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Abstract

A number of heavy metal-binding protein in microorganisms has been used to
study bioremediation. CxxC motif metal binding domain is the protein that contained
Cys-X-X-Cys motif which are capable to bind various type of heavy metals. We have
cloned and overexpressed the heavy metal binding domain CxxC motif recombinant
protein from mcsA gene of Staphylococcus aureus in Escherichia coli. We study
the factors involving the metal binding activity in different condition in order to analyze
the potential of the recombinant protein for bioremediation. The recombinant protein
can bound to Cd”", Co”", Cu”"and zZn’". Thermal stability of the recombinant protein
was tested at 37 °C, 45 °C, 65 °C and 85 °C . The results shown that the metal
binding activity to cu” and zn”" sitill present after treatment the protein at 85 °C for
30 min. Temperature and pH that affect the metal binding activity was tested and the
results showed that recombinant protein bound to Cu’" at 65 °C whereas the pH 3-7
do not affect the metal binding. E. coli harboring pRset with heavy metal binding
domain CXXC motif increased heavy metal resistance against CuSO, and CdCl,.
The results from our study shown that metal binding domain (CxxC motif) recombinant
protein can bind effectively to various types of heavy metals and this metal binding

domain may be used as a potential tool for study bioremediation.
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Faninlangminanndsuanion (Gleba et al., 1999; Pandey et al.,2007; Arshad et
al., 2008: Lone et al., 2008) n13ldNasnAuwLANizeingan1znan Rhizobacteria 11
doglunnsdaidsunisnianlaneutin (Glick, 2005; Khan, 2006; Rani et al., 2008)
faqifuiiarunenenalunisiiermaiinna@ialuana (molecular biology) UayHug
qrN3771 (DNA engineering) ymURetaaanauluRe waztialunstndalany
uinainsne anAauanen WU nmasesliuund Gﬂ‘ﬁmufumumqﬁuﬁmmmm
e lsaniuialunsindalavemin WhentsAnEliLLATRETINT express
microbial cell surface mm‘lﬁﬂiﬁuﬁfi’wLWW:MHMﬂW@@J@SﬁUM?LL@:‘Ew:uﬁﬂ (Wu, et al.,
2006; Zhuang, et al, 2007; Saleem et al., 2008) Heavy metal binding protein Aalilsmu
andeiFimfieaseingneuRlunssuiulavsminaiase Faesduniz g
Heavy metal binding domain 17%3?1 CxxC motif va4lilsmu CopA war metallochaperone
AN S. aureus @1x13naLlfateamnziumrauide’ Taueasd uazianlan (sitthisak
et al., 2007) wa metal binding peptide ‘17{9?' sequence Lilu Gly-His-His-Pro-His-Gly (HP)
WAZ Gly-Cys-Gly-Cys-Pro-Cys-Gly-Cys-Gly (CP) @anunsnavlfaeneawmnziulaneuiin
wAALeY (Kotrba et al., 1999) TulsAWAR Histidine-rich metal binding domain &13150
Tuiueauleflfetinaaiwmwny (Battistoni et al., 2001) m@ﬁﬂmwﬁqﬁwﬂuﬁwu Heavy
metal binding protein l&vaneaiia 1w cysteine rich-metallothioneins (MTs) (Cobbett &
Goldsbrough, 2002; Gupta et al., 2002) Glutathione (GSH) (Penninckx , 2002) LA
GSH-related phytochelatin (PCs) (Cobbett & Goldsbrough, 2002) 1agl Metallothioneins
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duldsmuaundnanivadnduazadurizenitiminluananiauinlszunn 6.5 kDa,
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61-62 amino acid residues lagi amino acid wWan cysteine ﬂﬁ‘::ﬂm_l@g;( Cobett &
Goldsbrough, 2002; Vasak, 2005) @2uwan Glutathione (GSH: L-gamma-glutamy!-L-

o

cysteinylglycine) WuldInsnauiulanzminlilag Reduced glutathione (GSH)&" 1130
form stable complexes 169 hard way soft metal ions (Krezel & Bal, 1999) GSH-
related phytochelatin (PCs) W enzymatically synthesized peptides GEN AR
dsznaufog Glu-Cys Asiamantimlunsduiulanzminliandanan Metallothioneins
(Mehra & Mulchandani, 1995; Cobett & Goldsbrough, 2002) WaNaNi synthetic
phytochelatin (Ecn) SagninsnAnsuasnudiaunsnaqeivunisazanandlaveminlé
(Bae et al., 2001)
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anunsnasllsRunignuanifauiulanewiin (Heavy metal binding protein) Téuane
aiim iy TlsAund Histidine-rich metal binding domain, cysteine rich-metallothioneins
(MTs), Glutathione (GSH) uaz GSH-related phytochelatin (PCs) A1nAuANntinaes
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Taveminldnlag luluaize S. aureus azwy Heavy metal binding domain A N-
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terminal 22411351 copper-transporting ATPase FeRvianTluuuy Histidine-rich metal
binding domain Wa¥ cysteine rich- metal binding domain A9iN13ANE"A8 TAFIT
AnsziidtqallsraaAnfasnisasnelilsfusaaniiuuwians Heavy metal binding
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domain uazAnuAnuantALaziiadelunsduiulanzminaesldsauiiiazaanugan
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28ALUWN5998 (Material and Method)
1) granusuuaiEanlflunudss
aneusuuATiBeiidinseiiae Escherichia coli anewisg JM109, DH5 Az BL21 (DES)
PLysS Wwaz Staphylococcus aureus mﬂﬁuﬁf ATCC12600 Llaz SH1000 (m?’m‘?{ 1)
Imel E. coli %qﬂLayﬂﬂumm?lﬁ”mﬁ”ﬂ Luria- Bertani broth (LB) wa¥ S. aureus Qﬂﬁ”ﬂ\‘i

luemnnidea@a Trypticase-Soy —broth (TSB)

2) cloning and overexpression U84 metal binding domain @10 S. aureus Tu
wuAise E. coli
2.1 Cloning 2484 metal binding domain @1n S. aureus Tuwuaiiide E. coli

@514 primer NW1ziLE91 heavy metal binding domain a1 histidine-rich metal
binding domain (amino acid 1-33) 2B9EU copper-transporting ATPase ANUUATIEE S.
aureus @18WUE ATCC 12600 uay cysteine rich- metal binding domain (amino acid 1-
86) 209 copper-transporting ATPase ANUWLANEE S. aureus@NEWUE SH1000

o g2, ~ & . g a y =
(M999N 1) mﬂumummmﬂummmmmzqﬂL.wmququimﬂfm PCRIWE]I‘I] primer y
o o ] . . . ng 1 = :/l ) 1 o %
AMUNIZNLATL heavy metal binding domain LL@Z?H@Q%HHVN’&@Q@%Qﬂu’W’]L‘l‘ﬂﬂuiﬁﬁliﬂ]
Wl ligase a1nilNINNg clone Tudaurasis heavy metal binding domain Nsiariu
lu PCR2.1 vector waz subclone T pRSETa a1ntils plasmid NRTUAIU1298Y

heavy metal binding domain azgn transformed W E. coli BL21 (DE3) PLysS

(Novagen).
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S. aureus strains

SH1000 NCTC 8325-4 with rsbU mutation repair Horsburgh et al., 2002
ATCC 12600 a laboratory strain of S. aureus Kakudo et al., 1992

E. coli strains

JM109 rec A1 supE44endA1hsdR17 gyrA96 relA1 Promega

thi/A (lac-proAB) F’ (traD36proAB+ laclQ Z A M15)

BL21(DE3) (pLyS) F- ompT hsdSB(rB-m-B) gal dcm Promega

Plasmids

TA vector PCR cloning vector, Amp' RBC biosciences, Taiwan
PRSETa Overexpression vector, Amp' Invitrogen




A1379N 2. Primers 7119 11bn13@N©1

gene Primer Primer sequence 5'-3’
name

mcsa Mcsa-F (BamHI) GCGGATCCGGTGCTTTGTGAAAATTGT CAACTTAA
Mcsa-B (Hindlll) GCAAGCTTTTATGC GTCATCATGTTGCAC

COpA His-F(Hindlll) GAAGCTTATGGAGCATCATAGTCAT CAAGAAC
His-B(EcoRl) GCGAATTCAGCCCCTGATAAAAATGGCTT

The restriction sites are indicated by underline




2.2 msuanldsAusaanduunnuas heavy metal binding domain metal binding
domain a1n S. aureus W E. coli

lunsuanldsimizaenduuniaes heavy metal binding domain 1w E. coli

1
= a

wuATiaeRzgnidedly LB 71 ampicilin uaz chioramphenicol igauvnl 37 °C aunszia
OD,, 1 0.5 AMnthuiin PTGl ANdEndugadinenilu 2.0 mm uazaesisaiiiunan
3.4 mﬁ“@mmfumngﬂﬂmﬁu &19A98 lysis buffer Ffiu (20mM Tris, pH 7.4
containing 145 mM NaCl) Waz Pellets%gmﬁﬂﬁumﬂimﬂgﬁ sonicator (Branson Sonifier
450) uaz cell debris %gﬂLLﬂﬂﬂﬂﬂTﬂﬂ centrifugation ‘17% 10,000Xg ‘ﬁ 4 °C.
supernatants aztinld wenldsaulne 14 nickel-charged agarose affinity columns
(Novagen) wa eluted TusAuaanungiag 200-400 mM imidazole Wsag fractions 184
Tusfin azgniinunmiunllsiulpeds Bradford assay waz 12.5 % SDS-PAGE
Fractions 1t tulsfiuazgniinan sauriuuaz dialyzed &agl 25 mM Tris, pH 8.0 751 100 mM
sucrose, 50 mM NaCl waz 1 mM DTT. iﬁmmtﬂ?ﬁu%gﬂﬂmfﬁﬂ?ﬁ Bradford assay
et lUAns Amantimsiell

3 nsAnEAmENLs bun1saunulavzninaasaanduunnllsfiu metal binding
domain Waz E.coli crude extract N{ metal binding domain fusion proteinimldl‘?f
iminodiacetic acid-agarose chromatography.

Iminodiacetic acid-agarose AaaNlAsuNIANIANYN equilibrated Rulavzuingtin
e siasnamagesazgniun lilunisAnmn Aouainnsnlunisdiaes heavy metal

binding protein AulanzminmNAgaed Lutsenko wazAtUy (1997). Aan1sAamaanila
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Qﬂ‘].lﬁ'ﬁ’mil iminodiacetic acid-agarose (Sigma) 100 LU LAT&9AE 50 mM sodium
phosphate buffer (pH 7.5) mmfum@ﬁuﬂ%qﬂ equilibrated AtdNIazALURI AU
uﬁmﬁmmmﬁmmﬁﬁufﬂu 1 mM (CdCl,, CuCl,, CoCl,, MnCl,, ZnCl, uaz FeCl, ) lu
50 mM sodium phosphate buffer 1387M9 10 Win289 iminodiacetic acid-agarose LAy

ARANIAZNAN9F% sodium phosphate buffer LNBNN4A metal ions ANNIAY ANl

purified heavy metal binding proteini/aunns 100 Hg 138 1 mg U84 E.coli crude
) 1 o ' :j QD Q/Q; a vy [~1 = [ s
extract axgninunldlupedniiuazisislEngungiivieailuna) 10w Aednilavgn
Pl ld lurrestunnesnasilumneaiaandiza 10000 rom  unan 5 wiiasiy
Tsmunlausinnsduiulaneuin aniuasdaniiazgnanediag 500 LU sodium phosphate
buffer waz WHullsRuiinissuiulansuinlaenisszdnellsineanunlaald 50 mm
EDTA lu sodium phosphate buffer 15uns3 100 [ faatinelilsiunlsandasnisdng
Fngl EDTA uazdasiiulilsaunliiinnsduiulanzumin (unbound) azgninliliiumana
¥ v v . o a Ty
indulneld vacuum centrifuge WATUINIIATIZIAE 12.5% SDS-PAGE. 13111 total
protein 11 crude extract way TsAunfnissudulansuinduliualdsiuiliinngay
Aulaveminazdnlaaldgadnlisiu ( Bio-Rad)
4. msAneAuENR lunsaunulaveuinaassaaniuunldsfiu metal binding
domain waslushiu luaniazang e

lunsAneATaazAnsnisqureddaenduudllsiu metal binding domain fiulane

win 18im  CuSO,, CdCl,, ZnCl, ¥az CoCl, luan1zsine Inensizenpadniingn

1"



equilibrated finaansazatsaeslavzuingtinsinge aniuIaenduunillsiu metal
binding domain 100 pg aztnmeaauiulauzminluaniazsine Mun

1) AINEaUN 37°C , 45°C , 65 °C flwnan 10 W (thermal stability testing)

2) @9azaned pH sia i pH 3,5,7,9 1uaan 10w
antumzaanisauiulianzminfqeas iminodiacetic acid-agarose chromatography 4
v

in 2.2

5. AANNAINY (stability) ﬁiﬂqmugﬁmm recombinant metal binding protein

TunsAnEANAINU (stability) AeaguuindnasanisdtlaugntinvessAaNiuud

T1sfiu metal binding domain TusAiuaztinntiuiigmugiisne o e linaaeunisdy

fulavemiinaiin  CuSO,, CdCI,, ZnCl, waz CoCl, #qed iminodiacetic acid-agarose
o Y

chromatography AN18 2.2

.
C% 1

6. NMFANENALBILAUSUUNVINADNIFIATYURY  E. coli NANITUARIADNTAY
TdsAuzaaniuunnuas heavy metal binding domain metal binding domain

o aal PPN a N -

WuuanFe E. coli Ndnsuansaansasilsfiuraandiunifaes heavy metal
binding domain metal binding domain WASLUATNDY E. coli NHWA plasmid pRSETa
NUFUAMNTYUNA OD g, 1Windy 0.1 uatin 100 pi lihdeluwanms LB broth
ampicillin 50 yg/ml az 0.1 mM IPTG LL@;’I@uwﬁﬂfﬂﬁm&iwﬂﬁLm CuCl2, CdCI2,
ZnCI2 uaz CoCl2 A udindusines wirldiing 37 °C Tuguniaennanuidasey 150

o @ o A o a & o o o
sav/unflunariinnaulaiAnIgRIIasTanadan 12 daluslng 14

spectrophotometer
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NAN15298 (Result)

1. N19 /5149 fusion protein AA4 mcsA A1n S. aureus strain SH1000 A4 histidine-rich
metal binding domain (amino acid 1-33)an S. aureus strain ATCC12600 Tu
WUANLFe Escherichia coli

1.1 8u mcsAa1n S. aureus ‘ﬁij cysteine rich metal binding domain @gll 4
domain 19ﬁgﬂ clone Tnarld oligonucleotide primers mcsA-F1 AL mcsA-B1lnadaiagnzi
19131 restriction site BamH! site ilane 5" end uaz Hindlll site filana 3' 789 DNA
fragment (GCGGATCCGGTGCTTTGTGAAAATTGT CAACTTAA LAy
GCAAGCTTTTATGC GTCATCATGTTGCAC) n1311 PCR azlf S. aureus genomic
DNA strain SH1000 il template 1§ PCR product 2118 567 bp ANLREBINNIAILAR

Tugilf 1 1wi 1 ANt PCR product azgnsinfag restriction enzyme Hindlll vl

40

C

1.2 i1 PCR @91 histidine-rich metal binding domain (amino acid 1-33 )a1n S.
aureus strain ATCC12600 e/l oligonucleotide primers His-F1 waz His-B1 Tag
Fupane Al restriction site Hindll site ilane 5" end waz EcoRl site lane 3’ ams
DNA fragment (GAAGCTTATGGAGCATCATAGTCAT CAAGAAC Lay
GCGAATTCAGCCCCTGATAAAAATGGCTT) n1391 PCR a4 S. aureus genomic
DNA strain ATCC12600 1ili template 1§ PCR product 1116 221 bp AN HR9N26

wansluglf 1 1@aui 3 a1l PCR product azgnsinfag restriction enzyme Hindlll

Auldn 4 °c
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1.3 911 ligation PCR 421 McsA fragment ( size 520 bp)fitl PCR @21 histidine-
rich metal binding domain ( size 748 bp) a1 PCR Taa’ld oligonucleotide

primers mctsR-F1 wag His-B1 Il ligation product 1w template (g‘ﬂﬁ 2) Ha PCR

al

284 fusion gene 1§ PCR product 2unalszanad 750 bp AuREBINNS AILAANAITLN
@ﬂmfu PCR product 184 fusion gene fragment aZgn cloned 14 PCR vector
(Invitrogen) ﬁmaﬂﬂiﬁau‘ﬁﬁ fusion gene Tman13n1 PCR Taalld primer mesA-F1 uae
His-B1 @Wmfum positive clone 711 DNA sequencing L‘ﬁlfmﬁﬁ Open reading fram 184
fusion gene

14 1 plasmid TA ‘17;5?1 fusion gene NFAAA9E restriction enzyme BamH|
waz Hindlll  w&atinly subclone 1 pRSETa TaelldiBamHI way Hindlll sites waatinlal
a1 E.coli strain JM109 annthudmiden positive clone IAN19911 colony PCR  uay
plasmid ﬁLLHﬂTﬁﬂfm positive clone 184 E.coli strain IM109 Azgn transformed Tu
wuAiTe £, coli BL21 (DE3) PLysS (Novagen) wWiaNfiLAmLAan positive clone 1agn1s

1 colony PCR AnNATLAZ AMAANMT clone NHNNT express protein aanu luaunaf

b4
ABANNT

14



1000bp
500 bp

|
(i
!

3“1]171 1 PCR product 8u mcsA

PCR product 484 mcsA (527 bp) WA histidine-rich metal binding domain (221 bp)
LL@SM?Q@@ITM% 1% agarose gel eletrophorsis. LaneM 15un DNA maker, Lane1 Ae
PCR product 484 mctsRa. i1 Lane2 Tawn negative control with no DNA template 183
mctsRa gene Lane3 A8 PCR product 2484 histidine-rich metal binding domain Lane4

1Hun negative control with no DNA template 984 histidine-rich metal binding domain

15



1000bp
500bp™ —

31]‘171 2 ligation product #il@aInNn1sAa mcsA WAz histidine-rich metal binding

domain

ligation product 241/ 750 bp ﬁ19ﬁﬂﬁﬂﬂﬁiﬁi@ mctsRa WAz histidine-rich metal
binding domain mm@@limﬂﬁlgﬁ 1% agarose gel eletrophorsis. LaneM 14un DNA maker,
Lane1 Aa PCR product 184 mcsA g1 Lane2 1dun PCR product 224 histidine-rich
metal binding domain Lane 3 l8uA ligation product fldannnsia mctsRa uay

4

histidine-rich metal binding domain (Qﬂﬁﬁ)
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M 1 2 8

=
ac

1000bp

500bp

gﬂ‘l‘/’ll 3 PCR product fusion gene mcsA Wag histidine-rich metal binding domain
PCR product 284 fusion gene mcsA (527 bp) kA histidine-rich metal binding domain
(221 bp) TaalE ligation product ﬁiﬁ@ﬂﬂﬂ’]?ﬁiﬂ mctsRa Wag histidine-rich metal
binding domain LL@m?fJ@@ij?ﬂgﬁ 1% agarose gel eletrophorsis. LaneM 1Aun DNA
maker, Lane1,23 A8 PCR product 184 fusion gene mcsA WAL histidine-rich metal

v

binding domain (750 bp) clone 1,2, 3(@3ﬂﬁﬁ)
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2. mMaAnEMIENziuNnzanlunsaanllsiusAanduuneas metal binding
domain WazHis rich domain AN S. aureus LWWUANLSE Escherichia coli

2.1 fadan clone ilnMsuan fusion TilsAuaes metal binding domain a1n S. aureus
luuwuANZe Escherichia coli

wuARiTe %Qﬂ@Dﬂﬂu LB broth ‘ﬁﬁ ampicillin 50 ug/ml waz chloramphenicol
10 ug/ml AuNszARa 0D, WL 0.4 amAufiL 1 mi culture el control (s
IPTG) wdsaniiuay induced WiFnnsainallssiulaenisidu IPTG AuANIdNTUgATIne
Wi 1.0 mM aeaLadt 37 °C fnan 4 $alu uag SnuAudi 25 °C 1AL 1 ml 184
culture #9118 culture MAU1EUARzgaARzThanTuiefy cel pellet LAy 1X SDS-
sample buffer fixl 5 WAz Faasinalilsmulyl run Tneld electrophoresis uaz 14

al

acrylamide gel (10%) fiaufingd Coomassie blue Auanslugiy 1 Tnawudiuuaiies

4
o

19 2 clone NtNNAANE Tn19a59TU AU ALIENIY 30 Kda ATNANNALNAURY

v 1
=

fusion protein (317 4qnAsT) TaeTUsAUNATI9IUAZENIIAENDBNNININNAIANIALN
wuANBedinuAun 25 °C
2.2 AnHnma9szaznaMunzan lunsmniantin in s anTlsmBAau D wun il
WLANLIEl Escherichia coli
aa di/ dld R .
LWLANLTE %QﬂL@ﬂﬂu LB broth N ampicillin 50 ug/ml WAL chloramphenicol
10 ug/ml auUNIZIa 0D, WAL 0.4 AInuilAL 1 mi culture WalfiLilu control (Rawsu

IPTG) wasanniiuay induced lHidnnsasnslisaulaaniaiin IPTG auaudindugading

Wiy 1.0 mM 1asaean 37 °C AU 1 ml 489 culture N1 1.5, 3, 4.5 0.4, LAY T1NAL
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aniu dauzes culture MiulEusazdaananazinunthuiein cell pellet buffer &y 5
wiuazinsaeenalsfinld run SDS-PAGE laeld acrylamide gel (10%) flaufoed
Coomassie blue HaAUAAlUILN 2 Wudnh 1.5, 3, 4.5 1.1, dntinliifinieaeliebin

TuBunntias lnadanioznangalunistiniinlsitnisaseldsmunnisuudnuaun 25

qQ
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250
150
100

75

50

37

25

1% 4 SDS-PAGE analysis 183n1sAnLaan Clone lunisuanlisfauiaaniwunn

 a

A4 fusion metal binding domain WazHis rich domain @1n S. aureus Tunuaize

Escherichia coli

A @:Qﬂ@”ﬂﬂu LB brothaunszifa OD,, Wil 0.4 iy 1 mi
culture e control (Rewdn 1PTG) w&santhay induced fifin1sainalsi
Transiin IPTG aupaudindugavinawiniy 1.0 mm Anaad 37 °C lunan 4 1.0,
ez 25 °C HnuAu ua vh 1 miaee culture MfiulEuAazgaaanTuRe AL cel
pellet 1@ 1X SDS-sample buffer fx 5 wiiwaztin saed1eldsinld run Tneld
electrophoresis AL acrylamide gel (10%) fanfed Coomassie blue Lane M,
molecular weight marker; lane 1, E. coli uninduced extract control (ﬂ'@uﬁu IPTG) 184
Taawf 1 : lane 2, . coli induced extract 1Ll cell 44 induce IPTG 4 2l 184lnau
7 1 lane 3, E. coli induced extract \fiLl cell 143 induce IPTG 25 °C #uAw 184
Tﬂau‘ﬁ 1: lane 4, E. coli uninduced extract control (AaULFN IPTG) m@q(fﬂ@u‘ﬁ 2 ;lane
5, E. coli induced extract 1fitl cell %84 induce IPTG 4 $alus weslnaudt 2; lane 6, E.
coli induced extract \iul cell #ad induce IPTG 25 °C dnupu ﬂ@ﬂiﬂ@uﬁ 1

ANRAAINIE1UE e 189NN (M) AR molecular weight masses (kDa).
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250
150
100

75

50

37

25

gﬂﬁ 5 SDS-PAGE analysis 489n1985191195 1 fusion metal binding domain Wag
His rich domain a1n S. aureus TUEALIRANT 9

wuAnGEe %Qmaym‘lu LB brothaunszits OD,,, iy 0.4 a1nthsfiu 1 mi
culture e lilu control (Aatfy IPTG) wdeanniiuaz induced lHinnnsatnalsiiu
Taansiin IPTG auandindugainawindy 1.0 mM @eauai 37 °C iU 1 miaes
culture 71 1.5, 3, 4.5 131, uaz 1uAn ANt davae culture MAVIELARZEaa1AAE
vinsTuieiiy cell pellet 16 1X SDS-sample buffer &3 5 urfinaziin saatinalyssiull
run Ime 1 electrophoresis way 1 acrylamide gel (10%) fianufined Coomassie blue
Lane M, molecular weight marker; lane 1, E. coli uninduced extract control (NauLAN
IPTG) : lane 2, E. coliinduced extract WU cell #a4 induce 1.5 .4, s lane 3, . E. coli
induced extract LfiLl cell ¥a4 induce 3 1.4. lane 4. E. coliinduced extract \fill cell
A4 induce 4.5 1.4, lane 5. E. coli induced extract \iu cell #84 induce dnuAn

| A v & )
ANLLAAININATUTEITBININAR molecular weight masses (kDa).
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3. msAnwmAmaNm lunsaunulavsutnuasaantiuunnllshiu metal binding

domain

HeuraenduunillsAu metal binding domain protein NNMARALN1FILAL
Tavizanin CuCl,, ZnCl,, CdCl,, CoCl,, MgCl,, MnCl,, FeCl, uaz Pb(NO,), 1neis
Iminodiacetic acid-agarose (IAA) chromatography NaWL4n protein Annsauniulans
win Cu™, Zn”", cd” waz Co”" Tmemuldsmumngreanunluduneugaiinaudiann elute
lananunanaeansiaald EDTA (g7 6A) Hdiutiasnvgaasnunludauinliinisdy
o o | 1 a a [ [ o 1 a A [
fulanzmin enaaziflumszdndse@nsnnlunissunulansminldAseAvisaanaaziily
wanzatEunmldsaunanfiulyl. Tudauaes Fe®', Mn® waz Pb” Tdnulnissuiy

protein TaalilsAudaulugjazugaasnunludunaunisdne column Azl 6B

22



W e

“'~-“ -

g‘ﬂﬁ 6 SDS-PAGE analysis 484 recombinant metal binding protein Tunisqunu
Tavzuin

v

Recombinant metal binding protein (gnasT) azgnyAAaLAMANTIF 1LN19aUAY
Tanzminlneds Iminodiacetic acid-agarose (IAA) chromatography wazinsaaeing
Tsauly run Tneild electrophoresis wasld acrylamide gel (15%) flanne@ Coomassie
blue A. bound protein;B: unbound protein; Lane 1: molecular weight marker, lane 2:
Control ( protein ﬁiﬂgﬂmm@umﬁuﬁuiwwﬁﬂ) , lane 3: CuCl, , lane 4: ZnCl, , lane
5: CdCl, , lane 6: Pb(NO,), , lane 7: FeCl, , lane 8: MgCl, , lane 9: MnCl,, lane 10:

CoCl,. APLansIeAUuinaa83n1WAR molecular weight masses (kDa).
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4. YEunouadiduduas recombinant metal binding protein ﬁﬁqmﬂmﬁiunﬂi'ﬁl
AulaneuunAg LN total protein a4 E. coli BLR(DE3)

E. coli BLR(DE3) %% pRset NN1TUARIRENTAY recombinant metal binding protein Az
Qmm;lﬂu LB (1000 ml) mumﬂgmuz ampicillin wae chloramphenicol AUNIENN
OD600 WL 0.5 antumaLLANEeAzgN induced liiRN1sasallsAulnenigLm
IPTG auaudindugaiinawiniu 1.0 mM wazidsaasiaidung 3 9.4, wuAnBefgn
. < [y ¥ s P & A
induced azgniALLAZANNAE 20 mM Tris-HCI 913 145 mM NaCl antiuigauupnizeay

resuspended 11 ml 40 mM imidazole, 0.4 M NaCl, 160 mM Tris-HCI pH 7.9, 1
mg/ml lysozyme 8y 200 yM PMSF. Cell suspensions %gﬂﬁﬂﬂ Cell suspensions
@:qﬂﬁﬂﬂ AN DNasel (1 ug/ml) Wag Triton-X (1%) mmfu Cell suspensions azgN
vinluliusAeadt 4°C ierndn  Cell debris WAz unbroken cells AMNTALAL supernatant
ldnagaunisduiulanzminlaela Iminodiacetic acid-agarose (IAA) chromatography
snnulilsfuazgnin’lu supernatant raumsmageunsuiulanzminuasluldsiud
1Fa1nda9n13inefiae EDTA aanmageunisaunuianzminnuanlesidusues
recombinant metal binding protein ﬁﬁ@mzﬁmﬁmuﬂﬁﬁuﬁﬂ@u: cu™’, zn”', cd’, Co™’
FeuruBunoddsfiuianuates £, col BLR(DE3) wWinfiu 3.53 %, 4.63 %, 3.86 % WAz

3.33 % AANAA (Fananalunnged 3)
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m5197 3 uanwlafiFusans recombinant metal binding protein NAAMANLIA Ly

nsaunulaventiniiguny total protein 2a4 E. coli BLR(DE3)

Fraction | Total Protein Protein % total protein
Volume | concentration (mg)
(ml) (mg/ml)
Total 0.71 2.82 2 100%
protein
MBP- 0.05 1.54 0.077 3.86%
CdCl,
MBP- 0.05 1.32 0.066 3.30%
CoCl,
MBP- 0.05 1.41 0.07 3.53%
CuCl,
MBP- 0.05 1.85 0.092 4.63%
ZnCl,
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5. ANMIZNNNARANITAILURILANSUBNAL recombinant metal binding protein
5.1 Usnnaulilsmu

Faanduunyililsiu metal binding domain 133104 25, 50, 100 Uaz 150 pg A¥gn
inmagaunisauiulanzuin Cucl,, ZnCl,, CdCl,, CoCl,, Iagids Iminodiacetic acid-
agarose (IAA) chromatography wudntFunmsldsaulugag 25-150 pg a1s1saauiu
Tauzlfnun

52 fuudd

FAanduunillsfin metal binding domain azgniiuImageunIsduiulanzmin Cucle,
ZnCl,, CdCl,, CoCl,, Tae/A5 Iminodiacetic acid-agarose (IAA) chromatography agl

1
v

tﬂl o a o o o 1 = o a
‘I.Im%‘VWIﬁZQ‘ﬂ‘]_lﬂq?@U‘Hﬂ\ﬂﬂ?muﬂutﬂﬁﬂiﬁuﬂ@5‘1/]’]ﬂ’]ﬁ“]_lilcl:ﬂ?&]MLL@&I@WﬁMMﬂiQVI@MMQN

3

v
[ %

! o ISl
ANNUANU

522 tungomnd 37°C luan 10 Wi

52.2 Unfgouuni 45°C s 10 Wi

=

52.3 Unngouuni 65°C s 10 Wi
aniupedntdargnin i) 1dluesestunnaaaiullsaun liinisdunulaueninuazls

o o a

surulangwindeluanuinfionnd 37 °C uaz 45°C lifiuasianiesusastisfiuiy
‘Ew:uﬁmwiﬁ@qmmﬁ 65°C sz@nnlunisdupasidshiuiulans znCl,, CdCl,,
CoCl, anav (ﬁummﬂummqﬁ' 4)

5.3 pH

Faanduunyililsiu metal binding domain axgninuInaaaLNIsdLiulaugmin CuCl,,

ZnCl,, CdCl,, CoCl,, Tae/A5 Iminodiacetic acid-agarose (IAA) chromatography Ingl
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= o A o o o | = P ay |
wnsennagaunsdvesilsiuiulansminazinnistnilshunas Tangl3n anuniiies us
! o o d”
pH FinarilAan
311U pH 3 uan 10 w1
312U pH 5 unan 10 WA
1 dl [ =
3.1.3 U pH 7 s 10 wal
314w pH 9 1fhunan 10 w1
aniueedniargnin I ldluesesumnaaiariullsaun lddnisduiutaueminuazla

sufulaneminsallnanudn pH ldlnasanisauaeellsiuiulaneuin (Fauanaly

AN9197 5)
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A1919N 4 wAnsNaTadIlsNullsAuAan1sauaaIlansulinNU recombinant

metal binding protein

Protein contain CdCl, CoCl, CuCl, ZnCl,
150 ug + + + n
100 pg + + + +
50 g + + + +
25 g + + + +

+ =nwullsfufin1ssuiulanzmin

- = Tsinuldspuinisduiulangmin
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AITIN 5 UAAINAUDIGUUNNABNITALRILAUEUUNAL recombinant metal

binding protein

Temp. CdCl, CoCl, CuCl, ZnCl,
37°C + + + +
45°C + + + +
65°C ] ] N )

+ =wultsRuiinrssunulanzmin

= TsinuldsAuinisduiulangmin
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AN9199 6 WAANKHAURY pH AANITALURILANEUUNAL recombinant metal binding

protein
pH CdCl, CoCl, CuCl, ZnCl,
3 + + + +
5 + + + +
7 + + + +
9 + + + +
al a o [ o
n =pullspuanisaunulanzmiin

- = Tsinuldsmuinisduiulangmin
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6. AMNAINY (stability) 489 recombinant metal binding protein
o K

TunnsAneaTatizaentuunyiidefiu metal binding domain Mlfazgninlimeasyly

an1awsiner laun

dl a

4.1) mm’éfaumﬂmmquiéﬁm 25°C ,37°C ,45°C , 65 °C uaz 85 °C flwaan
10 U (thermal stability testing) AniTAaNduUnyiilsfun metal binding domain
:: = o [ =S o o % adal | . . . .

aniuAain U luns@nenisdunulansutindaeds iminodiacetic acid-agarose

o Y A a I8 a . . . ‘24'
chromatography AN12 2.2 NAWLAN srandluunyilsiu metal binding domain 7
Ui 25°C uar 37 °C TdsAuanunsaduiulaueminléing 4 ailn douin 45°C wudn
Tranduunsillsiuliainsaduliny  cobolt whgn13auUlAAY copper, cadmium
WAy zinc C @9uf 65°C waxr 85°C  wudizmanduunsilusfuluanusadu iy
cobolt waz cadmium WAEIN130UAAL copper WAY zinc (AaLAASlUAT9N 7)

Tnapuanimzenisdulaneminiis 2 alindensetiud treat TlsAun 85°C iluiaan 30

a
UM
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AN 7 UWHASHA m’mmmurﬁmqmu

metal binding protein

a

LTl

NH ( thermal stability) Aa4

recombinant

Temp. CdCl, CoCl, CuCl, ZnCl,
25°C + + + +
37°C + + + +
45°C + - + +
65°C : i . .
85°C i i ; B
85°C, 30 min . . N N
+ =wultlsmuiinrssunulanzmin

= Tsinuldsmuiinisduiulangmin
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7. Growth curve WARINIFLAZTY WRIULANLGE E. coli 71ANS expressed heavy
metal binding domain CXXC motif Tugnznalaneuin

Wanadaud1n1siTUsiu heavy metal binding domain ugnseanlumainase NN
dg/ 1 o o = a d” . dld dld
gaqimasalaneuinnnlaan1sAnEnIsiaseyaead@a £. coli NN pRset ANNTLAAIAAN
10911571 heavy metal binding domain \WeLiAsuAL@eLUATIZY E. coli NAWA pRset
-QII-QI o a ‘ﬂl ¥ v
(control) luannzidlaveumingila CuSO,, CACl,, ZnCl, uay CoCl, A udindy
FiN9T] HAWLA E. coli anaiugpaLANTRu pRset 1aseulALingandnE. coli aesig 7
Ann3 expressed heavy metal binding domain CXXC motif lugnaenf CuSO, AINA
dindiu 2.5 mM (391 7) lwaniazidl CdCl, Nrnnudisdiv 0.25 waz 0.5 mM (31071 8)  us

TdwuANHLANFNNIINITIRTTas E. coli Tuaninzidlavzudn ZnCl, way CoCl,

(317 9 uaz 10)
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1.4 -
OD 600

1.2

0.8 -

0.6 -

0.4 -

0.2 -

0 T T T T 1
0 0.25 0.5 1 1.5 2 2.5

CuSO04 concentration (mM)

51U 7 aaraddanzuiin CuSO, NNAANISIASIYURY E. coli NANIT expressed

heavy metal binding domain CXXC motif

E. coli #fn13 expressed heavy metal binding domain CXXC motif (.) Wae E. coli
ALANAEuA pRset (4P azgnidaali LB broth 7& ampicillin 50 pg/ml Az 0.1 mM
o = [ ] ¥ o | = o) [ Y] I =
IPTG LL@ZI@‘MZ‘VMﬂ CUSQ4 ‘VIWJ’]SJLﬂNﬂumqﬂ’]LLﬂfJuqiﬂUN‘ﬂ 37 C 6L‘M[{]‘]_IllL"]JE’]‘V]
@ a @ 2 A o a dgl [ % uI/ v
AAIMHLTITRAU 150 ﬁ‘ﬂ‘i_l/u’W]L‘ﬂuLfJ@’ﬂl’]ﬁJﬂuLL@UA@ﬂWﬁ‘L%‘QJ“ﬂﬂQLﬂﬂﬂ@\‘i@ﬂﬂ 12 °]]'JI§~J\‘1<E®E|1°TJ

spectrophotometer HANNINAABAUTILANALTEY 3 NITNARDILAZAAUFATAATILAANDI

AN + SD 1A9ANNN1INAADY
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OD 600

0.9 A

0.8 -

0.6 -

0.4 -

0.3 1

0.1 -

0 T T T T T T 1
0 0.015 0.031 0.0625 0.125 0.25 0.5

CdClI2 concentration (mM)

5U% & waraslanzuiin CACl, NNAANITIATYURI E. coli  NHNIT expressed

heavy metal binding domain CXXC motif

E. coli #fn13 expressed heavy metal binding domain CXXC motif (.) Was E. coli
AaLIANTELA pRset (@) azgnidsisli LB broth #14 ampicillin 50 ug/ml 4ag 0.1 mM
IPTG uaz CdCl, Anudindiusines vnlduni 37 C luguntnasuidasay 150 sawy/
a @ 2 A o a dly o uI/ v
wnflunarinuAuuazdanisiasyaeadanasan 12 daluelngld spectrophotometer

Han1aneaeiiuA1edIes 3 N1INARBILAZAALAAZATILAAITNAT + SD 2B481NNNT

NANBN

35



Heavy metal sensitivity test CoCl2
OD 600

0.9 -

0.7 A

0.6 -

0.4 A
0.3 ~
0.2 A

0.1 A

0 0.031 0.0625 0.125 0.25 0.5 1

CoCI2 concentration (mM)

5U" 9 uaraslansuiln CoCl, NAAANISIATHYARY E. coli NANIS expressed heavy

metal binding domain CXXC motif

E. coli MHN13 expressed heavy metal binding domain CXXC motif (H) WL E. coli
AaLIANTELA pRset (@) azgnideslu LB broth #fl ampicillin 50 ug/ml 1AL 0.1 mM
IPTG 48z CoCl, Anudindusine uwharirliing 37 °C lugunatnaaaiasey 150
g o A o a & o o 9
sau/andunariinnAulazianisasyaaadauasan 12 daluslnald
spectrophotometer HANMINAABAUTUANLALTEY 3 NINANBILATAAURAZAATLAAIDN

AN + SD 1A9R1NN1INAADY
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Heavy metal sensitivity test ZnCl2
OD 600
1 -
0.8 -
06 -
0.4 -
0.2
0 T —. T . 1
0 0.25 0.5 1 1.5 2 2.5
-0.2 -
ZnClI2 concentration (mM)

5UN 10 wavaslaneniin ZnCl, NUABNITIATEYARIE. coli  NANIS expressed

heavy metal binding domain CXXC motif

E. coli 7#n"g expressed heavy metal binding domain CXXC motif (.) Was E. coli

AaLIANTELA pRset (@) azgnidssli LB broth 4 ampicillin 50 ug/ml 4ag 0.1 mM

IPTG uaz ZnCl, Anuidindiusnes udatillusm 37 T Tuguniaenfinaudasey 150
I 4 A o a d” o aI/ A

sau/niunainuAukazdansaT remenadann 12 dalulaals

spectrophotometer HAN1TMAASUTUANALLEY 3 NITNAABILATAALAAIATIUAANTN

AN + SD 1A9ANNN1INAADY
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anis1ananisias

1. masisranduuunilsiunaznsiinsznauants lun1saulansutinuads
AaNduuunllsfiunas crude extract a9 E. coli

Tshuusazatiaimnnainnsnlunisauiulanzmin lduanmAneiunisAnennen
winTRtRUN AL lane i aes MTs 7if cysteine-rich motifs @nunnaunuiane
zinc, copper, cadmium Was mercury (Mejare & Bilow 2001; Das et al., 2006) Las
CopA , CopZ UaL mesA an S. aureus WazTilsAi N-WND and N-MNK Tupwiisl CXXC
motif 4181309U CuCl,, ZnCl,, CdCI, waz CoCl, ( Lutsenko et al., 1997; Sitthisak et
al., 2007; 2011 ) wuAgulUsmBaenduunyiain heavy metal binding domain CXXC
motif (McsA) fianansndul&iu Cucl,, znCl,, CdCl, uaz CoCl,  Wunnuldsiu
recombinant AifiAnaNLTRlumssurulae CuCl2, ZnCl2, CdCl2, CoCl2 itauiiu
Banoullssiuiteunlugaues £, coli BLR(DE3) U 3.53 %, 4.63 %, 3.86 % WAy
3.33 % ANNAAL
2. anuamuandlilsiudannadou, quupil uaz pH Ninasamsdulane
wUN

nsfnEnAuAmusedtisAusaniabeu Atuasentsdulaveminnadntisi

1
o = P

aWauansalunisduiulanzuin Cu® way Zn® wasaniinllsfulingnimni ss

°C 1fluaan 30 W Inefigaunni 55 °C azilugaumninniavinauesllsfudnlaiay

@alildaunanmni 85 °C aziflugnmniinlasaswauinsesllsaugninanauaslisau
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\@e@n 1 (Huang, 2010) a1nuan1snaaadiansliiiuniiiilsfu heavy metal binding

. . = [ 1= ' o o o 2+ 2+,
domain CXXC motif (McsA) azidaanini llnasanisaunulavenin Cu” uaz zn
U84 heavy metal binding domain CXXC motif (McsA)

= A . o ~ L P =
nsANEgUUANHNasanisauredilsAunudngungi 65 °C Tusauauiem

qufulany Cu’’ waldaunsnauiulane Cd™ Co " war zn®" TRanusi pH 3-7 luifina
1 tﬂl o o o = =® 09// tﬂ” v a o
san ndagusdasnisduiulavemineesidsiu aaannnisAneafalllngdiAeeiu
nsANENNeuuInRing Hine wazA (2010) N1A expressed CotB 1N mertal binding
domain i1 poly-his 1 Bacillus subtilis spores WLNGIUNYH 25-45 °C uaz pH 5-9 14

= ' o v o a a a
Nuasanisauaaslaneminitzaauduuuillsau

wuANLFe E. coli NANg expressed heavy metal binding domain CXXC motif
recombinant protein AN1FINNAUARIANNNUADIANUUN

Tlshunauiulanzmininuiiniiilu heavy metal chaperone Tunnsauuazanfs
yaglavzmninienauauedssia stress response a1ntansin (Jordan et al., 2001
= ' o ' g LAl
Ettema et al., 2003 ) lun1sAnsnanunusalaneminnuanwueiiize £.coli T N3
expressed heavy metal binding domain CXXC motif asiimaunuselanzmaaliles uaz

= P R o LAy = , o
WAALNEHN PANNUULNBNALNU E.coli ‘Vﬂllllﬂ’]‘j‘ expressed Iﬂ’i‘[z‘]u NALTLAEIANU

P
4 o ]

= ) Y oA > PR A A o+
NTANHINBUNTNTLNERNN74519 E.coll NNTW cus system NiNeadasiunisauga Cu
HHAN1LAAIRDNNHINTAURY E.coli WU E.coli NRNITUAAIaan AN A998 WA
dl v [

cus system Nneadiasiunizauds Cu™  FaanunuselavzminAauilesinaaw

(Ravikumar S et al., 2011)
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agiunmsarauaznsiinanuidaglifldluauias

n3AnEATIRuanaI IUsAUNT metal binding domain (CxxC motif) &
AwANnsariunsauTaneminlfnanastinlfun cucl,, ZnCl,, CdCI, uay CoCl, Tan
gan1aznisaulaneyingesidsivizaanduunynudnanisaduiulaneminidae pH

n419(3-9 Juazdudulansminngouugings 65 °C 16 nisdulanzmin cu” uay zn* 29
Tsmiaaniuuniidimusiagungingsia 85°C 15 30 wn wurnBEe E. coli MlNg
expressed heavy metal binding domain CXXC motif recombinant protein ANNTANT L
1 o o o’; X a [~1 v o =
2e3ANNUFalauEIIn CuSO, uar CdCl, AsiuAasdmnailulllalunistntsaulyl
Wlunsdneinenisnlanzminiaaianiz cu® Aeldlueuian Tnanisdnenluaunam
aznsAnedTeudaunisin whole cell visasaanduuuillsfinld 1 lunsnndnlany
o t:ly o = s [ % o . .

win  wananiienaninisuBeumsuamantmlunisaulavgmin AU metal binding

. a dl dgl = % v = dld dl o a a
domain AL WANAINTAIANNTaF9 TR TUIARNANNTLAAaNNNTRITATA UL AT TE
A, o v Y v . . o =2
Wataan1sgadulavzuinliidnunazanluga (bioadsorbtion) WAEyINNIIANEA

= L = dl o o a ' 1% %
Lﬂﬁ‘il‘]_lL‘V]EI‘LI@m@ll‘i_lmmﬂﬂiﬂ?ﬁl%ﬂ@?ﬂ??ﬂ@ﬂﬂﬂi@ﬁ%ﬁuﬂﬁuﬁ[5]'1\‘1"'] LL@QZQZ?ZQN%I‘L&L"TJ@

(bioaccumulation)
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Factor affecting the metal binding affinity of heavy metal binding domain

(CxxC motif) recombinant protein : a potential for bioremediation

Kamala Boonyodying1, Thanakorn Watcharasupat1, Waranan Yotpanya1,

Duangkamol Kunthalert' and Sutthirat Sitthisak’

1Department of Microbiology and Parasitology, Faculty of Medical Science,
Naresuan University, Phitsanulok, Thailand; Tel: 0-5596-4712; Fax: 0-5596-4770;

E-mail: Kamala.07@hotmail.com

Bioremediation is a biological method for removing heavy metals from the

environment. Heavy metal binding proteins have been identified in various

organisms and have been used to study for bioremediation. CxxC motif is a metal

binding domain that found in all living organisms. In this study, we determined the

factors involving metal binding activity of the metal binding domain (CxxC

motif) recombinant protein in order to analyze the potential of the recombinant

protein for bioremediation. The protein contain metal binding domain (CxxC motif)

from mcsa gene of S. aureus was cloned, expressed and purified. Recombinant

protein was tested for metal binding using IAA resin chromatography. The
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recombinant protein can bound to CdCl,, CoCl,, CuCl, and ZnCl,. The expression

of metal binding proteins that can bind to CdCl,, CoCl,, CuCl, and ZnCl, from the

total proteins of E. coli (BLR(DE3) are 3.86, 3.3, 3.53 and 4.63%, respectively.

Thermal stability of the recombinant protein was tested at 37 °C, 45 °C, 65 °C

for 10 minutes and the results shown that the metal binding activity still present

after 65 °C treatment. Temperature that affects the metal binding activity was

tested and the results showed that recombinant protein were still bound to CuCl, at

65 ° C. In conclusion, the results from our study shown that metal binding domain

(CxxC motif) recombinant protein can bind effectively to various types of heavy

metals and may be used as a potential tool for bioremediation.
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