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Abstract: Olive is an ever- green tree of the oleaceae family and of the genus olea , grown under a wide range
of climates and soils all over the world. In Iran, 50 percent of all growing areas encountered by high salt
concentration conditions and drought. Water deficit caused by drought and high salinity has been an important
factor limiting crop productivity. To cope with these environmental stresses, application of molecular plant
breeding is necessary. In response to osmotic stress elicited by condition of high salt, the expression of P5CS
gene increased in olive plants. Transgenic and non transgenic olive plants were transferred to the solid > MS
containing 200 mM NaCl and they were sub- cultured about 2 weeks, then total protein was extracted from fresh
leaves of transgenic plants and non transgenic plants under osmotic stress condition and measured using of
Bradford to subject to SDS-PAGE gel electrophoresis. To probe the effect of P5CS overexpression on salinity
stress tolerance, polyclonal antibody developed in rabbit against PSCS protein was used. The result of
immunological methods for specific detection of P5CS gene, strongly indicated P5CS up - regulation in stressed

transgenic olive plants versus stressed non transgenic olive plants.
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INTRODUCTION

Plants are influenced by different environmental
stresses. Osmotic stresses caused by drought, salinity
and cold limit growth and crop productivity [1, 2]. One of
the cellular responses to these tensions is accumulation
of metabolites known as osmolytes including
such as sucrose and fructose, sugar alcohols such as
glycerol and inositol, complex sugars such as trehalose
and raffinose and amino acids such as proline and ectoine
[3]. Proline as an important osmolyte plays a vital role in
osmotic tolerance [3, 4]. The glutamic acid pathway is

sugars

the main pathway in the cytoplasm leading to proline
synthesis in higher plants especially under osmotic stress
[5]. Proline is synthesised from Glu via two intermediates,
glutamic -y~- semialdehyde (GSA) and A'-pyrroline- 5-
carboxylate (P5C). The first and the final steps of the
proline biosynthesis are catalyzed by P5C synthetase
(P5CS) and P5C reductase (P5SCR), respectively [6].

The accumulation of proline induced by salinity in higher
plants is a response to osmotic stress [7, 8]. Nanjo ef al.
(1999) used antisense transgenic Arabidopsis plants with
a P5CS ¢cDNA and showed that sensitivity to salinity
stress enhanced in these plants and that PSCS played a
key role in proline production, considering significantly
lower level of proline in these antisense transgenic plants
than wild-type plants [9]. Zhu et al. (1998) studied proline
accumulation in transgenic rice plants with PSCS ¢cDNA
and proved stress-induced overproduction of the P5CS
enzyme under salinity stress [10].

It has been also shown that salinity stress
overproduces the P5CS enzyme in transgenic citrus
rootstock Carrizo citrange and chickpea Cicer arietinum
L. with P5CS ¢cDNA [11, 12].

In the present study, we analyzed the expression
level of the P5CS gene immunologically in the transgenic
and control (nontransgenic) olive plants under osmotic
stress.
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MATERIALS AND METHODS

To assess salinity stress-induced overproduction
of the PSCS enzyme and proline accumulation, we used
the olive plants
Gheiratmand (2004) using Agrobacterium tumefaciens
strain ¢58 (pGV3101) containing PBI-121-P5CS binary
vector [13]. The transgenic plants (27-30 days old)
cultured on the selective media and maintained in the
greenhouse with 16 h light, 8 h dark cycle at 244+2°C
temperature (See Gheiratmand, 2004) were transferred to
the solid 1/2MS media containing 100 (seven plants) and
200 (seven plants) mM NaCl and also seven transgenic
plants were transferred to the solid 1/2MS media without
any salinity. Nontransgenic plants (27-30 days old) were
also transferred from solid 1/2MS media (with 16 h light,
8 h dark cycle at 24+2°C temperature) to the solid 1/2MS
media containing 100 (seven plants) and 200 (seven
plants) mM NaCl. The transgenic and control plants were
sub-cultured for 2 weeks and then total protein was
extracted [14]. Equal quantity of total protein from both
samples was subjected to SDS-PAGE gel electrophoresis.
Free proline content was determined according to the
procedures of Bates er al. (1973) [15]. Since the Pro
contents vary from leaf to leaf and depend also on the age
of the plant, plants and leaves with similar age and size
were selected for proline assay. For immunodetection,
protein extract were separated by 12.5% SDS-PAGE gel
and transferred electrophoretically onto nitrocelloluse
membrane in a solution of 25 mM Tris, 193 mM glycine
and 20% (v/v) methanol. The level of P5CS enzyme was
analyzed on immunoblots developed with antibodies

(Olea europaea) transformed by

raised in a rabbit against the synthetic peptide (Sigma-

Genosys) corresponding to the 15 amino acids
(EELDRSRAFARDVKR) of the AtP5CS N terminus
representing the highly conserved amino acids of this
enzyme [9]. Means of proline content were compared by

ANOVA analysis and Duncan’s Multiple Range Test at
significant difference P< 0.05, using SPSS Package,
ver. 15.

RESULTS AND DISCUSSION

On the solid 1/2 MS media containing 200 mM NaCl,
the transgenic plants showed increase in growth
compared with nontransgenic plants (Figure 1). Proline
assay also detected that proline content of the transgenic
plants was higher than that of nontransgenic plants in
different concentrations of salinity (0, 100 and 200 mM
NaCl). Proline content of transgenic and nontransgenic
plants cultured in different media is shown in Figure 2.
Significant differences of proline contents among control
and transgenic plants are given in table 1, considering all
differences were significant at significant difference
P<0.05. Western blotting using P5CS polyclonal antibody
detected that in the tension medium containing 200 mM
NacCl, the transgenic Plants accumulated higher content
of P5CS protein than that in the control plants. A thicker
protein band of 72 kDa belonged to the transgenic plants
was detected (Figure 3).

Drought and salinity are important environmental
factors cause osmotic stress in plants and reduce
growth and crop yield [16]. Proline overproduction
playing an important role for osmotic adment is a current
response to salinity stress in many plants [3,5,10,-12,
17,18]. Khedr et al. (2003) stated that proline content of
the desert plant Pancratium maritimum L. increased
several times at 300 mM NaCl, enhancing tolerance to salt
stress [19]. It has been shown that transgenic plants
overexpressing PS5CS accumulated higher proline

compared with control plants under salinity stress [5, 10].
It sounds that under salinity stress, K concentration in
the cells decreases simultaneously with increase in proline
content [20].

Fig. 1: Photographs of transgenic (a) and nontransgenic plants (b) in tension medium with 200 mM NaCl.
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Fig. 2: Proline content in transgenic and nontransgenic
olive plants.
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Fig. 3: Western blot of transgenic (b, 200 mM NaCl,

¢, non-stress medium) and nontransgenic plants
(a, 200 mM NaCl)

Table 1: Free Proline content (ug g~ FW) of control and transgenic olive

plants in different salinity concentrations

NaCl mM 0 100 200
Control 137.09+8.21 893.87+15.76 1418.72+32.51
Transgenic 1274.08+9.53 2212.94+12.96 3574.80+15.18

Enhancement of tolerance to drought and salinity is
one of the aims of genetic engineering manipulating
responsible genes intervening in biosynthesis of low
molecular weight metabolites or other molecules
responsible for tolerance to drought tensions [5]. The
present study proves that the transgenic olive plant can
adapt to a variety of salinity conditions and be used in
Iran agriculture, considering importance of this species in
agriculture and that different parts of Iran are arid and
semiarid.
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