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ABSTRACT

Phytoremédiation is the direct use of green plants to stabilize or reduce
contamination in soils, surface water, or ground water. Phragmitesaustra-
lisis a plant widely used for treatment of wastewater containing heavy
metals. This study aimed to evaluate the antioxidative response of
Phragmites australis exposed to tow heavy metals, the cadmium chloride
(CdCl,) and Nickel chloride (NiCl.). Plants of Phragmitesaustralisprevi-
oudy grown in a basic nutrient solution during the 30 days undergoing
treatment with three concentrations of CdCl,, (50uML™*, 150uML*, 300uML*
') and three concentration of NiCl,, (100uML"*, 300pML"*, 500 uML"). After
that, we measured the enzymatic activity of Ascorbate peroxidase (APX),
Catalase (CAT), Guaicol peroxidase (GPOX) and Glutathione peroxides
(GST) intheleaves, stemsand roots of the plants. The determination of the
enzymatic activity (APX, CAT, GPOX and GST) of Phragmitesaustralis
revealed avarying result depending on the organ of the plant. Our results,
showed an increased activity of Ascorbate peroxidase, Catalase, Guaicol
peroxidase and Glutathione peroxides in roots from reliable doses. How-
ever in the leaves and stems we found a decreased activity of ascorbate
peroxidase and guaiacol peroxidase, the contrary for Catalase and glu-
tathione peroxides activity, we registered a stimulation compared to the
results of control plants no treated. This Increased activity of antioxidant
enzyme especially in roots probably explains the ability of Phragmites
australisto tolerate a high concentration of cadmium chloride and Nickel
chloride. © 2012 Trade Sciencelnc. - INDIA
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Heavy metd pollutionisreleasedintotheenviron-
ment by various anthropogenic activities, such asin-
dustrial manufacturing processes, domestic refuseand
waste material §54%. They are ubiquitousin the envi-
ronment and havelong biologica lifetime, their pres-

encein agiven ecosystem canlead to accumulationin
thefood chainwith negative effectsfor living beingg®!.
Varioustechnol ogieshave been used for toxic metals
remova fromindugtrid eftuents!*?. But, thesemethods
areexpensive and not sufiicient to remove heavy met-
als. Therefore, thereisan urgent need to develop an
innovative process, which can remove heavy metals
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economically®™. Theability of someplantstotolerate
or even to accumul ate metal shas opened new avenues
of research on thetreatment of soilsand waterswhose
purposeis phytoremédiation(“>*%, Phytoremédiation is
acheap and eco-friendly technique not just for heavy
metalsremoval but alsofor various pollutiong®. This
techniqueisagroup of technologiesthat use plantsto
reduce, remove, degrade, or immobilizeenvironmenta
toxins, withtheaim of restoring areasitesto acondition
useablefor private or public applications. Inthiscon-
text, thisstudy aimsto identify thedegree of tolerance
and adaptation of Phragmitesaustralisplacedinwa-
ter polluted by two heavy metal s (separately) oneisa
trace-metdlic element essentid to biological processes
“nickel” and the other is a toxic heavy metal at very low
cdll concentrations*‘cadmium”. An analysis of enzymatic
activity was studied to evaluate the antioxidative re-
sponse.

MATERIALSAND METHODS

Plant

Phragmitesaustralis Cav.(Trin.) reedswerecol-
lected from BOULHAF DYR (Tébessa, Algeria) in
mars 2011, They Weregrownin potsand irrigated with
nutrient solution for 9 day period of adaptationto new
conditions, and then separated into three groups (con-
trol and treated with CdCl,,or NiCl.). Thereedsof treat-
ment groupswereirrigated with different concentra-
tions of cadmium chloride (50uML™* - 150uML™ -
300uMLY) and Nickd chloride (100uML™* - 300uML
1- 500 uMLY). Phragmites australisweregrownin
semi-controlled environment under conditions of a
greenhouse with atemperature 8 °C/ 29 °C min/ max
inthe period from 04-04-2011 to 04-05-2011. L eaves,
stemsand rootswere sampled after 30th daysof nickel
chlorideand cadmium chloridetreatment, thenthey was
used for enzymedetermination.

Extraction and assaysof antioxidant enzymeac-
tivities

Themethod used to obtan theenzymatic extract of
Phragmitesaudtralis(leaves, sems, roots) isof Loggini
et al. (1999). Leaves, stems and Root sampleswere
homogeni zed (each sample separately) and ground with
amortar and pestlein 5 ml of phosphate buffer (50
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mM phosphate, pH 7.5) at 4°C. The homogenate was
centrifuged at 12000 g for 20 min, the supernatant was
utilized for measuring the activity-ascorbate peroxidase
(APX), catdlase (CAT) and peroxidase-guaiacols
(GPOX) and Glutahtione peroxides (GST). For the
quantification of different spectrophotometric measure-
mentsWeused thefollowingformulaAct = AA. Vt/e.
At. L. Ve. p.

All spectrophotometric anal yses were conducted
in atotal volume of 3 ml at 25 C° using a (Jenway
6300) UV spectrophotometer

(a) Assay of ascorbate peroxidase activity (APX)

The spectrophotometric assay of ascorbate per-
oxidase activity was performed following the protocol
adopted by Nakano and Asada(1981). Thefina reac-
tion volumeof 3 ml contains: 100ul of enzymeextract
(supernatant), 50ul of 0.3% H,O, and 2850ul NaK
phosphate buffer-ascorbate (50mML2 NaK, 0.5 mML-
L ascorbate, pH 7, 2). The activity was measured by
thedecreasein absorbanceat 290 nmfor onemin ev-
ery 15 seconds. for alinear molar extinction coefficient
e = 2800 uM -Lcmrl. the activity is expressed in
umol.mint.mg? protein.

(b) Assay of catalaseactivity (CAT)

The spectrophotometry assay of catalase activity
(CAT) isperformed Following the method of Cakmak
and Horst (1991). The Decreasein absorbanceisRe-
corded for three minutes at 240nm and alinear molar
extinction coefficient e =39.400 uM™.cm. thereac-
tion mixture contains: 100ul of enzyme extract, 50ul of
0.3% H, 0, and 2850ul phosphate buffer (50 mM, pH
7.2). Thereactionis|nitiated by theaddition of hydro-
gen peroxide.

(c) Assay of guaicol-peroxidase activity (GPOX)

Theassay isbased on theuse of Guaicol as a sub-
stratefor peroxidase. Inthe presenceof hydrogen per-
oxideisformed thetetraGuaicol which has an absorp-
tion maximum at 470 nm. Theactivity (GPOX) isde-
termined using the technique of Fielding and Hall
(1978)12Y by measuring the absorbance at 470 nm.
GPOX adtivity isexpressed aspumol guaiacol-oxydé.min
1 mg?* protein using theva ueof extinction coefficient of
tetraGuaicol £ = 26,600 uM*.cm-1 for afina volume
of 3ml, thereaction mixture contains: 100ul of enzyme
extract, 50ul of 0.3% H,0, and 28501 Guaicol-phos-
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phate buffer (50mML NaK-1, 8 MML-1 of Guaicol,
pH 7.2). Thereactionisinitiated by theaddition of hy-
drogen peroxide.

(d) Assay of glutathione-S-transferase activity
(GST)

Measuringtheactivity of Glutathione-S-transferase
(GST) is determined by the method of Habig et al.
(1974)27. 1t is based on the conjugation reaction be-
tween GST and asubstrate, CDNB (1-chloro 2, 4 dini-
trobenzene) inthe presence of acofactor the glutathione
(GSH). the combination resultsin theformation of anew
molecule(1-S-glutathionyl 2-4 - dinitrobenzene) which
absorbslight at 340 nm. The samplesleaves, semsand
roots were homogenized separately in 1 ml of phos-
phate buffer (0.1 M, pH 6). After that the homogenate
was centrifuged at 14,000 round/ minfor 30 min. the
Supernatant recovered will serveasasourceof enzymes.
Theassay involvesreacting 200 pl of supernatant with
1.2 ml of the mixture CDNB (1 mM) / GSH (5 mM)
[20.26 mg CDNB, GSH 153.65 mg, 1 ml ethanol
and100 ml phosphate buffer (0.1 M, pH 6)]. The ab-
sorbanceiscarried out for 1 minutefor each 15 * sec-
ondsat 340 nm against ablank containing 200 uL of

distilled water replacing thequantity of the supernatant.
RESULTS

Response of antioxidant enzymes

In thisstudy, we examined the activities of some
Antioxidant enzymessuch asAPX, CAT, GPOX, GST
which showed varying responseswithinductionat vari-
ous concentrationsin leaves, stems and roots of the
plant wherethey measured. The effectsof metd treat-
mentson enzyme activities, ascompared to controls.

Antioxidativeresponsein leaves

Adminisgtration of excesscadmium chlorideinthe
nutrient sol ution wasfollowed by adecrease activity of
APX and GPOX except inleaves of plant treated by
50uML* wherewerecorded adlight increasein APX
activity 0,0029 pmol. min. mg-* protein compared to
theresultinthe control group (TABLE 1). However dl
dosesof CdCl2induceastimulation of CAT and GST
activity, but not sgnificantly for catal asewhen wetrested
Phragmitesaustraliswith 50pML* of cadmium chlo-
ride.

TABLE 1: Antioxidant enzymeactivitiesmeasured in leavesof Phragmitesaustralisgrown hydroponically under controlled
conditions and exposed for 30 daysto (50 pML*— 150 pML*- 300uML™) of CdCl, (Data represent the mean of three

independent experiments+ ES).

Control CdcCl,
Treatments
Dose (0) 50 uM/L 100 pM/L 300 uM/L
APX 0,0029+3.,6.10"* 0,0032+1,5.10 *NS 0,0019+1,1.10 ~4*** 0,0008 +3.10 ~5 ***
CAT 0,41+0,018 0,440,011 NS 0,50 £0,017 *** 0,55+ 0,01 ***
GPOX 12,1 +0,89 5,73+ 0,65 *** 4,88+ 0,33 *** 4,0£0,17 *%*
GST 0,169 +0,01 0,34 +0,025 **x* 0,43 +0,038 *** 0,57 + 0,02 ***

(NS non significant differences, *** very highly significant Pd”0.05 according to Dunnett’s test)

TABLE 2: Antioxidant enzymeactivitiesmeasured in leavesof Phragmitesaustralisgrown hydroponically under controlled
conditions and exposed for 30 daysto (50 pML™* - 150 pML™ - 300pML") of NiCl, (Data represent the mean of three

independent experiments+ ES).

Control NiCl,
Treatments
Dose (0) 100 pM/L 300 pM/L 500 pM/L
APX 0,0021 +1,5.10°* 0,0018 +1,5.10°* NS 0,0016+1,5.10 #** 0,0012 + 5,3.10 >***
CAT 0,34 +0,028 0,44 +0,016%** 0,47 +0,019%** 0,47 +0,023 %
GPOX 2,630,208 3,03+ 0,32 NS 2,17+ 0,21 NS 1,89 + (,17%%**
GST 0,09+ 0,01 0,14 +0,009%** 0,17 £0,009%** 0,21 +0,01 1%**

(NS non significant differences, *** very highly significant Pd”0.05 according to Dunnett’s test)

Theeffectsof nickel chlorideonenzymaticactivity ~ foundintheleavesof plantstreated with cadmium Chlo-

inleavesarepresentedin TABLE 2. Aswhat isbeen

ride, anincreaseactivity of CAT and GST, theresults
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showed that the Most elevated activity of CAT was
foundinleavestreated with 500 uM/L, while this same
treatment Showed thelesselevated level for GST ac-
tivity 0,26 umol. mint. mg* protein. Concerning APX
and GPOX activity aninhibition very highly significant
was found except for leaves of plants treated with
100uM/L of NiCL thedifferenceisnot significant

Antioxidativeresponsein stems

In stemsWe observed that APX and GPOX activ-
ity decreased in plantsexposed to 50 uM/L -100 pM/
L -300 uM/L of CdCL,. Incomparison withthe control
anot signiticant effect was observed at 50 uM/L for the
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tow enzymeand also 100 uM/L for GPOX. The CAT
and GST activity inthe stems of P.australis showed
the highest activity at 300pum/L respectively 0.44 and
0.22 umol. min™. mg* protein (TABLE 3).

Theenzymeactivity in the stemstreated by nickel
chloride showed atrend similar to that observedinthe
semsof plantstreated with cadmium chloride. TABLE
4 demonstrates adose-dependent inhibition of both
APX and GPOX activity except in stemstreated by
100 uM/L of NiCl12 where we obtained a slight stimu-
lationwhilefor CAT and GST activity the maximum
level wasobtained a 500 tM/L an increase very highly
sgnificantly for al doses.

TABLE 3: Antioxidant enzymeactivitiesmeasured in ssemsof Phragmitesaustralisgrown hydroponically under controlled
conditionsand exposed for 30 daysto (50 pML*— 150 pML*- 300uML™) of CdCl, (Data represent the mean of three

independent experiments+ ES).

Treatments Control CdCl,
Dose (0) 50 pM/L 100 pM/L 300 pM/L
APX 0,0021+1,5.10"* 0,002+ 6,5.10"° NS 0,0017+ 9,5.10 > ** 0,0011+6.10 ~5***
CAT 0,34+0,028 0,41 +0,006 ** 0,38+0,025 NS 0.44 + 0,01 ***
GPOX 2,63+0,208 2,60+0,095 NS 2,19+0,116 NS 1,80+ 0,09 ***
GST 0,09+ 0,01 0,16 +0,005 *** 0,180,007 *** 0,22 40,013 ***

TABLE 4: Antioxidant enzymeactivitiesmeasur ed in semsof Phragmitesaustralisgrown hydroponically under controlled
conditions and exposed for 30 daysto (50 pML™* - 150 pML™ - 300pML") of NiCl, (Data repr esent the mean of three

independent experiments+ ES).

Control NiCl,
Treatments
Dose (0) 100 pM/L 300 uM/L 500 uM/L
APX 0,0021+1,5.10°* 0,0018 +1,5.10°* NS 0,0016+1,5.10 #=** 0,0012 + 5,3.10 >***
CAT 0,34 +0,028 0,44 +0,016%** 0,47 +£0,019%** 0,47 +0,023%**
GPOX 2,630,208 3,03+ 0,32 NS 2,17+ 0,21 NS 1,89 4 (,17%%**
GST 0,09+ 0,01 0,14 £0,009%** 0,17 £0,009%** 0,21 £0,01 1 ***

(NS non significant differences, *** very highly significant Pd”0.05 according to Dunnett’s test)

TABLE 5: Antioxidant enzymeactivitiesmeasured in rootsof Phragmitesaustralisgrown hydroponically under controlled
conditions and exposed for 30 daysto (50 pML*— 150 pML*- 300uML™) of CdCl, (Datarepresent the mean of three

independent experiments+ ES).

Control NiCl,
Treatments
Dose (0) 100 pM/L 300 uM/L 500 pM/L
APX 0,0016 + 10 ** 0,0018+9,5.10°NS 0,0028 + 8,5.107 >*** 0,00469 + 10 4***
CAT 0,25+0,026 0,34+ 0,01%* 0,42:+0,022% % 0,67 + 0,03%**
GPOX 18,74+0,85 18,36+0,61 NS 36,46+0,61%** 41,7 +0,87%%*
GST 0,15+ 0,02 0,27 £ 0,02%%* 0,50:£0,04 1 0,33 & 0,02%**

(NS non significant differences, *** very highly significant Pd”0.05 according to Dunnett’s test)

Antioxidativeresponsein roots

Theresultsof enzymatic activity obtained showed
adose-dependent stimulationfor al enzymes(TABLE

5) CdCl, stressresulted inincreased enzymatic activity.
APX and GST was enhanced 3-fold in 500 uM/L of
CdCl,, treatment, the same for CAT and GPOX the
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highlevd of activity isobservedinthisconcentration.
Theeffectsof nickel chlorideonenzymaticactivity

inrootsarepresentedin TABLE 6. theresultsshowed

that theM ost devated activity of APX,CAT and GPOX

wasfound inrootstreated with 500 uM/L, while for
GST thehigh stimul ation areobserved inrootsof plants
treated with 300 uM/L. Concerning the low concen-
tration (100 uM/L) no significant effect of APX and

TABLE 6: Antioxidant enzymeactivitiesmeasured in rootsof Phragmitesaustralisgrown hydroponically under controlled
conditions and exposed for 30 daysto (50 pML™* - 150 pML™ - 300pML") of NiCl, (Data repr esent the mean of three

independent experiments+ ES).

Control CdcCl,
Treatments
Dose (0) 100 pM/L 300 pM/L 500 pM/L
APX 0,0016+ 104 0,0020+ 10°* NS 0,0028 4 3.10 ~4*** 0,0046 +£2.10 ***
CAT 0,25+0,026 0,350,011 4% 0,43 £ 0,04 0,65 +0,019%3*
GPOX 18,74+0,85 20,13+1,18 NS 38,14 1,21%** 41,06 £0,81 %%
GST 0,15+ 0,02 0,27 & 0,07%*** 0,44+0,055%** 0,48 +£0,035%**

(NS non significant differences, *** very highly significant Pd”0.05 according to Dunnett’s test)

GPOX activity compared to controls.
DI SCUSSION

Inthispaper, weinvestigated theantioxydantesre-
sponse and capacities of enzymesinvolved in ROS
detoxificationinleaves, semsand rootsof Phragmites
australisunder CD and Ni stresscondition. We chose
to study these biomarkers of stressregularly used to
characterize the physiological state of plants. Our re-
sults showed varying profiles according to the organ
whereactivity was measured.

Ascor bate peroxidaseactivity

Our resultsclearly show areduction of Ascorbate
peroxidase activity inthe presence of NiCl,, or CdCl,
intheleavesand stemsunliketherootswheretheac-
tivity increaseswithincreasing dose applied, thesere-
sults are in agreement with that of lannelli and al.
(2002)!*41 where the application of CdSO, on
Phragmitesaustralisinduced stimulation of APX ac-
tivity thisresponsewas higher inrootsthanin leaves,
samilar resultswerefound by Ederli and al. (2004) when
Phragmitesaustralisistreated with cadmiumalsoin
Vigna Mungoirrigated by NiCl ", sunflower under
stress induced by cadmiumi®2, in Helianthus
annuus?®!. According to these studiestheincreasein
APX activity isaresponseof plantsto oxidative stress
caused by cadmium and nickd stressduetoincreased
rateof H,O, incellsand particularly inthe chloroplast,
it reduceshydrogen peroxideinwater using thereduc-

ing power of ascorbate (vitamin C) which showsthe
importance of APX inthe defense system against oxi-
dative damage. Thishypothes swas proposed by Foyer
and Halliwell (1977)22 they found that ascorbate per-
oxidaseisthereduction of hydrogen peroxide (H,0O,)
in chloroplastsreaffirmed by Asada (1992)“ where he
showed that the main function of APX istherapidre-
moval of H,O, onthesiteof hisgeneration.

Thegtimulationof APX activity inrootsinour study
may suggest that Phragmites australis exposed to
NiCl,, or CdCl, accumul ates alarge amount of these
enzymesin their roots asrelated to tissue that cause
cellular stressand adapt by activation of glutathione-
ascorbate cycleto neutralize reactive oxygen species.
whilethelnhibition of APX activity intheaerid part can
be proposed that thereisadeficiency intraceelements
(copper, zinc) areessentia for theactivity of antioxi-
dant enzymes dueto the antagonism exerted by cad-
mium and nickel on entry of these elementsnutritivs,
mainly for copper required for severa important physi-
ological and biochemical processesand an essential
component for plant metalloenzymes, such as ascor-
bate oxidase and superoxidedismutase®® or perhaps
the possibility of redistribution of ascorbate peroxidase
inleaves, stemsand roots asthe organ most affected
by oxidative stress.

Catalaseactivity

Thestudy of catd ase activity showsasmulationin
thethreeorgansat low dosesof NiCl, and CdCl,,, es-
pecidly in stemsand roots unlike what wasfound for
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ascorbate peroxidase activity when low concentration
doesn’t significantly affect the activity. This increase in
cata ase activity under metal stresshasbeen shown by
lannelli and al. (2002)4 in leaves, stolonsand roots of
Phragmitesaustralistreated with 50 uM of CdSO4
wherethey showed that the activity wasgreater inthe
stolon and root than in the leaf, as Pietrini and al.
(2003)7 on the same species showed that the pres-
enceof cadmium in hydroponic solution stimulatesthe
activity of catd aseintheleaves, thisstimulationisdose-
dependent, thisisnot the casein chloroplastswhere
cata ase was not detected, which suggeststhat the ac-
tion of thisenzymeisextrachloroplast. AlsoAroraand
al. (2002)1¥ and apel and Hirt (2004)? showed that
catdasesareenzymespredominantly peroxisoma imi-
nate H,O, directly in peroxisomes, for Smirnoff
(1998)1%% Theroleof catd aseisto detoxify the hydro-
gen peroxide produced close by cytochrome chloro-
plast and especially processes 3 - oxidation and pho-
torespiration in the same context Fediuc and Erdel
(2002)*! found that the presence of Cd 2* inhibit the
activity of catdaseintheaerid part of Phragmitesaus-
tralisintheroot theactivity isdightly higher compared
with the untreated plants. It has been proposed that the
mechanism of protectioninvolvesthe transcription of
genesencoding proteinswith key rolesin antioxidant
defense, including POD, SOD and CAT™9, Inour study
we can consider the stimulation of CAT activity asa
normal response of Phragmitesaustralisto oxidative
stress caused by CdCl, and NiCl, thusresultingin an
increaseinsupport for ROS mainly inroots.

Dd Rio et al. (2003)1*4 showed that superoxide
radicalsformedinthecellsaretransformedinto H,O,
by superoxide dismutase (SOD). These molecules
(H,0,) are then degraded by catalase (CAT) and
ascorbate peroxidase (APX) in peroxisomes by the
peroxiredoxin and glutathione-ascorbate cycle
(Haliwell-Asadacycle) inchloroplastsand cytosol, and
only by the ascorbate-glutathi one cyclein mitochon-
drid®). Theincreasein catalase content in oxidative
stresswasa sofound in other speciessuch asVetiveria
zizanioides'?®!, Pisum sativum!'’l, Sesbania
drummondiii®*®!, Brassi cajunceatreated with NiC .

Guaicol peroxidase activity
Theresultsof Guaicol peroxidase activity (GPOX)
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intheorgans of Phragmitesaustralis showed alower
rateintheleaves, aninhibitionincreaseswithincreasing
doses of NiCl,, and CdCl,,. Theseresults corroborate
those of Pourrut and al. (2008) in Viciafabatreated
withlead alsoin Brassicanapustreated with 1 mM of
ZnS04, According to Siedleckaand Krupa (2002)17
Heavy metalsare known to increasethe formation of
ROS. Producing oxidetivedress, includingimparment
of secondary structure of proteins by oxidation of the
thiol groupd>'®, leading to a decrease in activity
GPOX. ROSareindeed capableof oxidizing thethiol
groups of proteins, thus affecting theactivity of many
enzymes¥, The decrease in activity was observed
GPOX dsoingtems, however, itissignificant onlyin
plantsexposed to higher dosesof NiCl, or CdCl, which
probably indicatesthetolerance of the shaft at low con-
centrations unlikeleaf of Phragmitesaustralisthey
seem moresensitive, in contrast to what wasfound in
theleavesand ems, GPOX activity intherootsshowed
agtimulation fromthelow concentrationsof CdCl,, and
NiCl2. A sharpincreasein guaacol peroxidaseactivity
isinduced in rootsby treatment with CdCl, and NiCl,,,
thissuggestsaroleof thisenzymeintheelimination of
excessH, O, produced intheroots of Phragmitesaus-
tralis, which could be an adaptation mechanisminre-
sponseto heavy metalseffects, or thepriority isto pro-
tect cdllsagaing the effectsof ROS especialy inplants
that accumul atelarge amounts of metal trace dements
inroots, thisiswasreveded in Phragmitesaustralis
under stress induced by Cd?* aso Wang and al.
(2012)58 in Agrostis stolonifera. Number of studies
have suggested theinvol vement of guaiacol peroxidase
inresponseof oxidative stressimposed by heavy met-
als, in Phaseolus vulgarig*, Bacopa monnierit,
Arabidopsisthaliana®, in rice®l,

Hypothesismay explain the decreased activity of
GPOX in the leaves and the stimulation in root of
Phragmitesaustralis, isthetransfer leaf - root which
hasaroleinthe synthesisof cdll walls, particularly the
biosynthesisof lignin and pectin which adsorb heavy
metals, Kartel and al. (1999)? found that sugar beet
pectin hasahigh affinity for Cu?*and Pb?* an apple
pectinfor Co?*and citruspectinfor Ni2*ions. Thislim-
itsthe presence of heavy metdsintracelularly. Thisform
of phytostabilisationiscalled phytolignification®. Ederli
and al. (2003) found that root cells of Phragmites
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audralistrested by Cd2* havewadl lignificationinroots
acontrast of untreated plants, according to the study of
Soukup and al. (2007)“® The deposition of ligninand
suberin onthecell wal of theroot of Phragmitesaus-
tralisisa so attributed to minimized thelossof oxygen
totherhizosphere.

Glutathione-S-transferaseactivity (GST)

Theeffect of CdCl, and NiCl, on Glutathione-S-
trandferase (GST) showsastimulation of activity inthe
threeorgans. All theresults of treated plantsare higher
than those of control plants. Our resultsarein agree-
ment withthose of lanndli and al. (2002)1>4 wherethey
caused ametal stressusing cadmiumin Phragmites
australis, according to their study leaves, stolonsand
rootsof plantstreated with 50 uM of CdSO, stimulate
GST activity morethan plants Untreated, the samere-
sult wasfound by Pietrini and al. (2003) intheleaves
of Phragmitesaustralisunder 50 uM and 100 uM of
CdS04, also inroots (Ederli and al., 2003), evenin
organic pollution Schroder and al. (2005)“ showed a
stimulation of GST activity in Phragmitesaustralis.

Based on our resultsand those gppearing with other
resultsfound intheliteraturewe can explainthe stimu-
lationof GST activity indifferent organsof Phragmites
australisasareaction to anincreaseof ROS, antioxi-
dant enzymeactivity that reflectsindirectly where ROS
production levelsareincreased. According to lannelli
and al. (2002) theincreaseinthe content of Glutathione-
S-transferase and glutathione (GSH) simultaneousin
Phragmitesaustralis appeared to be associated with
induction of the detoxification processinresponseto a
high concentration of heavy metds. Marrs (1996)E! in
hissercheprovethat Glutathioneisasubstratefor glu-
tathione-S-transferase (GST) which catalyzesthe con-
jugation of xenobiotics, thuscontributing tothe r detoxi-
fication. Or glutathione conjugation to protect transent
metabolitessuch asoxyliping*2.

Stimulation of GST activity inmetd stresshasbeen
found in other species as Typha angustifolia®, andin
Macrotyloma uniflorum and Cicer arietinum“Y,
Hordeumwulgare®?, rice® Catalyzingtheglutathione
conjugation with certain substratesrepresentsastepin
theformation of compoundsthat arelesstoxicthanthe
starting molecules?.

However, glutathione-S-transferasesareafamily

of multifunctiona enzymesmainly cytosolicwith vari-
ousoperationsinvolved intransport and intracel lular
biosynthesig. other activitiesassociated with the GST
have been postulated by, including intracdlular trans-
port of small molecules such asflavonoids, theintro-
duction of sulfur secondary metabolites such as
glucosinolates. According to Francis (2002)!% the
glucosinol ates become an important source of sulfur
whensulfur deficiency.

CONCLUSION

Our tindings indicate that Phragmites australis can
tolerateahigh concentration of CdCI2and NiCL2. The
Increased APX, CAT, GPOX and GST activity might
play arolein the defense response to cadmium and
nickel toxicity, it wasasmilar enzymatic antioxidant
response, however, itisclear that thereactionisdiffer-
ent intheroots, semsand leaves. Thus, thesefindings
may contributeto abetter understanding of theantioxi-
dant reponsemechanismsin Phragmitesaudrais. Thus,
seemssuitablefor useasaphytoremediator in aquatic
ecosystemswith CD and Ni pollution.
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