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Construction of merB recombinant vector in order to
bioremediation of organic mercury
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Table 1- PCR reaction mix

Material Stock Volume (ul)

H.0 12.5
PCR Buffer 10X 2
MgCl, 50 mM 0.5
dNTP mix 10 mM 0.5
Forward Primer 10 yM 1
Reverse Primer 10 yM 1
Target DNA 50 ng 15
Taq DNA polymerase 5 U/ul 1
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Table 2- PCR Programe

Time Temprature

5 min 94C°

45 sec 94C°

30 cycles 45 sec 52C°
1 min 72C°

10 min CovY
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Table 3- mer B Primers sequence
Primer Sequence
Forward 5'- ATGAAGCTCGCCCCATATA
Reverse 5'- TCACGGTGTCCTAGATGAC
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Figure 1- Constructed recombinant plasmid with merB gene.
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Figure 4- Electrophoresis image of
PET-28a(+) vector digest with Ncol
and Ndel restriction enzymes on 1%
agarose gel. 5311bp band had matched
with expected size of vector in linear
form. (M=1KB Ladder marker).
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Figure 3- Electrophoresis image of
PET-28a(+) vector digest with
restriction enzymes on 1% agarose
gel. (a) Vector digest with smal and
Ndel , (b) Vector digest with smal
and Ncol. (M=1KB Ladder
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Figure 2- Electrophoresis image of PCR
product with specific primers of merB
gene on extracted DNA of Serratia
marcescens. 639bp band had matched
with expected size of merB gene. 1, 2, 3,
4, and 5 are independent replications.
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Figure 7- Electrophoresis image
of PET-28a(+)-merB  vector
digest with Ncol and Ndel
restriction enzymes on agarose
gel. 63%bp band had matched

with expected size of gene.
(M=1KB Ladder marker).
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Figure 6- Electrophoresis image of PCR
product with specific primers of merB gene on
extracted plasmid of transformed colony.
639bp band showed existance of gene into
transformed  bacteria. (M=1KB Ladder
marker).
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Figure 5- Electrophoresis image of
merB gene digest with Ncol and Ndel
restriction enzymes on agarose gel.
639bp band had matched with expected
size of gene. (M=1KB Ladder marker).
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Figure 9- Electrophoresis image of protein merB on 15%
acrylamide gel. Related band to merB protein with size 23kDa
is visible in lanes. Lanes 1-8 belong to pre-induced samples
with IPTG and lane 9 is empty vector. Lanes 1-3, 5-6, and 8
related to pre-induced samples in 22, 28, and 37°C,
respectively. Lane 10 was BSA protein and used as protein
marker.
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Figure 8- The amino acid sequence to the protein amino
acid sequence obtained by MerB available at NCBI
using the software Multialign were compared.
Consensus sequence in this under the picking Full
compliance amino acid sequence MerB Protein The
resulting Coloning vector shows to MerB protein
sequences in the NCBI.
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Figure 12- Methyl mercury effect into
medium on S. marcescens growth

E.coliincloding PET28a+- merB

©OD600
e m o oB o o«

—J/,///

Time (hour)

S e 53 ogr Je Ol 36 VY IS
Loeas il Bcoli gostoas, o)
PET28a*-merB

Figure 11- Methyl mercury effect
into medium on E.coli  growth
containing PET28a*-merB vector

E.coli Without recombinantvector

0ODB00
oI R
i

Time (hour)

——0PPM 5PPM  ——10PPM 20PPM

C,.isla.:m)b eﬁzJ.::,aQ\}:AJ:jU—\' JSJ'
S 55 5555 osh Ecoll s su s, s,
Figure 10- Methyl mercury effect

into medium on E.coli  growth
containing empty vector

w‘ﬁuﬁﬁb)l))}"ﬁ(“uﬂd’*'U\'LSLAC"L‘L;)’
Cday 55 5558 53 5y 50 S .MATCESCENS (g S ol ¢ 55 50
‘5'.'...»!.) é)l.wsli kslj é‘ojﬁb d‘y )\ MerB J.‘.’.Ij}_]'.’. UJ_j»’ \)‘J

.w‘)‘b)}}ﬁ L5ﬂ°}:>'-

oo A Zuglie o) 5> Sl sl Sl ass 4 Snp
adllas 5 ok Gladasee 5ol o o5 4 pslde Slags S
G L SL cpl 53 s 4 Caplie D) Sl
HO?" Gd Ol (6,5 o301 L VAAY Jl 5 sl ol o3l
el g 4 pslie Gl SL sl sl )
(Barkay1987) CJJ;)‘J.; O 2080 eﬁzﬁ(ﬂ)b iju.a
S SL L g sg Gl Ul (18A9) Ol Ken 5 Ray
(Beijerinkia 5 Azotobacter Guius) &l ediS s (g 50l50
)J\.;JJS Bl \) e}:q-@ebjﬂ dJ&L\.A Sk )\ o \.,\;-
L5sad Golwldar g Bl 53 AT LIS L plas SU
(aju.a LSLALSJ:SL’ QJJ..: )LS “ L (\“'\QT«) be/\a.h E) Frischmut
odalice ava V U § us BE) MJ L;La)j:S\) BERE R
S L Olil5 g 511 s b SL ol 45 Lis S
ool sl (1448) OLKa 5 Horn s o cd> 744 B AY
LN EP VR R OVESY Cjuﬁ slagg sL a5 wsls olis L

L SU ol by il e Sl )8 Oley 51 o 33

Ay Ol 6, So3lul L MerB 55 5 3 ,Shes Ol gw ) 5
S oser ol L 55 5 S

5 s S SL 53 epr & slie I edalie S
Olier <S55 0555 5 gds merB 3T 03y o3 Shes
PET28- .S 5y 5555 csl> Ecoli BLo cslace Sl A,
S. s S LS5 sols Ecoli BLa gl SL o amerB

GSe3ll o gr g3l s 53 Oloy 28 L marcescens
3 L SLOD v Ol Al s 5 o500 Sop 50 4
DS 53 55 sl SA S YE Y CA cE Y Ol e oS
Gl L At S ol ol Sy ol ol s (5 Sl
ma oge ol de el VY b 55 osl Eccoli
o3 iy 4 ol 5 an S 3 es gule lases LU Cow ol
slag 8L (Ve K8) b ol oser Yoo 5 ppM Ve sl
s Aoy o lB lyls PET28a+-merB .S 54 555 (sl
oy Ol il b b el b s sy eser hte gl Jamas
Slele 5 ok a4 ald sl 4 S b SL AS) b
“ S pUls S el ml pl e 3L Al o
e eias Ol a )l g s J 558 sl E.coli la
-sSL s MerB 5 s Shes s ECOli slas oSU s slas
Lo 53 35 30 0 4 OT Cslie [l 5 a5 sla

boes

53 M4 3B S.marcescens (s SL (V) SKE) AL
Caeo b Oladd, Sldie Ol cid8 Loy Lsgp o (ol
JKE s S goskiles 5 sl Ol Sl ool dals

L s 5l el S.marcescens (s ;SU Cl asie) Y

\rﬁf’ob’.m.nj g)a.vl.; 1Y o)lo.{;) 4 099 /w) ‘sﬁul 9 Mj (WIS -



S F P oSy Sl s b

O 5515 6,b

SOl 5 B s e 5 W sy LS L plagie
Serratia o5 « eslis 5 SL Sl e3ss cpl 5 A
L merB 0j ilula= g marcescens (ATCC 13880)
d"’)}"c“@""\:’bﬁ oJW\JM ‘5\ o].:;u) J"Sl_ﬁ)‘ oslaiul
Sl oSy JHs s 05 amerB 5, ol Rl s oL
JFIs 05 05 sl e A o W0l 6l S (g5l Slaen
3 Sk Gl ey RSy (A p s Sl S S8 LS
05 Gilwailuan a0 AU 51 S oladd oL JIg
o merB 5y, Ol ey S S Ss sSs merB
S Loy Ol Wl as e Ecoli BL21 L (s sU
el s slabes 5 Obo3 e 53 Y MM ke L IPTG
5 MerB wﬂ Gl S Glaadis andllas ool A
&QS 4 0 9 duj;}i R W Q.LQ.G 6‘?‘} flj.k
sl 5 58S e 53wl ) G L6 cla 5T

238 o 05 S3LS| Bl gy Lol
S S s

s ol lae s oan |5 lag S S, e n b
Olier & S 55 5555 O S S 4 s 0T a5l
5 6V 3 Shes SIS ol o il Ll e 5 L
ORI g s Bl 5 LS S 558 5l el AT 5 MerB

Sy g A

Ol Sde dgd oKl (sl 5 ask Osbe
S 5 SIS Gl Jb OUL O3 gas o2l bl

.)J;&

c\.:.o
Amiard C, Amiard-Triquet C, M’eayer C. 1995. Experimental
study of bioaccumulation, toxicity and regulation of some
trace metals in various estuarine and coastal organisms, in
proceedings of the symposium on heavy metals in water
organisms. Experimental Marine Biology and Ecology 106:
73-89.

Bae W, Chen W, Mulchandani A, Mehra RK. 2000. Enhanced
bioaccumulation of heavy metals by bacterial cells displaying
synthetic phytochelatins. Biotechnology and Bioengineering
70:518-524.

Lols s Glbl bass 5l oes Bl s goby GUls
Ol I g s (aSL Gl 3 oS (g skiles
E. S35 s L (144V) Wilson 5 Chen s S 5,
o3b] 0 g 0 031 gladams (3LSL sl 15 8L ol coli
S LS SB35 Gooses S5 a b opl s
w H? is ax s Jlsl sl 1, MerP MerT sla 555
5 Von Canstein .tas 55 5550 o 55 (el gt 0550
¢ slie Pseudomonas putida s SU 31 s (1444) O, Kas
Mo 0T 3 o g o)l Glailtag, Slgms 511 o @
Sl il sl il 5L sl sl Lol s S
b Lol s S eslinad JIT IS 6,8 55 60 (g5l
Lyl b 0o 5ed ol 3 s AT ilde 55 a5, S
U5 8L Ay gl s PH (lE slge e S Sl ang
351 s (68Ul Ay 4 0 3l 3 |, JAA B4
Jboodsl @l (0444) Oles 5 Masaru s bl
o et 4 Sl e S SL s L eger 4 Seslee
(Yors) O, Kan 5 OKINO . Lisls 5l 3 vy s 3550 Clostridium
4 »B s ks s Ll |, Pseudomonas putida 51 o5 g
Nakamura .> s 74A G AY Olye 4 CiS Jases 3l o gr Gl
Jlal Jilsl aes 8 (Yoo Y) Petrova 5 (V44+) O,
S onl el Gble 55 epr 4 pslie slag SL slulas
s Schelert sl = oo o3 )1 2 Gblia b aslin 53 1) o
Blas 3l ogr a pslie Cmigale S ST (Yert) OlSen

VLR NES (‘J§ uT slaacis

S T S) LSL")_}:S‘) ool f‘}k J?'-\ éUde 33

Barkay T. 1987. Adaptation of aquatic microbial communities to
Hg(ll) stress. Applied and Environmental Microbiology
53(12): 2725- 2732.

Barkay T, Miller SM, Summers AO. 2003. Bacterial mercury
resistance from atoms to ecosystems. FEMS Microbiology
Reviews 27: 355-384.

Begley TP, Walts AE, Walsh CT. 1986. Mechanistic studies of a
protonolytic organomercurial cleaving enzyme: bacterial
organomercurial lyase. Biochemistry 25: 7192-7200.

- \yas QL"““'“)B)'.‘:’.b 1Y o)w |# 099 /w) G"’“"“‘"‘”} (WIS



OLSes 5515 5,6

S g 5 g SR s

Birnboim HC, Doly J. 1979. A rapid alkaline extraction procedure
for screening recombinant plasmid DNA. Nucleic Acids
Research 7: 1513-1523.

Bizily SP, Kim T, Kandasamy MK, Meagher RB. 2003.
Subcellular targeting of methylmercury lyase enhances its
specific activity for organic mercury detoxification in plants.
Plant Physiology 131: 463-471.

Bizily SP, Rugh CC, Meagher RB. 2000. Phytoremediation of
hazardous organomercurials by genetically engineered plants.
Nature Biotechnology 18: 213-217.

Chen Sh, Wilson DB. 1997. Construction and characterization of
E. coli genetically engineering for bioremediation of
contaminated environments. Applied and Environmental 63:
2442-2445.

Choi Y1, Noh EW, Lee HS, Han MS, Lee JS, Choi KS. 2005. An
efficient and novel plant selectable marker based on
organomercurial resistance. Journal of Plant Biology 48: 351-
355.

Deckwer WD, Becker FU, Ledakowitcz S, Wagner Dobler 1.
2006. Microbial removal of ionic mercury in a three phase
fluidzed bed reactor. Environmental Science andTechnology
38: 1858-1865.

Dietz R, Riget F, Cleeman M, Aarkrog A, Johansen P, Hansen
JC. 2000. Comparison of brewery s waste biomass. Journal of
Hazardous Materials 151: 65-70.

Essa AM, Macaskie LE, Brown NL. 2002. Mechanisms of
mercury bioremediation. Biochemical Society Transactions
30: 672-674.

Frischmut A, Wappen P, Deckwer WD. 1993. Isolation of
microbes and characterization of their transformation
capabilities. Journal of Biotechnology 29: 39-55.

Gaudet C, Lingard S, Cureton P, Keenleyside K, Smithe S,
Raju G. 1995. Canadian environmental quality guidelines for
mercury. Water Air and Soil Pollution 80: 1149-11509.

Goldblum DK, Rak A, Ponnapalli MD, Clayton CJ. 2006. The
Fort totten mercury pollution risk assessment: A case history.
Journal of Hazardous Materials 136: 406-417.

Horn JM, Brunke M, Deckwer WD, Timmis KN. 1994.
Pseudomonas putida strains wich constitutively overexpress
mercury resistance for bioremediation of organomercurials
pollutants. Applied and Environmental 60: 357-362.

Houserova P, Kuban V, Spurny P, Habarta P. 2006.
Determination of total mercury and mercury species in fish
and aquatic ecosystems of moravian rivers. Veterinarni
Medicina 51: 101-110.

Hussein H, Ruiz ON, Terry N. Daniell H. 2007.
Phytoremediation of mercury and organomercurials in
chloroplast transgenic plants: enhanced root uptake,
translocation to shoots and volatilization. Environmental
Science and Technology 41: 8439-8446.

Jilin T, Ruijuan S, Yuke H. 2002. Sequence modification of
merB gene and high organo- mercurial resistance of transgenic
tobacco plants. Chinese Science Bulletin 47: 2084- 2088.

Kafilzadeh F, Mirzaei N, Kargar M. 1386. Evaluate the ability of
Kor river bacteria in biological removal of mercury.
Environmental Sciences [In persian]

Kiyono M, Pan Hau H. 2006. Genetic engineering of bacteria for
environmental remediation of mercury. Health society 52:
199-20

Majare M, Biilow L. 2001. Metal-binding proteins and peptides in
bioremediation and phytoremediation of heavy metals. Trends
in Biotechnology 19: 67-73.

Mansouri B, Salehi J, Rezaei M. 2014. Leachate and pollution
levels of heavy metals in the groundwater near municipal solid
waste landfill site of mashhad, Iran. Iranian Journal of
Toxicology 8 (25): 1070-1071.

Moore B. 1960. A new screen test and selective medium for the
rapid detection of epidemic strains of Staphylococcus aureus.
Lancet 2(7148): 453-458.

Nakamura K, Sakamoto M, Uchiyama H, Yagi O. 1990.
Organomercury volatilizing bacteria in the mercury polluted
sediment of Minamata bay, Japan. Applied and Environmental
Microbiology 56: 304-305.

Okino S, Iwasaki K, Yagi O, Tnaka H. 2000. Development of a
biological mercury removal-recovery system. Journal of
Chemistry 22: 783-788.

Petrova MA, Mindlin S, Gorlenko Z, Kaliaeva E, Soina V,
Bogdanova E. 2002. Mercury resistance bacteria from
permafrost sediments and prospects for their use in
comparative studies of mercury resistance determinants.
Genetika 38 (11): 1569-1574.

Porcella DB. 1994. Mercury in the environment: Biogeochemistry.
Pages 3-19 in Watras CJ, Huckabee JW, eds. Mercury
pollution: Integration and Synthesis. Florida: CRC Press.

Ray S, Gachhui R, Pahan K, Chaudhury J, Mundal A. 1989.
Detoxification of mercury and organomercurials by nitrogen
fixing soil bacteria. Journal of Biosciences 14: 173 -182.

Schelert J, Dixit V, Hoang V, Simbahan J, Drozda M, Blum P.
2004. Occurrence and characterization of mercury resistance
in the hyperthermophilic archaeon Sulfolobus solfataricus by
use of gene disruption. Journal of Bacteriology 186: 427-437.

Tezuka T, Tonomura K. 1978. Purification and properties of a
second enzyme catalyzing the splitting of carbon-mercury
linkages from mercury- resistant Pseudomonas K-62. Journal
of Bacteriology 135: 138-143.

Tothova T, Pritas P, Javorsky P. 2006. Mercuric reductase gene
transfer from soil bacteria to rumen bacteria. Folia Microbiol
51:317-319.

Von Canstein H, Li Y, Timmis KN, Deckwer WD, Wagner
Dobler 1. 1999. Removal of mercury from chlor alkali
electrolysis wastewater by a mercury resistance Pseudomonas
putida strain. Applied and Environmental 65: 5279-5284.

Wang J, Chen C. 2006. Biosorption of heavy metal by
Saccharomyces cerevisiae. Biotechnol 24: 427-451.

\r‘\f’ob’.m.nj 3).ula 1Y o)Lo.-fb 4 099 /w) s..wl 9 Mj (WIS -



S S E Sy Sy b SEPSENEL S

Genetic Engineering and Biosafety Journal
Volume 6, Number 2

Construction of merB recombinant vector in order to bioremediation of organic
mercury

Alireza Tarinejad'", Hamideh Baghi *, Maryam Farshbaf Benam?, and Mohammad Pazhang?

1. Department of Agricultural Biotechnology, 2. Cellular and molecular biology Dept., Basic science Faculty, Azarbaijan
Shahid Madani University, Tabriz, Iran.

*Corresponding Author: atarinejad @yahoo.com

Abstract

Organic mercury is a sustainable form of mercury that enters the food chain of organisms and cause
dangerous environmental hazards for natural ecosystem. Mercury stability and high cost conventional
refining methods are disturbing factors. In this field, biological methods such as the use of bacteria or
enzyme based for microbial remediation provided low-cost strategy and environmental lover of
bioremediation. In this research, merB gene isolated from resistance bacteria by PCR technique by
specific primers containing Ncol and Ndel restriction sites, so after amplification, it cut with restriction
enzymes and after purification of gene, ligation was performed into PET28 a+ expression vector.
PET28a+-merB recombinant vector was transferred into E. coli strain TOP10 by heat shock. The
recombinant bacteria were selected in kanamycin selective medium. The presence of gene in transformed
bacteria was confirmed by PCR on plasmid and by enzymatic digestion. Results confirmed the accuracy
of cloning of merB gene into this expression vector. In order to the expresse its protein, the recombinant
vector was transferred into E. coli BL21 (DE3). Expression of the protein was confirmed by SDS-PAGE
method. Finally, the growth of E.coli strain BL21 containing the recombinant vector with E coli BL21
bacteria including empty vector was measured by adding methyl mercury into the environment during 48
hours. Growth ability of E.coli containing the empty vector indicates lack of bacteria resistance to
mercury, on the other hand; merB protein in transformed bacteria increased their resistance to methyl
mercury in the environment. Therefore, bioremediation of organic mercury from pollutant environments
could be possible by using this methodology.

Key Words: Organic mercury, reducing gene of organic mercury, recombinant vector
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