeavor, Conocarpus lancifolius Eng. has been introduced
from Djibouti for greenery projects in the State of Kuwait.
Frequent sand storms, high temperatures, drought, salinity,
oil pollution and excessive sunlight are key stress parameters
for plants growing in the semi-arid environment of Kuwait.
Desiccating environmental conditions along with strong solar
radiation that suppresses CO, fixation contribute to the oxi-
dative injury to plant tissues. Abiotic stress alters membrane
permeability, the nature of membrane lipids, hormones and
osmotic parameters. Furthermore, variation in soil water re-
sults in an increase in osmotic pressure and the elongation
of plant cells (Mayabaf et al., 2001). However, the variation
in the effects of abiotic stress is based on how well a plant
responds to the quality and quantity of stress. Thus, drought-
stressed plants with compromised photosynthetic proton cir-
cuit (Kohzuma et al., 2009) diminish their osmotic potential
by accumulating amino acids, proline, ions and soluble poly-
ols, such as mannitol (Shen et al., 1997; Cicek & Cakirlar,
2002). In addition to an important role as an osmoprotectant,
accumulated N-containing compounds, such as proline and
other amines such as citrulline, play major roles as physiologi-
cal regulators and potent hydroxyl radical scavengers (Akashi
et al., 2004). Notably, the protective role of proline in the
solubilization of proteins, nitrogen conservation and energy
production has been recognized (Aloni & Rosenshtein, 1984).
Other roles of proline include the prevention of heat denatur-
ation of enzymes and the accumulation of ArgE-related pro-
teins, which lead to an increase in the amount of free amino
acids, such as arginine (Kawasakil et al., 2000).

Salinity is also a major factor that affects plant physiology.
Salinity affects plants through a variety of mechanisms that al-
ter osmotic effects, membrane permeability, ion specific trans-
port, transpiration rates, photosynthesis and growth (Stoeva
& Kaymakanova, 2000; Renault et al., 2001). Importantly, the
vital and delicate balance of Na*/K* ions is affected by salin-
ity and has serious implications on plant growth. As a result,
the measurements of Na*/K* are used as markers for evaluat-
ing plant stress (Palfi & Juhasz, 1971). Many other osmolytes
such as glutathione, cysteine, ascorbate and the late embryo-
genesis abundant (LEA) group of proteins accumulate in re-
sponse to salinity (Mansour, 2000; Sahu et al., 2010). Changes
in osmolytes occur when salt accumulates in the root zone of
the plant (Zhu, 2001). An increase in lipid peroxidation in
response to salinity and sodium sulfate has been indicated in
bean plants by a consequential increase in malondialdehyde
(MDA), a marker of lipid peroxidation (Kayamakanova et al.,
2008).

Almost all abiotic and biotic stress conditions promote ox-
idative stress (Haberer et al., 2008) in the chloroplast and the
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mitochondria (Navrot et al., 2007). Heath & Packer (1968)
reported that photo-oxidation affects the stoichiometry of
fatty acids. Moreover, antioxidant defenses, such as glutathi-
one and a-tocopherol (Tausz, 2001; Munne-Bosch, 2005),
are depleted due to reactive oxygen species (ROS) generated
by drought, salinity and other types of stresses (Gechev et al.,
2006). The levels of natural antioxidant enzymes are also al-
tered due to stress induced by high concentrations of sodium
chloride (Kalir & Poljakoff-Mayber, 1981). As a result, lipid
peroxidation metabolites and related molecules act as cell sig-
naling molecules influencing the plant cell cycle and its physi-
ology (Kalir & Poljakoff-Mayber, 1981).

Drought can induce ROS through photo-oxidative stress,
altering a plant’s redox system (Sircelj et al., 2005). Changes in
membrane structure and permeability in response to cytotoxic
ROS generated by drought and salinity have been previously
reported by several research groups (Wang et al., 2002; Sun
et al., 2003). Notably, gradient vapor due to drought stress
has been observed to stimulate the synthesis of phospho-
lipids and their metabolites, and affects energy metabolism
and signal transduction, thereby altering metabolic processes.
Lipids, which are important membrane components, undergo
an irreversible change that affects membrane transport and
the physiological responses of the plant cell. Both enzymatic
and non-enzymatic antioxidant defenses operate through a
complex mechanism that coordinates these defenses to pro-
tect plants from the damaging effects of ROS (Sahu et al.,
2010). Additionally, other biological systems or apparatuses
that are affected by ROS are proteins and nucleic acid synthe-
sis (Mittler, 2002). In the present study, we report the effects
of stressors such as salinity, temperature, polyethylene glycol,
and water deficit on proteins, lipids and free amino acids in
C. lancifolius.

MATERIALS AND METHODS

Plant material. Shoots of vegetatively propagated C. /an-
cifolius plants were used and maintained in the greenhouse
at Kuwait University. Plantlets of uniform height and vari-
ous growth stages of leaves (13-15) were randomly selected
and transferred to plastic pots (19.0 cm diameter and 16.3
cm deep) containing local sandy soil and peat moss (3:1 v/v).
Pots were then transferred to walk-in growth rooms where
they remained for one week to acclimate prior to the experi-
mental treatments at 22 °C. All plants were divided into five
groups (A-E) and subgroups. The subgroups, each containing
six plants, were exposed to a different stressor for six days.
Plants in group A were subdivided into three subgroups (al,
a2, a3), and each subgroup of plants was watered daily with
10, 30 or 60% polyethylene glycol (PEG 6000). In group B,
plants were subdivided into three subgroups (bl — b3), and
each was watered daily with varying amounts of NaCl (2, 6,
or 10%). Plants in group C were divided into three subgroups
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(c1,¢2,¢3),and each subgroup of plants was exposed to differ-
ent temperatures (20, 30 or 40 °C) while being irrigated daily.
In group D, plants were subjected to drought conditions by
withholding water for six days at 22 °C, and plants in group
E served as controls.

Photosynthesis and electron transport rate. In order to
associate changes in the accumulation of osmolytes, with the
photosynthetic capacity of the stressed plants, both photosyn-
thesis and electron transport rates were measured using an
OS5-FL chlorophyll fluorometer (OPTI-SCIENCE, Hud-
son, NH, USA) with a photodiode detector at 25 + 1 °C, as
described by Hortensteiner (2006). The rate of photosynthe-
sis was measured using an LCi portal photosynthesis meter
(ADC BioScientific Ltd., Hoddesdon UK).

Lipid analysis. Lipids were extracted from fresh plant ma-
terial via homogenization in ice-cold chloroform:methanol
(2:1,v/v) as described by Folch et al. (1957). The total amount
of lipids was determined after the complete evaporation of
solvent under a gentle stream of N, gas. These samples were
also used for two-dimensional TLC analyses of phospholipids
using chloroform-methanol-water (75:25:2.5, v/v) and chlo-
roform-methanol-acetic acid-water (80:9:12:2, v/v) as de-
scribed by Touchstone (1995). In this double development, 15
phospholipids were resolved on a glass-coated HPTLC plate
stained with a 2% ethanolic solution of phosphomolybedic
acid (Fig. 1). The lipid extract (2 mg) was then dissolved in
a methanolic solution of boron trifluoride (500 pL) and in-
cubated at 40 °C for 20 min. Two milliliters of ice-cold water
was added to chilled reaction vials, and the fatty acid methyl
esters (FAME) were extracted with redistilled hexane (1 mL
x 3).The pooled extract was dried with anhydrous sodium sul-
fate and then filtered, and the solvent was evaporated under a
gentle stream of N, gas. The FAME mixture was reconstituted
in hexane and injected onto an OV1 GC capillary column (30
m x 0.25 mm ID) for GC-MS analysis using a 6890 series
GC system and an Agilent model 5973 Network Mass selec-
tive detector. Helium gas pressure was maintained at 19.0 psi
with a flow rate of 2 mL/min. The oven temperature program
used was set to 80 “C for 4 min, followed by a gradual increase
of 3 °C/min to 250 °C, and then the temperature remained at
250 °C for 5 min. The total running time was 45.67 min. The
MSD Chemstation data analysis with the Agilent library was
used for identification of each FAME.

Protein and free amino acid analyses. Protein analysis was
performed on plants exposed to differential stress treatments
on days 2-6. Whole plants were washed with distilled water
to remove soil from the roots. Plants were first dried with pa-
pers towels to remove extra water and then dried in an oven
at 40 °C for 18 h. Dried plants were powdered in a milling
machine and the resulting powder was used to quantify the
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Fig. 1. TLC Separation of phospholipids on two dimensional thin
layer chromatography. Spots identified were as follows: 1. Phos-
phatidic acid; 2. Phosphatidy! inositol; 4. phosphatidyl ethanol-
amine; 5. phosphatidyl choline; 15. Phosphatidyl serine.

Fig. 1. Separacion TLC de fosfolipidos por cromatografia de capa
fina bidimensional: Los grupos se identificaron como sigue: 1. Acido
fosfatidico; 2. Fosfatidil inositol; 4. fosfatidil etanolamina; 5. fosfatidil
colina; 15. fosfatidil serina.

amounts of proline, protein and free amino acid. Plant pow-
der (2 g) was stirred in 10 mL of 3% sulfosalicylic acid for 30
min, centrifuged and passed through a 0.45 pm membrane
filter. The amount of protein in the resulting colorless extract
was quantified using ninhydrin (Bates et al., 1973). The absor-
bance of pure protein bovine serum albumin (BSA) at 570 nm
was used to make a standard curve.

Protein and free amino acids were extracted using 100
mM phosphate buffer pH 7.8, containing 1 mM EDTA, 1%
triton X-100 and 10% glycerol, and concentrations were de-
termined according to the method described by Wang et al.
(2006). Free amino acids (FAAs) from the dried plant mate-
rial were extracted into methanol:chloroform:water (MCW
12:5:3 v/v) as described by Marur et al. (1994). Concentration
of free amino acids was determined photometrically by react-
ing a known volume of the extract with ninhydrin at 90 °C.
Alanine was used to generate a standard curve.

Statistical analyses. All measurements were made in trip-
licate with mean centered and analyzed using one-way-anal-
ysis of variance (ANOVA), using GraphPad Prism 5 software
(San Diego, CA, USA). Mean differences were determined
using Tukey’s multiple comparison test for p value at 95%
confidence (p<0.05). GraphPad Prism 5 software was used for
graphics.
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RESULTS

Conocarpus lancifolius thrives well under semi-arid condi-
tions by adjusting its physiological and biochemical processes.
Our results demonstrate that C. lancifolius is affected by dif-
ferential environmental stresses, and the effect is dependent
on the exposure time and the type of the stress.

Effect of drought and PEG on the accumulation of lipids.
Plants exposed to non-permeant 30 and 60% PEG accumu-
lated significant (p<0.05) amount of lipids on day 4 and 6 (Fig.
2a). Lipids showed a two-fold increase from 55.5 + 2.35 mg/g
(control ) to 83.46 + 2.48 and 116.2 + 3.58 mg/gafter exposure
to 30 and 60% PEG, respectively (Fig. 2a). Water deficit plants
showed lipid accumulation of 84.23 + 3.2 mg/g after six days
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Fig. 2. Effect of PEG and drought: 2a. Effect of PEG and drought on accumulation of lipids; 2b. Effect of PEG and drought on the
accumulation of proline; 2c. Effect of PEG and drought on the accumulation of free amino acids (FAA); 2d. Effect of drought on the ac-

cumulation of proteins.

Fig. 2. Efecto de PEG y sequia: 2a. Efecto de PEG y sequia en la acumulacion de lipidos; 2b. Efecto de PEG y sequia en la acumulacion de
prolina; 2¢. Efecto de PEG y sequia en la acumulacion de aminoacidos libres (FAA); 2d. Efecto de sequia en la acumulacion de proteinas.
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of exposure to drought. A not significant (ns) increase in lipids
was observed when plants were exposed to 10% PEG for 2-6
days. Accumulation of competitive solutes such as proline also
took place after exposure of the plants to drought and PEG. The
accumulation of proline was ns when plants were exposed to
water deficit or 10% PEG after exposure for six days. However,
proline accumulation was significantly higher [4.37 + 0.01 pg/g
(control)] when plants were exposed to 30% (5.32 + 0.07 pg/g)
or 60% (5.52 £ 0.03 pg/g) PEG for a period of six days (Fig.
2b). Accumulation of proline in drought exposed plants was
4.85 £ 0.045 pg/g. Free amino acids (FAA) also accumulated in
response to PEG and drought. 10% PEG and drought had ns
effect on the accumulation of FAA. However, exposure of plants
to 30 and 60% PEG resulted in a significant accumulation of
FAA. Thus FAA increased from 9.55 + 0.04 mg/g (control) to
10.25 + 0.015 and 10.93 + 0.017 mg/g after six days of expo-
sure to 30 and 60% PEG, respectively (Fig. 2¢). Accumulation
of proteins in drought and 10% PEG exposed plants was ns.
However, exposure to 30 and 60% PEG resulted in a significant
accumulation of proteins after six days of exposure, and exposure
to 30% PEG resulted in higher (19.34 + 0.18 mg/g) accumula-
tion of proteins than exposure to 60% PEG (16.54 = 0.17 mg/g)
compared with the control (12.32 + 1.29 mg/g) (Fig. 2d).

Effect of temperature on the accumulation of lipids. Ex-
posure of the plants at 20 and 30 °C for six days showed ns
accumulation of lipids. However, plants exposed to 40 °C for
6 days exhibited a significant (p<0.05) increase in lipids in a
time-dependent manner. An increase of 92.8% in lipids was
observed after 6 days of exposure to 40 °C (Fig. 3a). Thus, ex-
posure to higher temperature (40 °C) resulted in lipid accu-
mulation [from 55.5 + 2.35 (control) to 107.45 + 4.55 mg/g].
Accumulation of competitive solutes such as proline was also
observed at higher temperature when it increased from (Fig.
3b) 4.37 = 0.01 (control) to 4.4 + 0.02 pg/g in plants exposed
to 20 °C (cooling effect), while exposure to higher temperatures
(30 and 40 °C) resulted in a significant accumulation of proline:
4.58 £ 0.01 pg/g (30 °C) and 4.81 = 0.02 pg/g (40 °C) (Fig.
3b). Lower temperatures (i.e., 20 °C) did not show accumu-
lation of FAA. However, increased temperature to 30 and 40
°C showed a significant increase in the accumulation of FAA.
Thus, FAA accumulation changed from 9.55 = 0.04 (control)
to 11.13 £ 0.03 (30 °C) and 12.83 = 0.03 mg/g (40 °C), glycine
equivalent (Fig. 3¢). A ns accumulation of proteins resulted in
plants exposed to variable temperatures (Fig. 3d). Relationships
of proline, FAA and proteins with ETR, and photosynthesis
with variable temperature are shown in Fig 5a-c.

Effect of NaCl on the accumulation of lipids. Expo-
sure of the plants to 2% NaCl showed ns effect on the ac-
cumulation of lipids (55.50 + 2.35 - 59.34 = 0.46 mg/g).
However, exposure to 6 and 10% NaCl showed a signifi-
cant increase in lipids to 85.35 + 3.55 and 92.42 + 5.23

mg/g, respectively, after 6 days of salinity exposure (Fig.
4a). Plants exposed to 2% NaCl accumulated proline in a
ns manner (Fig 4a). However, exposure of the plants to
higher concentration of NaCl (6 and 10%) resulted in a
significant accumulation of proline. Thus, an increase in
proline was observed from 4.37 + 0.01 pg/g (control) to
5.14 + 0.02 and 5.32 = 0.05 pg/g after 6 days of plant ex-
posure to 6 and 10% NaCl, respectively (Fig. 4b). Protein
accumulation was ns at all temperatures (results not shown
in figure). Accumulation of FAA in response to 2% NaCl
was ns but exposure of plants to higher salinity (6 and 10%
NaCl) resulted in a significant accumulation of FAA. Thus,
accumulation of FAA was noted from 9.55 + 0.04 mg/g
(control) to 10.45 + 0.04 and 10.85 + 0.02 mg/g in plants
exposed to 6 and 10% NaCl, respectively (Fig. 4c).

An analysis of the fatty acid profile of the total lipids re-
vealed that the unsaturation index (UI, calculated as linolenic
(18:3)/stearic acid (18:0); L/S) of the plants increased under all
stress conditions. At 20 °C, a cooling effect was observed among
plants in which the Ul increased from 6.33 + 0.04 on day 2 to
6.63 = 0.037 on day 6; thus, the cell wall integrity and fluidity
at low temperatures were maintained. The Ul trend decreased
in plants that were exposed to increasing temperatures (30 and
40 °C) for 2-6 days, indicating the synthesis of more saturated
fatty acids in response to higher temperatures. A similar trend in
decreasing Ul during 2-6 days was observed in plants exposed to
increasing salinity (2-10%), PEG (10-60%) and drought (Table
1). The accumulation of @3 linolenic acid at 14.62% of the total
fatty acids on day 4 and 13.68% on day 6 in plants exposed to
40 °C makes the Conocarpus plant attractive for its use as a nu-
tritional source of w-3 fatty acid. Our results are supported by
previous studies reporting an increase in unsaturated fatty acids
in plants in response to drought and low temperature (Kasamo

et al., 1992; Torres-Franklin et al., 2008).

DISCUSSION

The decrease in water potential with differential permeat-
ing stressors, such as NaCl and the nonpermeating PEG 6000
solute, results in osmotic stress that induces membrane lipid
modifications, ionic imbalance, photosynthesis, competitive
solute accumulation and variation in enzyme activities (Koyro,
2006). Salt tolerance in plants and the effect of salt on plant
physiology have been reviewed (Hamdia & Shaddad, 1997;
El-Samad et al., 2010).

In response to salinity, membrane accumulation of polyun-
saturated fatty acids (PUFAs) in the form of phospholipids, is
known to protect photosystem II in plants (Koyro, 2006; Sui
et al., 2010), In response to increasing salinity, PEG, drought
and temperature, an increase in the amount of total lipids may
be a protective mechanism against stress and accumulated os-
molytes, which can disturb the ionic balance within the plant
tissue. Salinity stress may also modify the Na/K-ATPase
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Fig. 3. Effect of Temperature: 3a. Effect of temperature on the accumulation of lipids; 3b. Effect of temperature on the accumula-
tion of proline; 3c. Effect of temperature on the accumulation of free amino acids; 3d. Effect of temperature on the accumulation
of proteins.

Fig. 3. Efecto de Temperatura: 3a. Efecto de temperatura en la acumulacion de lipidos; 3b. Efecto de temperatura en la acumulacion

de prolina; 3c. Efecto de temperatura en la acumulacion de aminoécidos libres; 3d. Efecto de temperatura en la acumulacion de
proteinas.
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Effect of NaCl on accumulation of lipids
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Fig. 4. Effect of salinity: 4a. Effect of NaCl on the accumulation of
lipids; 4b. Effect of salinity on the accumulation of proline; 4c. Ef-
fect of NaCl on the accumulation of free amino acids.

Fig. 4. Efecto de la salinidad: 4a. Efecto del NaCl en la acumulacion
de lipidos; 4b. Efecto de la salinidad en la acumulacion de prolina; 4c.
Efecto del NaCl en la acumulacion de aminoacidos libres.

Fig. 5. 5a. Relationship between proline and Psn, ETR at different
temperatures; 5b. Relationship between protein and Psn, ETR at
different temperatures; 5¢. Relationship between FAAs and Psn,
ETR at different temperatures. ETR = Electron transport rate; Psn
= Photosynthesis rate.

Fig. 5. 5a. Relacion entre la prolina'y Psn, ETR a diferentes temperatu-
ras; 5b. Relacion entre proteina'y Psn, ETR a diferentes temperaturas;
5c. Relacion entre FAAs v Psn, ETR a diferentes temperaturas. ETR
=tasa de transporte de electrones; Psn = tasa fotosintética.
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Table 1. Linolenic and stearic acid levels and their ratio in multiple
treatments of C. lancifolius samples.

Tabla 1. Niveles de los acidos linoleico y estearico y su relacion en
tratamientos multiples de muestras de C. lancifolius.

Stressor  Stress Days  Linolenic  Stearic Ratio
% Acid Acid L/S
% %
PEG* 10 2 26.936 45.185 0.596
4 61.321 5.758 10.649
6 29.374 42.383 0.693
30 2 29.500 40.259 0.733
4 30.767 40.157 0.766
6 30.202 40.955 0.737
60 2 26.10 44.619 0.584
4 26.808 43.175 0.620
6 26.437 42.802 0.617
Salinity*
2 2 18.341 53.159 0.345
4 32.163 38.173 0.842
6
4 2 17.400 54.255 0.327
4 35.761 36.967 0.967
6
6 2 17.500 54.255 0.313
4 36.158 39.303 0.919
6
8 2 17.630 53.660  0.328
4 33.663 41.327  0.814
6
10 2 17.392 55.338 0.314
4 38.440 38.384 1.001
Temp.*
20°C 2 51.980 8.220 6.322
4 41.480 24.760 1.680
6 44.630 6.740 6.620
30°C 2 16.210 39.650 0.408
4 14.060 46.360  0.301
6 12.240 42.770  0.290
40°C 2 10.990 49.010 0.224
4 14.620 42.980 0.340
6 13.680 46.200 0.296
Drought
2 36.137 36.310 0.995
27.855 42.143 0.660
35.800 39.161 0.914
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pump with changes in membrane lipid composition (Palacios
et al., 2004). In the present study, high percentages of salinity,
especially 6 and 10% NaCl, had a profound effect on both
lipid accumulation and the UI of plants, whereas low percent-
ages of salinity, PEG and temperature had a nonsignificant
(ns) effect on total lipids and osmoregulators.

The decrease in linolenic acid content with increasing
stress may have resulted from the oxidative damage caused by
ROS generated in response to salinity and drought. With the
exception of temperature treatment, all other types of stress
resulted in decreasing UL These data corroborate a previous
report that a decrease in PUFA occurs in response to water
stress in higher plants (Sueldo et al., 1996).

A cooling effect was observed in plants exposed to 10-20 °C;
these plants accumulated unsaturated fatty acids probably to
maintain membrane integrity and fluidity at these temperatures.
Previous studies (Kasamo et al., 1992) have reported the syn-
thesis of unsaturated fatty acids at low temperatures in various
organisms. Enzymes such as 1,2—diacylglycerolcholine phos-
photransferase (CPT) and acyl-CoA:lysophosphatidylcholine
acyltransferase (LPCAT), responsible for the synthesis of
PUFA are activated at low temperatures, increasing the PUFA
content (Cheesbrough, 1989). Catalase is known to play a role
in linoleate desaturation in the biosynthesis of linolenic acid
(Browse & Slack, 1981).

One of the most common responses of plants under stress
is the accumulation of osmolytes. Low molecular-weight os-
molytic substances play an important role in protecting the
plant from osmotic pressure, oxidative damage, and decreased
membrane integrity and enzyme instability. The accumulation
of proline has been universally observed in plants under vari-
ous types of stress (Nedjimi et al., 2006). Additionally, proline
is known to protect subcellular structures, such as proteins, from
oxidative damage generated by ROS in stressed plants (Koyro,
2006). Accumulation of proline in response to NaCl or other
types of osmotic stress is also known to induce antioxidant en-
zymes such as superoxide dismutase (SOD), catalase (CAT) and
ascorbate peroxidase (APX) and it helps to mitigate the stress by
intensifying photosynthetic performance (Khan et al.,2007; Tan
et al., 2008; Ahmed et al., 2010). Accumulation of organic and
FAA in response to salt stress has been reported by Gavaghan
et al. (2011). Thus, proline and FAA accumulation result from
a reduced level of oxidation and/or an increased breakdown of
proteins under stress conditions. The synthesis and transport of
proline and FAA to sink tissues under stress conditions, protect-
ing photosystem II has been reported (Marur et al., 1994). In
the present study, PEG-treated plants accumulated the highest
amount of proline (from 4.42 to 5.54 pg/g). Our results show
that PEG-induced drought is much stronger that the drought
created by water withdrawal. For this reason, accumulation of
lipids, proline, protein and FAA was higher in PEG treated
plants (Fig 2a-d; Fig. 3a-d; Fig. 4a-c). Under PEG, NaCl or
temperature stress, increase in these osmolytes may increase the
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antioxidant level with a simultaneous increase in photosynthetic
capacity of C. lancifolius. FAA, proline and proteins are anti-
oxidants that increase photosynthesis in stressed plants (Barry,
1993; Almajano et al., 2007; Tan et al., 2008). PEG-induced
stress also resulted in a significant accumulation of proteins in
plants compared to plants exposed to other types of stresses
applied in this study, and protein accumulation was higher at
30% PEG than at 60% PEG (Fig. 2d). Proteins and proline
metabolism play an important role in water-stressed plants, and
PEG-induced oxidative stress has a critical function in enzyme
modification and protein accumulation (Xu & Huang, 2010).
In the present study, a consistent increase in FAA accumula-
tion was observed with increasing temperature, PEG, drought
and NaCl (Fig 2¢; 3¢; 4c). Thus, the highest FAA accumula-
tion [from 9.55 + 0.04 mg/g (control) to 12.85 + 0.045 mg/g at
40 °C] was observed when plant growth rate was optimal (Fig.
4c). The accumulation of proline, protein and other soluble
solutes in response to PEG and NaCl may be due to osmotic
adjustment (Mohammad Khani & Heidari, 2008). NaCl and
drought stress resulted in a ns accumulation of FAAs in plants
with the exception of plants exposed to 10% NaCl on days 4
and 6 (p<0.05). On day 6, plants exposed to 10% NaCl were
physically stressed. Under these conditions, the increased accu-
mulation of FAA including proline in Conocarpus may be due
to increased protein synthesis. However, the increases in pro-
line, proteins, FAA, and lipids with differential stress and time
dependency clearly reflect the contribution of each stress type,
and not the metabolic turnover rate of plants. Accumulation
of amino acids in response to salt stress has been recently re-
ported in maize plants (Gavaghan et al., 2011). An increase in
the accumulation of proline, proteins and FAA in Conocarpus
not only mitigate the oxidative stress, but also benefit photo-
synthesis and electron transport (Fig. 5a-c). Our results show
that Conocarpus experiences differential environmental stresses
and has the capacity to persist within the Kuwait environment.

CONCLUSION

C. lancifolius is sensitive to environmental stresses includ-
ing salinity, extreme drought. However, the plant thrives well
at elevated temperatures. Plants of C. lancifolius alter its physi-
ology by accumulating soluble osmolytes, such as proline, pro-
teins and FAA. The results of this study demonstrated that an
elevated growth temperature, prevalent in Kuwait, helps the
plant to accumulate polyunsaturated fatty acids, which may
play a protective role in the survival of this plant in the Kuwait
environment.

ACKNOWLEDGEMENTS

We would like to acknowledge the Kuwait Foundation for
the Advancement of Science (KFAS) for funding project #
2007/1207/07, and the Research Administration at Kuwait

University for partially funding the SL04/08 project. We also
thank the PAAF for providing us with Conocarpus plantlets,
Mrs. Jacquilion José and Mrs. Divya Saju for their assistance
with experiments, and Mr. S. Mahesh for assisting in graphics.

REFERENCES

Ahmed, C.B., B.B. Rouinat, S. Sensoy, M. Boukhriss & F.B. Abdul-
lah (2010). Exogenous proline effects on photosynthetic perfor-
mance and antioxidant defense system of young olive tree. Journal
of Agriculture and Food Chemistry 58: 4222.

Akashi, K.N., N.Y. Ishida & A. Yokota (2004). Potent hydroxyl
radical-scavenging activity of drought-induced type-2 metallo-
thionein in wild watermelon. Biochemical and Biophysical Research
Commaunications 323: 72-78.

Almajano, M.P., M.E. Delgado & M.H. Gordon (2007). Changes in
the antioxidant properties of protein solutions in the presence of
epigallocatechin gallate. Food Chemistry 101: 126-130.

Aloni, B. & G. Rosenstein (1984). Proline accumulation: A param-
eter for evaluation of sensitivity of tomato varieties to drought
stress. Plant Physiology 61: 231-235.

Barry, B.A. (1993). The role of redox active amino acids in the photo-
synthetic water-oxidizing complex. Photochemistry and Photobiol-
ogy 57:179-188.

Bates, L.S., R.P. Walden & 1.D. Tears (1973). Rapid termination of
free proline for water stress studies. Plant and Soil 39: 205-208.

Browse, J.A. & C.R. Slack (1981). Catalase stimulates linoleate desat-
urase activity in microsomes from developing linseed cotyledons.
Federation of Experimental Biology Societies Letters 131: 111-114.

Cheesbrough, T.M. (1989). Changes in the enzymes for fatty acid
synthesis and desaturation during acclimation of developing soy-
bean seeds to altered growth temperature. Plant Physiology 90
:760-764.

Cicek, N. & H. Cakirlar (2002). The effect of salinity on some physi-
ological parameters into maize cultivars. Bulgarian Journal of
Plant Physiology 28: 68-74.

El-Samad, A.H.M., M.A.K. Shaddad & N. Barakat (2010). The role
of amino acids in improvement in salt tolerance of crop plants.
Journal of Stress Physiology and Biochemistry 6: 25-37.

Folch, J., M. Lees & G.H.S. Stanley (1957). A simple method for
the isolation and purification of total lipids from animal tissues.
Journal of Biological Chemistry 226: 497-509.

Gavaghan, C.L.,J.V. Li, S.T. Hadfield, S. Hole, J.K. Nicholson, I.D.
Wilson, PW.A. Howe, P.D. Stanley & E. Holmes (2011). Appli-
cation of NMR-based metabolomics to the investigation of salt
stress in maize (Zea mays). Phytochemical Analysis 22: 214-224.

Gechev, T.S., F. Van Breusegem, J.M. Stone, I. Denev & C. Laloi
(2006). Reactive oxygen species as signals that modulate plant stress
responses and programmed cell death. BioEssays 28: 1091-1101.

Haberer, K., K. Herbinger, M. Alexou, AH. Rennenberg & M. Tausz
(2008). Effects of drought and canopy ozone exposure on anti-
oxidants in fine roots of mature European beech (Fagus sylvatica).
Tree Physiology 28: 713-719.

Hamida, M.A. & M.A K. Shaddad (1997). Salt tolerance of soybean
cultivars. Biologia Plantarum 39: 263-269

Heath, L.R. & L. Packer (1968). Photo oxidation in isolated chlo-
roplasts. Kinetics and stoichiometry of fatty acid peroxidation.
Archives of Biochemistry and Biophysics 125: 189-195.

PYTON ISSN 0031 9457 (2012) 81: 181-190



190

Redha A et al., DYTON 81 (2012)

Hortensteiner, S. (2006). Chlorophyll degradation during senes-
cence. Annual Reviews Plant Biology 57: 55-77.

Kalir, A. & A. Poljakoff-Mayber (1981). Changes in the activity of
malate dehydrogenase, catalase, peroxidase, and superoxide dis-
mutase in leaves of Halimus protolacoides (L.) Allene exposed to
high sodium chloride concentrations. Annals of Botany 47: 75-85.

Kasamo, K., F. Kagita, H. Yamanishi & T. Sakaki (1992). Low tem-
perature-induced changes in the thermotropic properties and
fatty acid composition of the plasma membrane and tonoplast
of cultured rice (Oryza sativa L.) cells. Plant Cell Physiology 33:
609-616.

Kawasaki, S., C. Miyake, T. Tohchi & A. Yokota (2000). Responses
of wild watermelon to drought stress: Accumulation of an ArgE
homologue and citrulline in leaves during water deficits. Plant
Cell Physiology 41: 864-873.

Kayamakanova, M., N. Stoeva & T. Mincheva (2008). Salinity and
its effects on the physiological response of bean (Phaseolus vul-
garis). Journal of Central European Agriculture 9: 749-756.

Khan, M.N., M.H., Siddiqui, F. Mohammad, M. Masroor, A. Khan
& M. Naeem (2007). Salinity induced changes in growth, en-
zymes activities, photosynthesis, proline accumulation and yield
in Linseed genotypes. World Journal of Agricultural Sciences 3: 685-
695.

Kohzuma, K., J.A. Cruz, K. Akashi, S. Hoshiyasu, Y.N. Munekage,
A. Yokota, & D.M. Kramer (2009). The long-term responses of
the photosynthetic proton circuit to drought. Plant Cell Environ-
ment 32: 209-219.

Koyro, H.W. (2006). Effect of salinity on growth, photosynthesis,
water relations and solute composition of the potential cash crop
halophyte Plantago coronopus (L.). Environmental and Experimen-
tal Botany 56: 136-146.

Mansour, M.M.F. (2000). Nitrogen containing compounds and ad-
aptation of plants to salinity stress. Plant Biology 43: 491-500.
Marur, C.J., L. Sodek & A.C. Magalhes (1994). Free amino acids in
leaves of cotton plants under water deficit. Revista Brasileira de

Fisiologia Vegetal 6: 103-108.

Mayabaf, S., R.P. Beckett, Z. Csintalanj & Z. Tuba (2001). ABA
increases the desiccation tolerance of photosynthesis in the Af-
romontane Understorey moss Atrichum androgynum. Annals of
Botany 88:1093-1100.

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance.
Trends in Plant Science 7: 405-410.

Mohammad Khani, N. & R. Heidari (2008). Drought-induced ac-
cumulation of soluble sugars and proline in two maize varieties.
World Applied Science Journal 3: 448-454.

Munne-Bosch, S. (2005). The role of a-tocopherol in plant stress
tolerance. Journal of Plant Physiology 162: 743-748

Navrot, N., N. Rouhier, E. Gelhaye & J.P. Jacquot (2007). ROS
generation and antioxidant systems in plant mitochondria. Plant
Physiology 129: 185-195.

Nedjimi, B., Y. Daoud & M. Touati (2006). Growth, water relations,
proline and ion content of in vitro cultured Arriplex halimus subsp.
schweinfurthii as affected by CaCl,. Communications in Biometry
Crop Science 1: 79-89.

Palacios, E.A.B., A. Pérez, 1.S. Racotta & R. Civera (2004). In-
fluence of highly unsaturated fatty acids on the responses of
white shrimp (Litopenacus vannamei) postlarvae to low salin-
ity. Journal of Experimental Marine Biology and Ecology 299:
201-215.

®YTON ISSN 0031 9457 (2012) 81: 181-190

Palfi, G. & J. Juhasz (1971). The theoretical basis and practical ap-
plication of a new method of selection for determining water de-
ficiency in plants. Plant and Soil 34: 503-507.

Renault, S., C. Croser, J. Franklin & J. Zwiazek (2001). Effects of
NaCl and Na,SO, on red-osier dogwood (Cornus stolonifera Mi-
chx) seedlings. Plant and Soil 233: 261-268.

Sahu, S., P. Das, M. Ray & S.C. Sabat (2010). Osmolyte modulated
enhanced rice leaf catalase activity under salt-stress. Advances in
Bioscience and Biotechnology 1: 39-46

Shen, B., R.G. Jensen & H.J. Bohnert (1997). Mannitol protects
against oxidation by hydroxyl radicals. Plant Physiology 113:
1177-1183.

Sircelj, H., M. Tausz, D. Grill & F. Batic (2005). Biochemical re-
sponses in leaves of two apple tree cultivars subjected to progress-
ing drought. Journal of Plant Physiology 162: 1308-1318.

Stoeva, N. & M. Kaymakanova (2000). Effect of salt stress on the
growth and photosynthesis rate of bean plants (Phaseolus vulgaris.
L.) Proceedings of 2nd Int. conf. Journal of Central European Ag-
riculture 181-87.

Sueldo, R.J., A. Invemati & S.G. Plaza (1996). Osmotic stress in
wheat seedlings: effects on fatty acid composition and phospho-
lipids turnover in coleoptiles. Cereal Research Communications
24:77-84.

Sui, N., M. Li, K. Li, J. Song & B.S. Wang (2010). Increase in unsat-
urated fatty acids in membrane lipids of Suaeda salsa L. enhances
protection of photosystem II under high salinity. Photosynthesis
48: 623-629.

Sun, CJ.,Z.G. Liu & Y.D. Jing (2003). Effect of water stress on ac-
tivity and isozymes of the major defense enzymes in maize leaves.
Journal of Maize Science 11: 63-66.

Tan, J., H. Zhao, J. Hong, Y. Han, H. Li & W. Zhao (2008). Effect
of exogenous nitric oxide on photosynthesis antioxidant capacity
and proline accumulation in wheat seedlings subjected to osmotic
stress. World Journal of Agricultural Science 4: 307-313.

Tausz, M. (2001). The role of glutathione in plant response and
adaptation to natural stress. In: D. Grill M. Tausz and L.J. De
Kok (eds.). Insignificance of Glutathione in Plant Adaptation to
the Environment. Kluwer Academic Publishers, Dordrecht, pp.
101-122.

Torres-Franklin, M.L., A. Repellin, V.B. Huynh, A. d’Arcy-Lameta,
F. Zuily & A.TY. Pham-Thi (2008). Omega-3 fatty acid desatu-
rase (FAD3, FAD7, FADS) gene expression and linolenic acid
content in cowpea leaves submitted to drought and after rehydra-
tion. Environment Experimental Botany 65 162-169.

Touchstone, J.C. (1995). Thin-layer chromatographic procedures for
lipid separation. Journal of Chromatography B 671: 169-195.

Wang, J., D.Q. Li & L.S. Gu (2002). The response to water stress
of the antioxidant system in maize seedling roots with different
drought resistance. Acta Botanica Boreali-Occident Sinica 22: 285-
290.

Wang, W,, R. Vignani, M. Scali & M. Cresti (2006). A universal and
rapid protocol for protein extraction from recalcitrant plant tis-
sues for proteomic analysis. Electrophoresis 27: 2782-2786.

Xu, C. & B. Huang (2010). Differential proteomic responses to water
stress induced by PEG in two creeping bentgrass cultivars differ-
ing in stress tolerance. Journal of Plant Physiology 167: 1477-1485.

Zhu,].K.(2001). Plant salt tolerance. Trends in Plant Science 6: 66—71.





