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SUMMARY

Sinorhizobium meliloti species of nitrogen fixation bacteria was
isolated froin Medicago sativa plant and exposed to different
concentrations (5,70,20and 40 ppm ) of Ag -tt,Hg *t,Co "'2 

and Ni t2 
ions as

singly under the laboratory conditions .The growth rate of this bacterium
was measured by using spectrophotometer at wave length 540 nm after
different exposure periods (0,2,24,48 and 72 L:u:s. ) to detect the toxic
effect of these ions on the bacterium growth .Results showed that the
inhibitory effect of these ions were in the following sequencer Ag'*t =
Hg*t > Coo2 > Ni *2 

and the effrct"of these ions was depending on the ions
type ,their charges ,ions concentration in the medium and the exposure
periods.
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Introduction

Heavy metals discharged i4to the envirorunent fiom various
industries, agriculture and municipal sewages eonstitute one of the major
causes of water and soil pollution (14).Among the microorganisms,'
bacteria , yeast and protozaa are generally the first category to be exposed

to heavy metais present in the environment (11). Microorganisms require
sorrre metals like Cu*', Zn*', Co"t2 and Ni*2 at low concentrations as

essential micronutrients for vital cofactors for metalloproteinase and certain
enzymes, however ,at higher concentration ,it has been reported that these

metals form toxic cornplex compound in the cell that are too dangerous for
any biological functions (9).There were several genera of essential bacteria
found in soil such as Sinorhizobium meliloti , Bradyrhizobium , Rhizobium

, Azorhizobium , Allorhizobium and Mesorhizobium, which are able to
establish asymbiosis with leguminous plants. They elicit the formation.of
specialized organs, called nodules, on roots of their hosts,in which they
reduce atmospheric nitrogen and make tt avallable to the plant .Symbiotic
nitrogen fixation is an important source of nitrogen, and the various legume
crops and pasfure species often fix as much as 200 to300 kg nitrogen per
hectare(10)"Very little information is available in the literature regarding
the action of heavy metals against these bacteria , therefore, the aim of this
study is to evaluate the toxic effect of Ag*1,Hg*t,Con' and hTi*2 ions on the

growth of Sinorhizobium meliloti isolate under the laboratory conditions 
"

Materials and Methods

Bacteriai suspension :-
Sinorhizobium meliloti isolate was

Medicago sativa plant according to
identification by ( I ).Pure isolate was

,then ,the bacterial suspension adjusted
Farland method (4).

isolated fiom the root nodules of
( 13) method .This isolate was
grown. on the nutrient agar rnedia
to 10' efu I m1 accordins to Mc
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Growth rnecliurn ;-
l{utrient broth rneclir,rrn was used aiter pH adjr-rsted to 6.8 , sterilized

by irsing zrutoclave at 121"C for 20 min.

FIeavy metals stock sotutions :-
Stoc,r,, sol'ution (1000 pprn)of each meta-l ',r,'as prepared bJ dis-solved it's

salt : AgN03, Co(NO3)z"6H2O and Ni(NO3)2.6H2O for Ag -',Co-', and Ni
'2 respectively in i000 ml erf deionized distilled water .Vy'hereas, the

mel"cury was prepared as metal (1g) dissolved in 1.5m1 of con'F{NO3,The

vohrme make to 1000 ml by deionized distilled waler .llifferent
concentrations (5,10,20, and 40 ppm ) of each solution wele prepared by

nsing the dilutjon law and nutrient broth mediurn .

.fhe effect of heavy metals test :-
'Ihe nutrient broth meclium that supplemented with heavy metal ions

(singly) was dispensed into sterilized tubes as 20 mi / tube in addition to

the control rubes (medium free of heavy metal ions).The inoculurns size

(106 cfu/ mi) were added as lml I tube. These cuhures wereincubated at

28 oC .-fhen , the growth of bacteria was measured by using

spectrophotometer as optical density at 540 nm. for different exposure

periods (0,2,24,48 and72 hrs ).

Data analysis and figures :-
Minitab version 1 1 program was used for the analysis of variance test

(ANOVA test) and "reverse less significant differences (RLSD) was

calculated to detect the differences among the means of the growth rates

.Excel 2003 program was used to clraw the figures'

Results

T'he analysis of variance (ANOVA test) showed sigrificant
difl'erences (p< 0.01) amongthe studied ions effects onthe growth rates of
Sinorhizctbium meliloti isolate and these inhibitory effects were in the

foilowing sequence, Ag*t t Hg*' > Co*2 > Ni*2 fig (1 ).The results showed

that [hese inhibition effects were depending on the type of ions ,their'

charges ,their concentrations in the medium and the exposure periods, as

descliberj in the followins :-
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Fig ( 1 ) :- Effect of different concentrations of heavy metals
on the growth of Sinorhizobium meliloti

l - The effects of silver ions (Ag*l) :-
.;-rThe growth rate of the present isolate was not affected after 2 hrs. of

exposure periods at all siiver ions treatments as compared with the control
treatment .An elongation in the lag phase (a8 hrs.) was appeared at 5 and
10 ppm treatments, Whereas no growth was appeared at 20 and 40 ppm .

treatments along the exposure period (fig .2) .
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2- The eff'e*ts of mere rlry ions (Hg*,) i_
The grorvth i:ate of" the isoiate wa*c not affected also afler. 2 hrs. of

exposure periocl's'for all treatments of mercury ions. An elongation in the
lag phase (as lus.) of bacteria was appear"eei aL s,ro,and 20 pp#. treatments
followed by less growilr appeared urt.r this perioj * .o,i;";-J *itr, trr*controi and no .grnwth was appeareci aL 40 ppm treatment along the
experimental periods(fig "3) "
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Fig( 3 ) :- Effeits'of mercury ions on the grovvth
of Sinorhizobium meliloti

3- The effects of cobalt ions (Co*2) :_
At all cobalt tt'eatments ,the growth rate of the present isolate was notaffbcted after 2 hrs-of ."porur. periods as compared with the control

treatment 'After 24 hrs.of exposure 
"the 

growth became higher than those
of control treatment. Then, the growth were continuous at 5,10 and 20 ppm"
treatments but less than control. At 40 ppm. the growth was decreased
after 24hrs. (fig .q
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Fig(a ) :- Effects of cobalt ions on the growth of

-o tinorhizobium meliloti

4- The effects of nickel ions (Ni"2) :-
At all nickel treatments, the growth of the present isolate was not

affected after 2 hrs. of exposure period .After 24hrs.of exposure period, a

significant increasing (p < 0"01) in the growth rate at 5, 10 and 20 ppm.
treatments"were found as compared with the control treatment. Then , aften'

48 hrs. of exposure the growth of the above treatments became less than
control , ffid the growth at 40 ppm treatment was increased significantly( p
< 0.01 ) but till less than those of control(fig .5 )
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Fig( 5 ) :- Effects of nickel ions on the growth of
S in o rh iza b iu m meli loti
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// Discussion

The preseni study showed a signifieant clecreasing (p. Ct.Ol) in thegr.:w1h rate of isorate that exposed to heavy **tui, lo?r'irp*r,ur1y sirvera'nd rnercr-rrlr loou "silver and mercury ipn-s werf, classified as non-essentiaifbr the growtli of organisrns and have a toxio eff.ect even aJ rowconcentralion anci their salts have got wide spread uppfi.ution, incontrolling th: icroorganisms populaJons (7). Aiso results exiribited anelongation in lag phase uft.. exposure to increasing concentratio's of ions
'this observation appeared to be clue to selection for ion-resistantphenotypes ( g ).Also microorganisms ir*rr. acquired a variety ofrnecha^isms for adaptation to the fr*r*rr.* oi to*i. lieary metars .Amongthe varjous adaptation mecha"i;m, -*tui ,*ptiorr, -in eiariz,atioH, uptakeand aceumulation, extraoellular-p.*.ip:luiiin, enzymatrc oxidation orreduetion to a iess toxic form and qfflux of treavy metals from the cell (g,12 ' 11)' These mechanisms are sornetime encoded in plasmid genesfacilitating the transfer of toxic metal resistance fiom one cell to another('12)' crist et al(6) suggest that the bi;r"tpt"."orn.ur., 

'etals consists oftwcr phases: a fast phase (less than 4 seconds ) is attributed to surfaceadsorption 
'mainly based on ion exchange with the participation of thecarboxyi groups ofuronic acids and much!ro**.metar uptake (2hrs.)phaserepresent the diffrrsion of ions into the cell structures .Bacteria makeexcellent biosorbents because of their higrr sorface-to-volume ratios andhigh content of'potentially active 

"h*mo.Irption site such as on teichonicacid in their ceil walr (2)"Nicker and ,oburt lor* are crassified as anessentia.l micronutrients at low concentlabion (9).These differences in theeflbcts probably d
charges and the afi rpe of metai ions, Their number of
effecrs of ions (suc site fbr each metal (5).The inhibitory
as increaring th.r. rm treatunent) became higher as soon

Brown a'd r.ester (3) and it _uy uJ;::l ,T'lllffi# 3il:ff:J,ilfl
f,.|]ffi*t 

binding sites occurrecl at the highesr rnetai concentrations addecl
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