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Molecular characterization of mud loach (Misgurnus
mizolepis) metallothionein gene and expression

study during exposure to heavy metals.

Eun Mi Ha

Interdisciplinary Program of Marine Biotechnology, Graduate School,

Pukyong National University

Abstract

A metallothionein (MT) gene and its promoter sequence
were isolated from mud loach (Misgurnus mizolepis) and the
stimulated expression during experimental acute exposures to
various heavy metals including cadmium (Cd), zinc (Zn) and
copper (Cu) were characterized. The full-length mud loach MT
cDNA was comprised of 79 bp 5 untranslated region (UTR), 183
bp of a single open reading frame (ORF) encoding 60 amino acids
and 259 bp of 3’-UTR including poly (A) tail. Mud loach MT
shared significant homology with orthologues from other
vertebrates with well-conserved features of vertebrate MTs like a
high content of cysteine (33%). The genomic ORF sequence of mud
MT isolated by PCR comprised of three exons intervened by two
introns. Putative regulatory sequence of mud loach MT contained

putative MREs, CCAAT box and TATA box. Evolutionary



relationships based on molecular phylogenetic analysis also
represent the general agreement with known taxonomic positions.
Expression of mud loach MT was significantly elevated during the
heavy metal-exposures. The most potent inducer for the MT
expression in mud loach liver was copper. The amount of
stimulation was dependent upon the dose levels of metal ions
(0-10 uM) and duration of exposures (up to 21 days) in general, as

assessed by semi-quantitative RT-PCR analysis.
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T sl BEE M 49 L9dA e 2E
gl 2s 1ApEe]l AEd wAe 9FE FE - FEst & F Av 7=l
a4 ) (Dabrio et al, 2002). 2 AT WEZA olfE 9x
91/ =Ed 2 A=tell tial] S Ee vla] AR wigkeh wh-gg e}
Wi Aol Rax 7] Al&shH A #HE ecotoxicology el A2 A B2 3
Qe Wi Slth wEol o FERE 298l 9 sudsd Reae §
A2 9 oA A2 b vlo] A2 s slar Al st g o] 2
w51 Atk (Ron et al., 2003; Andrew et al, 2004; Valavanidis et al,,
2005).

FAMEEY 2P e WA %
cAlEe] AEHD Aom, o F 585 e tha wol A2

metallothionein fFZx}7} &3] 753 vk (Hayes et al, 2004;

EAZA ofel FH4 2w

Chana et al., 2004; Cheung et al, 2004). Metallothionein 6-7 kDa2]

A Gl dg A, 559 o] thionein 2¢4E IANT + Uv

rr

1
cysteine ZF7)17F E5-3 5AE 7HAL Aok AE HelA MT= 94
B A WellA B4 vFdag F8ate ZnT} g FHo]Lse
FEE A, AAWE FdHd A 22 78l SE5e =
e AASE 715E 2 AW (Aschner et al, 1996; Carol et al,
2002). ¥qt oy} MT+ S35 2dlx glucocorticoid, interferon, &4]
AH4r (reactive oxygen species), 7]©} (starvation) 55 X§sle ThSSH
2EH 2 QIS tigk AESH o] 9 AT st der o
]2 At} (Kojima et al., 1988; Miles et al., 2000; John et al., 2005).

ol 4re} 2] (Misqurnus mizolepis)= $-2]ubel thiio] dhde] A



Aol TR gFolFogZA oty Y I FE Hysiy, &4
7b wE AR F Ay srAS i g o] wstel gt
AgEsE Hoju, FH o E gk Fo = el slvh Rk ofye}
ool e ¥ ofA A, w2 4R, mE il &5, ge A
F7) 1ela Aol AF ek T ecotoxicogenomic ¢ Rl F A
W AHES 7HA L o ofgel I BE FAA W AMA A
1ol Azbg|o]le] (Kim et al, 1995 Nam et al, 1999) ¥4} njo]Q
st el v frElgk ol o] QT

olof B i=Xo M= v} AE ecotoxicogenomic AR E Al
o g sty gk Ao dgto g el 25 MT cDNA %
gDNA #:2+5 ZEY9sta, MT fx2te) 22 59 9 545
HWetH, gt TEE =Fol o3 MT F3d2e] Iy 54 fHeta

4 sk



2 A AVEgE ml et A] (Misqurnus mizolepis)y= 78 oF

Aotk fA 291 AP NN A FS o)A F 13+16 g Wl o)) v) e}

2.2, mAe}x] metallothionein (MT) cDNA =4
2.2.1. Degeneracy primer % c¢DNA libraryE ©]-&3} vectorette PCR

24

NCBI (www.ncbi.nlmnih.gov)ell X% <oz} o]fF 5%, 97)
MT {ZAAE v o2 27)9] degeneracy primerQl uniMT 3F2} uniMT
4FE Al zstdh 7] primers S X gste] 2 ¢l o] ALE-" primers
o] YK = Table 1o YeER) ) PCRE 93l Tag DNA polymerase’} &
o]9l= AccuPower PCR premix (Bioneer, Korea)E& ©o]&-5}5 o,
template= & A Ao A A Zg vj4telA] liver cDNA libraryE o] 83}
Atk PCR ¥H-&2 icycler (BioRad, USA)E ©| &3}, 94°C 2 ¥¢] initial
denaturation stepS 1 X} $=383F &, 947 45 %, 53T 45 % 9 727C 1
ol ¢ vhE-& 30 3] yrE-E gtk PCR ¥Hg-o] $+2 5 W, PCR product
1 ulE 1.2% agarose gelol]l ©7]9& 3§+ ¥ ethidium-bromide (EtBr)& <
*4&te} Quantity-One o]ujz] BA 2730 (BioRad, USA)& ©] &3}
Ao,

2.2.2. Full-length MT ¢cDNA 7144 24

PCR-E& %3] 442 productE PCR purification kit (Bioneer,
p P



Table 1. Oligonucleotide primers used for this study

Primer name

uniMT 3F
uniMT 4F
Fil8s rRNA 1F
Fi18s rRNA 1R
MLMT 1F
MLMT 2F
MLMT 1R
MLMT 2R
MLMT 3R

Sequence (5'-3) Purpose
TGCYACCTGCAAGTGYACCAA cDNA
TGCYACCTGCAAGTGYACTAA cloning

TAACGGGGAATCAGGGTTCGAT
RT-PCR
CAAGAATTTCACCTCTAGCGGC
TACAGCAAAGGAACCTTC
ACCTTCGGGAACTTTAAC RT-PCR
and
AAGCAAGCTGAAACCCACCC
gDNA
CTGATAGTAACTGGAGGTC .
cloning

GACCTCCTCATTGACAAC




Korea)& A}&3}4], purification §+ §, pGEM-T-easy vector (Promega,
USA) W& 16 Al7FE<t ligation 3F S0l 3+ XL1 blue MRF straino

dddg tHt. dojF  transformantE 245 alkaline lysis 4

14
Nas
Jii

(Sambrook et al., 2001)8 ©]-&3}e} plasmid DNAL F&E3t%ty &

J‘ﬁl
~O

zL719] insertE 213t~ 9jsl A|gF & =91 LoRl (Promega, USA)o. 2 A
vhsted gkelstsltt. A clones & 259 7141 ¢ 7] ABI 3730XL DNA
analyzer (Applied Biosystems, USA)S o] &3}o] ¢l 7]4]d B8 51 52,
5hu. ) partial MT cDNA @7]4 & npero 2 5-UTR 3 3-UTR 9 olS
A%HeE A A ORF 7)1 E 2 A] vectorette PCRS- %3 3H ot H =
oo}l full-length ¢cDNA 714 ES  dA7jAEgEA 2z aa9)
Sequencher (Version 4.0, Gene Codes, USA)E- o] -£-3}o] editings 4335}
%3, Genbank databaseE w4} o. 2 homology M-S a8t
Genbank DB ®#-2 blastx@} blastn2 E=A]ol 4383t 1, ¥4 = clone

Felsh .

ol

T MT §24e} 4548 HE fa4ds

2.2.3. Phylogenetic &4
714 QL NCBIS GenBankol] 4] blast AML E3] b2 o] &9
MT #Fdxtske] FFAES FAsAth olFA Fojd A7IA DT ofrje
b A E & o] 831 multiple sequence alignmentE 33t} MT /&
o] MEE o] 83 B2 AEEE PAUP* 4085 o] &3l GenBank U
g o2 o7 MT otr|iqt A< (Table 2) 53 $H7 phylogenetic
treeE A 2F3F At

2.3. v]e}x] MT genomic x| F24
23.1. v} z] MT {7 #}2] genomic open reading frame (ORF)
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sequence -
vtz MT ¢DNA @7 ES vlg o specific primer?]
MLMT 1F9} MLMT 1R (Table 1)< #2811t} Template: uv]3talz] &
Ao ZRE =4 ¥l genomic DNAE ALE-st4 o.v, PCRE 918l Tag
DNA polymerase’} &3l AccuPower PCR premix (Bioneer, Korea)

& ARE3FATE PCR ¥HS-2- icycler (BioRad, USA)E o]-&3}o, 94T 2

A

9] initial denaturation step-& 1 %}&l] =83k £ 94 45 =, 57T 45 %

HE

720 2 3e) o Mg 30 5 WHAAT. 4FA PCRE W71DES
Sl &<l g ¥, PCR productE Sro|Ajel d5igh Ay o] PCR
purification 45 A pGEM-T-easy vector (Promega, USA)ol| #24
8ttt} Genomic ORFe] 7] AR AS B3] exond} introng F+FE
A8k

232 vjelx] MT f-A4#e] 222 E 9493 By

vl weka) MT 7o) T2 RE 9o 2elshy] 98 2 A
of A} A&t ]}zl genomic DNA libraryE o] &3lo] filter
hybridizationg 3 s} 3t}

Filter hybridization #|ZA}2] manual (Genomic cloning
technical manual, Promega, USA)E w&} 433}t 0.2% maltose LB
o] KW251-% inoculationd}e], KW2510] ODgw=0.6~0.80] = w7} 2] vfj ot
S 2171 ¥, KW2519) gDNA libraryE infection sl 37CoA 30 &3+
HFS- A1 th o] & melted LB top agar ¢} & 410]F0] prewarmed LB
plateo] 311, agarose7} ¢+ w2 3 37T oA wjekstdd). Plaque =7)
7} pinpoint sizeZ} T w]%S EWil, membranel 2 77| sl

nylone membrane (Roche, Germany)< plateol] 5-%3}31, membrane<]



stc}. Plateo]l 4] membraneg  wojujA  AXAIZ F,

it}
2
i
kel
il

o}

denaturation solution (0.2 M NaOH, 1.5 M NaCl), neutralization
solution (0.4 M Tris, 2x SSC), 2x SSC ¥4 & 7z} 1-2 ¥ &<t F33 &,
membranes F13] Zgl thg, UV crosslinker (Ultra-Violet Products
LTd.,, UK)& 1% 3}s}le] hybridizationg -3 s} &t} Hybridization2 A
ZAFe] manual (DIG DNA labelling & detection kit, Roche, Germany)ef]
mhel 65T ol prehybridizations 1 A|{HgQF A4S &, 16 A|7HE<QL
hybridizationg A A}t ojuf AF8-3+ probes= specific primer set <l
MLMT 1F/IR (Table 1)2 PCRS #+8ale] #lxa+ probeo|H,
11-dUTP-digoxigenin (Roche, Germany)-2- A}-8-3}o] probeol] 3% #]3}¢]c}.
Hybridization® ¢+ % 3F 3, wash solution I (2x SSC, 0.1% SDS)& o] &3}
of A2ofA] 5 E7F 2 3], wash solution 1 (0.5x SSC, 0.1% SDS)E o] &
gle] 68T oA 15 ¥ 7+ 2 3] stringent washing2 <=3l sttt A &7]82
membraneS %71 ¥, 2204 maleic acid buffer (0.1 M maleic acid,
0.15 M NaCl, pH 75)& 5 #3F uutslo} zke] SDSE A AstHc 1%
blocking solution®l] 45 #7F Hd3s uwwksk 3, anti-digoxigenin-AP
(Roche, Germany)-& %2 1% blocking solution®)] ¥ 11 1 AJZF F<¢F A
3] uHbsltd. Maleic acid bufferg o] 8-3Fa] 15 F7F 2 3] wwhsl¥ a,
detection buffer (0.1 M Tris-HCl, 0.1 M NaCl, 50 mM MgClL, pH 9.5)<]
membrane & 3 ¥ &<t WA Z T 1 ¥, color solution (225 ul NBT +
175 ul BCIP in 50 ml detection buffer)Z & 4 A} hybridization signal-S-
A3 Detection 345 T3l signale] gl¥ plaqueE plateo] 4] #+
2]3te] 1 ml SM bufferd] ¥, A4 1 A7HE WA A2 335y
S KW2519)| infection 3ir}. o] Fofl= 92 Y3 WH O F membrane

replica %! filter hybridizations 4=8§ 3t} o] Al Ao] A phageE 0.2%



maltose2} 10 mM MgSO,7} @718 LBel inoculation 3t overnight &t
%, KW2513 29 o] phageS 4101731 37C ol 4] 20 237b whg A7l &,
10 mM MgSO,7} 3 7F¢ 100 ml LB brotholl 4] 5-7 AJZFEt wjts s
&, v o) 0.5 ml chloroform/100 ml LBS 3 7}sbe] 37C o4 15 3

ol

hs-& AR 4T M 10000xgs 20 23 &

A
ol
o
s
og.
ol
12
o
i
AC)

slal, DNase 9F RNaseE 2} 1 ug/mle] %5 xg|ste], 37Tl A 3
7F kS ok %, NaCl 5.8 g3} PEG 8000 9.3 g
Aol e AgelM 1 TS e AT of WAL 4 TN
8000xge] =20 3k 14t el s 3 ste], pippets o] &3lo] AFE
S AAS F, tubeE F oM ATHAS gk A A, 10 mL/100 ml
LB 9] phage buffer (20 mM Tris-HCl pH 7.4, 100 mM NaCl, 10 mM
MgSOy)E 91 Z4 2257 inverting 31 pellets #0531, 8000xgol A
2 W3F AR £, 15 ml tube® &30, 50 ul 20% SDS9F 100 ul 0.5
M EDTAE HYola 68T 15 B3t vr-eAZ ok w83 &S 1.5 ml
% %] TE-saturated phenol/chloroform3} Z+ 4loj& %,
12000 rpmelA 5 ®3F ARG FETAE FHstd, FE9
chloroform/isoamylalcohol (24 : 1)3} ZF 41o]A] 12000 rpm 5 +3F ¥4
welshar, et A5 AE T isopropanol ¥ 4o} a1, 20T A 1
A|ZHEQE REZA1ZD &, 12000 rpmeoll A 10 #3F fA #2]3. Z5d s Al
Mg F, 70% ethanols o] &3}ed pellet2 3t xt#] washings 3+ F,
alcohols &3 A A3staL, 20 ug/ml 2] TE-RNase Aol o v]itetx] MT
A DNAE grsHt. xR E MT A DNA<} specific primer (Table 1)&
o] g3t PCRE F3s5t9y, ¥53 PCR AHEE PCR purification
(Bioneer, Korea) ¥4 & 7 2574 <F 7] ABI 3730XL DNA analyzer
(Applied Biosystems, USA)E- o] &3sla] A7|A < &It} &R E =

,‘IO~



ERH 999 d7|HHE transcriptional element search system (TESS)

= ol gatel w48,

2.3.3. Southern blot hybridization 4]

Southern blot-& $]3l & 2t vl oA #€] gt genomic DNAE
Drall ¢} HindI (Promega, USA)Z 7}2} Hthsle], 1.0% agarose gel “del]
A 35 Ve 16 AHE 47195 stk A719F0] FRET AedA
denaturation % neutralization 7} & 8 5} 2.1, capillary transfer
M (Sambrook et al., 1989)% o]-&3}o}, DNAZ nylon membrane (Roche,
Germany)©. % &7l %, UV crosslinker (Ultra-Violet Products LTd., UK)
2 1Az sl Tt Al ZAFe] manual (DIG DNA labelling & detection kit,

Roche, Germany)oll we}l 488 5} g o

24, nj2e}A] 18s rRNA 24
2.4.1. Degeneracy primer ©] &8 RT-PCR &2

Semi-quantitative RT-PCR-3- & u| internal control2 A}£-3}7] %]
dl  vtelr] 18 RNA  segmentE® 24 st¢lty. NCBI
(www.ncbi.nlm.nih.gov)ol] X1 ¥ 57 o]F 2] 57 18s rRNA {FHAE v}
o g 2789] degeneracy primergl Fil8s rRNA 1F/1R& A 2s}§th
(Table 1). PCRE& 3l Tag DNA polymerase7} E°{%l+& AccuPower
RT-PCR premix (Bioneer, Korea)E& A}83}% o™, templatew= v]42}%]
liver total RNAE o] &3} t} 100 ng total RNAE thd o & 42ToA 1
AlZHEoE GAHAL HkS-S =alE P, 94T 4 F9] initial denaturation
atell 3
28 3| whEste] F&E PCR 4HES gxatgloh RT-PCRO| o3 FFH%

= ]
s

Far, 94°C 45 %, 55°C 1 &, 72T 15 #9 <3d3&

%
ol

,‘t‘l_



ulAtebR] 18s rRNA f-342F ©tH e 2F7)ef o] pGEM-T-easy vector
(Promega, USA)E o] &5 TA #=24 3 % 7MY #4418 st

25. vjteEla] MT genee] & 4
25.1. Total RNA &)
Total RNA + RNeasy Mini kit (Quiagen, USA)E o]-&-3}o] A%
A} manualel] whe} H-2o A Felststt Sefololo] s oA A A RF (30
mg)o. 2 FH gk 225 0.7 ml RLT buffere| % 17, ultra-homogenizer
(Proscientific, USA)E o]-&3lo] w2 3}sk 3 14000 rpmeol|A] 3 #7F 44
AN &

k2] 70% ethanol-2- YW= FA] pippeto 2 43olF %, 2 ml tubed] &3

welanh 94 F 2o 2ol

Mlo

- tube B F7 ©al, T3

_—

RNeasy mini columnel| 700 ul] sampleﬁ 251 12000 rpmoll A 15 2 7¢
QAR 5 st ). Flow-throughE Al A% & 350 ul RW1 bufferg 4
%, 12000 rpmel A 15 23F 452 E g &, columng A ZF 1.5 ml
tubes 745 ¢ th 10 ul DNase 1 stock solution ¥} 70 ul RDD buffer&
432 80 ulE columndl] ¥, 25Tl A 15 ¥ 7F ¥-3-A1 71 3, 350 ul RW1
bufferg @WolF & 12000 rpmel A 15 27 42 E 3ttt Column
2 NEEF 2 ml tube o] &4 =& &, RPE buffer 500 ul& ¥ 1, 12000
rpmof| 4] 15 23t AR E 3 &, flow-through & | A3s}3, 2 3] &
st} 14000 rpm oA 1 #3F A4 E 28] columnol A bufferg &3
A A3, 2 1.5 ml tubedl] &4 ©o}l 40 ul RNase-free waterE 4

]I

F

a1, 10 3 Ao A ygEgA1Z] $, 12000 rpmell A 1 23 AR E 3§
Art 1 ul?] eluted RNA sample® 8 ul RNA loading bufferg 37 6
5Col A 3 #7F wkAlZl &, 1% formaldehyde agarose gel2 ©}-&3}o]

100 VE #H719%5S F8lstgdnt a9 total RNAQ integrity= 18s vs

A‘Iz_



28s tRNA ratios &3l &lstgdor, ¥el¥l RNAZE GeneQuant pro
(Amersham Pharmacia Biotech.,, USA)E o] 83l F&E &Hste], 0.5
ug/ul & 4efslst & RT-PCRoJ A templates: AF-&3}% T

252, MT mRNAZ2] tissue distribution

vlaela) MTel x4 @l RE G Jolur] sls) Fad

S

semi-quantitative RT-PCR®| templatet= fin, liver, spleen, kidney,
intestine, ovary, testis “1¢] 11 brain % 2] 87 Z 2|4 g3} total RNA
& o]&slsdty.  Primeri= MLMT 2F9} MLMT 3R (Table 1)& AF£-3}4
a7, AccuPower RT-RCR premix (Bioneer, Korea)E o]-83}gt. MTe
PCR y¥+8-2 icycler (BioRad, USA)E o] &3}o], 42°C ol A 60 B7Fe] oA
AR HES-S grdeh B, 94T 4 R 9] initial denaturation step2 1 2}d] 4~3)
shal, 947 45 %, 60T 45 = L 727 1 ¥9] #3 vb2-5 23 3] w2351y
t}. Internal control?l 18s RNA+ Fil8s rRNA 1F/1R primers A}-8-31%
a1, 42T oA 60 #7re] AHAL WS 33 Z, 94T 4 E 9] initial
denaturation step-& 1 2}&] F8dk 3 94T 45 %, 607 45 = % 72T 1
ol £ ¥hE5 20 3] whEStH T PCR ¥ES-o] 2kg 5™, PCR product
6 ulE 15% agarose gelodl H719d% 3 % EtBr2 M 3o
Quantity-One o]u] %] 41 sz g2 738 (BioRad, USA)& o] &3] R AI351%
.

Ao} el el Aol masty] flsl FAHAL WA =FH F5o)
ahe vlelx] MTe] walebel a2 ulusy] fla) ulqetAg v
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A S EE desly] 91t anl ddor e, ofdd, =gl eE AR
thoarE o] SRE A el ofwl G@s vlAl=Te] gk vlagl e
= 7P7be]l w4 10 uMell Aol s 48 AltbEet Azt e o
Aol g A 42 v EAE AMgsk. 7F AP 4 vkl A
flow, sk 1 3] ghaeeh 3 3] wo] (G AR 45% 2TW) FoE 7)E
o7 sk wdm dye] FRHW d3oE wusle g v &, =

| RS Relshel Soholoto 2ol o} M e HAYE @ F, 80T

o sl 2 3] Sharel 3 3] Wo] (AE AR 45% Zuh]) FolE A A5 Y

w2} RNeasy Mini kit (Quiagen, USA)E o] &3} 7FZZ oA Rel3h
total RNAE 05 ug/ul 2 AHZF3dch AFs3s RNAE templateZ,
MLMT 2F2} MLMT 3R& primer (Table 1)2 AF835191.9.1, AccuPower
RT-RCR premix (Bioneer, Korea)& ©| &3} semi-quantitative RT-PCR-&
T3t H Y. PCR HE§-2 icycler (BioRad, USA)E o] 83}, 42Tl A 60
W7ol AHAL WS S &, 94T 4 F9) initial denaturation step &
1 3] efste] dHA} Ans B84d8 A7 o] F 94T 45 X, 60T 45
BB 72C 1 #9 ¢ WS 23 3] whESEIth MT mRNA 33 ko)

_14_



normalizationg ¢34 internal W ZFZA v} x] 18s rRNAE Ay}

F o, Fil8s rRNA 1F/1IR primerE Ap&3te] =83t 18s rRNASQ]
RT-PCRL 42T ol A 60 F-7F @3 dA} ubS-S 42803 3, 947 4 H 9] initial
denaturation step& T3l AL 45 Bg/ds A1 FH o] 3 94T 45
%, 58°C 45 F, Bl 72T 1 #9 3 vhg-5 20 3] whHEstdoh PCR ¥h§-
o] 7 ¥, PCR product 6 ulE& 1.5% agarose gelo] 7|9% 3+ %
EtBr= ¢ A3t Quantity-One (BioRad, USA) o]u] 2] ¥4 g 13§ 0 &
sl
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m. 2 3}

31 13k MT §44 cDNAS] & 7]4e =4

nAtebA] liver ¢cDNA library 25 E] degeneracy primerZ o] &
3k vectorette PCRS %3] Adofzl 2HEo] ¢7iMaAs EAe Az n)it
k2] MT ¢DNA { A2z 515 bpa 60752 olmi=atoz LAlx
peptide coding sequence, 73 bp®| 5-untranslated region (UTR)¥} 259
bpe} 3-UTRo] @lxla, FZ2 F=2Q TGA ©]3F polyadenylation
signal sequence?! aataaa®} 20 bp2] poly (A) sequencer} 2l
cDNA Q7ML ZHE 73 6071¢] ofn|=it Mddle & HF5E
off 5{e} o] cysteine k717 WA 9] 333% (20/60)2 FRst|x, 27}
wE ool AFY & e AAY cys-X-cys F-2 cys-xx-cys §-9]7} 8

ol Al AFE A (Fig. 1).

3.2. Al elx] MT genomic ORF ¥ 2 WE Fgo] 7z

cDNA 7IM<EE o]&sto] A2gE primer MLMT 1F9} MLMT
1IRE o] &3t p|Helx] gDNAE it o2 genomic ORF g7|AHd&
PCR2 Felstdtt. F2l¥ v]4etA] MT genomic ORF= 37§9] exon}
270 9] intron. 2 FAE o] 1o m, exon-intron boundary <oA=
gt/ag rulec] Z+ BAE o] AAT} (Fig. 2).

nl etz gDNA libraryE ©] &3 filter hybridizationS % 3|
/Nel phages &R T 4 SIStk o]E phages o] &3t dojyl ADNA
5 template® ©] 83t Fa e PCR AHES o] &dte] A7|MgEAS
g Ay}, olels] L2 RE g fdrIMEE FRsi 1 Ad o
et TR RE = 1.1 kb d71MdE ol Fo]dQa, 3712 MRE

o)

_16_



209
46
254

312
367
422

477

ggctcaatcacaaa
tttgtgaaacgatacagcaaaggaaccttcgggaact t taacggatac tctaagggaaa
ATG GAT CCT TGT GAT TGC TCA AAA ACT GGA ACT TGC AAC TGT GGT
M A P C A C S L T G T C A C G
GCC ACC TGC AAG TGC ACT AAC TGC AAG TGT ACA ACC TGC AAG AAG
A T C L c T A C L C T T C L L
AGT TGC TGT TCT TGC TGC CCA TCA GGC TGC AGC AAG TGC GCC TCT
s ¢ ¢ s ¢ ¢ P S G C s L C A s
GGA TGC GTT TGT AAG GGC AAT TCC TGT GAC TCC AGC TGT TGT CAA
G ¢ v ¢C L G A S C A S S C ¢ @6

tagggaggtcgacgcgccgtttgctacaatgtgaactctgtccgaacttegtgtettc

attgtacattaatgtctttttgaaafaataaadtgacctccagttactatcagatt

tgtttcatgtigccaagatcactttttgggggtgggtttcacttctttgtagtgt

taaagagcctactatgtatgttcttcataaatgtaaaattgtaacttttcatgtg

ttcaaatatataattaagcaaaaaaaaaaaaaaaaaaaa

208
45
253
60
311

366
421
476
515

Figure 1. Nucleotide sequence of mud loach MT cDNA and its

deduced amino acid sequence. The termination codon

is indicated by an asterisk, and the putative

polyadenylation signal (aataaa) is in bold-face and

boxed. Sequences of primers MLMT 1F and MLMT

IR are underlined.
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-1100 tattcgttattcgttttatttttcctaaaatttcaaagaatctgcacata
-1050 tgttcgtttttctggtgtattctacagtgaggataatggaaaaataccac
-1000 cggtcaaaaccgagtgtggccaagtgcaaatcaacgcttttgtttactgt
-0950 gtggtgttctcacgggtaagtaagtgcagacgtgttgagcacatgetttt
-0900 tggtgagtatgcgcttttacacaccacagtgacatcgtgtgacaagttcc
-0850 ctttttcccatgtgcaaactgaaagagtgacaaatatttgtttggatage
-0800 agattgaaaacattaataaagcttagaaagctatatatctcctgaaaatg
-0750 acaaattcgttaaaaattaacataacttttcttataaaatagtttttata
-0700 attgttgtaaaattggttttaaaatééééfagagattacatgcaggagct
-0650 attagagacaagcaatatgttaacaaactgcttttggagcgatattaaaa
-0600 gagatctctggttcactcaaatatatttttatgtttaaaaatactttagt
-0550 cttcactgactaaatcatagctgtttaccttcacgtgttgaccttagcaa
-0500 tttgtgtgttgttttaattgtgtatataaaatgtgtttaatatgaaaatt
-0450 aatatattaatcttggcatggactttatatctcaatgggttcttccttgt
-0400 aaaaaaagctcaaacaaataaaatcaactttcaaaatcaatcttctaagt
-0350 @aaaaaaaacaaacatattacattattaaacatgctaacagcccccattaa
-0300 tgttcagtggcgtggaaaagaagttatataattttataaacaacacattg

-0250 atcaaacagggtgggtgtggtgatttgtgatcgtttgatgatttgcacce
DOMREf)
-0200 agttgcatgaataagtaatgaatgagtaacaccgtgtgcaggctctggtg
{{MREb{
-0150 ggcgtggtttigcactcgtcctgtaagcactgagetctataaaaccaaga
>OMREa)

-0100 caggcacattaagctggtaccatctacaactcattcacaaatttgtgaaa

-0050 cgatacagcaaaggaaccttcgggaactttaaaggatactctaagggaaa

MLMT 1F

(Continued)
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0000 ATGGATCCTTGTGATTGCTCAAAAAgtaagtatttcaggctgtgttgagt
0050 cacatttttggacattggaaataaggttatggatgtggagtaattttgtg
0100 cttgtttaatttgctgtttttctttgtagCTGGAACTTGCAACTGTGGTG
0150 CCACCTGCAAGTGCACTAACTGCAAGTGTACAACCTGCAAGAAGAgtaag
0200 tttactttaatcataacttaaatcatgttagacattgttaaacggttcag
0250 tccagacagttaacttgtttttttcctgtcatagGTTGCTGTTCTTGCT
0300 GCCCATCAGGCTGCAGCAAGTGCGCCTCTGGATGCGTTTGTAAGGGCAAT
0350 TCCTGTGACTCCAGCTGTTGTCAAtgaggaggtcgacgcgecgtttgeta
0400 caatgtgaactctgtccgaacttcgtgtcttcattgtacattaatgtett
0450 tttgaaataataaatgacctccagttactatcagatttgtttcatgttge

0500 caagatcactttttggaggtgggtttcacttctttg

MLMT IR

Figure 2. Genomic sequence of mud loach MT gene. Sequences
of primers MLMT 1F and MLMT 1R are underlined.
Exons are shown with uppercase letters. The MRE
consensus sequences are underlined and labeled above
with orientation noted. The consensus TATA box is typed
in boldface and consensus CCAAT (above +++++) box is

noted .
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(metal regulatory element), 17§ 2] CCAAT box “12]31 TATA box7} &+
12l (Muhammad et al., 1988; Susan et al., 2001; Robert et al., 1987).
MREa + —133%8 --1407}#], MREb= 16158 —1677}%], MREf+

20146 —2077}A] “12]al TATA boxi= - 10958 —1137}7] ¢ 28}
a2l low, CCAAT boxe—669%-E - 6740 9 x|t} m|4e}r] iz
vESl Q= Aoz shold MRES  gweks owae Hu odddu

(Fig. 2). GC box & 3}ol%| 2] arekc.

3.3, wHElR] MT -7 29} phylogenetic 4]

Fig. 3& wHeta] MT FHx d7IAgolr A= ofu i
HlE a3 dedd sz o7 MT @71 gold 45 ofnxit vl
& Hlasle] phylogenetic tree=2 WERH Zolth w|telx]e] MT + t}
& do3t oo MTeF sl FASE ofneitk MES 7hx3 Yo
E3 OE o]Fe MT9F vz g 20709 cysteine 2718 7FA)3 )
Row, 1 oA EF FARAT Joj# ol F o] opnwAib A Erte] {4}
T 86% ol dolNar, MAl o {ake] ofulAb AMEH v S, 1 f
A= 70-93% 5 Wb AT (Fig. 3).

3.4. Southern blot hybridization 4]

u)7ebx] genomes] 4 MT §azke] EAbde 3H2lst7] 9fa
MT genomic ORF @7|A o] AGRQ7} e 271A A|FEa AL Dralle}
HindlllE ©]&3l u]ite}x] genomic DNAE Headlil  southern
hybridizations 435l Ht} (Fig. 4). Y3 AFaAE ol Aot
stAFolE T3 patterno] TEE 2] Fw, 7t NAEE 3704 674 <]

Chest =719] band® A 5 U
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Perciform

Salmoniform

Cypriniform

Figure 3. Phylogenetic assumption of mud loach MT gene base

on the N-J analysis.
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frall Hind Il
FFEFMMMEFF MMM

~ SO 7.0 Kb
i P ool

s ' 4.0 Kb
- ’ -

s W bl ek 24 Kb

o 1.7 Kb

0.8 Kb

0.4 Kb

Figure 4. Southern hybridization analysis of mud loach MT gene.
Genomic DNAs were obtained from three females (F) and
three males (M), digested with Drall or Hindlll, separated
onto 1% agarose gel, and probed with dig-labeled mud
loach MT-gDNA fragment.
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35 mjFEe}A] 185 rRNA #2y 9 d7ja4g

ojitel=] liver total RNAZXE Fil8 rRNA 1F/IR primerE
o] £8 RT-PCRS 433t Axt A7]9% Aol oF 570 bpol| &gste
o] FEEAOH, dojzl AHEY AVIAE

u S BAME A 577 bpd
ot G7IMES FARUAT (Fig. 5).

)

3.6. MT mRNAS] 2 R ok

ezl MT mRNAQ] AR ¥UEAS &eisty] s fin,
liver, spleen, kidney, intestine, ovary, testis, brain 59| 87} Z %] o]
Wwe]lgk total RNAE template2 MLMT 2F/3R primerE o]-£3}o]
RT-PCRS 43§ ZAx, 87 ZH oA EFo|A MT transcriptions o]
HE=de; (Fig. 6). 18 rRNA bandZ normalizationg 83+ 23}
MT mRNAE 53] ovaryoll 4] 7} =8 whdeks BRYgon, find M+
thE 2o nlef 7hg ko] A

37. £ A 9d MT Z&del time course

HAPoje} oA B2l total RNAZ template® MT w23
& S1st7] 98l MLMT 2F/3R primerE ©]-83}4] semi-quantitative
RT-PCRE sttt HA =Zd 59 FH @2 MT ddof 3
ol & wlulslr] ffa T, old, Ft=ES TYUE FE (10 uM)o 48 A
bedt =E3AI) F Aot thxolA #eld total RNAE o] 831
RT-PCRE F33tyct. 2 23 2709 internal control ¢ EF-a%} 18s
rRNAE thztop A ghe] kel Aeol= Ao gldloy, e
eEAZD Aol A TS VM Bol st} (Fig. 7). Time courseo)

e MT 28 299 58 ASEoR Adstdh 1 ol gt 7ot



GATTCAAGAATTTCACCTCTAGCGGCGCAATACGAATGCCCCCGGCCGTCCCTCTCAATCA
TGGCCCCGGGTTCCGGAAACCCACAAAATAGAACCGGAGTCCTATTCCATTATTCCTAGCT
GAGATATTCAGGCGGGCTGCGGCCTGCTTTGAACACTCTAATTTTTTCAAAGTAAACGCTC
CGGGCCCCGGACCGGACACCCAGTTAAGGGCATCCGGGGGGCGCCGGGAGGCAGGGGTACG
GGACGTGCGGTGGCTCGCCTCGCGGCGGACCGCAAGCTCGCTCCCGAGATCCAACTACGAG
CTTTTTAACTGCAGCAACTTTAATATACGCTATTGGAGCTGGAATTACCGCGGCTGCTGGC
ACCAGACTTGCCCTCCAATGGGTCCTCGCCCATGGGTTTAGGATACGCTCATTCCAATTAC
AGGGCCTCGAAAGAGACCTGTATTGTTATTTTTCGTCACTACCTCCCCGAGTCGGGAGTGG
GTAATTTGCGCGCCTGCTGCCTTCCTTGGATGTGGTAGCCGTTTCTCAGGCTCCCTCTCCG
GAATCGAACCCTGATTCCCCGTTAAATC

Figure 5. Sequence of 18s rRNA segment from mud loach.

_24_



Fin, Liver, Spleen, Kidney, Intestine, Ovary,
Testis, Brain

Figure 6. Tissue distribution of mud loach MT mRNA based on
RT-PCR.
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&

= =

s Q. o E
O & £ ®
O O N @)

Primer MT 1F/3R

Primer MT 2F/3R

Primer EF 1F/1R

Primer 18s 1F/1R »
 §18S rRNA

Figure 7. Quantitative of analysis of MT transcripts during
exposures to different heavy metals, based on
RT-PCR. Two internal controls (EF-a and 18s rRNA)

were used for the normalization of MT expression.
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ool el A HAS wel HAE fuale] Ags A, oS 7}
Cgol nla) i gol A 2 o= mola ekgih. 1elshe] 1o A

VoA RSt 2, b we MT fadel wd

o

FE3h= )

e Addste] Awwe] st=H 2, 5 10 uMe} uFExe) Jt=F 50

uMe| weld 021 AF 7 wEsh AZre] sgo] we o)ReA

MT 3l 7dgks #lsty v} (Fig. 8). 71 A3} internal control group -&
3

Aol Aol apolE #1d 4= gldAwE, Ao Agols ARt
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D1 D4 D7 D14 D21

Figure 8. Time course expression of mud loach MT and during
exposure to different concentration of cadmium (C:

non-exposured control, E: exposed).
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V. & 9]

nl etz el MT cDNA 9 71A 2908 33 607) 9] ofw]mw=2t
A= 2 HFFENAL} Po] cysteine #7|7F A2 333% &
Ao, HFEE MTe A<l lysin, arginine ¥ histidine % ©
o} (Kagi et al, 1974). gl B of o]
FEEY MTE A3 cysteine &7
oA v Aoz deA Jdom, o] 2

%o Cu™, Zn™ Cd¥'e} e 27} 240w AEEle] metal-thiolate

§ad
z
o
X
N
N
il
rlo
8
4o}
i
in
)
&3

upetA g Eakete] oE
.9__ /l];],X—YOi UH_?_ z‘__} HEL

1%

_E

polynuclear clusterg &A3tt} (Kojima et al, 1976; Stillman et al,
1992). g0l AAdE A4S sk cys-x-cys F& cys-cys 4 7)H)
dol mltelA] MTollA 83:o] AFF97t HA=doH, ol Uwtzr o
2ol 9 xffela BAHE wwel Ao YAFo M WsHow
F HAHEo e MTY 54& & HoFa Qoi(Kojima et al, 1976).
b o
2 % ol

7 Adeh MTe vl &0l AFFEd o2 dgst Y8 &3
ool 3 A% 4

shibel WEACA BASE MTe st

Hoolqtol| A whE u]2glzx] MT mRNAE 72+e ¥

o
Ot

rir

o2

s
o

N
rlo
Px
E
tr

<
—
»
Q
2,
Q
=
=i
rlo
No
I

il
o,
>
2
0,
2

i
12
&
2
%0
:?
~
)
5
Q
e}
2

, 1988; Miles et al., 2000; John et al., 2005).
d& €W TR MTe 45572 isoformo] Slou, o5& W o]
Ae 2 wep FRe, A4 3EFE Foldnh of o] mE =
Ao A o] = MT-19 MT-U, 2174237 53] HoA F8 24d
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& ob MT-M, AuHxxay g 34 +x28 713
dslo]as MT-IVE v o]zt
o] § o] Aol NCBIY| Bisold @A MT #3x} 4977] 5
68705 2px|star d=wl, olF vlFeAI7F Falde Dol olirE 50
o]F 9/ FHAZE Ruso] At o] F¢ MT isoforme 27pA] & 72
Wi E A dew, R ArldA HdEdn. Joj o/ T HA
FAIE7E =& o] F-2 Noemacheilus barbatulus (stone loach)©. g, v]ite}
2l MT 971 €38 FAEE B%E el e o} ojFeolw

s6%ol el FEHe HYOFM MT FH4e 548 & neFa 9

EN
b

off ARk

.

th I 9ol HFFE Fshe ERF MT 13 MT 1T 94 45-57%

MLMT 1F/1RE ©]-§3%t PCR Z3} 3R E o] genomic sequence
= 583 bpHomn, vFetx] MT genomic ORF= 3719 exonyt 27§ 2]
intron®. 2 FA=o] o, 7719 exon Zol= exon I & 25 bp,
exon II += 66 bp, exon Il 89 bp3il, exon-intron boundary < <]
M= gt/ag ruleo] & HEEo] QAT

nlgk2] ¢gDNA libraryE ©]-83t filter hybridizationg 5 3l
ANLEAL @ Aw}, vFebx] mewe dde] dAsjqAe sus
Atk 7 AR vjRekA) TEeeEs 11 kbel A/MUE ol 2ol
3782 MRE2} 1709} CCAAT box2} TATA box®E o] Fo}x At ©)
Fe}x] MT 5-flanking regionol & GC%7} 75%9 &3} mouse (Searle
et al. 1984)2} human (Varshney et al, 1986)9] Z2¢}= <8 AT%7}
66%° =, ol FANEAY Aok FAG AAE HAFIQ
t}  (Muhammad et al, 1988). MT promoter % %o|= MRE core
sequence! TGCRCNCG sequence?} 9] %5l 31 d+=d|, w]ex] MT < <
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==
A0
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rm
N
S
_Q,
n
22
i
o2
ok
o%
oX,
A
12
ok
o
o,
tlo
AR

i AT
Plateka] MTe] dS fEdhe 34 ol FolAM 7hg 2

Fes Wl s #4 oleg 27 sl WA T, ok, AEFS o

o
ol
o
£
of
1
r
off
k1
-
o
<
£
u
e
0
>
)
of
r [oF
=8
i
>
()
!d ’

> MT mRNAZ2|

Ly
sl At ARE v]Fo] B o (Vagak et al, 2000), ‘2l =23 A
o7} thE 234 w274 vlg] A0 o 2o rEH 2 =2H 7

5
o2 AzZtELh % time course ¥ JIEF 345 =3 Ao 7H

=
vERth 2y gkxA 9o oep g oM Jehye MT

transcripte] 7+ Al AFME FE A4V aFEHH olE MTY
isotyped, THE =& AR B Fa&e FH we 74z MR
0g 98-S 993 4 Aol Bugy r] wFo|ch (Edit et al,

2001; Vasconcelos et al., 2002; Filipovi et al., 2003).

FRoME Felol sl fEHIAE MTE hq Ax T
vl 27} olew ARS @ F ro AU F4E zds: dFe 9w
o, ofele] o3) SEHolxE MTe Aol aie] FHL ol
sh= apoenzymedl Al ol Heka
HolXe Zn-MTe A$oE A7How e §98 ofde %

1:
Aol Bt (Kojima, 1988). 7h=Holl ofs] FrsojxE MTe 4%
e vraztdel A 54 BN MTe 33} Ao Z7tsEeE A
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FAPeAA MT e Cd w%
upel drbHo g Frishe e Hdows vpg ke FERl 2 uM
o] A% Al F 7 dFE, 5 uM A5l A F 4 d5H, 10 uM
o] A-gelle A2l 1978 iz 9 F992< 2ols Btk 28a

1 e g 2ozt #dw

thoolelg Hx zole wZE7IRte] Frhglel whel Hrh folHow F

7behe Aol BEHATh oY g F7b Fde A dojot FAN Fof

H Aot FARSE eSS HRlth (Smet et al, 2001;

Lange et al, 2002). w2 F7} Fo A= L3} FF 9A Jl=F 50

uMel] Aol d= Hed ol 3 2

7|Efe 2F Tad HAH e 23k

Fe 22 W AA 4" =g FY FHo FAlM o]FolZrtH x
O ARAS MT 32 & 712 i o] 7hsételet dedch

= ATE e A 2dE 2 mFebA Y MT f34

25 st ol BH 5A4S BAHsiden, & A5E vweg F

& o] o@ 4A HAEAS W 712 793 gY biomarker

R
2ol Qo] F& ol FY/FE

Aol Qoelel FaEth weps
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2 8

ul At eb 2] (Misqurnus mizolepis) 2 58] 2] ¢t metallothionein (MT)
fadel Z2RE @q9e BASE, ASE (C), ok (2n), 79
Cu)E TR hd Fasel #4 w32 dol BaAGe AR
grth. vl4telx] MT cDNAE 79 bpe] 5-UTR, 183 bpe] ORFS} poly A
AL e EEsHE 259 bpe] F-UTRZ o] fo] 4t n#elA] MTE
33% o] cysteine H7]E ZhA flew, g HFFE| MTe fAtst
Fdom 53] offFel MTo= Al 93%2] homologyE VR AT
Vectorette PCRE- o]&-3lo] E2]g genomic ORF @7|AMEE& 379
exon¥} 27K9] introng 7FAa1 Q1A Th Genomic library & o] 8-3F filter
hybridizationg %3 =% wZzetx] MT 5-UTR % promoter % 2}-&
1.1 kb=, 37§J¢] MRE (metal regulatory element), TATA box %
CCAAT box7} #elx] it Genomic outhern blotoll A= 74 g t}ek
h = ol HAEHAT 5459 FH0 wE vFEeReA o] MT
A Fde FA A, et MY £ MT mRNA 23S FE253
on, gl 7tEE, old £o& YEbHt VtEES o8 Y =E ¥R
13tell 2ol & & mlAtebAe] MT 23ES &2 & 23, =

9} & A =
BES wd Algte] Waste] MT aoe] F7hshe A HA +
AU
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