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ABSTRACT

In the present study symbiotic abilities of two rhizobial strains were studied under arsenic stress. The rhizobial
strains were isolated from the root nodules of alfalfa and cowpea plants grown in local agricultural fields and
designated as Sinorhizobium sp. DP10 and Rhizobium sp. DP99 after 16S rDNA study. The arsenic resistance in
these strains was tested in both liquid and solid mannitol salt yeast extract media. The presence of ars operon was
confirmed by amplification of arsC genes through PCR using degenerate primers. Their symbiotic efficiencies under
arsenic stress (1 and 5 mg/L) were studied by inoculating them onto their respective host plants. It was found that
the plants were able to tolerate 1 mg/L of arsenic but got affected drastically at 5 mg/L arsenic level as evident from
drastic reduction in mean dry weight, nodule number, total chlorophyll content, nitrogenase activity, shoot nitrogen
content and activities of antioxidant enzymes.
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INTRODUCTION

Arsenic is a ubiquitous toxic metalloid and itsitity adversely affects a large range of organisiie natural
sources of arsenic are igneous activity and leachih arsenic rocks. Some parts of the countriesh sae
Bangladesh, India, Chile, China, Ghana, HunganyeirMongolia, Mexico, Nepal, New Zealand, Australimited
States, United Kingdom, Philippines and Taiwan faging the menace of arsenic poisfn2]. However, the
anthropogenic activities like coal burning, minisugd use of arsenic containing compounds have alexpstsed all
the populating areas, agriculture fields and whtaties[3]. Arsenic occurs both in inorganic and organic ferm
The inorganic forms of the arsenic such as trivadesenite and pentavalent arsenate are morettwaicthe organic
forms|[4]. Microorganisms confer resistance to arsenic tjincefflux mechanisnfc]. The genes conferring arsenic
efflux are clustered in an operon cald operon in almost all the microbes studjéfl

Rhizobia, a collective term for the genughizobium, Snorhizobium, Mesorhizobium, Azorhizobium and
Brdyrhizobium, are symbiotic bacteria that undergo symbiosi$ wirious legumes and fix atmospheric nitrogen.
This system fixes about 300 kg/ ha of moleculaitigen in a croplangi7]. Adverse effects of arsenic on legume
crops have been studied widely. But the study @ndtfiect of arsenic on the survivability and nigagfixation
ability of rhizobial strains occurring in an agrwural field is necessary to represent a model recselerant
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Rhizobium- legume system for that agricultural ecosystemntfid, West Bengal is the most affected state imser
of arsenic contamination. There are also reportare€nic contamination in other states of Indi& li&Ranga-

Brahmaputra plateau, Northern states, Bihar, JlaaudhUttar Pradesh and Chattisg8i9]. Hence in this study
two rhizobial strains isolated from nodules of libcgrown alfalfa and cowpea plants were assessethéir arsenic

resistance properties and symbiotic efficienciedenrarsenic stress.

MATERIALS AND METHODS

2.1 Bacterial strains and culture media

The rhizobial strains used in this study were iwmlafrom nodules of alfalfa and cowpea plants grawrthe
agricultural fields around Roorkee, Uttarakhandjidn The rhizobial strains were either grown inptone -yeast
extract (TY) or mannitol salt yeast extract med#S{) [10]. Streptomycin (100pg M) was added each time the
rhizobial bacteria were grown. The seeds of alfedfa LCC8) and cowpea (cv. CL 10) were obtainexnfiPanjab
Agricultural University, Ludhiana, India.

2.2 Measurement of soil arsenic content

The soil samples, from 20 cm depth of the noduldection sites, were collected in polythene bagke Boil
samples were put in clean petridishes and drigtiénoven at 5@ for 10 hours. An amount of 1 gm soil sample
was digested with 10 ml of nitric acid (65%) anthRof H,O, on a hotplate at 12XC. The digested samples were
diluted upto 100 ml by adding Mili ‘Q’ water andtéred. Total arsenic concentrations in the dilged solutions
were measured through Inductively Coupled PlasmasdviSpectrophotometer (ICP-MS, Perkin Elmer ELAN-
DRC-€).

2.3 Arsenic sensitivity assay:

The arsenite and arsenate resistances in the faizibains were checked in liquid MSY medium feliag the
method of[11] Yang et al., 2005. The Ldp value was determined, as d&e]El-Deeb and Al-Sheri (2005), by
calculating the percentages of rhizobial growttM8Y medium containing different concentrations cSemite or
arsenate. The Lig was defined as the concentration of arsenite sereate which inhibited 50% of the rhizobial
growth.

2.4 Arsenic uptake assayThe arsenic bioaccumulation was assayed followimgodified method of Carrasco et
al. [13]. Each bacterial strain was grown in MSY liquid riued at 30C to an absorbance of 0.8. Sterile sodium
arsenate was added to the growing culture to & dimracentration of 100uM and allowed to grow al@@nd 120
rpm for further 12h. An aliquot of two ml of badidrculture was taken, centrifuged and the pellas washed with
1ml of mili ‘Q’ water to remove the excess mediufen the pellet was suspended in 1 ml sterile ‘Qiliwater,
centrifuged and the supernatant (supernatant I)saeed. The pellet was again suspended in 1 mi2dfl EDTA
and the supernatant (supernatant 1) was saved.pfbeess of EDTA wash was again repeated once land t
supernatant Il thus obtained was mixed with sugtmt | and 1l. The amount of arsenic in these @dol
supernatants was considered as bioadsorbed ars&hie.residual pellet was dried and digested with r@l of
concentrated HN@at room temperature overnight. The mixture was baced at 76C for 30 min., cooled and
diluted upto 10 ml with mili ‘Q’ water. The arsermoncentration in this fraction was considerediaadcumulated
arsenic. To measure the amount of total arseniakepf(bioaccumulated + bioadsorbed) the same proeesas
followed with the pellet without treating it withater and EDTA. The arsenic concentration was medswith
inductively coupled plasma-mass spectrometer.

2.5 DNA isolation and quantification
The rhizobial DNA isolation was done following threethod of Cooper et dlL4].

2.6 PCR amplification of target DNA and sequencingf amplified products

The 16s rDNA and tharsC genes were amplified using PCR. The primers &8 @DNA amplification were
(forward) 5’ and (backward) 5[15], and for amplification ofarsC gene amplification were (forward) and
(backward)[16].A volume of 25 pl PCR reaction mixture consisté@.5ul of 10X Taqg Buffer (Bangalore Genei),
1.5ul of MgC} (Sigma), 2.5 pl of dNTP (2.5mM each, Bangalore Gerzgll primers (forward and reverse each),
Tag polymerase 0.5ul (50 U/uL, Bangalore Genei)n§Gemlate DNA and water (remaining amount). TIGRP
reaction was performed in a PTC thermocycler 10Q) (Research) with the following programme: Initial
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denaturation at 98 for 2 min., 30 cycles of denaturation at’®@5for 45 sec., annealing at %5 for 1 min.,
elongation at 7% for 1min., and a final extension at’@2for 5min.

The PCR products were separated by electrophaussig 2% agarose gel containing 5ug*rethidium bromide
for visualization. The desired bands were cut anectdy sequenced using the same degenerate pritmensgh the
sequencing service provided by Ocimum Biosolutima$a Pvt. Ltd.

2.7 Phylogenetic analysis of the sequences

The 16s rDNA andarsC gene sequences thus obtained were subjectedatgses through Blast-N and Blast-X
programmes, respectively (http://www.ncbi.nlm.nduBLAST/). The protein sequences of taesC genes were
derived from the ORF Finder provided by NCBI (wwabinih.nlm.gov/ORFFINDER). Multiple alignment die
similar sequences was performed by clustalX ver&da7](Larkin et al., 2007). The Phylogenetic analysis of
aligned 16s rDNA sequences was done using PHYL&P [38]. The evolutionary distance matrix was calculated
using the distance model of Jukes and Caftté}. The evolutionary tree was constructed using teighbour-
joining method20] with bootstrap analysis based on 1000 resamplifigs.Phylogenetic analysis of aligned ArsC
protein sequences was done using maximum parsimetiyod with a bootstrap analysis based on 250 i@gays.

2.8 Plant studies

Alfalfa and cowpea seeds were surface sterilizeld @il% HgCJ for 2min. followed by absolute alcohol for 3 min.
and washed thrice with sterile distilled water gedminated in darkness on sterile water agar mediaur days.
Alfalfa plants were grown in culture tubes contaplant nutrient agar medium following the metluddPrasad et
al. [21] and cowpea plants were grown in plastic pots déoimg sterilized mixture of sand and clay (1:1)dating
the method of Zhang et f22]. Arsenic was applied as MdAsO, along with the nitrogen free plant medijig8] to
get a final concentration of 1 and 5 mg/L of arseni

2.8.1 Estimation of total chlorophyll content
The total chlorophyll was extracted by homogenizik@ mg leaf material in 10 ml acetone (80%). Tolt
chlorophyll content was measured as descr[Bédl

2.8.2 Nitrogenase assay
Nitrogenase activity was measured through acetyledection assay by gas chromatografits} analysis using HP
5890A chromatograph with Porapack Q column anddl@mization detector.

2.8.3 Shoot nitrogen content
The nitrogen content of the shoots was determis@ticolorimetric methofR6].

2.8.4 Assay of antioxidant enzymes

The fresh shoot samples were ground with a mortdrpastel in potassium phosphate buffer (100 mM/7pH%
polyvinylpyrrolidone, 2mM EDTA and 2mM dithiothrit@nd kept at 4C for 2 h for extraction of enzymes. The
homogenate was centrifuged at 12,000 x g &r@ #r 20 min. The supernatants were directly usethé assay of
antioxidant enzymes.

The catalase (CAT) activity was assayed spectraphetrically[27]. One unit of enzyme activity was defined as
the amount of enzyme required to catalyze the gisaance of one umol of,8, in one min.

The peroxidase (POD) activity was measured speduottopetrically by measuring the amount of purpulioga
production from oxidation of pyrogallol by,B, [28]. One unit of enzyme was defined as the amounnpjrae
required to catalyze the production of 1 mg purgatin per min.

The superoxide dismutase (SOD) activity was measiolowing the method of Marklund and MarklufB]. One
unit of enzyme activity was defined as the amodirgnzyme required to inhibit 50% of pyrogallol aokidation.

Glutathione reductase (GR) activity was measurédviing the method of Foyer and HalliwgB0]. One unit was
defined as the amount of enzyme required to oxidlipenol of NADPH.
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2.9 Protein estimation
The protein estimation in samples was done follgwilowry et al.[31] using bovine serum albumin (BSA) as
standard.

2.10 Statistical data analysis
The experimental values are presented as meamdastherror of mean. The significant differencewssn the
means was calculated through one way analysisr@E@nee (ANOVA).

RESULTS

3.1 Soil arsenic concentration
Soil arsenic concentrations of alfalfa and cowpedure collection sites were 97.34 and 67.15 pgfégpectively.
No significant difference (F=2.12, P=0.204) waseakied in the arsenic concentrations of these telddi

3.2 Identification of rhizobial strains

In this study two rhizobial strains were isolatednfi the root nodules of alfalfa and cowpea plamtsvg in the
agricultural fields around Roorkee, Uttarakhandlidn Each diluted nodule extract was spread onMB& agar
medium containing 0.2% Congo red dye. A Gummy aimit gingle colony was picked, cultured in MSY liqui
medium. Single colony was purified again by seyidiluting the culture in sterile normal saline§8% NacCl) and
spreading the diluted cell suspensions on MSY agatium. Phylogenetic analysis of partial 16s rDN&ences
obtained by amplifying and sequencing the 16s rDidAhe isolates is presented in Fig. 1. The phyhegie tree
revealed that the alfalfa isolate formed a monogtiyl clade withSnorhizobium meliloti Lma-x and shared
maximum sequence similarity with it (97.3 %). Thewpea isolate showed maximum similarity (95.7%)d an
formed a monophyletic clade witkhizobium leguminosarum bv. viciae strain BKVLV17. These isolates were also
inoculated with their respective host plants iniltecondition to confirm their nodulation capacifthe alfalfa and
cowpea isolates were thus named@asr hizobium sp. DP10 an&hizobium sp. DP99.

3.3 Resistance of the rhizobial isolates to arsenic

Both the rhizobial strains were grown individualty MSY liquid medium containing various concentoat of
arsenite and arsenate. The growth patterns oftthi@s in presence of arsenite and arsenate aea givFig.2 and3.
Both rhizobial strains showed more resistance t@\Aghan As (lll). The strairGnorhizobium sp. DP10 showed a
decline in growth after 500uM of arsenite I5tizobium sp. DP99 showed sharp decline in growth after 1600
arsenite concentration. The tfvalues of all the strains were calculated frontpetage growth of rhizobial strains
at various concentrations of sodium arsenate adiisparsenite with respect to the control and prieskin Table
1. The LDy values of both the strains for arsenate and aeseshiowed that th&norhizobium sp. DP10 could
tolerate less amounts of arsenate and arsenite imédium thafhizobium sp. DP99.

3.4 Arsenic uptake by the rhizobial strains

The arsenic uptake study by the rhizobial strainsluded bioadsorption of arsenic on the cell sefac
bioaccumulation of arsenic in the cell and totaeaic uptake (bioaccumulation + bioadsorption). Tésult is
presented in the Table inorhizobium sp. DP10 showed high bioadsorption, bioaccumulasiod total arsenic
uptake capacity than the stréthizobium sp. DP99. The straiinorhizobium sp.DP10 could bioaccumulate 246.5%
more arsenic than the strd#hizobium sp. DP99.

3.5 Detection ofarsC genes

The presence drs operon in the strains was detected by amplifyhrgarsC gene using degenerate primers. The
arsC degenerate primers could amplify various fragmenatying in size from 400 bp to 1.5 kb with a stgdoand

at 400 bp. The bands corresponding to 400 bp wetrd a sterile razor blade, eluted using Gel exiwa kit
supplied by Bangalore Genei and reamplified udiregstame set of primers. The result is shown in&ig.

3.6 Analysis ofarsC genes

The sequences obtained from the sequencing of P@Rfied products were subjected to analysis thfoBgast-x
programme provided by NCBI. The analysis revealeatlarities of both the PCR amplified sequenceshwiirsC
proteins of various bacteria belonging to clasandp proteobacteria, The similar protein sequences whtained
from the NCBI website and used to construct a pisetic tree by maximum parsimony method using PIRYL
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3.68. The phylogenetic tree thus obtained is shiomiig.5. The tree shows that the deduced amind s@juences
of Snorhizobium sp. DP10 anékhizobium sp. DP99 clustered with ArsC proteins of othezabial bacteria.

3.7 Plant studies

3.7.1 Arsenic content in plants

Arsenic concentrations in roots were exceedinglyernban the shoots in both alfalfa and cowpea plahtsenic
concentrations in both roots and shoots increasiéldl iwcrease in the concentration of arsenic in mugrient
medium. At 1 and 5 mg/L arsenic, the arsenic cotmagans in shoots of the cowpea plants were 3@rkd 72.12g
per gm dryweight, respectively, where as in thatlfdlfa plants the concentrations were 2.68 af8 fg of arsenic
per gm dryweight. The roots of cowpea plants acdated 106.66 and 1130.71 pg grarsenic whereas roots of
alfalfa plants accumulated 153.34 and 425.84 ud amsenic with application of 1 and 5 mg/L arsenicttie
medium, respectively.

3.7.2 Effect on dry plant weight

The data on dry plant weight is presented in Fitlé.significance difference was found in dry weigbf alfalfa
plants growing with 0 and 1 mg/L As (V) but the & growing with 5 mg/L arsenic showed 47.06% (B48.
P<0.001) reduction in biomass than that of plantsving in control condition. The mean dry weighfghe cowpea
plants decreased significantly with increase in(X¥ concentration. It showed a reduction of 26.0884610.13,

P=0.005) at Img/L and 36.48% (F= 12.92, P=0.@02 mg/L arsenic level in comparison to the plartsving

with no arsenic.

3.7.3 Effect on nodule number and nitrogenase acity

A significant reduction in average nodule numberabyalue of 44.4% (F= 6.3, P=0.02) and 46.93% (F34,5
P=0.001) was found in alfalfa and cowpea plantgpeetively growing with 5 mg/L arsenic level. Ifadfla nodules
the total nitrogenase activity did not differ sificantly with the application of 1 mg/L arsenic bdécreased
significantly by a value of 10.52% (F=9.70, P= @P3n the plants growing with 5 mg/L arsenic Theame
nitrogenase activities in the nodules of the cowpkmts growing with 1 and 5 mg/L arsenic concaitns

significantly reduced by 13.4% (F=12.64, P=0.028)d 47.7% (F=111.74, P<0.001) in comparison toithptants

growing with Omg/L arsenic, respectively (Table 3)

3.7.4 Effect on chlorophyll and nitrogen contents

In alfalfa plants the chlorophyll and shoot nitrogsontents were affected significantly even at 1nagkenic level
where they reduced by 25.5% (F= 41.82, P= 0.008) #152% (F= 50.03, P=0.002), respectively, thaat tf
plants growing in control condition. In cowpea gkathe chlorophyll and shoot nitrogen contents werteaffected
significantly at 1 mg/L arsenic level but reducéghgficantly by 22.9% (F=90.18, P<0.001) and 204(@F= 18.05,
P=0.013) at 5 mg/L arsenic level, respectivelynttieat of plants growing with no arsenic (Table 4).

3.7.5 Effect on antioxidant enzymes
The activities of the enzymes like superoxide dierse (SOD), peroxidase (POD), catalase (CAT) anthtjlione
reductase (GR) are presented in Table 5.

In alfalfa plants the SOD activity was less affecét 5 mg/L level of arsenic. Activities of the CAFOD and GR
in the plants growing with 5 mg/L arsenic were ffigantly reduced by 58.2% (F=15.29, P=0.017), 88cl(F=

13042.52, P<0.001) and 46.66% (F= 24.06, P= 0.0@8pectively, than those of plants growing witm@/L

arsenic.

In cowpea plants the CAT, POD, SOD and GR actwitiereased by 15.01% (F=2.5, P=0.018), 45.8% (F=63,
P<0.001), 33.8% (F=46.94, P=0.002) and 73.2% 54(F3:95, P< 0.001), respectively over those oftslgnowing
with no arsenic in the medium. At 5 mg/L arsenielehe CAT, POD and GR activities decreased sicguiftly but
the decrease in SOD was non significant (Table 5).

DISCUSSION
In this study the arsenic resistance and symbedficiencies of rhizobial strains, namdRhizobium sp. DP99 and

Snorhizobium sp. DP10 were evaluated. The strd®hizobium sp. DP99 an@inorhizobium sp. DP10 were isolated
from local agricultural soils. Arsenic content ofaontaminated soils has been reported to be imathge of 65 -
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200 pg/kg[32]. Thus the local agricultural lands, with arservatents 97.34 and 67.15 pg/kg, can be considered as
relatively arsenic free. All the rhizobial straislsowed resistance to a considerable amount of sodigenite and
sodium arsenate in MSY medium. Studies pertaimngrsenic resistance by rhizobial strains, isolétech arsenic
free environments or laboratory strains, are lesgjuent as more attention has been given on isolaind
characterization of rhizobial strains from highhgenic contaminated sit¢33, 34] Similar to the results of present
study Pajuelo et a[35] have reported resistance $horhizobium meliloti Rm1021 upto 0.8 mM arsenite. Jackson
et al[36] have also isolated a number of arsenic resistactteia belonging to Proteobactreia, Bacteroidates
Firmicutes, from four different arsenic free salisd reported an arsenic resist&htzobium sp. That could resist
sodium arsenate upto 150 mM but not sodium arseHite high resistance to sodium arsenate may béoduse of
nutrient rich R2A medium and no resistance to smdarsenite may be due to use of 1mM of sodium #seas
lowest level. A considerable amount of resistarcddth sodium arsenate and sodium arsenite byHizelial
strains of the present study indicates the ubicpfigrsenic tolerance and presencarsfoperon.

To confirm the presence of ars operoassC gene was amplified in all the rhizobial strairgng degenerate
primers. All the strains showed positive resultsdicsC gene amplification which confirms the presencemérs
operon. Arsenate reductase, encodedrs¢ gene, is a cytoplasmic enzyme that converts tiestnarsenatg37].

The gene is an integral partafs operon and highly conserved in the bacterial wfg8]. The deduced amino acid
sequences from the amplified products showed siitidda with the ArsC proteins d®hizobium andAgrobacterium

of a-proteobacteria an@upriviridis and Burkholdaria of p- proteobacteria classes, respectively. Similanltef

arsC gene identification have been reported by SaiReret al. [16] in Snorhizobium loti, Rhizobium
leguminosarum and Mesorhizobium loti strains. Sun et al[39] have also used degenerate primers, based on
conservedirsC sequences of 13 bacterial isolates, to identify guantify thearsC genes in environmental samples
using real-time PCR.

The strainSnorhizobium sp. DP10 could bioaccumulate and bioadsorb momnershan the straiRhizobium sp.
DP99. Carrasco et H2] have reported 3 fold more arsenic in arsenic aoiesnorhizobium strain than non
tolerant strains. Mandal et.dB3] have also reported accumulation of 48ug/gm ofrécsie Snorhizobium sp.
VMA301. The less accumulation of arsenic per hauRhizobium sp. DP99 suggests the presence of a highly
effective arsenic efflux system in this strain.

The rhizobial strains were inoculated onto thesipertive host plants to study their symbiotic cbemastics under
arsenate stress. Arsenate (as sodium arsenate)chwasn for the study because the legumes are girowon-
flooded (aerobic) soils where arsenate is founkigher amount$40, 41]. The mean dry weights in the alfalfa and
cowpea plants were affected at highest concentrafi@rsenate in the nutrient medium. Similar decin dry plant
weights in legumes lik&lycine max [42] andPhaseolus vulgaris [43] has been reported. In other crops like rice and
wheat similar decrease in biomass has been repftted45] In contrast to the results of the present study,
increments in biomass of clover plants have beeported in Red clovef46], Brassica napus [47] and
Lycopersicum esculentum [48]. These increments may be due to use of nitrogdrphasphate rich nutrient medium
as compared to that used in present study.

A significant reduction in nodule number, nitrogseaactivity and shoot nitrogen content have beesemied in
response to arsenate stress which is in similar thibse of soybean plants grown in solution culfd® and in
alfalfa plants grown in arsenic contaminated Azr@fr soil[12]. Similar to the results of present study Neumann
et al.[49] have also reported 50% decline in nodule numbetfaifa plants at 5 uM As(V) and Kopitteke et al.
[50] have reported 10 % reduction in nodule numbeYigna unguiculata at 0.2 uM C&". Similar reduction in
nitrogen contents in pea and Egyptian clover ipoese to heavy metals of sewage water have alsoreperted
[51]. A Significant reduction in chlorophyll contentsiar to the present study has been reported bycMaset al.
[46] in red clover at 20 mg/L and by Chun -Xi e{4I] in wheat.

The activities of antioxidant enzyme such as pe&lase, catalase, superoxide dismutase and glutathéoluctase in
cowpea and alfalfa plants inoculated withizobium Sp. DP99 andinorhizobium sp. DP10, respectively increased
at 1 mg/L arsenic stress, thereafter it decreas&day/L arsenic concentration. These stress enzyare produced

in the plants in response to increased reactivgexypecies (ROS) level and heavy metals are kitoypnoduce
ROS in plantg52, 53] Changes in redox status also occur duringRifieobium-legume symbiosis, as a result of
which the ROS are produced continuously in legufaatp[54]. Arsenate also leads to stress dependent productio
of ROS and lipid peroxidation of membrangs5( 56] An enhancement of lipid peroxidation in mung beader
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50 uM of arsenic has been reportgx¥]. The increments in activities of antioxidative gmes indicate the
production of ROS in the plants growing under aaserstress. In accordance to the results of theeptestudy,
Mascher et al. (2002%6] have reported increment in POD and SOD activitieed clover, Stoeva et al., (2005)
[43] have reported increment in POD activity in beaanfs growing at 5 mg Kgarsenate and Singh et al. (2007)
[57] have found 60 and 90 % increment in SOD and GRifgcin Mung bean, respectively, in response to.50
arsenic.

Table 1: Percentages of rhizobial growth and L values under different arsenite (Aslll) and arseng (AsV) concentrations

As(Ill) As(V)
. LD50 . LDSO
Strains Concentration (mM) Percentage Growth  value Concentration Percentage value
(mM) (mM) Growth (mM)
0 100 0 100
0.5 99.21 1.17 1 71.33
Snorhizobiumsp. DP10 1 59.38 2 52.80 4.32
2 3.511 5 44.16
10 9.75
0 100 0 100
0.5 94.26 1.50 1 86.95
Rhizobium sp. DP99 1 86.56 2 83.70 6.65
2 21.02 5 74.53
10 19.67

Table 2: Arsenic uptake by the strainsSinorhizobium sp. DP10 andRhizobium. sp.DP99

Organism Bioaccumulation Bioadsorption Total arsenic uptake

(kg/ gm/h) (Hg/gm/h) (ng/gm/h)
Sinorhizobiumsp. DP10 1.49+0.46 0.29x0.02 2.18+0.1
Rhizobium sp.DP99 0.43+0.06 0.05+0.003 1.11+0.04

Table 3: Effect of arsenic (as sodium arsenate) arodule number and nitrogenase activity oVigna unguiculata and Medicago sativa
plants (n=10 and n=3, respectively)

Plant Strain C?mng'/tll_()m Mean nodule number Mean nitrogenase activity

Uninoculater - -

Vigna unguiculata . N 0 9.842.70 1.34+0.028

Inoculated withRhizobium sp. DP99 1 8.4+1.3¢ 1.1620.044

5 5.2¢1.19 0.70+0.08
Un inoculated - -

Medicago sativa _ o 0 3.6+0.67 1.330.012°

Inoculated withS. meliloti sp.DP10 1 2.4+0.42 1.3(+0.03¢

5 2.0:0.4 1.19+0.02%

Values are represented as means. Different lettersin the same column of individual plant study indicate significant difference (Oneway ANOVA
test, p<0.05)

Table 4: Effect of arsenic (as sodium arsenate) dotal chlorophyll (n=10) and shoot nitrogen conterd (n=3) ofVigna unguiculata and
Medicago sativa plants, respectively

Condition Mean chlorophyll Mean shoot
Plant Strain (mg/L content (mg.gm fr nitrogen content
arsenic) wt?) (ug.gm?)
Un inoculated - 1.19+0.025 8.59+0.37
Vigna Inoculated with 0 2.18+0.036° 12.5420.59
unguiculata Rhizobium sp DP99 1 2.35+0.09% 12.01+0.3%
5 1.68+0.054 9.93+0.15
Un inoculated - 2.56x0.f 2.29+0.067
Medicago sativa  Inoculated with S 0 5.08:0.17 10.77:0.18
mdliloti sp.DP10 1 3.78+0.1 8.99+0.24
5 3.38+0.08 5.77+0.057
Values are represented as means. Different lettersin the same column of individual plant study indicate significant difference (Oneway ANOVA
test, p<0.05)
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Table 5: Effect of arsenic (as sodium arsenate) dhe antioxidant enzymes of th&/igna unguiculata and Medicago sativa plants (n=3)

Plant Strain Condition Catalase Peroxidase Super oxide Glutathione

(mg/L) (EU/mg (EU/mg dismutase reductase
protein) protein) (EU/mg protein) (EU/mg protein)

Un inoculated - 1.49+0.22 4.81+0.08 93.05+0.76 0.14+0.02

Vigna Inoculated withRhizobium 0 3.00+0.26 5.76+0.19 133.88+6.73 0.23+0.018
unguiculata sp. DP99 1 3.53+0.19 10.64+0.048 202.50+7.41 0.86+0.02
5 2.13+0.97 3.33+0.17 129.49+2.99 0.39+0.08

Un inoculated - 3.06+0.22 5.43+0.14 255.39+5.27 0.067+0.013

Medicago Inoculated with 0 6.27+0.88 6.790.02 233.34+0.51 0.15+0.18

sativa S meliloti sp. DP10 1 18.44+0.66 8.17+0.08 241.96+2.31 0.16+0.018

5 2.62+0.31 4.20+0.018 241.02+2.96 0.08+0.001

Values are represented as means. Different lettersin the same column of individual plant study indicate significant difference (Oneway ANOVA

test, p<0.05)

Fig. 1. Phylogenetic tree based on partial 16S rDNgequences of Sinorhizobium sp. DP10 and Rhizobiusp. DP99. GenBank accession
numbers are given in parenthesis. Numbers at branchoint indicates the bootstrap values. The scale bandicates substitution per site

22

Rhizobium indigoferae stramn CCNWEXE0523 (FIs26634)
Rhizabium etli strain WzP15 (EU637928)

Rhizobium sp. MV PO7 (FI1506003)

Sinorhizahiim chigpanscm strain ITTG 570 (EU286550)

— Simorkizabium sp. CCBAUS1063

81 28 Sinorizizobium americarnmm strain CFMEILSE (NRO25251)

93 Stnorkizobium fredii (GU023843)
37

Sinarhizobiun wnjlangense strain CCNWEX0513

(FJGZ:S&SI’EE _
Sirorhizobiun seheli stramn LMG1 1864 (AMIE1733)

100
47 Sinorhizobium gp. Liai-1 (FM178850)

_E Sinorhizobium kostense (AF345284)

Sinarhizobim melilof stram Lma-x (FM17E247)

{ Simorhizobim sp. DPL0 (GQ452960)

— Rhmokium sp. R28 (FI263004)

33 Rinzokium leguminosarum strain CCBAL 65673 (EU613029)

12 Rhizabim etli isolate [SM1 (AT465884
o Rhizabiwm leguminosarm strain CCBAU 61381 (DQYI3269)
a8 M ppicbim sp. JRO20 (EF221633)
Rhrizobium sp. DP9 (GQ432961)
2447 Rhizobium leguminosarm by, vigige stran BEBLWV 1T (301 18966)

Fhizabium leguminosaran isolate CCNWIEID1TT (FI449680
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Fig. 2. Effect of arsenite on growth of strainsinorhizobium sp. DP10 (s-)and Rhizobium sp. DP99 (A-)
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Fig. 3. Effect of arsenate on growth of strain&inorhizobium sp. DP10 (s-) and Rhizobium sp. DP99 (A-)
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Fig. 4. Amplification of arsC gene using purified DNA from amplified products ¢ Smeliloti Rm1021 (Lane 1)Sinorhizobium sp. DP10
(Lane2) andRhizobium sp. DP99 (lane 3), DNA size markers (100 bp) (Larg

1000

< 400

100

Fig. 5. Phylogenetic analysis (parsimony method) afeduced amino acid sequences of ArsC protein 8inorhizobium sp. DP10 and
Rhizobium sp. DP99. Tree rooted with ArsC sequence of IncNdsmid R46. The numbers at branch point representhe bootstrap
values of 250 repetitions. Scale Bar indicates anoracid substitutions per site

Incl¥ Plasmid Rd6

Agrobacierium vitis 54 (YT 002547790)

64
Rhiizabinm leguminosarum bv., trifolii WSM1325
(YP002976299)

100

Rhizabinm leguminosarun bv. viciae 3841

100 (YP7684472)

Cupriavidus taiwanensis (YP001796423)

40 Sinerhizobium melilefi 1021 (NP385181)

Rhizobium sp. DP99 (G Q166689)

100

Sinarhizebiunm sp. DP10 (GQ452962)

™
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Fig.6. Effect of various concentrations of arsenias sodium arsenate) on dry weight of alfalfaMedicago sativa) and cowpea Yigna
unguiculata) plants (n=10)
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In conclusion , the results of the present studygsats that the native rhizobial strains couldstesiconsiderable
amount of arsenic in free living condition but thymbiosis between these strains and their resgebtigt plants
cannot withstand high amount of arsenic in theiomad
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