Molecular studies of E. coli mercuric reﬂuclttahse gene (merA) and itsimpact on human
ea

Md Zeyaullah,"Gowher Nabi,’Rajani Malla® and Arif Ali*

Bene Expression Laboratory, Department of Bioseigndamia Millia Islamia, New Delhi, India
Department of Biotechnology, Jamia Hamdard, NevhDénhdia
Department of Microbiology, Tribhuvan UniversitytiTChandra College, Kathmandu, Nepal

Corresponding author: Dr. Rajani Malla, Associate Professor, Departmémdliorobiology,
Tri-chandra College, Kathmandu Nepal. e-nrajanimalla2000@yahoo.com

ABSTRACT

Bacterial plasmids encode resistance systems fd¢ toetal ions including Hg functioning by energy-
dependent efflux of toxic ions. The inducible meyctesistancener) operon encodes both a mercuric ion
uptake and a detoxification enzymes. In Gram-nggdtiacteria especially i&. coli, a periplasmic protein,
MerP, an inner- membrane transport protein, MerT, angt@plasmic enzymenercuric reductaséthe MerA
protein), are responsible for the transport of meccions into cell and their reduction to elemémbercury,
Hg’. Phytoremediation involves the use of plants tdraex, detoxify and/or sequester environmental
pollutants from soil and water. Transgenic plansaee mercury ions from methyl-mercury complexes;
reduce mercury ions to the metallic form; take wgtatic mercury through their roots; and evolveslésxic
elemental mercury. PCR were performed to detecb 1I§® of mercuric reductasegene fnherA), which is
mainly responsible for the conversion of mercutg'®) and mercurous (HQ) ions into non-toxic elemental
mercury. PCR products of putative merA genes frawirenmentalE. coli strains were purified and cloned
into a plant expression vectpRT100.The construct will be transformedaalli of Nicotianaplants.
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INTRODUCTION

Mercury, a potent neurotoxin, is one of the mostrifal and toxic environmental pollutants. Mercundaits
compounds when released into the environment gidyhioxic to living cells because of their stroaifinity

for the thiol groups of proteinfsHowever, its levels have risen due to environmecwatamination from
human activities, such as burning coal and petmlpwducts, use of mercurial fungicides in papeking
agriculture and mercury catalyst in industry, watltonsequent release of mercury into the air, watdron
the land. These activities can increase local mgrdevels several thousand fold above background.
Therefore, environmental pollution is an increasprgblem both for developing and developed cousitrie
Industrial use of mercury led to pollution of theveonment. Consequently, mercury removal is alehge

for environmental management. Most of the mercalyased ends up and retained in the soil as coegplex
the toxic ionic mercury (Hdg), which then can be converted by microbes into ¢éven more toxic
methylmercury which tends to bioaccumulate. Meraigtoxification of the soil can also occur by mizes
converting the ionic mercury into the least toxietadiic mercury (H form, which then evaporates.
Microorganisms in contaminated environments haweld@ed resistance to mercury and are playing @maj
role in natural decontamination. An extensivelydstd resistance system, based on clustered genas in
operon (zmer operon), allows bacteria to detoxify*Hinto volatile metallic mercury by enzymatic
reduction’® Mercury-resistance determinants have been fouraviide range of Gram-negative and Gram-
positive bacteria isolated from different enviromtse They vary in the number and identity of genes
involved and are encoded by mer operons, usuatlgténl on plasmids® chromosome$?® they are often
components of transposoh® and integrons® A widely employed mechanism of bacterial resiséatc
mercurial compounds is the reduction of Hip its volatile metallic form Hg (0% The biotransformation is
mediated by mercury reductase, an inducible NADRHethdent, flavin containing disulfide oxidoreduetas
enzyme. The gene coding for mercury reductase A eThe bacterial mer operon encodes a cluster of
genes involved in the detection, mobilization andyenatic detoxification of mercury. lonic mercumgd ™)

is transported into the cytoplasm by a set of parisgenes, where the merA gene, which encodesumerc
ion reductase, reduces this highly toxic ionic meyqHg™) to the much less toxic volatile PigElemental
Hg® is gaseous at ambient conditions and evaporatay fam the bacterial cells and its microenvironmen
Expression of merA in transgenic plants might pdevian ecologically compatible approach for the
remediation of mercury pollutiori.Hyper-accumulation and hyper tolerance of Hg ésdharacteristic of few



plants but they haven't shown the ability to defpxhe toxic form of Hg to non-toxic forr?. Improvement

of plants by genetic engineering by modifying cleteastics like metal uptake, transport and accatah as

well as metal tolerance, opens up new possibilibephytoremediation. The present study aims daodform

E. colimerA gene in Nicotiana species and its expres3iobacco is a well-used system for development of
transgenic as it is amenable to tissue culturecasg to get regenerants.

Mercury damages the central nervous system, emsosistem, kidneys, and other organs, and adversely
affects the mouth, gums, and te&tfExposure over long periods of time or heavy exp®$n mercury vapor
can result in brain damage and ultimately death.

METHODSAND MATERIALS

Bacterial strains, their tolerance to inorganic mercury, plasmid screening and transformation studies:
Bacterial strains used in this study were three\sype, mercury-resistafi. coliisolates that were from three
different sampling sites in the Yamuna River (Newl) and one sample collected from the Dal Lake,
Srinagar, Kashmir, which is a pristine-type lak@swonsidered as the control. 100f the exponentially
growing cultures of each of the thrBe coli strains was subcultured on Luria agar plates supghted with
increasing concentrations of mercuric chloride. Tiaes were incubated at & for 24h. The minimal
inhibitory concentrationNlIC) to HgCL was determined as the lowest concentration of merttiat allowed

no visible growth of the organism. The highest @mration of mercury that allowed growth of thefeliént
strains was recorded as resistance of the straiktgCh Plasmid DNA was isolated by the alkaline lysis
method as described by Birnboim and DBIE. coli DH5« was used as the host for transformation of
plasmid DNA isolated from the wild-typE. coli strains. Transformation was carried out as desdriby
Hanahaff. Transformants were selected on Luria agar plstgplemented with different concentrations of
HgCLk to which the donor strains were resistant. Twosf@amants were picked randomly from each selection
plate and replicated on plates containing the satress parameters. They were also analyzed for thei
plasmid content by the alkaline lysis method anthared with the plasmid profile of the wild-typeashs.

PCR amplification to isolate putativeerA: Primer combinations of MerA-FJ(EGGGATCC ATG AGC
ACT CTC AAA ATC ACQR) and MerA-RJ (5TCCCCCGGG ATC GCA CAC CTC CTT GTC C¥Owere
used for the detection aferAgene. The expected PCR products are bands of p695b

RESULTS

All the three strains from three different samplsigs of Yamuna river; used in this study showgdicant
levels of tolerance to mercuric chloride. The miamminhibitory concentrationMIC) from site-1, site-1l and
site-Ill of Yamuna river lay in the range of 28-Bg/ml. Yamuna river showed mercury content threeeim
more than the limit (1ug) prescribed by WHG? 23 Screening for the presence of plasmids revealaiath
the three strains showed the presence of at le@stletectable plasmid when visualized on 1.0% asgagel.
When all the three plasmids were run with a mokecweight marker, they resolved at a position that
corresponded to a size of approximately 24 kb effdfNA/EcoRI + Hindlll marker. Transformation of the
plasmid DNA isolated from the wild-type. coli strains into the competent, plasmid-less, mersensitive
(Hg) E. coli DH5« cells yielded transformants in each case on platgsplemented with different
concentrations of Hg@to which the donor strains were resistant. All trensformants could tolerate the
same concentrations of mercury as the wild-typairssr The amplicons were detected on 1.0% agamse g
The bands are size of 1695 bp (shown in Fig.1) P@Ructs of putative merA genes were purified usirey
Genei PCR purification kit.

Amplicons of putativanerAgene was cloned injoRT100plant expression vector. The ligation reaction was
first incubated at 3T for blunt end ligation and then at 16°C overnifgit cohesive end ligation prior to
transformation intoE. coli competentDH5« cells. Two type of colonies were seen on Luriarggjate
supplemented with 1Q@/ml ampicillin. The recombinant colonies from ttransformation reaction were
selected and screened by PCR and restriction ectbase digestion for the presence of the putatigeAm
gene. Plasmid minipreps were performed on recombitlanes using Plasmid Miniprep protocBbfigalore
Gene). Agrobacteriumconstruct will be made for the transformation Mitotiana tabaccunplants. The
disarmed Ti-binary vector iAgrobacterium tumefacien&V3101) will be used in calli transformation to
produce transgenitbbaccoplants. After transgenics being screened out bR R@plification of 1695 bp
product, their first level of expression will beedked by isolating RNA from leaves of transgeMdicotiana
tabaccumplants. The expression studies will be done aftening mercuric reductaseene into a shuttle
vectorpQE30and the level of protein expression may be chetike8DS PAGE after its transformation into
BL21 cells.



DISCUSSIONS

The water samples collected in this study fromedéht sites of Yamuna river and Dal Lake had dsifier
physical properties such as pH, temperature atwdity etc. The mercury content in these samplee\aso
found to be variable, with the Yamuna river, shayihe highest level. In this paper, we have comeaésd

our studies on Yamuna river. Yamuna river showedcorg content (3.76ppm) three times more than the
limit (1pg/l) prescribed by WH®® Therefore this water is not safe for human condionpand needs an
immediate attention for some remedial measures.

We have characterized this gene of mer operon (jned#ich are mainly responsible for environmental
mercury detoxification. The gene product will corivéhe dangerous methylmercury and other organic
mercury derivatives to ionic mercury; which canrtte reduced to Hdpy merA gené?

Transgenictobacco plants withmercuric reductasegene will be an excellent example of bioremedratio
Transgenic plants carrying the individual mercurgtabolic genes can be crossed to create a universal
mercury removing plant for areas where methylmercamd ionic mercury pollution is simultaneously
present> Tobaccois especially attractive and preferred for thispmse because of the ease of hybridization.
The use of bacteria for rehabilitation of polluEavironments may provide an ecolog)it%ally sound oetior
abatement of pollution and a natural solution &mavery of contaminated soil and water.

Elemental mercury often passes through the gasestinal tract without being absorbed, and hisadiyc
mercury has occasionally been used for mechandiaf rof intestinal obstructions. Compounds of nueyc
tend to be much more toxic than the element itsglfl organic compounds of mercury are often exthgme
toxic. Dimethylmercury, for example, is a potenureoxin that is lethal in amounts of a fraction af
millilitre. Humans or animals poisoned with mercury or its coamals often manifest excessive salivation, a
condition called mercurial ptyalism. There is ament need to stop the polluted sites by bioremigaiat
which will be beneficial for human healtBioremediation is one of the most feasible waysléan unwanted
substances from air, soil, water and raw matehial® industrial processing.

REFERENCES

1. Hajela N, Murtaza I, Qamri Z, Ali A. Molecular imtgention in the abatement of mercury pollution.Bnvironmental
Education.Anmol Publications Pvt Ltd, New Delhd(2; 122-44.

2. Komura |, lzaki K. Mechanism of mercuric chloridesistance in microorganisms. I. Vaporization of arcary
compound from mercuric chloride by multiple drugistance strains @&scherichia coliJ Biocheml971; 70: 885-93.

3. Summers AO, Organi-zation. Expression and evolutibgenes for mercury resistanéenu Rev Microbioll986; 40:
607-34.

4. Summers, AO, Silver S. Mercury resistance in arplds bearing strain oEscherichia coliJ Bacteriol1972; 112:
1228-36.

5. Brown NL, Misra T, Winnie J, Schmidt A, Seiff M,I8¢r S. The nucleotide sequence of the mercuristeaxe operons
of plasmidR100and transposomn501 further evidence fo mer genes which enhancectivédy of the mercuric ion
detoxification systeniviol Gen Genei986; 202: 143-51.

6. Griffin HG, Foster TJ, Silver S, Mishra TK. Clonimmnd DNA sequence of the mercuric and Organometawsistance
determinants of plasmids pDU 1358 Proc Natl Acad Sci USA987; 84: 3112-6.

7. Wang Y, Mahler I, Levinson HS, Halvorson HO. Clani& expression irEscherichia coliof chromosomal mercury
resistance genes fronBacillussp.J Bacteriol1987; 169: 4848-51.

8. Inoue C, Sugawara K, Kusano T. TheerRregulatory gene in thiobacillus ferrooxidansiscgzh apart from thener
structural genedviol Microbial H O 1991; 5: 2707-18.

9. Misra TK, Brown NL, Fritzinger DC, Pridmore RD, Bas WM, Haberstroh LSilver S. The mercuric-ion resistance
operons of plasmi®100and transposohn501 the beginning of the operon including the reguiaregion and the first
two structural gene®roc Natl Aca Sci USA984;81: 5975-9.

10. Kholodii GYa, Yuriera OV, Lomovskaya OL, GorlenkdvZ Mindlin SZ, Nikiforov VG. Tn5053 a mercury resistance
transposon with integron’s endsMol 1993; 230:103-7.

11. Liebert CA, Hall RM, Summers AO. Transposbn2l, flagship of the floating genom#icrobiol Mol Biol Rev1999;
63: 507-22.

12. Libert CA, Wireman J, Smith T, Summer AO, Phylogefiymercury resistancengr) operon of Gram-negative bacteria
isolated from the fecal flora of primat#&ppl Environ Microbioll997; 63: 1066-76.

13. Scott PB, Clayton L, Rough, Summer AO, Richard BMytoremediation of methyl mercury pollutionerB expression
in Arabidopsis thalianaonfers resistance to organomercuriBi®c Natl Acad SAUSA 1999; 96 6808-13.

14. Rugh CL, Senecoff JF, Richard RB, Merkle SA. Depeatent of transgenic yellow poplar for mercury
phytoremediationNature BiotecHl 998; 16: 925-8.




15.

16.
17.

18.
19.

20.
21.
22.

23.
24.

25.

Lenka M, Panda KK, Panda BB. Studies on the abilftyater hyacinthEichhornia crassipesto bioconcentrate and
biomonitor.Aq Mercury Envt'l Pollutiorl990; 66: 89-99.

Elbert L PA, Ditri FM. Mercury contamination: A Huan Tragedy 1988.

Birnboim HC, Doly JA. Rapid alkaline extraction pealure for screening recombinant plasmid DINWicleic Acids Res
1979; 7: 1513-23.

Hanahan D. Studies on transformatioricotoli with plasmidsJ Mol Biol 1983; 166: 557-80.

Ali A, Murtaza |, Mishra SC, Sharma G. Operon mégtiaresistance to mercury and organomercurialsaaatebia. In:
Microorganisms in bioremediation. 2002; 91-104.

Murtaza |, Dutt A, Ali A. Relationship between tpersistence ofer operon sequences Escherichia coliand their
resistance to mercur@urrent Microbiol2002; 44: 178-83.

Gupta N, Ali A. Mercury volatilization by R factosystems irEscherichia coliisolated from aquatic environments of
India. Current Microbiol2002; 48: 88-96.

Murtaza I, Ali A. Inducible Mercury Operon in bro&gpbectruniEscherichia colilndian J Microbiol2001; 41:169-72.
Javendra S. Water Pollution Management. Venus shibtj House, New Delhi 1995:162-4.

Murtaza I, amit Dutt, Dhuha Mushtaq and Ali A. Molgar cloning and Genetic Analysis of FunctiomarB Gene from
Indian Isolates oEscherichia coliCurrent Microbiol2005; 51:297-302.

He YK, Sun JG, Feng XZ, CZako M, Marton L. Diffetieh mercury volatilization bytobaccoorgans expressing a
modified bacteriainerAgene Cell Res2001; 11: 231-6.

Lane 1: 500bp DNA Marker

Lane 2: PCR amplification oE. coli merA gene from site-
1 of Yamuna river.

Lane 3: PCR amplification oE. coli merA gene from site-
Il of Yamuna river.

2.0kb 1: —» 1695bp Lane 4: PCR amplification oE. coli merA gene from site-

1.5kk

Il of Yamuna river.

Lane 5: PCR amplification oE. coli merA gene from site
of Hindon river.

Lane 6: PCR amplification oE. coli merA gene from NRI
plasmid dE. coli R100 strain.

Lane 7: PCR amplification oE. coli merA gene, when
only 21l of PCR product loaded onto a gel from
Yamuna sample.

Fig. 1. PCR amplification ofE. coli melA, a mercun reductase gene of mer operon of ¢
1695bp.



