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Abstract

Mangroves possess special cellular mechanismsge with the salty and uncompromising environmemt. |
order to access the role of protein and antioxigaéinzymes defense system during high salt shackBtuguiera
speciesB. parviflora and B. gymnorrhizaof the family Rhizophoraceae were exposed to lsigih shock (500 mM
NacCl) for a short period of 6days. Total proteimtmt in both the species decreased upon salt dhacthe rate of
degradation was more rapid B parviflora than inB. gymnorrhiza SDS-PAGE protein profiling revealed that the
protein having apparent molecular mass 90kDa, 49id3#&Da, 23kDa,10kDa reduced very first after 4dafsalt
treatment oB. parviflorathan inB. gymnorrhizaThe specific activities of catalase increasedtiifvés and 2.1 times in
B. parviflora and B. gymnorrhizaupon exposure to high salt. Out of the four isoferof catalase, CAT-2 activities
enhanced 1.5 times and 1.2 times upon initialtezditment for 4 days and 6 days. APX activity iased 1.3 times and
2.3 times inB. parvifloraandB. gymnorrhizaunder salt shock. A single isoform of APX enhanteitimes and 1.7
times inB. parvifloraandB. gymnorrhizaThe GPX activity increased 1.5 times and 1.3 $inmeleaves of salt treated
seedlings oB. parviflora andB. gymnorrhiza The ability of salt adaptability in both the sjgscwere discussed in
context to their aforestation programme.

Key words. MangrovesBruguiera parviflora Bruguiera gymnorrhizaAntioxidative enzyme, Sodium chloride
1. Introduction

Mangrove forests are widely distributed in the irttdal zones of the tropical and subtropical arehshe
globe (Hogarth, 1999). The mangrove plants in theedt are adapted to harsh environments like maastoxic
anaerobic soil and fluctuating salinity of the wabmdies with of several morphological and anat@inieatures
(Nandy Datta et al., 2007The mangroves are divided in to secretor (possasgland or salt hairs) and non-secretor
group (do not posses such salt secreting featoreshe basis of their salt management strategiesy Thanage salt
stress in variety of ways like ultrafitration byots, Na/ H* exchange and sodium accumulation in the xylem sap
(Takamura et al., 2000Bruguiera parviflora(BP) andBruguiera gymnorrhizgBG) are representative of non-secretor
true tree mangroves with widespread large-leaf whie known to own differential limits for salt éodnce (Sevam et
al., 2002). Some of the earlier reports descriteefiect of salt stress on plants, which are corypbait largely it
imposes a water deficit because of osmotic effenta wide variety of metabolic activities (Greenywaand Munns,
1980; Cheesman, 1988). Mangroves synthesize osatigtiactive metabolites, specific salt inducibleotgins and
regulate water fluxes and support scavenging oxygditals and chaperons to avoid this adverse tiondilitheshet
al., 2006). Soluble protein contents of leaves ugigst reduced in response to salinity (Gadalla®919Vang and Nil,
2000; Paridaet al, 2002). Agastianat al. (2000) have reported that soluble leaf proteinewiacreased at low salinity
level and decreased at high salinity in mulberrglygophyte. It has also been reported that hidjhisacould decrease
of several proteins of molecular mass 17, 23, ®,a8d 34 kDa imB. parviflora (Paridaet al, 2004b). In this
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investigation, we have analyzed the salt toleraneehanism in two related speciesBotiguiera, B. parvifloraandB.
gymnorrhizaby taking protein and antioxidative enzymes as@tkindicators of salt shock.

2. Materials and methods

Propagules oB. parviflora and B. gymnorrhizawere collected from the mangrove forest of Bhitarka
deltas of Orissa, India (latitude 20%4to 20°8N; longitude 8645'E to 87°50’E). Seedlings were raised in a greenhouse
under PAR of 677 to 1040 pmole?sT, and were grown in non saline and non-brackistemasing standard nursery
practices. Three months old, healthy seedlingsibofleaved propagules were used for hydroponicsucailin full
strength Hoagland’s nutrient medium (Hoagland angioA, 1940). These cultures were aerated contimy@mnsl were
maintained in a growth chamber at 228280% RH, 14h photoperiod, and a light intensft@0 pmol nits™. A pilot
experiment was carried out with BP and BG using, 400, 600 and 800 mM NacCl for 0d, 7d, 14, 21 daysrder to
determine the lethal dose of salinity. Since bb# $pecies survived for 7 days in 500 mM NaCl cotre¢ion in the
above experiment this experiment was conducted smgle 500mM NaCl dose for 0, 2, 4, 6 days. Secpaids of
laves from the apical leaf of plant from differetdys of treatment were collected to measure thesrarpntal
parameters and the experiments were repeated witisg¢hree replicas in each treatment.

2.1. Extraction and estimation of total leaf protei

For estimation of total soluble protein, 0.5 g lgul sample tissue was homogenize in ice cold 10% @aad was
incubated over night at’@. The precipitates were centrifuged at 1009dor 10 min, pellets were washed with 100%
acetone and pigment free pellets were successiashed with 80% ethanol, 3:1 (v:v) ethanol:chlommph and ether
to remove phenolic compounds. Pellets were suspkeindenown volume of 0.1N NaOH and estimation ajtpin was
made according to Lowry et al., (1951). Proteinshia unknown sample were estimated at 660nm wagtiensing
de-fatted bovine serum albumin (fraction V, Sigri&sA) as a standard; the results were expressetheodsis of
grams per unit fresh wt (gm/fresh wt) basis.

2.2. Analysis of protein profile of leaf by SDS-FAG

Leaf samples (0.5 g) each of control and treatadtplwere homogenized with 2 ml of 50 mM Tris-Ghgci
buffer (pH 8.3) in chilled mortar and pestle at 4T@e homogenate was centrifuged at 14,09€ox 10 min at 4°C and
the protein concentration of the supernatant sasnpkre estimated according to the method of Bradf®®76). The
supernatant sample containingugOof protein were mixed with equal volume of sdlizing buffer containing 62.5
mM Tris-HCI (pH 6.8), 20% glycerol, 25(w/v) SDS5% 2-mercaptoethanol and 0.01% bromophenol bluehaated
for 4 min at 95°C. Gel was made according to Ladnm(t®70) with some modification. A 12.5% SDS-PAGE
separating gel containing 375 mM Tris-HCI (pH 8 @), %( w/v) ammonium persulfate and 0.4p*MEMED where
as 4% stacking gel containing 125 mM (pH 6.8), @@ w/v) SDS, 0.05 (w/v) ammonium persulfate and (L5nI*
TEMED was used to concentrate (stack) the polygeptiThe electrophoresis running buffer consiste&gbanM Tris,
192 mM glycine (pH 8.3), 0.1% SDSGel was run at a constant 35 mA for 2 h using Cdndd/. (Belgium) mini
vertical electrophoresis system with running butfesed by Laemmli (1970). Gel staining was made 140Coomassie
Brilliant Blue R-250 for overnight and de-stainedhws% methanol and 10% acetic acid until backgtbums clear.
The gel was photographed and scanned using demrd@oijiGS-710, Bio-Rad, USA). The protein profilesvemalyzed
using Quantity One software (Bio-Rad, USA) for qifaation of each bands and determination of reéamolecular
weight of each protein band.

2.3. Extraction of antioxidative enzymes and thssays

2.3.1.Preparation of enzyme extract

Leaf samples (1 gm) was homogenized with preathilinotor and pestle with 2ml of 50mM potassium
phosphate buffer (pH 7.0), ImM EDTA, 1mM D-isoasgoracid, 2%(w/v) PVP (polyvinyl polypyrrolidonehd 0.05
% (wi/v) Triton X-100 following the procedure of Gaedt et al. (1994). The homogenate was centrifegeld,000x g
for 10 min at 4C. The supernatant were collected and used forgkay of catalase (CAT), ascorbate peroxidase (APX)
and guaicol peroxidase (GPX).

2.3.2. Assay and activity staining of catalase (C@&IC 1.11.1.5)

CAT activity was determined spectrophotometricddiy following the rate of LD, disappearance at 240nm
taking change ime 240 nm at 36 M cm® (Patterson et al., 1948). The reaction mixturetaios 50 mM potassium
phosphate (pH 7.0); 10.5 mM,8, and the enzyme extract containing 20 mg of profeiiyagawa et al., 2000). The
reaction was run at 27°C for 2 min and initial fimate of decrease in O.D. was used to calculateattivity. A
polyacrylamide gel (7.5%) containing soluble stamghs prepared and stained for catalase activitip\iahg the
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staining procedure of Thorup et al., (1961he gel was incubated in 18 mmol/L sodium thiosatphand 679 mmol/L
H,O, for 30 sec at room temperature (25°C). The gelthvs rinsed with distilled water and flooded with imol/L
potassium iodide solution acidified with 0.5% acetcid. Deep blue bands were visualized on lighé tlackground of
gel.

2.3.3. Assay and activity staining of ascorbateogifase (APX) (EC 1.11.1.11)

APX was assayed at 25 as described by the method of Nakano and Asa@@4{1 The reaction mixture
contains 50 mM potassium phosphate (pH 7), 0.2 i A& 0.5 mM ascorbic acid and 0.25 mM,®. The reaction
was started by addition of,B, after adding the enzyme extract containingé®0f protein. The decrease in absorbance
at 290 nm for 1min was recorded and the amounsodrdate oxidized was calculated from the extimctioefficient
2.8 mM* cmit. APX in-gel assay (Mittler and Zilinskas, 1993)swain using a 10% separating and 4% stacking gel. F
the aforesaid assay, 2 mM ascorbic acid was add#eetelectrode buffer and the gel was pre-rur8@min before the
samples were loaded. After electrophoresis thengesl immersed in a solution of 50 mM sodium phosplsalution
containing 2 mM ascorbic acid for 30 min, changinghe solution three times in every 10 min.The gel then
soaked in 50 mM sodium phosphate buffer pH 7.Gaioimg 4 mM ascorbic acid and 20 mM®3} for an additional
20 min before washing briefly 50 mM sodium phosphatffer(pH 7.0). Finally, the gel was incubatedisolution of
50 mM sodium phosphate buffer (pH 7.8), 28mM TEMEXZept at position and 2.45 mM NBT until the gehed
uniformly blue except at position exhibiting APXtiatty and the reaction was stop by washing it vdtktilled water.

2.3.4. Assay and activity staining of guaiacol pédase (GPX) (EC. 1.11.17)

GPX activity was measured spectrophotometricall25€ by following the method of Tatiana et al. (1999).
The reaction mixture (2ml) consisted of 50 mM psias phosphate (pH 7.0), 2 mM®,, and 2.7 mM guaiacol. The
reaction was started by the addition of an enzyxtaet equivalent to fig protein. The formation of tetra guaiacol was
measured at 470nm:+26.6 mM' .cm’). Activity of GPX was visualized on 7.5% PAGE amiiog to staining
procedure of Birecka and Faraway (1975). The gelsewashed in distilled water and incubated at roemmperature
(in dark) in staining solution containg 50 ml of Bomol/L sodium acetate buffer (pH 5.0), 330 ul 688 H,O, until
reddish brown bands appeared on gel. The reactamamrested by immersing the gel into 7% acetid fmi 10min
after bands stained sufficiently.

3. Results
3.1. Changes in total leaf soluble protein content

Total soluble protein content in both specie8nfguieradecreased upon exposure to 500mM NacCl for a short
period of 6 days (Figure 1).Total soluble leaf pimotcontent irB. parvifloraandB. gymnorrhizedecreased 4.5fold and
3.4 fold respectively after 6 days of salt treattrencompared to control.
3.2. Changes in leaf protein SDS-PAGE profiling

The leaf protein were extracted from control antltseated plant leaves samples and analyzed by SRGE
(Figure 2). SDS-PAGE analysis of total protein pirnd indicated that no differences was found irmfner of protein

band upon exposure to salt treatment. But the sities of several protein bands having appareneocubdr mass like
90kDa, 50kDa, 33kDa, 23kDa, 16kDa reduced sevanedglt treated samples compared to control in Hattspecies.
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Figure 1. Effect of NaCl on total soluble proteiins Figure 2. Effect of 500mM NaCl on SDS PAGE

leaves ofB. parvifloraandB. gymnorrhizan different

profile of leaves oB. parvifloraandB. gymnorrhizan
days for 500mM NacCl treatment.

different days of treatment.
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From densitometry scan of individual band showeat ih B. parviflora relative densities of these protein
bands reduced nearly two folds compared to cofrable 1).In 4d salt treated sample where as the changémeget
protein bands was more in 6d treated plant comp@aredntrol.

Table 1. Relative changes in average density ofpeatiein bands in response to 500mM NaCl treatmem. iparviflora and B.
gymnorrhiza

Days/Species Protein bandswith relative density

B. parviflora 90kDa 50kDa 33kDa 23kDa 16kDa
Control 1 1 1 1 1

2 days 11 1.2 1.2 1.13 0.93
4 days 0.99 0.73 0.88 1.08 0.88
6 days 1.12 0.89 0.93 0.99 0.73
B. gymnorrhiza

Control 1 1 1 1 1

2 days 1.35 1.06 1.32 1.35 0.88
4 days 1.18 0.87 0.82 0.84 0.61
6 days 0.97 0.71 0.85 0.73 0.35

3.3. Changes in catalase activity

Catalase activity increased 2.4 times and 2.1 tim8s parvifloraandB. gymnorrhizaup on exposure to NaCl
compared to control (Figure 3a). Native PAGE antivilg staining data revealed that four isoformscatalase (CAT-
1, CAT-2, CAT-3, CAT-4) enhanced in salt treatethple in both the species. Butih gymnorrhizaonly one isoform
of catalase (CAT-2) was found in control sampleBlmgymnorrhizathe intensity of CAT-2 enhanced 1.5 times and 1.2
times upon initial salt treatment for 4 days ardb§s compared to control. Where the other isofotheschanges were
not so significant. IB. parviflora all the four isoforms of catalase increased cwmtisly upon exposure to high salt
for 6 dayg(Figure 3b).
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Figure 3a. Effect of 500mM NaCl on catalase adtivit Figure 3b. Effect of 500mM NaCl on CAT profile of

of B. parvifloraandB. gymnorrhizan different days of B. parviflora andB. gymnorrhizain different days of

treatment
treatment

3.4. Changes in Ascorbate peroxidase activity (APX)

B. parviflora and B. gymnorrhizaupon exposure to high salt for 6days showed ammmr@ment in APX
activity 1.3 times and 2.3 times compared to cdnffagure 4a)The activity staining ofgel exhibited only one
prominent band of APX and the densitometry analgEihis band revealed a marginal increase 1.2<iamal 1.7 times
in salt treatedB. parvifloraandB. gymnorrhizgFigure 4b).

3.5 Changes in guiacol peroxidase activity (GPX)
GPX activity increased 1.5 times and 1.3 timeseaves of salt treated seedlingsBf parviflora and B.

gymnorrhiza(Figure 5a).Activity staining data showed an emganent in 6 isoforms of GPX in both the species.But
the enhancement in these isoforms were moBe parviflorathan inB. gymnorrhizgFigure 5b).
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Figure 5a. Effect of 500mM NaCl on guiacol
peroxidase activity oB. parvifloraandB. gymnorrhiza Figure 5b. Effect of 500mM NaCl on guiacol
in different days of treatment peroxidase profile oB. parvifloraandB. gymnorrhiza

in different days of treatment

4. Discussion

Exposure to high NaCl imposes oxidative stresstdushanges in the osmotic and ionic environmerglémt
(Alakhverdiev et al.2000, Hasehawa et al. 2000)réd@er, mangroves are potential sources of germgsctimtrol salt
tolerance and also of biochemical strategies ligkithotosynthesis, plant productivity and abiotiess conditions
(Cheeseman et al.1997). When three month old sesdlf Bruguieraswere exposed to high salt shock (500mM
NacCl), a differential changes were found in protegawell as antioxidative defense system in bothsihecies. The
protein content in both the speciesBsfiguieradecreased upon exposure to high salt but the defdeagradation was
more rapid inB. parviflora than B. gymnorrhiza Salt shock also imposed a differential expressibantioxidative
enzymes in both the speciesBriiguiera In B. gymnorrhizathe catalase activity increased 2.4 times uptirsback
for 6d compared to control. The activity stainirgalshowed the expression of only one isoform tflase in control
sample ofB. gymnorrhiozawhere as upon exposure to high salt four isofooinsatalase was observed. Also, an
enhancement in catalase isozymes was found upbtmesgtiment in this species Bfuguiera Presently, it is difficult to
ascertain such types of variation. Wherdagparviflorathe specific activity of catalase increased Z1iei compare to
control. The four isoforms of catalase as expreasambntrol samples also enhanced upon exposus®@amM NaCl
for a short periodB. gymnorrhizashowed 1.7 times more APX activity after 6d saftatment compared tB.
parviflora. The expression of APX isoform was also mor@&ingymnorrhizaBut the induction of GPX activity was
more in B. parviflora than inB. gymnorrhiza Parida et al.(2004) reported an enhancement iX, APPX but a
reduction of catalase activity upon salinizatioak&mura et al.(2000) reported an increased in ¢tat@lase activity up
to sea water concentration. However, mMRNA detecs$ioily did not showed a change in particular catateanscript
level with salinity stress.

In summury, asB. parviflora and B. gymnorrhizaare two related species &ruguiera still there was a
differential adjustment in protein level expresstorsalt shock. So, these salt sensitive proteiag be give essential
information about salt tolerance mechanism in tspicies oBruguiera
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4, Conclusions

In this research, 8 applications’ effects on segdtharacteristics (including planting season, sfgecies and
seedling type) were evaluated in respect of 3 wiffe period. At the end of total evalution of meaasuseedling
characteristics,
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