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ABSTRACT KEYWORDS
The objective of the present study was to find out the molecular basis for Mercury;
and mercury resi stance and mechani sm of mercury detoxification by isolated Plasmid;
Sreptococcus p. (MTCC No. 9724). For this purpose abacteria strainwas Mercuric reductase;
isolated from the soil of solid waste dumping site of Kolkata, India and Sreptococcussp. (MTCC
identified at IMTEC Chandigarh, India. Plasmid DNA of the strain was No. 9724);
isolated and was detected by horizontal electrophoresisin 0.7% agarose Mercury (11) detoxification.

gel using TAE buffer (1X). Transformation of isolated plasmid DNA of
Sreptococcus sp. (MTCC No. 9724) was carried out at room temperature
with heating at 42°C(shock therapy). E.coli HB101which was used as
competent cellsfor isolated plasmid and the transformation efficiency was
measured by dividing colonies observed with mass of plasmid introduced
to the competent cells. Both bacterial cellsi.e. isolated Streptococcus sp.
(MTCC No. 9724) and transformed E.coli HB101 used for assay mercuric
reductase enzyme. Here NADPH was used as substrate of the test enzyme
and magnesium acetate, EDTA, and B-mercaptaethanol was added for
enzymatic reaction. The whole experimental set up was kept in dark place
for one hour and reading was taken spectrophotometrically at 340 nm
wavelength. A single band of plasmid DNA with molecul ar weight of 3000
base pair was isolated from Streptococcus sp. (MTCC No. 9724). The
transformation efficiency was 20% and the M I C for mercury of transformed
E.coli HB101 was44.5 mg/l. Thisstudy ultimately identifiesthe molecular
basis of the mercury removal mechanism of isolated Streptococcus sp.
(MTCC No. 9724). The responsible genetic material and mercuric reductase
enzyme activity of the wild organism was confirmed through this study.
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INTRODUCTION

Many bacterid strainscontain genetic determinants
of resistanceto heavy metals such asmercury, silver,
arsenic, bismuth, cadmium, chromium, nickel, and lead
and undoubtedly others. Theseres stance determinants
are often found on plasmids and transposons, which
facilitate their analysis by molecular genetics tech-
nique*2. Inthefrequent absence of any obvioussource
of direct selection, these resistances occur with sur-
prisingly high frequencies. It has been suggested that
heavy meta resistancesmay have been selected in ear-
lier times, and that they aremerely carried a ong today
for afreeridewith selection for antibiotic resistances.
For example, in Tokyo in the late 1970s both heavy
metal resistancesand antibiotic resistanceswerefound
with highfrequenciesin Escherichia coli isolated from
hospital patients, whereasheavy metal resistanceplas-
midswithout antibiotic resistance determinantswere
foundin E.coli fromanindustrialy pollutedriver. Se-
lection occursfor resistancesto both typesof agentsin
thehospital, but only for resi stanceto toxic heavy met-
dsintheriver environment. Mercury res sancemicrobes
areavailableinagricultura soil with no known mercu-
rial input. In such settings, resistance microbesmay be
very rare, but they may comeinto much greater quanti-
tative prominenceafter industria or agricultura pollu-
tion. These major recent progresses have consisted of
thecloningand DNA sequenceandysisof determinants
for mercury, arsenic, cadmium and tellurium res stances
andinitid reportsof still additional resistances®.

Mercury resistance (Hg) isacommon plasmid-me-
diated property ingram-negativeand gram-positive bac-
teria. Thismay berelated to the use of mercuria com-
pounds in industry, agriculture, and hospitals. Two
classes of mercury res stance have been described: (i)
narrow-spectrum res stanceinvolvestheenzymaticre-
duction by mercuricreductase (mer-A) of Hg2+to Hg°,
whichisreleased asavapor into the surrounding me-
dium; and (ii) broad-spectrum resistanceinvolvesthe
cleavage of C-Hgbondsof organomercuric compounds
by organomercuria lyase (merB) and the subsequent
reduction of Hg2e by thereductase. Narrow-spectrum
res stance (reductasea one) protectsthecel from Hg2+
and some organomercuric compounds, whereas broad-
gpectrum res stance (reductaseand lyase) providespro-
tection from additiona organomercuric compounds*®.
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Although both merA- and merB-type genesarefound
invariousspecies, thereisonly limited rel atedness be-
tween gram-positive and gram-negative genes and ap-
proximately 60% sequenceidentity between the Sa-
phylococcus aureus and Bacillus gened®. Thegenes
specifying resistanceto mercury are organized on mer
operon, including merR, merT, merPand merAl™.

Cdl-freemercury volatilization activity (mercuricre-
ductase) was obtained from a mercury-volatilizing
Thiobacillusferrooxidans strain, and the properties
of intact-cd | and cdll-freeactivitieswerecompared with
thosedetermined by plasmid R100in Escherichiacali.
Intact cellsof T. ferrooxidansvolatilized mercury at
pH 2.5, whereascellsof E. coli did not. Cell-freeen-
zyme preparationsfrom both bacteriafunctioned best
at or aboveneutral pH andnot at al at pH 2.5. TheT.
ferrooxidansmercuric reductasewas asol ubleenzyme
that was dependent upon added NAD(P)H. Theen-
zymeactivity was stable at 80 degrees C, required an
added thiol compound, and was stimulated by EDTA.
Antiseraagainst purified mercuric reductases from
trangposon Tn501 and plasmid R831 (whichinactivated
mercuric reductasesfrom awiderange of enteric and
pseudomonad strains) did not inectivatetheenzymefrom
T. ferrooxidang®?,

The heart of the mercury reduction mechanismis
mercuricion reductase (MerA), an enzymethat cata-
lyzestheconversion of thethiol-avid Hg(ll) tovolatile,
uncharged Hg(0) that lacks significant affinity for any
ligandingfunctiond groups TheenzymeutilizesNADPH
as source of electronsand islocated in the cytoplasm
wherethissubstrateisplentiful™®. However, thiol s of
proteinsand smaller moleculesthat arethe primary tar-
get for tight binding by Hg (11) areaso plentiful inthis
location. Consequently, the efficiency of thereductase
at competingwith these cellular thiol sto scavengeand
reducetheincoming metd ioniscriticd tothesurviva
of thecdll, and significant research hasfocused on un-
derstanding thefeaturesof the protein that are essentia
for thisprocess. In enzymology, amercury(ll) reduc-
tase is an enzyme that catalizes the chemical
reaction.Hg(ll) + (H+) + NADPH —Hg(0) + NADF".
Thethree substrates of thisenzymeareHg, NADPH
and H* whereas its two products are Hg (1) and
NADPH™M™,

Thisenzymebel ongsto thefamily of oxidoreduc-
tases, specificdly thoseoxidizing meta ionwith NAD+



100

Isolation and transformation of plasmid DNA of Streptococcus sp. (MTCC No. 9724)

RRBS, 9(3) 2014

Reguler Peper e

or NADP+ as acceptor. The systematic name of this
enzyme classis Hg:NADP+ oxidoreductase. Other
names in common use include mercuric reductase,
mercurate(l1) reductase, mercuricion reductase, mer-
cury reductase, reduced NADP+:mercuric ion oxi-
doreductase, and mer A2%3, Mercury (Hg) resistance
(mer) by thereduction of mercuricto elementa Hgis
broadly distributed among the Bacteriaand Archaea
and playsan important rolein Hg detoxification and
biogeochemica cycling. MerA isthe protein subunit of
the homodimeric mercuricreductase (MR) enzyme, the
centrd function of the mer systemi?4. The obj ective of
the present study wasto find out the molecular basis
for and mercury resistance and mechanism of mercury
detoxification by isolated Sreptococcussp. (MTCC
No. 9724).Thebacteriawasisolated and identified as
Sreptococcussp. (MTCC No. 9724). Thepotential -
ity of mercury detoxification wasa so standardized and
quantified in aseparate study™.

MATERIALSAND METHOD

| solation of plasmid DNA

Plasmid DNA wasisolated by themethod of Kado
and Liu®*®, Plasmid DNA was detected by el ectro-
phoresisinhorizontd 0.7% agarosegd usng TAE buffer
(2X). 15 ul samples were loaded in each well and elec-
trophoresiswas carried out for two hoursat 60 volts.
Plasmidfreecultureof E.coli HB101 wasused asmark-
ersand thegel was stained by 0.5pg/ml ethidium bro-
mide and observed under UV-transilluminator.

Transformation of isolated plasmid DNA in acom-
petent vector HB 101 and deter mination of mini-
mum inhibitory concentration (MIC) of
transformant

Transformation of isolated plasmid DNA of Srep-
tococcus sp. (MTCC No. 9724) was carried out at
room temperature with heating (at 42°C) shock
therapy. 50mM Calcium Chloridewas used for sus-
pending pellets of E.coli HB101which wasused as
competent cellsfor isolated plasmid™?. 10 ul of plas-
mid (0.002ug/ul) was added for transformation. Trans-
formation efficiency was measured by dividing colo-
niesobserved with mass of plasmid introduced to the
competent cdlls.

Assay of mercuricreductase

Cellsof Sreptococcussp. (MTCC No. 9724) was
harvested at | og phase, washed carefully by phosphate
buffer for removingall mercury. After centrifugation the
pelletswas subjected to treat with 20mM Tris-HCI, 1
mM Dithio-thritol and 10 pul of PNSF (to block pro-
teolytic activity). Thewholecell suspens onwas soni-
cated for 5 minutes. After centrifugation the superna
tant was used studying mercuric reductase activities.
Thedetall assay procedureisgiveninthe TABLE 1.
Here NADPH was used as substrate of the test en-
zyme and magnesium acetate, EDTA, and f3-
mercaptaethanol wasadded for enzymaticreaction. The
whole experimental set up waskept indark placefor
one hour and reading was taken spectrophotometri-
cally at 340 nmwavelengthl*8l,

TABLE 1: Protocol for mercury reductaseestimation

Experiment Ingredients wer e added in cuvtte and reading was measur ed at 340 nm separ ately
Set | (Test) Supernatant HgCl, NADPH
Set |1 (Substrate blank) Sterile water HgCl, NADPH
Set |11 (Enzyme blank) Supernatant Sterile water NADPH
Set IV (Control) Supernatant Sterile water HgCl,
of trasformant -E.coli HB101
RESULTS

| solation of plasmid DNA

A singleband of plasmid DNA withmolecular weight
of 3000 base pair wasisol ated from Sreptococcus p.
(MTCC No. 9724) while no plasmid was detected in
fromE.coli HB101 strain Plate 1.

Transfor mation efficiency determination and MIC

Thetrandformation efficiency was20% andtheMIC
for mercury of transformed E.coli HB101 was 44.5
mg/l Figurel; Plate 2.

Estimation of mercuricreductaseactivity

NADPH wasrapidly oxidized by the crude extract
obtained from Sreptococcus sp. (MTCC No. 9724)
in presence of Hg (11). Essentially no oxidation of



RRBS, 9(3) 2014

Subarna Bhattacharyya et al.

101

Platel: Plasmid DNA isolated from Sreptococcussp(MTCC
No.9724) (LaneD and F)
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Plate2: Plasmid DNA isolated from E.coli HB101 (LaneA),
transformed E.coli HB101 (L aneB and C) and Sreptococcus
$.(MTCC No.9724) (LaneEand F)
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Figure2: Mercuricreductaseactivity of Sreptococcussp.
(MTCC No. 9724)

NADPH was observed in absence of crude enzyme,
whereas oxidation of NADPH in absence of Hg?* was
inggnificant Fgure2.
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DISCUSSION

Theobjective of thispart of thework wasto con-
firm the mercury resistance property of Sreptococ-
cus sp. (MTCC No. 9724) was plasmid mediated.
Usually mercury resistanceisacommon plasmid-me-
diated property of both gram-negative and gram-posi-
tivebacterid®¥. Thisproperty may be applied to con-
trol theincreased use of mercurial compoundsinin-
dustry, agricultureand hospitals. In gram-positive bac-
teria systems such as Saphyll ococcus aureus, mer-
cury resistanceisassociated with antibiotic resistance
plasmidg?. In the present study, Sreptococcus sp.
(MTCC No. 9724) wasfound efficient mercury re-
sistance strainand MIC was44.5 mg/l. similar obser-
vation showed that isolated eleven clinical strains of
Enterococcus faecalis from different geographical
regionswereresistant to mercuric chloridesand hav-
ing plasmids’??. Like present observation Gupta et
al.’?Y isolated plasmid from Bacillus cereusand in-
corporated into Escherichia coli. That transformed
E. coli successfully volatilizemercury formtheir me-
dia Inthispresent investigation, after isolatingtheplas-
mid from Sreptococcus sp. (MTCC No. 9724), it
was introduced into the competent vector E.coli
HB101successfully. The newly transformed strain of
E.coli HB101 had the similar MIC value with respect
to Sreptococcus sp. (MTCC No. 9724) Figure 1.
Unlikeincorporating mercury res stant gene (Mer-gene)
to acompetent bacterial cell, De et al?? had cured
the plasmid and after that the bacterial strain had lost
their resistanceto mercury.

The Bacteriathat wereresistant toinorganic and
organic mercury werefirst i solated from mercury con-
taminated soil in Japan in the late 1960s. Since that
timemercury res stance has cometo berecognized as
widespread among prokaryotic speciesisolated from
human and environmental sources?*%!, Themercury
resistant Sreptococcus sp. (MTCC No. 9724) aso
isolated from dumping ground of Kolkata, Indiaand
also similarly had shown theresistanceto inorganic
mercury. Themechanism of mercury res stance had been
studied extensively by different investigatorg?627:131,
Other researchers reported that most of the isolated
mercury resistant bacterid strain have plasmid encoded
witharegulatory protein (MerR; for control mRNA
synthesis), transport protein (MerT and others), acell
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surface binding protein (MerP) and the enzyme (mer-
curic reductase MerA and organomercurial lyase
MerB)[2-30- |n this present study it wastried to reveal
themechani sm of mercury resistance of Sreptococcus
p. (MTCCNo. 9724). In order tofind out the mecha
nism, mercuric reductase enzyme had been assayed.
Both Sreptococcus sp. (MTCC No. 9724) and trans-
formed E.coli HB101 had shown the mercuric reduc-
taseactivity Figure2.

Several recent studies had reported that likethis
working strain Sreptococcus sp. (MTCC No. 9724),
few other strains of Streptococcus and Enterococ-
cus specieshad plasmidswhichisresponsiblefor the
production of mercuric reductase’®=214, Thisenzyme
catalyzesthe cytoplasmic reduction of inorganic mer-
curicions(Hg*?) to elemental mercury (Hg?), whichis
volatileandisthus automatically removed from their
growth media®3. The reduction of ionic mercury to
elemental mercury by the mercuric reductase enzyme
(MerA) playsanimportant rolein the biogeochemical
cycling of mercury. Like the present Streptococcus
sp. (MTCC No. 9724), similar aerobic Gram posi-
tive bacteriawasisol ated from sediment of Meadow-
land, New Jersey could ableto detoxify mercury by
cytoplasmic mercuric reductase enzyme and the en-
zymatic activity had observed from soil of mercury
contaminated areas of Oak Ridge (USA)E3, A
paleobacterial strains carry ancient plasmids and
trangposonswhich aso contain mercury resistancede-
termine®.,

CONCLUSIONS

Thisstudy ultimately identifiesthemolecular basis
of themercury remova mechanism of isolated Srepto-
coccus sp. (MTCC No. 9724). The responsible ge-
netic materia and mercuric reductaseenzymeactivity
of the screened organism was confirmed through this
study. A singleband of plasmid DNA with molecular
weight of 3000 base pair wasisolated from Srepto-
coccus sp. (MTCC No. 9724). The transformation
efficiency was 20% and the MIC for mercury of trans-
formed E.coli HB101 was44.5mg/l. Thisisolated strain
can be used asthe end of pipe treatment of mercury
removal and theisolated plasmid can alsobeusedin
incorporatation of genefor devel opment of transgenic
organism.
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