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ABSTRACT

Heavy metals are emerging environmental contam@aAtcumulation of heavy metals beyond criticaklev
produces oxidative stress in plants. This stresssislly conquered by antioxidant defence systedncampatible
solutes. Thus, the present study has been focosadalyze the effect of Cd metal on level of elésn@arbon,
hydrogen, nitrogen and sulfur) & osmolytes (prolamed glycine-betaine), antioxidant assays (ferdn reducing
antioxidant power and molybdate ion reduction ajsantioxidative enzyme activities (GPOX, GST, DHAR
MDHAR and PPO), photosynthetic pigments (anthoayamd xanthophyll) and gaseous exchange parameters
(transpiration rate, vapour pressure deficit andrinsic mesophyll rate). Seeds of Brassica juncga RLC-1were
given Cd metal (0, 0.2, 0.4 and 0.6mM) treatmenkid effects of Cd were observed in terms of itibitiof
transpiration rate, vapour pressure deficit andrinsic mesophyll rate, whereas improved level afpatible
solutes and antioxidant potential of Brassica jumpéants helped in overcoming the adverse effdatsetal.

Keywords: Cd toxicity,Brassica junceacompatible solutes, photosynthetic system, aittadivve defence system
Abbreviations:. GPOX- Glutathione peroxidase, GST- Glutathioner@ndferase, DHAR- Dehydroascorbate
reductase, MDHAR- Monodehydroascorbate reductas®)-PPolyphenol oxidase, FRAP- Ferric ion reducing
antioxidant power, IRGA- infra red gas analyzer

INTRODUCTION

In recent decades, heavy metal stress has becomefothe major abiotic stresses that cause envieotah

pollution. These metals unlike other organic pelhis are neither degraded nor even converted iatmlass

compounds via biological processes. They persisaflong duration in the environment and moreotlesy enter

into the food chain (1). Heavy metals make a carsiole contribution to environmental pollution asoasequence
of human activities like mining, electroplatingténsive agriculture, smelting, fuel production, gowrans-mission,
military operations and sludge dumping. Converselgyvated concentrations of both essential and essential

heavy metals in the soil can cause toxicity sympstéike growth inhibition in most plants (2). Toiticresults from

the metal binding to sulphydryl groups in proteimggering the reduction of their activity or digtion of structure
and displaces the essential elements, resultidgficiency effects. A most frequent feature of hemetal stress is
their capacity to produce toxic oxygen derivati{@s

Cd is one of the non-essential heavy metal poltataecurring naturally in the environment. This atés also
released anthropogenic sources like Cd-containlr@gsphate industrial emissions, fertilizers and smasludges.
Mining and smelting industries also release gereguantities of Cd into the environment. Exposor&igh levels
of Cd reduces the rates of photosynthesis, leadfltyosis, growth inhibition and decrease in wated nutrient
uptake and finally death of plants (4).
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Toxicity of heavy metals can bring forth a range aofaptive responses in plants. Among the most cammo
responses in plants to abiotic stresses is the uptimh of different types of organic solutes inchgl
osmoprotectants and antioxidant such as prolinegwstress (5)Brassica juncealantis oftenly meeting the stress
of heavy metals specifically Cd (6), so the presemtk was planned to study the influence of Cd arious defence
responses.

EXPERIMENTAL SECTION

To study the effects of Cd metal @&rassica junceglants, a field experiment was conducted in theaBical
Garden of Guru Nanak Dev University, Amritsar. 2028 feet area was taken for the experimentation saild
manure in a ratio of 3:1 was added into it. Thdified and disease free seedsBrhssica junced.. var. RLC-1
were procured from Punjab Agricultural Universityydhiana, Punjab and surface sterilized with 0.0d&scuric
chloride solution, followed by the repeated washifigsterile double distilled water (DDW). Seeds &apwn in
different blocks. Different treatments of Cd meteére given (0, 0.2, 0.4 and 0.6 mM Cd). Plants wen
harvested after 60-days of germination to studipfahg parameters:

1.1Elemental analysis

The percentage of carbon, hydrogen, nitrogen afpghsuin 60- days old plants were determined wité help of
CHNS analyzer (Elementar Vario ELIIl). Samples wdred completely in oven at 8D temperature. They were
crushed to make fine powder. 10 mg of powdered &snpas used to analyze the carbon, hydrogen geitr@and
sulphur content by vario micro cube instrumentat@HNS mode. CHNS content was displayed in peagen(%).

1.2Estimation of Osmolytes

2.2.1 Proline content

Proline was estimated by the method of Bates €7#l.The plant samples were homogenized in 3%osalicylic
acid and then centrifuged at 10,000 rpm for 10 r@iml of ninhydrin was added with 2 ml glacial acetcid into
2ml of supernatant and incubation was given atiripitemperature for 1h. Extraction of mixture wame with
toluene, and proline was analyzed spectrophotocadiyriat 520nm. A graph of absorbance vs conceatravas
plotted for the standard solutions of L-proline &hd amount of proline in the sample was calculdteth the
graph.

2.2.2 Glycine-Betaine (GB) content

GB content was estimated by following the methodGeofeve and Grattan (8). 1g of dried plant matevials
homogenized in 10 ml of distilled water and fil@réfter filtration, 1 ml of the extract was mixedth 1 ml of 2M
HCI. 0.2 ml of potassium tri-iodide solution wasdad to the 0.5 ml of this mixture. The contentsengnaken and
cooled in an ice bath for 90 min with shaking. Th&0 ml of ice cooled distilled water and 20 ml b2
dichloromethane were added to it. Two layers tharsnéd in the mixture were mixed by passing a cowotis
stream of air for 1-2 min while tubes were stillide bath (4C). Optical density of the organic layer was meagur
at 365 nm and upper aqueous layer was discardezl c@icentrations of the betaine were calculatedhsigthe
standard curve.

1.3Antioxidative Defence system

1.3.1Antioxidative Enzymes

Activities of antioxidative enzymes were determinbg the standard methods of Dalton et &) for
Dehydroascorbate reductase (DHAR), Hossain €1.8). method for Mono-dehydroascorbate reductaseHWR),
Kumar and Khan (11) method for Polyphenol oxidde®), Habig et a[12) method for Glutathione-S-transferase
(GST) and Flohe and Gunzlar (13) method for Gludeth peroxidase (GPOX) activity.

1.3.2Antioxidant assays

2.3.2.1 Ferric ion reducing antioxidant power as¢aRAP)

Reducing power assay was performed by the methaehddy Oyaizu (14). To 1 ml of plant extract, 2.5 oh
phosphate buffer and 2.5 ml of 1% potassium feamige were added and incubated at 50°C for 20 ggndio the
supernatant, 2.5 ml of 10% TCA, 2.5 ml distilledteraand 0.5 ml Feglwas added. The absorbance was taken at
700 nm.

Calculations
The reducing potential (%) was calculated by follayvformula
Reducing potential (%) = Ac-As x100

Ac
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2.4.2.2 Molybdate ion reduction assay
Molybdate ion reduction assay was done by Prietd.€15). In 0.3 ml of plant extract, 3 ml of res solution was
added and incubation was given for for 1.5 hou@S3E. Absorbance was taken at 695 nm.

Calculations
The reducing potential (%) was calculated by follayvformula:
Reducing potential (%) = Ac-As x100

Ac

1.4Photosynthetic system

1.4.1Photosynthetic Pigments

2.5.1.1Total Anthocyanin Content

Total anthocyanin content was determined by methioen by Macinelli (16). 1gm of fresh plant tissuas
homogenized in chilled pestle and mortar with 3fréxiraction mixture consisting of acidified metioamethanol:
water: HCI, 79:20:1). The crushed material was thentrifuged for 20 minutes at 13,000 rpm in Eltaoling
centrifuge for 20 minutes at 13,000 rpm at a tempee of 4C. The supernatant from the plant extract was
collected for the analysis of anthocyanin cont&he absorbance of the supernatant was taken ar&kB657nm.

Calculations:
Total anthocyanin content = Absorbanrgg- 0.25 Absorbancg-,

2.5.1.2 Xanthophyll Content
Xanthophylls content was estimated by following thethod given by Lawrence (17).

Preparation of sample:

Dried plant sample was homogenized well into fimavger using pestle and mortar. Then 0.05g of dplkesht
material was weighed and sample was transferréd®mnl flask. 30ml of extract was pipetted into flesk and
shook well for 10-15 minutes.

Hot saponification:

2.0 ml of 40 % methanolic KOH was added in thekflasntaining extract. The flask was refluxed in evabath at
56°C, followed by cooling the samples. Samples weea tkept in dark for 1 hour then 30ml of hexane added in
the flask. Flask was then shaken for 1 minute Ardvblume was made up with 10 % sodium sulphatgisal and
further the flask was shaken for 1 minute. The dampvere again kept in dark for 1 hour. Upper phass
collected in 50 ml volumetric flask and hexane weded, it was mixed well and measured at 474 nm.

Calculations:
Total xanthophylls (g/kg sample) = Absorbapge D/ w x 236

Where,

w = weight of samples in grams

D =final dilution (50 x 100/ 3)

236 = translation specific absorbivity for 1g/likanthophylls yield (Kg/ha)

1.4.2Gaseous Exchange Parameters

Gaseous exchangef plants like transpiration rate, vapour pressdedicit, and intrinsic mesophyll rate were
measured with the help of (IRGA) infra red gas gnat (Li-COR 6400). The measurement was performiiirw
the time period (9.00-11.00) h maintaining the teimperature, air relative humidity, G@oncentration and
photosynthetic photon flux density (PPFD) at 258G-90%, 40@mol mol*and 100Qumol m?s* respectively.

Statistical analysis
Each experiment was conducted in three replicddasa was expressed in Mean+SE. To check the statist
significant difference between the treatments, wag-ANOVA was carried out by using Assistat versior beta.

RESULTS AND DISCUSSION
1.5CHNS analysis
Control plants of 60 days old plants showed minimeatue of carbon (C) (36.06%) (Table 1). It waseadbthat

with Cd stress, C was enhanced and its highesewahs found in 0.4mM Cd treated plants (54.94%nil&rly,
rise in hydrogen (H) level was observed in 0.2 @r&inM Cd stressed plants (6.33 and 7.83% respégtigharp
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decline was observed in nitrogen (N) and sulphyr d&tents with Cd treatments. Highest values oivére
reported in control plants (1.66 %), which furtheduced from 1.00 (0.2mM Cd) to 0.40% (0.6mM CdY)isk in S
level was noticed in 0.2mM Cd treatment (0.65%)campared to control plants (0.50%), then decreaas w
recorded from 0.31 (0.4mM Cd) to 0.11% (0.6mM QGd)present investigation, level of elements wasbto alter
during Cd stressed conditions in 60 daysB®idssica junceglants. Metal toxicity also alters various physgtal
processes at cellular and molecular level by dptpor substituting for essential elements, maitemnges in the
enzyme activities and blocks the functional groapmetabolically important molecules (18). Highraknt content
in the shoots oB. junceamight be allied to the tolerance of metal in acclators/hyperaccumulators. The
enhanced level of elements by higher metal dosedaints lead to the fact th& junceamight have a specific
physiological requirement for those elements whayosed to potential metal stress.

Table 1. Effect of Cd on Carbon, Hydrogen, Nitogemand Sulphur Content of 60 days oldB. juncea Plants

Carbon Hydrogen | Nitrogen Sulphur
(%) (%) (%) (%)

0.0 mM 36.0615.0° | 5.45+0.5° | 1.66+0.Z7 | 0.50+0.00Z

0.2mM 43.43+4.6 | 6.33x0.F | 1.00+0.05 | 0.65+0.T°

0.4mM 54.94+3.3 | 5.16+0.5° | 1.000.7° 0.31+0.0%*

0.6mM 37.67+5.0° | 7.83x1.0° | 0.40£0.05' | 0.11%0.008

Treatments

Data presented in mean + SE. Different lettersh(ac & d) within various concentrations of Cd (02/00.4 and 0.6mM) are significantly
different (Fisher LSD post hoc tes§@05) and signify the effect of Cd metal on Elealentalysis.

1.60smoprotectants

Treatment of Cd metal enhanced the proline corite®0 days old plants dB. juncea(Fig 1). It was observed
maximum in 0.6mM Cd treatment (17.52p mdlW). Minimum content was found in control plant8©4p mol

g’ FW). Very less difference in proline content waersin 0.2mM (15.69u mol'gFW) and 0.4mM Cd (16.23u
mol g' FW) treatment. Glycine-betaine content was ina@dasith increasing Cd metal concentration. Highest
value was noticed in 0.4mM Cd treated plants (19.4®! g* FW) as compared to its control (10.21p moIRV).

An increase in GB content with respect to contiahfs was observed in 0.2mM (13.15p mdlRW) and 0.6mM
Cd (17.07p mol g FW) metal treatment (Fig 2). During Cd toxicitynepatible solutes such as proline and glycine-
betaine were observed to get accumulatedBiiassica junceaplants. Under stress condition&lpyrroline-5-
carboxylate synthase enzyme get activated, whiehtte main cause of rise in proline content. Glgdietaine is
also accumulated more during the stress conditisrisis formed by choline and GB substrates. Toxiermediate
betaine aldehyde stimulates the two-step oxidatbncholine and these reactions are catalysed byingho
monooxygenase (CMO) and NAD+- dependent betainehglte dehydrogenase (BADH), activated under stress
conditions (19). These compatible solutes provid®eetion against stress; they act as antioxidgrngdavenging
ROS and stabilizing the membranes. Activities oficdidative enzymes and antioxidant potential Brassica
junceaplants were noticed to enhance during Cd stressdlittoms. There are several reports which suppaet th
results of present study.
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Fig 1. Effect of Cd on Proline content (u mol § FW) in 60-days old Plants oBrassica juncea
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Fig 2. Effect of Cd on Glycine-betaine content (i ol g* FW) in 60-days old Plants oBrassica juncea

Bars presented in mean + SE. Different letterd(a; & d) within various concentrations of Cd (0200.4 and 0.6mM) are significantly different
(Fisher LSD post hoc testgp.05) and signify the effect of Cd metal on Osnmiggtants.

1.7 Antioxidant Enzymes and Assays

Activities of DHAR and PPO first decreased at 0.2n@d treatment (Table 2) and then got increased with
increasing metal concentrations in dose dependannar with respect to control (21.26 and 4.64UA pmptein
respectively). A continuous rise in enzyme actigtivere found from control to 0.6mM Cd stressedtplaResults
revealed increase in activity of DHAR from contf@ll.26) to 0.6mM Cd treatment (23.59UA Tgrotein) and
activity of PPO from control (4.64) to 0.6mM Cdatment (5.95UA mg protein). Lowest enzyme activities were
observed at 0.2mM Cd stress i.e., 20.67UApiptein (DHAR activity) and 4.05UA mbprotein (PPO activity).
Activities of antioxidative enzymes like GST and @GP were increased maximum with 0.2mM Cd treatmé&rs (
and 7.89UA mg protein respectively). Enzyme activities got insee with increasing metal doses, but the increase
was less than 0.2mM Cd and higher than the coptaoits. Rise in GST activity was observed from &ntrol)

to 6.99UA mg" protein in 0.4mM Cd and 7.24UA rigrotein in 0.6mM Cd stress. In 0.4mM and 0.6mM Cd
toxicity, activity of GPOX was elevated from 6.28&qtrol) to 0.4mM Cd treatment (7.61UA thgrotein). Specific
activity of MDHAR enzyme was first enhanced in OMrtd treatment as compared to control plants. 2md4 Cd
treated plants, MDHAR activity got increased from4il (control) to 15.86UA mbprotein. Very slight reduction

in activity of MDHAR was observed i.e., 14.92UA thgrotein in comparison to 0.2mM Cd stressed plants.
Maximum activity of MDHAR was recorded in plantspesed to 0.6mM Cd stress (17.2UA Tygotein). Activity

of Ferric ion reducing antioxidant power assay (FRAvas also inhibited in Cd stressed plants (Taplén 0.2mM

Cd treated plants, first inhibition of FRAP was uiedd to 49.77% with respect to control (59.29%)xivteum %
inhibition was seen in 0.6mM Cd treated plantsZ8%). It was recorded that 0.4mM Cd treatment wased to

be most effective Cd concentration and enhancedstia@enging activity oB. junceaplant as compared to
untreated plant. Whereas, 0.2mM and 0.6mM Cd tdegtlants also scavenged the molybdate ion more in
comparison to control plants.

Table 2. Effect of Cd on Specific Activities of DHAR, MDHAR, PPO, GST and GPOX in 60 days old. juncea Plants

Treatments DHAR . MDHAR ' PPO . GST ' GPOX .
(UA mg™ protein) | (UA mg™ protein) | (UA mg* protein) | (UA mg™ protein) | (UA mg* protein)
0.0 mM 21.26+0.29 14.41+0.7¢ 4.64+0.57" 5.92+0.60° 6.280.77
0.2mM 20.67+1.66 15.8620.9¢° 4.05+0.21° 7.3+0.46° 7.89+0.44
0.4mM 21.81+2.16 14.92+0.79 5.32+0.36" 6.99+0.5° 7.61+1.23
0.6mM 23.59+1.47 17.2+0.23 5.95+0.04 7.24+0.18 7.32+0.35°

Data presented in mean + SE. Different lettersb(ag & d) within various concentrations of Cd (02,00.4 and 0.6mM) are significantly
different (Fisher LSD post hoc tes§@®05) and signify the effect of Cd metal on Enzsotigities.

Increase in the activities of antioxidant enzymes wbserved under Ni stressNasturtium officinalg20). These
enzymes help in the generation of antioxidants #statvenge the reactive oxygen species producedgdumetal
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stress like MDHAR regenerates AA and DHAR regerexadA utilizing GSH to form GSSG at the cost of

nicotinamide adenine dinucleotide phosphate (NABJRnd cause removal of the free radicals (21).

Table 3. Effect of Cd on Scavenging Activities of RAP and Molybdate ion in 60 days oldB. juncea Plants

Treatments Fg/':)‘P Molyb(gi/?)te ion
0.0 mM 59.29+2 13" 46.2+3.25
0.2mM 49.7745.0F 57.09+2. 71
0.4mM 65.34+3.44" | 76.45+2.43
0.6mM 73.28+5.8F | 65.16+2.25"

Data presented in mean + SE. Different letterdb(a; & d) within various concentrations of Cd (0200.4 and 0.6mM) are significantly
different (Fisher LSD post hoc tes(05) and signify the effect of Cd metal on Antlart assays.

1.8Photosynthetic Pigments

Anthocyanin content enhanced from control to 0.6@Mtreated plants (Table 4). In control plants,detwalue of
anthocyanins was observed (12.97mgRV). In 0.6mM Cd treated plants, 17.47mg W anthocyanins were
found, which is 1.35 folds higher than control p&rfollowed by 0.2mM (14.79mggFW) and 0.4mM Cd
(15.72mg @ FW). A very less difference in xanthophyll contemas observed in control (8.98mg ®W) and
0.4mM Cd (8.41mg g DW) treated plants. Overall decrease in the lefahnthophyll content was noticed. 0.2mM
(7.59mg ¢ DW) and 0.6mM Cd (6.43mg'gDW) stressed plants showed reduction in xanthdgHghel in
comparison to 0.4mM Cd. Further, enhanced actioftyGST enzyme leads to the biosynthesis of anthunya
pigment. Xanthophyll pigment also acts as an aitant and gives rise to formation of abscisic awitlich protect
the plants from oxidative burst. These resultsrmmmherence with the findings of Amiri et al. (22)

1.9Gaseous Exchange Parameters

Transpiration rate of 60 days old plants showedntgimum decrease with 0.6mM Cd treatment (1.57rhhn0®
m?s?). A very less alteration was noted between corfir@1m mol HO m?s™*) and 0.4mM Cd (1.90m mol @ m
%s1) treated plants (Table 4). 1.83m maiHms* transpiration rate was observed when 0.2mM Cdsuasplied to
plants. Vapour pressure deficit was highest in mbmglants (0.19kPa). Cd toxicity led to decredse value from
0.2mM (0.16kPa) to 0.6mM Cd (0.14kPa) treated glaxcept 0.4mM treatment. Very less alterationnininisic
mesophyll rate was found in 60 days old plant8ofuncea Decline in the values were observed from 0.024 to
0.021mgC@m>. Highest value was noticed in control plants (@589CGm™). 0.4mM and 0.6mM Cd treatment
showed similar values of mesophyll rate (0.021mg@¢). Regarding the toxicity of Cd metal to PSII aittés in
plants, some researchers have investigated thair@dd in both acceptor and the donor sides of R3ilthe donor
side, Cd" exchanges the Eacofactor in the Ca/Mn cluster that causes redoctd photosynthetic oxygen
evolution (23). Results were also supported byotheervations of Stancheva et al. (24).

Table 4. Effect of Cd on Anthocyanin and XanthophyllContent, Transpiration Rate, Vapour Pressure Defiit and Intrinsic Mesophyll
Rate of 60 days oldB. juncea Plants

Anthocyanin | Xanthophyll N Vapour Pressure Deficit .
) 1 Transpiration rate Intrinsic Mesophyll Rate
Treatments | (mg g~ FW) | (mg g” DW) (m mol H,0 m?s’) (kPa) (mol ms™)
0.0 mM 12.97+0.66 8.98+0.25 1.91+0.04 0.190+0.00F 0.024+0.00F
0.2mM 14.79+0.67° | 7.59+0.79" 1.83+0.04 0.165+0.007F 0.022+0.00F"
0.4mM 15.72+0.6%" | 8.41+0.28" 1.90+0.07° 0.189+0.00F 0.021+0.00
0.6mM 17.47+0.33 6.43+0.29 1.57+0.03 0.142+0.004 0.021+0.00

Data presented in mean + SE. Different lettersb(ag & d) within various concentrations of Cd (02,00.4 and 0.6mM) are significantly
different (Fisher LSD post hoc tes§@®05) and signify the effect of Cd metal on Phottistic system.

CONCLUSION

It was concluded from the present investigatioas the defence strategies involved in heavy métess tolerance,
particularly through improvement in antioxidativetential and level of osmolytes, may provide a hovay to
enhance plant’ tolerance to heavy metal stress.
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