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;

Young plants of the common Okinawa mangrove spe-

cies Bruguiera gymnorrhiza were transferred from freshwa-

ter to a medium with seawater salt level (500 mM NaCl).

Two-dimensional gel electrophoresis revealed in the leaf ex-

tract of the plant a 33 kDa protein with pI 5.2, whose quan-

tity increased as a result of NaCl treatment. The N-termi-

nal amino acids sequence of this protein had a significant

homology with mature region of oxygen evolving enhancer

protein 1 (OEE1) precursor. The cloning of OEE1 precur-

sor cDNA fragment was carried out by means of reverse

transcription-PCR (RT-PCR) using degenerated primers.

Both 3����- and 5����-regions were isolated by rapid amplifica-

tion of cDNA ends (RACE) method. The deduced amino

acid sequence consisted of 322 amino acids and was 87%

identical to that of Nicotiana tabacum. In B. gymnorrhiza,

the predicted amino acid sequence of the mature protein

starts at the residue number 85 of the open reading frame.

The first 84-amino acid residues correspond to a typical

transit sequence for the signal directing OEE1 to its appro-

priate compartment of chloroplast. The expression of

OEE1 was analyzed together with other OEE subunits and

D1 protein of photosystem II. The transcript levels of all the

three OEEs were enhanced by NaCl treatment, but the sig-

nificant increase of D1 protein was not observed.

Key words: Bruguiera gymnorrhiza — Molecular cloning —

Oxygen evolving enhancer protein 1 — Salt tolerance — Two-

dimensional gel electrophoresis.

Introduction

Plant growth is severely limited by salt stress. Salt stress

brings reduction of water potential, ion imbalance and toxicity.

To cope with salt stress, plants respond with physiological and

biochemical changes. These changes aim at the following, re-

tention of water in spite of the high external osmoticum and the

maintenance of photosynthetic activity while stomatal opening

is reduced to counter water loss. Accumulation of low molecu-

lar weight compounds such as glycinebetaine, sugar alcohols

and proline is a mechanism aimed at balancing water potential

following increase in salinity. In addition to synthesis of these

osmolytic compounds, specific proteins and translatable

mRNA induced and increased by salt stress have been reported

(Dure 1981, Singh et al. 1987, King et al. 1988, Claes et al.

1990, Hurkman et al. 1991, Reviron et al. 1992).

Mangroves develop in sheltered tidal zones exposed to

varying degrees of salinity ranging from brackish to levels

above seawater. Mangrove forest usually forms a unique zona-

tion. Bruguiera gymnorrhiza is a characteristic element of the

middle mangrove community in zonal distribution, extending

into transitional landward communities (Tomlinson 1994). In

addition to salinity, Tsukamoto and Nakanishi (1998) suggest-

ed that excess Mn in the leaves is one of restrictive factors in

the zonation of this mangrove, since Mn content in the leaves

showed correlation with electron conductivity of soil water.

Bruguiera gymnorrhiza also has a specialized root system

called “root knee”. Root knees are inundated by seawater dur-

ing high tide, but fully or partially exposed during low tide.

Such root system functions as a highly specialized ventilation

mechanism, enabling this mangrove to survive in anaerobic

soil.

Mangroves are divided into two distinct groups on the ba-

sis of their salt management strategies. One is “secreters”

which have salt glands or salt hairs, and the other is “non-se-

creters” lacking such morphological features for excretion of

excess salt. Bruguiera gymnorrhiza is included in the latter

group. Although Scholander (1968) suggested that non-se-

creters including B. gymnorrhiza excluded 99% of the salt in

surrounding seawater by ultrafiltration, Takemura et al. (2000)

detected high level of sodium in xylem sap of B. gymnorrhiza.

They also reported that superoxide dismutase activity in-

creased as a result of an immediate increase of sodium content

in the leaves after the plants were transferred from freshwater

to high salinity. In this mangrove, it is suggested that cyclitols

(Popp 1984) and organic acids such as malic acid and citric

acid (Kato et al. 1986) act as compatible solutes to regulate wa-

ter potential.

The aim of our study is to clarify the molecular mecha-

nisms of salt tolerance in mangrove plants. Bruguiera gymnor-

rhiza is one of suitable materials for this purpose, since this

mangrove is a member of non-secreters, which implies that bi-

ochemical or physiological mechanisms mainly contribute to
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OEE1 increased by salt treatment1280

salt tolerance. We have been approaching the mechanism us-

ing two-dimensional gel electrophoresis and differential dis-

play to find differentially expressed proteins and transcripts. In

addition, we are constructing expressed sequence tag collec-

tion of this mangrove. This is our first report on molecular bio-

logical study of salt tolerance in B. gymnorrhiza. Here we

present cloning of cDNA encoding oxygen evolving enhancer

protein 1 (OEE1) differentially expressed in two-dimensional

gel electrophoresis, and discuss an importance of OEE1 in salt

tolerance of this mangrove.

Materials and Methods

Source of plants and growth conditions

Seeds of the viviparous B. gymnorrhiza were collected from Irio-

mote Island, Okinawa, Japan, at the end of May 1998 and mid of Sep-

tember 1999. Five viviparous seeds were planted in each culture pot

(15 cm in diameter and 14 cm in height) with vermiculite. The pots

were irrigated every 2–5 d with water. Liquid fertilizer was first added

after the cotyledons had developed. These pots were placed in a cul-

ture room controlled at 25�C with a 12 h photoperiod. The photon irra-

diance at the top of leaf level was approximately 500 �mol m–2 s–1. Af-

ter 8–10 months growth under these conditions, several pots were

supplied with NaCl solution adjusted to 500 mM.

Protein extraction and two-dimensional gel electrophoresis

Second leaves (approximately 5 g FW) from the top in both

freshwater controls and salt (500 mM) exposed plants were collected,

and immediately frozen in liquid nitrogen. The leaves were then bro-

ken and ground to powder by a mortar and pestle. The powder was ho-

mogenized in an aqueous extraction buffer containing 0.7 M sucrose,

0.5 M Tris, 30 mM HCl, 50 mM EDTA, 0.1 M KCl, 2 mM PMSF and

3% (v/v) 2-mercaptoethanol. Soluble protein was extracted from the

homogenate according to a phenol extraction procedure (Hurkman and

Tanaka 1986).

The isoelectric focusing (IEF) gel electrophoresis was done us-

ing a gel (Immobiline Dry Strip, pH 4–7, Amersham Pharmacia,

Freiburg, Germany), to which the extract containing 100 �g protein

was applied. The first gel electrophoresis was carried out at 300 V for

4 h, and then at linear gradient to 3,500 V for 5 h followed by 3,500 V

for 20 h. The temperature of the gel was controlled at 15�C. After the

first dimensional gel electrophoresis, the gel was removed and equili-

brated for 10 min using SDS sample buffer containing 50 mM Tris-

HCl (pH 6.8), 6 M urea, 30% glycerol, 1% SDS and 0.05% DTT. Sec-

ond equilibration was done for 10 min using the same buffer but con-

tained 0.9% 2-iodoacetamide instead of DTT. After equilibration, the

gel was layered on the top of a SDS-polyacrylamide gel (Excel Gel XL

SDS 12–14, Amersham Pharmacia) for the second dimension gel elec-

trophoresis. This electrophoresis was carried out at 1,000 V, 25 mA for

45 min followed by 1,000 V, 40 mA for 5 min, and then for another

2.5 h at 1,000 V, 40 mA. The temperature of the gel was controlled at

15�C. The gel was subsequently silver-stained for detection. The ex-

periments were repeated ten times using leaves from different plants in

the conditions of both freshwater and salt treatment.

Electroblotting and amino terminal sequencing

The two dimensional gels were electroblotted to polyvinylidene

difluoride (PVDF) membranes (Sequi-Blot PVDF Membrane, Bio-Rad

Laboratories, CA, U.S.A.) at 100 V for 30 min, and the membranes

were stained with Coomassie Blue R250 (Bio-Rad Laboratories). The

protein spots were excised from the membranes (20 membranes per

each spot) and destained with methanol. The 20 excised spots were

placed into the reaction chamber of the gas-phase protein sequencer

(PSSQ-10, Shimadzu Corp., Kyoto, Japan). Homology search was per-

formed using the ADVANCED BLAST program.

Extraction of RNA

Second leaves (approximately 5 g) from the top were ground in

liquid nitrogen, and incubated at 65�C for 1 h in 25 ml extraction buff-

er containing 20% CTAB, 100 mM Tris-HCl (pH 8.0), 25 mM EDTA,

2 M NaCl, 0.05% (w/v) spermidine and 4% 2-mercaptoethanol. The

suspension was centrifuged at 2,500�g for 10 min. An equal volume of

chloroform : isoamylalcohol (24 : 1, v/v) was added to the superna-

tant, and centrifuged at 2,500�g for 5 min. RNA was selectively pre-

cipitated and purified by overnight LiCl (2M LiCl) precipitation at –

20�C, and recovered by centrifugation at 18,000�g for 20 min. The

RNA sample pellet was resuspended in 500 �l SSTE buffer contain-

ing 1 M NaCl, 0.5% (w/v) SDS, 1 mM EDTA and 10 mM Tris-HCl

(pH 8.0) and then precipitated with ethanol at –20�C for 2–3 h. RNA

was recovered by centrifugation at 18,000�g for 30 min, and rinsed

with 1 ml of 80% ethanol, gently desiccated. The RNA was suspended

in diethyl pyrocarbonate (DEPC)-treated water (approximately 5 �g

�l–1).

cDNA cloning

Oligonucleotide primers used in this study are listed in Table 1.

Single-strand cDNAs were synthesized from total RNA using Not1-

d(t)18 primer. To isolate OEE1 precursor cDNA, degenerated sense

primers SP1 and SP2 were designed on the basis of N-terminal amino

acid sequence. Degenerated antisense primer AP1 was designed on the

basis of consensus amino acid sequence (GGRGDEEEL of the

position 262–270 in Arabidopsis thaliana) of OEE1. When reverse

transcription-PCR (RT-PCR) was conducted using primer set SP2-

AP1, single amplified cDNA was obtained. To determine the entire

nucleotide sequence of OEE1 precursor cDNA, rapid amplification of

cDNA ends (RACE) method (Frohman et al. 1986) was applied. For

this method, four specific primers, OEE1SP1 and OEE1SP2 for 3�-

RACE, OEE1AP1 and OEEAP2 for 5�-RACE, were designed on the

basis of nucleotide sequence obtained from RT-PCR product. Single-

strand cDNAs for templates of 3�- and 5�-RACE were synthesized us-

ing Not1-d(T)18 and OEE1AP1, respectively. Double-strand cDNA of

the 3�-region was obtained by RT-PCR using primer sets of OEE1SP1-

Not1. Primer set of OEE1SP2-Not1 was used for nested-PCR. To

clone the 5�-region, 5�-RACE System version 2.0 (Gibco-BRL) was

used according to the manufacturer’s instruction. The gene specific

primer OEE1AP2 was combined with dC-tail-specific primer AUAP.

The conditions for PCR were designated 30 cycles per 30 s at

94�C, 60 s at 55�C and 90 s at 72�C with a final elongation step of

5 min at 72�C for primer sets of SP1-Not1 and SP2-AP1, and 25 cy-

cles per 30 s at 94�C, 60 s at 59�C and 90 s at 72�C with a final elon-

gation step of 5 min for primer sets of OEE1SP1-Not1, OEE1SP2-Not

1, and AUAP-OEE1AP2. The PCR product was directly sequenced us-

ing a DNA autosequencer SQ-5500 (Hitachi Co., Ltd., Tokyo, Japan).

The cDNA fragments of OEE2 and OEE3 were obtained from

RT-PCR using primer sets of OEE2SP-OEE2AP and OEE3SP-

OEE3AP, respectively. These primers were designed on the basis of

the conserved regions of known sequences of OEE2 and OEE3. The

cDNA fragment of D1 protein was obtained from our expressed se-

quence tag (EST) collection of B. gymnorrhiza. The sequences of

OEE2, OEE3 and D1 protein have been deposited in the DDBJ/EMBL

database under the accession numbers of AB043961, AB043962 and

AB043963, respectively.
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OEE1 increased by salt treatment 1281

Northern analysis

Total RNA (20 �g) was applied to formaldehyde-agarose gel

electrophoresis and blotted to Hybond-XL (Amersham Pharmacia).

The PCR product obtained from primer set of SP2-AP1 was used as

probe for OEE1. The cDNA fragments obtained from RT-PCR was

used as probes for OEE2 and OEE3, and cDNA fragment encoding D1

protein obtained from the EST collection was also used as probe.

Probe was labeled with [32P]dCTP using random primed kit (Meg-

aprime DNA Labelling system, Amersham Pharmacia). Membrane

was hybridized with the probe at 42�C for 16 h in 0.01% (w/v) salmon

sperm DNA, 2.5% SDS, 5��SSPE, 5��Denhard’s solution, and 10%

dextran sulfate with 50% deionized formamide. Membrane was

washed twice with 2��SSC, 0.1% SDS at 42�C for 5 min, and twice

more in 0.1��SSC, 0.1% SDS at 60�C for 20 min. The membrane was

exposed to Hyperfilm-MP (Amersham Pharmacia) for 15 h.

Results

Two-dimensional gel electrophoresis

Ten-month-old plants grown with water were supplied

with 500 mM NaCl solution for 5, 7 and 14 d. Proteins were

extracted from leaves harvested from NaCl-untreated and

NaCl-treated plants, and separated by two-dimensional gel

electrophoresis (Fig. 1). Several protein spots induced and in-

creased by salt treatment were detected. Two proteins of about

17 and 18 kDa with a pI of 6.1 were induced after 7 d of NaCl

treatment. The level of a 33 kDa protein with a pI of 5.2 in-

creased by NaCl treatment within 5 d.

The ten residues of amino acid sequence from N-terminus

of protein with a 33 kDa (pI 5.2) were EGVPKRLTYD. Ho-

mology search revealed that the N-terminal sequence of this

protein had a significant homology with oxygen evolving en-

hancer protein 1 (OEE 1) precursors starting at amino acid 86,

86, 80, and 82 of A. thaliana, Solanum tubersum (potato), Triti-

cum aestivum (wheat) and Pisum sativa (pea), respectively.

Two polypeptides with 17 and 18 kDa (pI 6.1) could not be se-

quenced, since they had a blocking group at N-terminus.

Characterization of OEE1 precursor cDNA

To isolate cDNA fragment of OEE1 precursor, RT-PCR

was carried out using primer set of SP1-Not1. However, we

could not distinguish OEE1 precursor cDNA fragment because

of contamination of unspecific products. New primer SP2 that

is longer in base number than SP1 was, thus, designed, and

combined with AP1. Using this primer set, single product with

550 base pairs (bp) in size was obtained in RT-PCR. The nucle-

otide sequence of this product had a homology with other

known sequences of OEE1, but this approach does not result in

isolation of full-length clone. To determine the entire nucle-

otide sequence of OEE1 precursor cDNA, 3�- and 5�-regions

were cloned by RACE method. Both products of 3�- and 5�-

RACE were about 350 bp in size, and shared partial nucleotide

sequences with that of RT-PCR product using primer set of

SP2-AP1.

Nucleotide sequence of the full-length OEE1 precursor

cDNA determined from assembling of these sequences is

shown, together with the deduced amino acid sequences, in

Fig. 2. This sequence has been deposited in the DDBJ/EMBL

database under the accession number of AB043960. In the un-

Table 1 Oligonucleotide primers used for reverse transcription and PCR

a Ambiguous nucleotides are abbreviated according to the IUB-standard: M, A/C; R, A/G; Y, C/T; I, inosine.

Primer name Sequence a (5��3�)

Reverse transcription

Not1-d(T)18 AACTGGAAGAATTCGCGGCCGCAGGAATTTTTTTTTTTTTTTTTT

OEE1AP1 GCATAATCAATCCCATCTTTCTCCAC

PCR

Sense primers

SP1 GARGGIGTICCIAARMG

SP2 GARGGIGTICCIAARMGIYTIACITAYGA

OEE1SP1 CGTGTGCCATTCCTCTTCACAG

OEE1SP2 AAGGGACGGGGTGGATCAAC

AUAP GGCCACGCGTCGACTAGTAC

OEE2SP GGTAAGCCAAAGGAAAACACAG

OEE3SP CCTTCCGGTGGTGGICTICCIGGIAC

Antisense primers

Not1 TGGAAGAATTCGCGGCCGCAG

AP1 ARYTCYTCYTCRTCICCICKICCIC

OEE1AP2 AGCCTTGACGGTGAATGAAGTTGG

OEE2AP TTAAACCATCTCTTGTCACCAGC

OEE3AP GCCTYTAICCIAGCTTGGCIAGAAC
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OEE1 increased by salt treatment1282

broken reading frame of OEE1 precursor protein cDNA the

first ATG codon is at nucleotide position 10 and the open read-

ing frame is terminating with a TAA stop codon at position

1,006, thereby coding for 332 amino acids. This sequence con-

tains 77 bp 3� non-coding region and a poly(A) tail. The 3�-un-

translated region includes a putative polyadenylation signal

(AATGAA). The N-terminal sequence of the protein obtained

from two-dimensional gel electrophoresis can be found at the

residue number 85–94, which shows that the first 84-amino

acid residues is a chloroplast import leader sequence and the

mature protein starts at 85-amino acid residues. The compari-

son of the deduced amino acid sequence with the available se-

quences revealed that the OEE1 precursor protein of B. gym-

norrhiza was 87, 85, 84, 82, and 78% identical to those of N.

tabacum (tobacco, with accession number CAA45701), Lycop-

ersicon esculentum (tomato, CAA78043), S. tuberosum (pota-

to, P26320), P. sativum (pea, P14226), and A. thaliana

(P23321), respectively (Fig. 3). The discrepancies are ob-

served in the N-terminal region for a transit peptide to import

to chloroplast.

Northern analysis

The gene expression of OEE1 precursor was analyzed to-

gether with OEE2, OEE3 and D1 protein using Northern hy-

bridization (Fig. 4). Although the transcripts of three OEEs ex-

pressed in untreated plant, NaCl treatment led to an increase in

the level of transcripts corresponding to OEEs. The level of

OEE1 transcript increased within 3 d after NaCl treatment, and

the elevated level was maintained during 14 d of treatment.

The transcript of OEE2 also began to increase within 3 d and

reached maximum level in 7 d. The transcript of OEE3 at 3 d

after the treatment was almost the same level as that of non-

treated plant, but the level increased in 5 d and was maintained

Fig. 1 Effect of NaCl treatment on protein profile separated by two-

dimensional gel electrophoresis. Proteins were extracted from leaves

grown under water for 10 months (A) and then another for 5 d (B), 7 d

(C) and 14 d (D) with NaCl treatment. Proteins that were induced and

increased by NaCl treatment are marked by arrows.

Fig. 2 Nucleotide sequence and deduced amino acid sequence of

OEE1 precursor cDNA. The stop codon is marked with an asterisk.

Underline indicates the identical residues obtained from N-terminal

amino acid sequence. A putative polyadenylation signal is double

underlined.
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OEE1 increased by salt treatment 1283

Fig. 3 Comparison of the amino acid sequences of OEE1 precursor from Bruguiera gymnorrhiza with those of known proteins. Asterisks indi-

cate amino acids that are conserved among the different sequences and chemically similar residues are denoted by dots on the bottom line. Solid

and broken lines show chloroplast import domain (CID) and thylakoid transfer domain (TTD) on the top, respectively. Mature region starts at the

arrowhead position.
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OEE1 increased by salt treatment1284

up to 14 d. In contrast to these results, the level of transcript

corresponding to D1 protein was not affected by NaCl treat-

ment.

Discussion

We detected several proteins increased or induced by

NaCl treatment in B. gymnorrhiza. The 33 kDa protein with

pI 5.2 was identified with oxygen evolving enhancer protein 1

(OEE1). Oxygen evolving enhancer proteins (OEEs) consist of

three subunits, OEE 1 (33 kDa), OEE 2 (23 kDa) and OEE 3

(16 kDa). These are nuclear-encoded chloroplast proteins, and

peripherally bound to photosystem II (PSII) on the lumenal

side of the thylakoid membrane. The transit peptide which is

the signal directing OEEs to their appropriate compartment of

chloroplast resides in the N-terminal region. The transit peptide

region is composed of two domains, one with a chloroplast im-

port domain (CID) and the other with a thylakoid transfer

domain (TTD). OEEs synthesized in the cytosol translocate

across the chloroplast by CID, and intermediate OEEs are yield-

ed. These intermediate proteins subsequently translocate across

the thylakoid membrane by TTD (Robinson and Klosgen

1994), resulting in mature portion of OEEs are located on

lumenal side of PSII.

Northern analysis showed that the transcript of OEE1 in-

creased in amount by NaCl treatment. This result supports that

the level of the protein increased after NaCl treatment in two-

dimensional gel electrophoresis. The transcript levels of OEE2

and OEE3 also increased by NaCl treatment. OEE1 is bound to

the chlorophyll-a-binding protein CP47 and a small unidenti-

fied intrinsic subunit of PSII (Seidler 1996). OEE1 provides the

binding site for OEE2 (Kavelaki and Ghanotakis 1991), and

OEE3 is bound to PSII via OEE2 (De Vitry et al. 1989). Al-

though removal of OEE2 and OEE3 led to lose oxygen evolu-

tion, the function of these proteins could be replaced by 5 mM

Ca2+ and 30 mM Cl– (Miyao and Murata 1984). However, re-

moval of OEE1 together with OEE2 and OEE3 caused signifi-

cant loss of oxygen evolving activity and unstablility of Mn

cluster. The function of OEE1 could not be replaced by Ca2+

and Cl–. Rebinding OEE1 to PSII restored activity of oxygen

evolution and stability of the Mn cluster. These results indicate

that OEE1 is the most important protein for oxygen evolution

and PSII stability.

Takemura et al. (2000) showed that gross photosynthesis

of B. gymnorrhiza was decreased in response to increase salini-

ties. The depression was attributable to restriction to CO2 ac-

cess due to reduction of transpiration. Kawamitsu et al. (1995)

also reported the decrease of photosynthesis and leaf conduct-

ance under elevated salinities in B. gymnorrhiza. The relation-

ship between the rate of photosynthesis and leaf conductance

was linear proportional, and no change of the slope was ob-

served in any salinity. This result implies that the depression of

photosynthesis in B. gymnorrhiza results from not depression

of photosynthetic capacity but reduction of stomatal conduct-

ance. It is possible that the level of OEEs concomitantly

increase as the result of increasing the number of PSII center.

However, the number of PSII center seems not to increase,

since the transcript level of D1 protein did not change after

NaCl treatment. Two other possibilities on the increase of these

levels can be considered. The increases of their levels are due

to making up the protein levels what these proteins lack in

dissociation, or what the proteins are damaged by NaCl. It is

known that OEE2 and OEE3 can be easily removed from PSII

complex in the presence of NaCl. Sodium concentration in

leaves of B. gymnorrhiza increased and reached steady state

value in several days after NaCl treatment (Takemura et al.

2000). The enhancement of transcript levels of OEE2 and

OEE3 might be due to an acceleration of association with PSII

complex to overcome the dissociation. In Erythrina variegata

seedling, salt stress had a detrimental effect on PSII (Muth-

uchelian et al. 1996). This impairment was caused by damage

of OEEs. Also in B. gymnorrhiza, prompt turnover of OEEs

might be required as the result of NaCl damaged the OEEs.

Murota et al. (1994) pointed out the importance of OEE2

in salt adaptation process in photoautotrophically cultured

green tobacco cells. According to them, the dissociation of the

OEE2 from thylakoid membranes in NaCl-adapted cells was

not observed, but observed in unadapted cells. They suggested

that the stronger association of OEE2 in adapted cells be due to

changes in the protein or changes in other proteins interacted

with OEE2. Our data suggest that not only the OEE2 but also

the OEE1 and OEE3 play an important role in maintenance of

PSII activity under NaCl stress condition. In particular, OEE1

is an essential for oxygen evolving activity and PSII stability.

The expression of OEE1 is also considered to be the rate-limit-

ing step in the assembly of PSII subunit (Mizobuchi and

Fig. 4 Expression of the transcripts of OEE1, OEE2, OEE3 and D1

protein. Total RNA was prepared from leaves grown under freshwater

for 8 months and then another for 3, 5, 7 and 14 d with NaCl treat-

ment. The same blots were reproved with 18S rDNA.
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OEE1 increased by salt treatment 1285

Yamamoto 1989). Therefore, it is considered that the recovery

or turnover of OEE1 is one of the mechanisms to maintain the

capacity of PSII under NaCl treatment.

The increase of transcript level of D1 protein was not ob-

served, in spite of those of OEEs were increased. This shows

that the expression of nuclear-encoded OEEs is not coupled to

the expression of the chloroplast-encoded D1 protein. It is not

necessary to increase the number of PSII center including D1

protein because of depression of photosynthesis under salt

stress condition. This study suggested that B. gymnorrhiza

copes with NaCl stress by means of not increase of the number

of PSII complex but maintenance of PSII complex.
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