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ABSTRACT

Nickel is a toxic heavy metal found in the environment as a result of various natural and industrial
activities.Epidemiological studies have identified nickel as potentially carcinogenic and allergenic to humans.
Bioreduction of nickel has not been documented however biosorption and bioaccumulation may be possible. Nickel
tolerance in a preselected consortium was studied and found to be gradual. Aeration of preloaded consortium
showed a rapid efflux of Ni(ll). Uptake in Glucose minimal media was higher than the others tested. The
accumulation of Nickel sulphate was higher than the other nickel saltstested. A cell density of 20% allowed greater
accumulation of Ni(Il) as demonstrated by Atomic absor ption spectrophotometry. Uptake in whole cells was higher
(65%) than immobilized cultures (48-51%). The optimum pH and temperature for nickel uptake with respect to this
consortium was found to be 7.0 and 40°C respectively. The uptake with Nickel sulphate was found to be higher than
other nickel salts tested. The uptake of nickel was reduced by over 78 % in distilled water and by 58% in phosphate
buffer in presence of respiratory inhibitors like Sodium azide. Other metals such as Cu #* and Mg % completely
inhibited nickel uptake, while Zn®* inhibited nickel uptake by 94.25% when compared to controls.

Keywords: Nickel uptake, consortium, biosorption , parametefsole cells, immobilised cells.

INTRODUCTION

Heavy metals can create adverse effects on theoemvent and human health due to their bioavaikybdind
toxicity in various environmental components [1]ckeél is a toxic heavy metal found in the enviromtnas a result

of various natural and industrial activities. Adarnumber of industries use nickel, mainly the tetgdating
industries. An elevated level of toxic heavy matahe biosphere is a well documented phenomenvimgaotable
biological and environmental implications[2].Epmielogical studies have identified nickel as poiaht
carcinogenic and allergenic to humans[3,4].. Nickilds toproteins and nucleic acids and frequently inhibits
enzyme activityDNA replication, transcription, and translation[Blickel, however is an essential trace element for
at least four enzymatic processes[6].This studysdedh the selection of Ni(ll) remediating bactefrom diverse
sources such as electroplating effluents, soilagenso as to constitute a consortium that may éRiluis treatment

of nickel containing effluents.

MATERIALS AND METHODS
Isolation and biochemical characterization of the altures of the consortium:

Samples taken from above mentioned sources wereulated in to Glucose minimal medium[7] containing
0.5mg/ml Nickel chloride. The enrichment was platatt using standard microbiological techniques d@IN
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containing Glucose minimal medium (GMM) plates.ldses selected for the consortium were able todtdenickel
to up to 2mg/ml of Ni(ll) as observed from the Mé@idies.

Individual cultures were suspended in 4ml of stenidrmal saline and adjusted tgy#0.5. 2ml of each suspension
was pooled and vortexed briefly. 20% of the poaaspension was transferred to 500 ml of glucosénmainmedia
incorporated with 0.5mg/ml of Ni(ll) and incubated 35°C for 24 h. Cell pellet obtained after centrifugati
(REMI RM 24) at 10,000 g for 10 min was washedtgrite distilled water and suspended as requirediffierent
diluents. Ao of the consortium suspension was kept at 1.0 fothal experiments and a Ni(ll) concentration of
1mg/ml unless otherwise mentioned.

Cleansing of glass wares.
Nickel contamination from glasswares was minimibgdvernight soaking in 2 N HCI and then finallpsing with
deionized distilled water [8] particularly for rerding nickel uptake in phosphate buffer or distill@ater.

Analysis of nickel using atomic absorption spectropotometer:

Intracellular accumulation of nickel was determiredper a standard procedure [9]. 10ml of bacteullire grown

in minimal media was centrifuged at 10,000 x gX¥6r min. Supernatant was decanted and pellet wakegatwice
with deionized water and digested by adding 3 mt@fcentrated HN®at 100°C for 18 h. Acid digested samples
were cooled and made up to 30 ml with sterilizestitkd water[9].The content of Ni was determingddiomic
absorption spectrophotometry (Perkin-Elmer AAnalQ0) from calibration curves prepared with known
concentrations of nickel.

Determination of the pattern of Ni(ll) tolerance:

In order to observe the extent of growth takingcelat different concentration of Ni(ll), sterile fiai broth was
incorporated with 0.2 - 2.0 mg/ml of presteriliggidkel chloride, aseptically and inoculated witle tonsortium at
10% of the total volume.

Effect of inoculum size on nickel uptake:
The consortium was freshly harvested and transfesteeither 10, 20 or 30% of the total volume in KAMlong
with Ni(Il) and incubated for 24 h. Recording oéttifferent results was done as before.

Effect of pH and temperature on nickel uptake:

Effect of pH on nickel uptake was noted at 1mg/sihg the procedure of Leureg al.(2000).(35°C / 24 h). The
effect of temperature was noted in GMM incubatei5t20, 35, 40, and 5 for 24h.Growth was recorded agf\
colorimetrically (Elico159). Initial and residuaickel was estimated by AAS as before.

Effect of media composition on growth and Ni(ll) ugake:

Nickel uptake at 1mg/ml nickel sulphate was obseérvedifferent media that have been employed imdistion
heavy metal uptake. Media used were nutrient brglincose minimal medium, glucose mineral salts iomag
medium by Goodhuet al, King’'s B medium ,Vogel Bonner medium, Tris glued® medium ,CV medium
[10,11]. Since growth and uptake of nickel in preseof nickel sulphate was better than other niskék tested , it
was used as a source of Ni(ll). Residual nickehasupernatant , accumulated Ni(ll) in the HEPE&ESpended cell
pellet was determined using AAS. Initial and fi&ll proteins were estimated per the procedureavirly et al.
[12].

Determination of time course for nickel uptake unde optimized conditions:
The time required for nickel uptake at fixed cedindity, pH and temperature was carried out in HEBHEffer
(ImM).Growth and Ni(ll) uptake was monitored foddys under static conditions.

Nickel uptake using different nickel salts:
Respective metal salts (Nickel sulphate, chlor@d&bonate ,nitrate) were added at 1mg/ml in GMMkiI uptake
was allowed for 24h and initial, residual or int#ined nickel was determined as before.

Nickel uptake in immobilized consortium.
Nickel uptake in immobilized cells was studied doling the procedure of cell entrapment using sodilgimate as
described by Shide and co-workers[13]. The fredtdyvested consortium g4y 1.86) was used for entrapment.
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Nickel uptake in immobilized cells and cell fregiabte beads were recorded at 1mg/ml nickel chdoirddistilled

water. Initial nickel was recorded immediately afi@oculation in clear supernatants after propetreatments by
AAS. The sets prepared in duplicate were kept ootary shaker at room temperature for 24 h. afteickwresidual
nickel estimation was done using AAS.

Aeration of preloaded cells.

Nickel efflux if any brought about by aeration wasted in preloaded cells using the procedure of. [N(11)
(Img/ml) uptake was initially allowed for 6h in tiked water. The preloaded cell suspension wastedrin the
same medium for an hour using an aquarium aerafr Nickel concentration was determined as before.

Effect of respiratory inhibitor, sodium azide on Ni uptake:
In order to study the effect of sodium azide ockal uptake, the consortium was precultured inques of azide
and then transferred at predetermined levels infieibfor recording Ni (Il) uptake.

Sterile sodium azide (0.05M) was incorporated dinal concentration of 0.0005M, 0.0015M and 0.002%M
minimal medium with a freshly harvested consortiama allowed to grow for 24h. along with approprietatrols.
After 24h. the cell pellet was harvested and washetderile phosphate buffer pH 6.8. The respedciee treated
consortia were adjusted ta# 1.0 using phosphate buffer pH 6.8 and further utheted in sterile phosphate buffer
pH 6.8 as well as in sterile distilled water. Ni(llprovided as nickel chloride was kept in the wmj 1.0 to
2.5mg/ml of nickel. Uptake was noted in distili@ater and phosphate buffer. The tubes were vedtéor 30 sec.
and incubated for 24 h in static conditions. Trsdeal nickel was estimated by AAS in clear suptmizs after due
sample pretreatments.

41) Effect of other metal ions and salinity on nic&l uptake:

Nickel uptake at 500pg/ml nickel chloride was okiedrin presence of different metal ions .Metal i(fs *2,Cu™

and Md?) were added at 500ug/ml in distilled water[15Mtbich freshly harvested consortium was added at 10%
level. Flasks were incubated at room temperatur@4e72h and residual nickel was estimated at Retérval using
AAS.

Effect of salinity on nickel uptake was also invgated at 1% salinity at nickel chloride concentratof
500pg/ml.(24-72h). Residual nickel was estimatadgu8AS as before.

RESULTS AND DISCUSSION

The isolates were selected on the basis of highelstl uptake and were identified biochemicallyiratable 1.

Table 1: Isolation and biochemical characterizatia of the cultures of the consortium:

Sr.no | Tentative culture designation| Identificationbased on biochemical tests
1 NI1 Bacillus pumilis
2 NS1 Bacillus brevis
3 NC2 Micrococcus luteus
4 NI2 Bacillus coagulans
5 NC1 Sporosarcina ureae
6 S3N2 Micrococcus varians
7 NS2 Saphylococcus sciuri(coagulase negativ
8 S3N1 Sporolactobacillus sp
9 NiCh2 Bacillus azotoformans
10 BDNi4 Kurthia spp
11 PNi3 Cellulomonas sp.

Effect of nickel on growth of the consortium:

Cell growth was inhibited for all the concentragoof nickel tested. The cell density was not mbant25% after
24h. when compared to nickel free controls. Thishition was substantially reduced after 48 and. Z&tgrowth.
Inhibition after 72h. was between 41.67% to 88.3d#en compared with growth in absence of Ni(ll) was
further observed that with a higher initial denstyd longer period of incubation (48h.), the intiisi was 22-42%
at highest and lowest recorded cell density ingames of different concentrations of Ni(ll). (Fi13).
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Figures 1: Growth of the consortium in presence afiickel in 24h.
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Figures 2: Growth of the consortium in presence afiickel in 48h.
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Figures 3: Growth of the consortium in presence afiickel in 72h.
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Effect of pH and temperature on nickel uptake:

The optimum pH for Ni(ll) uptake was in the randes® to 7.0. Highest uptake was at pH 7.0 at whiigiher total
proteins were also detected. The highest speqifiake (% uptake/ total proteins) [16] was at pB @hich was
0.14% /ug of total proteins produced. It was alssesved that the & between pH 5.0-8.0 differed by 4-8% when
compared with the highestsf at pH 7.5. Metal uptake was substantially reduaedH 8.0, although cell density
was not affected.(Fig4). The optimum temperaturenfetal ion uptake was generally dependent on testyoe of
growth. Biosorption is however largely unaffecteg temperature changes. In the case of this consorii was
found that the temperature at which higher cellsitgrand total proteins was obtained was &C4MHowever , the
highest uptake was at 86. The highest specific uptake (% uptake/totalginst) [16] was also at 3& which was
0.086% /ug of total proteins. It was also obsenved the Ay and total proteins at temperatures 15 andCQ@ere
reduced by over 50% than that observed &CAqFig5).
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It was reported that an increase in pH reducedaxieity of nickel to bacteria as well as an actmaete, an yeast,
and filamentous fungus.[17] It has been also regbthat biosorption capacities were found to beeddpnt on
solution pH [18]. An increase in cation uptake bagn noted with increasing pH values[19]. The cdngo was

able to grow over a wide pH of 5.0 to 8.0. Witkpect to this consortium, the highest uptake wesrded at pH
7.0 along with higher total proteins .Although theecific uptake was higher at pH 6.0, higher tptateins are
desirable when the process of uptake has to baisedtover a longer period of time. Uptake was canajvely

lower at acidic pH which indicated that surfaceaagon which was more likely at this pH did notac.

Fig4: Determination of optimum pH for Ni(ll) uptake .
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Fig5: Determination of optimum temperature for Ni(ll) uptake.
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The optimum temperature for Ni(ll) uptake in a géraly engineeredE.coli was found to be 3T [4]. K.
ascorbata SUD165 investigated for Ni(ll) uptake was ablegtow in nutrient broth within the temperature rasge
to 37°C, with an optimal growth temperature at@(20]. Biosorption is largely unaffected by changin
temperature in the range of 20°85[21]. Since there was a difference in uptake ahotié may be said that nickel
uptake may not have occurred only through cellasgfsorption. Nickel uptake was dependent on opfmavth
temperature. Therefore uptake was significanténréinge of 35-41T.

Effect of media composition on Ni(ll) uptake:

The highest accumulation was in TY medium follovigdvogel-Bonner medium (VB) modified by Bogpal, and
GMM.VB medium, medium by Goodhuet al, Glucose mineral salts medium and King's B shovgedne
precipitation after 18h, therefore these reducedrtetal availability and a large part of the repdrtptake was
abiotic (Table2).
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Table2: Nickel uptake in different media at 1mg/minickel.

Media used % nickel accumulated. Totadg/rr(r)‘tle|ns

Luria broth 78.52 43.71
Goodhu 65.8¢ 106.0°
Glucose mineral salts medil 78.4% 26.2%
Kings B 68.71 21.31
Vogel-Bonner medium 54.37 39.34
Nutrient broth 59.05 36.64
GMM 57.89 65.48
Tris gluconat 78 80.7¢
TY mediur 3C 102.8¢
CVmedium 62 76.09

Higher amounts of glucose and sucrose in the medirouraged exopolysaccharide formation and henarifed
biosorption.Organic media components (as in nutrient brotarid_broth , CV and TY medium) have the ability to
form organometallic complexes in presence of mieta.at concentrations mentioned that form preaip# leading
to a lower initial nickel in the medium. Hence GMWhs the medium of choice that recorded a specifikeh
accumulation of 0.64% per g of cell proteins (EaB). The lowest abiotic uptake of Ni(ll) was olsat in
GMM.(data not presented).

Effect of innoculum level on Ni(ll) uptake:

The inoculum level at which maximum uptake occumed 20% beyond which the uptake decreased. Tladeit
HEPES wash was in the range of 228-252ug/ml. Be.28 and 23% nickel could be further traced olEPHS
being a non complexing buffer , the values obtaimeticated that nickel that was biosorped and syiesetly
released in HEPES wash. Increase in inoculum sgerm 20% increase nickel uptake. At inoculum ls\afl40-
50% there was a drastic reduction in nickel up(#ig6).

Fig6: Determination of optimum inoculation levels br Ni(ll) uptake.
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It has been reported that an increase in biomasseotration may not necessarily result in increagatdke [22].
Since redox reactions for detoxification of nicke¢ not possible, therefore it is imperative trahediation will be
largely through biosorption , more so as nicked isation. This would require a sufficient highencentration of
biomass. It has been reported that lower valudsarhass concentration can lead to an increasedaifspuptake
[23]. It has been noted hat metal ion uptake pamgof biosorbent increased as long as the biosbiibenot

saturated [24]. An increase in biomass concentrdéads to interference between the binding si2&$ $imilarly

an increase in biomass results in a shortage adlroehcentration in solution thereby causing a elese in specific
uptake [23].

It may also be reported that turbidity caused animate particles cannot be readily distinguishiechfcells; Cells
of different size and shape have different ratibsatl number; Absorbance caused by suspend®tstituents
cannot be distinguished from turbidity. The,fAnot only recorded turbidity as a result of suspenciels but was
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also influenced by the copious amounts of exopotyfm&inly an exoploysaccharide) produced under hsttass,
and therefore is not always a correct reflectiorthef actual cell number. Thus in some of the casesidentical
Asoo Values have not yielded similar total proteinshigher Ao may not always yield a proportionately higher ltota
proteins.

Determination of time course for Ni(ll) uptake:

It was observed that Ni (ll) uptake increased withe up to 72h. of growth. Thereafter the residial(ll)
concentration increased which demonstrated thatfanx had taken place that had resulted in highsidual Ni (I1)
concentration. (Table3).

Table3: Determination of time course for nickel upake under optimized conditions.

Time in h. | % total uptake
0 0
24 22.73
48 60
72 79.1
96 76.39

It was observed that the uptake of Ni(ll) progrelsaéth time. The efflux reported after 96h. was rdependent on
energy as metal uptake was also possible in a vomplexing buffer such as HEPES buffer. This could b
desorption, as a result of saturation of the bi@a6].The increase in residual Ni(ll) concentratlmetween 72 h
(0.46mg/ml) and 96h (0.52mg/ml) could be becanfseell lysis. This is a characteristic finding forganisms
carrying out only biosorption. Such an efflux haseb rarely noted with respect to this consortiurd amther
studies have indicated that uptake may also behoktan dependent.

Nickel uptake using different nickel salts:

Nickel sulphate was well tolerated as shown byhilgder cell density. The lowest uptake was wittkelcarbonate
followed by nitrate salt of nickel. Cell density svalso low in presence of nickel nitrate. Nickelocie was also
well tolerated; however the uptake was 6.83% |avan the uptake recorded with nickel sulphate.(@ah!

Table 4: Ni(ll) uptake using different nickel salts

Nickel salt Initial Ni(ll Intracellular Asoo Asoo
5mg/mi ug/m(l ) nickel pg/mi | 70 UPRKE | iian | (final)
Nickel chloride 4578 2921 63.80 0.06 0.2p
Nickel sulphate 4689 3312 70.63 0.04 0.31
Nickel nitrate 499¢ 2567 51.3¢ 0.0€ 0.2¢
Nickel carbonal 475¢ 234¢ 49.3: 0.0€ 0.27

There can be a large variation with respect to mstéubility of different nickel salts. The salts decreasing order
of solubility are: nitrate > chloride > sulphatdlzoride > hydroxide, carbonate > oxide. Thus eicptake could
be dependent on the solubility of the salt usedelVthe influence of four different cadmium saltgitrate,
chloride, sulphate and oxide was tested for rasistaof different Gram-positive and Gram-negativecsgs,
cadmium chloride was the most toxic cadmium salenghs cadmium nitrate was efficiently absorbed diyes
strains [27]. It was reported that exopolymeric stabhce production was higher in sulphate reduciiodlins
[28].The presence of sulphate may have stimulai8 groduction.

Table 5: Nickel uptake in free cell and immobilizecdconsortium.

Preparation used Initial nickel pg/ml | Residual niclel | % uptake | Initial nickel ug/ml | Residual nickel | % uptake
pg/mi pg/ml

Immobilised cells. 876 321.05 63.36 877 321 63.4

Cell free alginate beadg. 888 782.06 11.94 867 734 15.35

Free cells. 917 212 76.89 953 432 54.67

Effect of immobilization of cells on Ni(ll) uptake:

The net uptake by immobilized cells was only 51a4@ 48.05 respectively as compared to free cellsrevithe
average uptake was 65.77%.(Table 5). There was seduetion in uptake on reuse of the beads.(datayinen)
and was higher in free cells as compared to imrizaldl cells. The uptake further improved when cdroet in
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GMM instead of distilled water.(data not presentetipsphate buffer was not suitable for nickel uptaling to
the precipitation on addition of the beads.

It has been reported that nickel removal using ititised cells was possible through optimizationtieé growth
conditions for the bacterial cells such as the amsitpn of the growth medium, incubation time, ibetion
temperature; and the operational parameters obitsreactor such as retention time and pH of tH& Bbntaining
solution, respectively [29].

It has been reported earlier that microbial biomamssists of small particles with low density, peoechanical
strength and little rigidity. The immobilization ¢iie biomass in a solid structures creates a rahtsith the right
size, mechanical strength, rigidity and porositgessary for metal accumulation. Immaobilisation géid beads
and granules that can be stripped of metals, redetl and reused in a manner similar to ion exohaegins or
activated carbon. Immobilized cells help in detmefion of metal pollutants with far less toxicigssociated
complications as immobilization protects the cdilem toxicity at sub lethal concentrations of metahs.
Immobilization also traps the microorganisms inrtirgels such that their activity remains unalteaed allows the
reuse of the immobilized beads too.

Nickel uptake was significant in immobilized cellhiowever the uptake was higher with free cellse Elightly
higher activity with the culture suspensions as garad to immobilized cells can be attributed to phesence of
other bioactive substances in the filtrate whicluim stimulate the enzyme activity. Further, tlodypaccharides of
EPS may act as chellators[30].Conrtium produced EBREh was contributing to the higher uptake witkef
cells.The same has been reported by A Cyanobacterulosira fertilissma has been found to release organic
substances that can chelate free metal ions [3dfable uptake in cell free alginate beads was notedccount of
abundant free hydroxyl groups in alginate whichdkim metal ions [32,33].

Efflux of preloaded cells on aeration:

The initial nickel recorded in controls of aeratadls was higher as compared to non aerated de¢sdifference in
uptake between aerated and static cultures wa&4l.B&, and total proteins were higher under aerated tiondi
when compared with non aerated growth. The uptake@neh. was 23.55%. On aeration of preloadedscethe
uptake was reduced to 11.73%. There was an eftiwerved when preloaded cells were aerated to ttemteaf
11.82 % from the recorded uptake of 23.55% beferaton.(Table 6).

Table 6 : Effect of aeration with respect to Ni(ll)efflux in preloaded cells.

Sample Initial nickel | Residual nickel | Residual nickel
pg/mil (pg/ml) after 1h.aeration
Uninoculated control 998 -- 990
Preloaded consortium 998 763 881

The percent uptake of nickel recorded with and evittaeration was almost similar. The difference hawever in
cell density and total proteins thereof. Aeratidiovas efficient biological interactions with thelsstrate and other
media components. The energy output under aerateditons is higher and this results in increasedh density
and total proteins. Since results were observelinvitOh. of incubation , EPS production will havecorred only
marginally. However it should be noted that aerafjoocedure that was adopted led to evaporatidhet@xtent of
50% which concentrates the metal ion also. It waseoved the extent of retention of Ni(ll) in preded cells by
aerating the solution using aquarium pumps andrgbdean efflux after aeration with respect Abcaligenes
eutrophus, the wild type strain N9A and its transconjugaSiiNvi243 [14].

This preloaded consortium on being aerated foram,hresulted in 50% efflux resulting in an increas residual
nickel concentration.

Effect of respiratory inhibitors on Ni uptake:

Nickel uptake was partly inhibited in consortiunepeated with azide. Cells pregrown in presencaafasing
amounts of sodium azide showed inhibition of nicketake at initial Ni(ll) concentration ranging fmol to
2.50mg/ml in phosphate buffer (pH 6.8) .Uptake iokel was severely inhibited in distilled water wheonsortium
was pregrown with 0.0015 and 0.0025M of sodium eziéspectively. When cells were treated with 0.0025
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Sodium azide , the uptake of nickel was reduced\®r 78 % in distilled water and by 58% in phosphatiffer
calculated at lowest (in presence of azide) antddsguptake (in absence of azide) at 2.5mg/niligfl).(Table 7).

Table 7: Effect of respiratory inhibitors on Ni (I1') uptake at 2.5mg/ml of Ni(ll).

NaN3 Uptake in distilled water (mg/ml Uptake in buffeng/ml) % uptake
Initial Residua Initial Rsidua Buffer | D/w
0.0005M 2.50 1.91 2.52 1.35 46.43 23.6
0.0015M 2.50 1.86 2.52 1.46 42.07 256
0.0025M 2.50 2.06 2.52 1.63 35.32 116
None 2.50 0.41 2.52 0.39 84.53 83.6

The Cytochrome c¢ oxidase inhibitor, azide at cotrag¢ion of 270mM was reported to have inhibited eickptake in
totality in B.japonicum [34]. It has been reported that the respiratory inhitaizide (10mM), significantly inhibited
short term (5 min) Ni uptake, showing that Ki uptake inB.japonicum, strain JH was energy dependent [35].

Nickel uptake with respect to this consortium wapehdent on energy and hence the uptake was reducetls

that were pretreated with azide, quite in accordamith several earlier reports. Inhibition in uptakas significant,
however uptake that was still noted was on accofimhetabolism independent biosorption which is dioectly

affected by azide. However there is an indireat@fbn such processes too. As growth or mainteniaraependent
on energy and biosorption on available biomass,nhibition of growth would result in reduction the rates of
biosorption too, albeit in an indirect manner. Tehgent of nickel uptake through biosorption wasdfere lower
compared to the uptake in absence of azide. Matabalependent accumulation and biosorption wilhbevever

completely affected depending on the concentraiotihe inhibitor used. Hence sublethal concentretiof azide
have been used in this study.

The concentration at which the inhibitor is ableirthibit would differ from organism to organism.8& sodium
azide is a proton inhibitor it may be therefore daded that part of the nickel transport is enedgpendent and
hence nickel uptake was reduced when comparecdhtoots.

Effect of other metal ions and salinity on nickel ptake:

It may be noted as per table 8 that nickel uptaéts the highest in the absence of any other adexal ion. Cu**
and Mg®*had completely inhibited nickel uptake, while?Zinhibited nickel uptake by 94.25% when compared to
uptakze in absence of Znafter 48h. There was also no further uptake remmbafter 72h. of inoculation in presence
of Zn’”,

Table 8: Effect of metal ions and salinity on Ni(l) uptake.

. % nickel uptake

Metal ion added >ah 28h 7oh
Zinc , copper and nickel 5.34 6.17 0
Zinc and nickel 2.10 3.54 0
Copper and Nickel 0 0 0
Magnesium and nickel 0 0 0
Nickel only 25.61 | 61.5¢ | 79.4¢
Nickel only in presence of Nagl 21.88 0 0

It has been reported that in natural environmergtairmicrobe interactions are very important, metatal

interactions can also be of greater significancenatals generally occur in combinations[36]. Sitice cellular

metal binding sites are never entirely specificdaingle metal, metals with similar structures ahdrge can often
bind competitively. They can therefore interferé¢hithe metabolism of related metals.

Competition of metal ions during biosorption wagestigated in binary metal solutions [37]. It wdserved in this
case too, that nickel uptake was highest in thesrades of any other added metal ion except nickelnitkel
accumulating strain, the accumulatiwas inhibited at higher salt concentrations[4]. Ugjo there are a number of
organic compounds that act as chelates, inorgaggaods such as chloride and sulphate play an importarmt irol
metal uptake. These agents abte to form tight complexes with metals, which ntecrease thebioavailability.
Non bioavailable metals are referred to those ltaate precipitated, sorbed or have been immobil&&jdit 1%
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salt concentration there was no uptake recordenl 48h and a slight reduction in uptake was notidinv24h.of
inoculation. Chloride salts complex with metal idhereby reducing its bioavailability and loweriting uptake.

Accumulation has been reported to have been irduly Mg(ll) and other agents that form strong inetanplexes
[35]. It has been reported in caseBrdyrhizobium japonicum JH,that Nf* entry inside the cell was inhibited
significantly by Md* and other ions like 7 Cd* and Mr*, which can be relieved by increasing theé**Ni
concentration. It has been noted that nickel uptakée fission yeasaccharomyces pombe resulted in a 20 fold
decrease in nickel accumulation because of adddfomagnesium salt to the medium. In the presefid® mM
Mg?*, a strong effect was observed [39].

Nickel uptake in this consortium was completelkibited in presence of magnesium. Zinc and coppee halso
been found to inhibit nickel uptake strongly assutt of competition. It has been reported that zind copper are
effective competitors for nickel iBradyrhizobium japonicum [34]. The observed results are therefore in accordance
with earlier reports.

CONCLUSION

It may be noted that when the consortium was chglld with a dose of the metal ion, it was sequedter
intracellularly, precipitated , sorbed extracehly or reduced to an immobile state, the procelsexy contributed
by one of the members, a few of them or all thdaies of the consortium. Therefore many of the labe
processes will be displayed by a consortium unbkenonoculture, although the dominating processédis bsi
responsible for detoxification. Thus nickel bioratiaion, through such a study can be a useful redtere to
conventional systems for the removal of toxic nwethbm industrial effluents, particularly at low takion
concentrations where other established proceduagsnot be able to deliver the desired results.
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