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HE: &JF M E A Metallothionein, MT) & —RE FEMEARH /N> FEAMR, Z 5V AELSERES. 4558
JE TG R AR LB bR B IR AR B . N T AR A & B R AR (I (MI-MT) ) 9 AL S AE S LA
BELJRCd” W T I R, AR FIRACER AR M35 S0 (Meretrix lamarckii) S RNA K 57 ) 13548 1
636 bpIMI-MT cDNAKER T4, %7565 bpfis'dEgmis X (UTR)M340 bplH3 dE4m S X (UTR)LL K
231 bp I SEHE(ORF), Al gmfd 762 B, HorF R (5 27%, A& 05 FIRE AR, S16 MTHkH
[)Cys-Xn-Cys&E i), T ¥ 7> 7 849 97.704 kD, FEIR5EH £17.138. MTRIERRT HI| L o AT R BH: 75006 4
JETRE I (MI-MT)-5 10 S (Meretrix lusoria) AN R 1A 88%, 5 3L ifi(Meretrix meretrix) I YR H87%

SN 5 52 B (qQRT-PCR)AG M MTHE 75 SCUA S PR 2 34575 3Rk, ABAFE LA SRR S 1k, b P I [ ik B de v,
Rk cRsELs . L. SMERL. # 2. ECA(0.13 mg/L)FHiE0. 6h. 12h. 24h. 48h. 72hF196hF, 7
SCHA N FIM TR I R R (0 Rk, BAR BRI AR - R i R A8k, BReh A4k, oAt i fa) 4
4 5 5% BB A AR AE A B 25 T (P<0.01) o ASHIF 5038 B MTHE BRIZE 447 WA T 5 28 B0 D B 22 7% S 3 A 3 42 )8
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M) — KL T8, & & EIER, A3 Cys-
X(1-3)-Cys (X MBI 2088 DLAR ) HoAth 2 2 45
IR R S E A MTI 2 E T AWk
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MRRTET, S 54EMWEN &R KRS
H L. RS S A", wiak
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SIS 5, FIFHRACER: R o FEMI-MTHEH 4 K
cDNAFE S, I FAEE B F B M 7 MI-MTH
Iy TR, 8 I S O 8 B AR (QRT-PCR)H 7T
HAE B A R H R Rk 2 5, HRACS R
XoF 75 SC G MTH: (R 3RIE 1 S2 i, AFF 70 45 SR ml R ot
7 SCMAMTIR TR LRI ThRESRAL — B I S5 TR

1 #RERZE

1.1 SKIGMHt

TR BT FH 75 SO HL W VL A8 R K 77 77 B
T TT SR 50 3 M [ 52 4.(40.19+1.63) mm], SEH =
W 977d [£5 301, pHA8.200.05, i (22+2) C],
R 50 R LR AR AT 5256 . B R R
FEEALF/S, FR240H K 17K, FLAG 12038 mEZ)5%10" cell/
mL ¥ ERSEHE 435 (Isochrysis galbana).
12 BEXHMEEMEREANTE

EHE SRNAREUN CDNAKIE  FIFIRN28
B B (b 3 SR AR R A PR A B $R R
RNA, Nanodrop200078 it & 4% BR 73 BT A A M RN A [
WRBEFNAE | 1.2% 155 i B e FEL VKA RN A 58
B 3@ M-MuL V(3 [E Promega /s 7 ) 5 34 556 1R 771l
£ 3K15cDNA, B T-80°CBME IR VKA th 4 H

MI-MTERE KRR = K [ R ot B (1)
7712, F FANCBIZEE FE 1 S5 (GU233466.1) THSC
I (AY525635.1). VM (EF185126.1). fi#i7cif

(JQ691633.1). FEHEIGIF(KF241789.1) AL NG I
(AJ005452. 1)MTHE:N [IZH R IF 54T 2 7 51| L
Xf, 3 HiBioeditfl1Oligo 6.0 7E {7 57 X 45 P ¥ 1
a3 5 IMT-FIRIMT-R1( 1) PCRFHIZ1%F
JIE WV Mz FEL UK 20 B9 A, FF FH GenClean®i i 4l Bt
DNA R & (5 A R |l gifb )G, 152 il
A TR TREH AR BR A R, 313 7226 bpk
/INHIHTIE PR, BLAST /0 45 SRR BZ T 5 & 8
B B A 36 IR 38 43 e 81 o AR AZ 8 4 7 51, R
Oligo 73X 1 TF RACEFF V£ 51 4): 3-RACE-F1. 3-
RACE-R1, 3-RACE-F2. 3-RACE-R2#15-RACE-
Fl. 5-RACE-R1, 5-RACE-F2. 5-RACE-R2(¥ 1),
I3 5 ¥ MTHE DR () 3 5 A5 S ORACES 3. N T
PEE Y BAPCR R 71, 30 A1S 4 R ACE Y 1413
KHEAXPCRY WA . PCRY =¥ 4 id 4l
oo KM R REIUR 2 Gk 2 AR TAEY) TFR
FARAGBRA AT -

MI-MTEERNRESEE N ARAIE 75 ST
MTHE R cDNA T FI I IER P, MRIESH K %15
YIMT-F. MT-R(GRDA T 2K E 5% e, KPCR
14 PR AlAL 5 E B BIpMD T 19-T Vector (TaKaRa)
AR L, #4103 Trans1-T1 Phage Resistant/& 57 2541
Mot &N EEMEREGRA AN, LB
(& Amp+) 5538 DL K M 13 F0 4 5 1 51 4 1 3
PCRIAE 5, Bk P 5 b B ik A B AR T A T
FEEAA BR 2 =7 .

®1 EXBMTERERESRIENIHFT

Tab. 1 The gene cloning and primer sequence expression on the metallothionein of M. lamarckii

Primer name

¥ 1% 7 51Nucleic acid sequence (5'-3")

{1 F Effect

MT-F1 CTGCAAATGTCCMGGRTGTAAAGT Degenerate primer
MT-R1 CTGAMGRYTTACAGCGGTGCAT Degenerate primer
3" adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTITTTTT Connect primer
3-RACE-F1 CGGGACCAAGTTCGTGCAAATGTG 3" RACE primer
3-RACE-R1 GCTGTCAACGATACGCTACGTAAC 3'RACE primer
3-RACE-F2 TTCGTGCAAATGTGACCAGAGCTGTT 3’ RACE primer
3-RACE-R2 GCTACGTAACGGCATGACAGTG 3" RACE primer
5-RACE-F1 GCCACGCGTCGACTAGTACGGGGGGGGG 5" RACE primer
5-RACE-R1 CGGCCCATCACTTACAGGAACAGCT 5" RACE primer
5-RACE-F2 GGCCACGCGTCGACTAGTAC 5" RACE primer
5-RACE-R2 GAACAGCTCTGGTCACATTTGCACGAAC 5' RACE primer
MT-F ATTCACACAGACGCAAA identifying primer
MT-R GTTTTAGTAAAGCAACGGTA identifying primer
RT-MT-F GCCGACAATAATGGCGAAT SYBR®primer
RT-MT-R CAGCGGTGCATCGAGTATCT SYBR®primer
B-actin-F CTTGGCTTCACTGTCCACCT B-actin primer

B-actin-R

AGAATATGCGATGATGGAACG

B-actin primer




916 KR R 40 &

1.3 AXMEEMEREENELAERMRIA

KRG MI-MT mRNATEA R H 2188 B R 1E
AP, B FE R A 7 SO, AL A i
2., HNERE. 7R A RIS AN HLERAL, 5304
BB ZAIRNA, #3E1T7Real time-PCR.
14 EXWECS HETEERRELERNRIA
Tk

MR AT HICA™ it 75 S0 i ik B e 5 1L
Jo 2 I8 Ho bR S wF e A E K Cd” R E0.13 mgy
L, A% EREINCE A% X, B A #96h, 1
[F] I H 7R AR, 405 70, 6h. 12h. 24h,
48h. 72hAN96hHUFE o F Ik S 6 4H FH X i 2H & L
SR 70, RO IR, 2 5P EXRNA, 1%
Promega J % il 7 G i AT cDNASE — B & . 1R
I O IMI-MTH K cDNA 4K 751, #it
SE R YRT-MT-FAIRT-MT-R(E 1); PA7 4 4-
actin (GenBank: KT448844)E NN 2 LK H TR
HIRZ IE, #1151 #B-actin-FflIB-actin-R (8 1). M
£ Applied Biosystems StepOne Plus' " SZif iE &
PCRAY L HEAT, RN FEFF N: 95C A 1 30s;
95°CARME 55, 60°CiE k305, 40MEIER; 95°C M 15,
60°C JJ860s, 95°C S % 15s( il £ 185 il it £k ) o
1.5 E£YEEFESMAMKELIE

FHExPASy(http://web.expasy.org/translate/) 7 £k
BHVEMTHEDR 7 51 07 FL 755 Bl 1A 7 51 F G B
(R LR 7 51); FIDNAStar 44 o (I EditSeqFE - HE
WMTHE AT & S5 55, FSignalP 4.1Server
TE LR 8K A (http://'www.cbs.dtu.dk/services/SignalP/) Tl
#1155 K, FIFIDNAStart MegAlignfe /75 £
AT R FF SCIEMT 5 A X T2 DUERMT = R 7
HIEAT 2 FE A X SRFIMEGA 6.0%80 44 1 3847
FFEIE (NI S A A A M T E LR 5 5 R
G4k, 5 E BootstrapIE A1000.

Y6 RE BRI A BRI 2k g
Hila K HISPSS19.03E 47 TR, *P<0.053%75 % 5+ .
#, ¥ P<0.01R R R IR 3 .

2 4R

2.1 FXEMTEERRERFI5TH

W15 I 519 BE I EL 73 P 41 57 B RACE v [
J #0137 5 RACE b [% J7 51l DN A Star 8044 H i
Seqmanff FPHEIH KR WF . BWIERTS T
7= A MTHER 14 K cDNA T 51 (GenBank & 3% 5
KT448843). 7 CIEMTHE R FIcDNAJT 51421636 bp,
HA TR EEHE231 bp (66—296 bp), 5’ ¥iiUTRN65 bp

(1—65 bp), 3" 4FUTR A340 bp (297—636 bp) EH
R R 0215 5 AATAAA M polyA B B2 4
762 HR, bR H27%, BE 161 &
JE B A A () Cys-X(1—3)-Cys&5 1 . LIRS
T HATG, &1L T NTGA.
i iF DNAStar# fFEditseq e 5 F 23 472 75 3¢
AMTE H 7 HI 9N SR 2 LR (K R), 104>
SRR IR (D E), 6 M H/KEIERR (AL 1. L.
F. W, V), 38MRPEZIEFEN. C. Qv Sv T, Y),
EHAEMS TELNT.138 kD, FIR 1045 f i PI=
7.0. £SignalP 4.1 ServerfEt £& B A4 T 43 4 &7 :
ZH EBCA BRI T K, A S IR Xk, i
WNEH.

ZLBLASTHCXF /0 M, MI-MT 465 (1) 2 18 5 H:
X DR FIMT 8 H B A B S AR E . S
TN SCHRE(M. lusoria)~ SCHG (M. meretrix)IMT 2 41
ABh1H: =ik 88% 187 %, 5 TR (Corbicula fluminea)Fl
T 5T UE (M. mercenaria)MT 2 F AL tHAE70%
PA b, 5 AR DR Bom e EE e . O 1
— B OIS S H AR R IMT R Gl 6 &,
KHMEGA 6.0% {4 H 48 A7 #H % V% (Neighbor-joi-
ning)f4 £ 75 3C0a 5 HARXFE VIZRAN N (Homo supiens.
AAP97267.1)s /N R (Mus musculus. AAQ24163.1).
BRI (Drosophila melanogaster. AGB95820.1). &
X(Gallus gallus. NP_990606.1). AEINTNEE(Xenopus
laevis. NP_001081042.1). HAJF N Macrobrachium
nipponense. AJA05010.1) UL Bt 5 fi1 (Danio rerio.
AAS00514.1)5F 16FMTZ IR 7 41 1) 3 Gk Ay
(B 1) MRGHEAR ] LUE B R 73 P
K, R WIS, 525, R NEHEZY
— 3, M AR 2R HAm X5 USRI R HEIX — 35
Horp 5 SO SN SO (M. lusoria. AAS928771)3E %
K AT, LG (M. meretrix. ADM96223.1)Ik 2., 5
I LIS )31 % 5% R G, MI-MT ) 4 1AL Mo s 5
FEOCHG AR A oy A FE AR — B
22 XM MTEREBLAREIES

K HRT-qPCRIZ, il 75 5 Bl ULAE H ZRIRES
TNHNER] ez, SERRE. FE . PFFNISFRZEZ
HMTAEMRNAZK P [ 35K 00 L B 2(% 411
MTHRFRIE BN T HFREMTEREFRIEE).
S5 R RIR, MTHE 7 IR S H R h 4 3Rk, (HAFAE
HLRr M, RIE B W B> 22> A 76 L
SHNERBSF L. BRINERSN, FREMTRILESH
T B RAFAEA RIREFE I 22 (AR Bl 22 P<0.01,
W2 L P<0.05, .3%).
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A

34 A Meretrix lamarckii
99 —|:

Meretrix lusoria

34

Meretrix meretrix

47 ——— Hyriopsis cumingii

Crassostrea gigas

32 Corbicula fluminea
33
{

46 Crassostrea virginica

Cyclina sinensis

Scapharca broughtonii

Drosophila melanogaster

Macrobrachium nipponense

Danio rerio
69

Xenopus laevis
99 -

Gallus gallus

Homo sapiens
39 P
L

Mus musculus
1 RS R AR F 5 NI & (0 R Ge st A
Fig. 1 The NJ phylogenetic tree of vertebrate based on the amino

49

acid sequences of M. lamarckii
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2 FEUESFHE L P MT mRNAR % Rk R
Fig.2 The different expressions of M7 mRNA in five tissues of

M. lamarckii

RN FABA RAMI-MTHEE K R E KV 5 75 2 2 57 1835 (P<0.05),
RN E R (P<0.01); TIH

*means the expression levels of MI-MT gene in other tissues were
significantly different (P<0.05), **means the difference was very
significant (P<0.01); the same applies below; Vm. Visceral mass;
G. Gill; Am. Adductor muscle; M. Mantle; Af. Axe foot

23 EMTEEE Cd 8 FTHRESIT
W 3R, S0 AL(Cd®: 0.00 mg/L)SE 5 HH
[ MTF L&A KA, 9256 4 P I B M THE
Cd”" oyt IR ] £ 28 K S22 B L R RV B fy b i 3k,
HARRI N B -K- - (0—48h. 48—96h) [
IR . 6hFFaR 2% 1S T, 24hF172h K H5 56 U4 AT,
SRS IR TR 7.465 . 2 R8T, A
RIS A ] MI-M T 25 5 35 i T X HR A, FRehLA4H
FAR N 1] 55035 55 0 HEZH A7 AE A IR 35 22 7:(P<0.01)

3 iTig
3.1 EMXMMTEREMERZESH

SREMEARL X ZHAETEMENZI
RE SN/ N T ERABRIE, LB &
VFESRBITERfEM LR EmE .
KFMTAEE LRI —J7 T, 4549 Thig
ARER BT B NEMIEN UG, AlRGE 30
MTEF RS BN RN 2 mmRNA 5%
KA K EMTE A, B AR 5F Cysh 33 (-SH)

GERETRE YRR, [ H

15 FIP= A2 1 1 e s ik B B s B —y
I, Fmd S 505 — RKRIMBEHE RN G5
A 3o TR 25 DT R 1 51 R A DG TR A 3R AR Ak, T RS
B 75 4F FH 4 1 2 0 A TE 5 10 2R B 30 20 AT
FIEITRACEEAR, Wl | A UG MI-MTH) 4
KcDNAFF, Hegmfid 76N R IEMR, HA - =R o
27%. BEAh, MI-MTSRIS I E A H 16 MTR A
Cys-X(1-3)-Cys&i#), 3 H B RS PIMT & [ (1)
Barcoding(CKCXXXCXCX). S#HARINYIMT 4ifl
()28 JE R LU X R B Cysik 38 4 A i FE AR 57 . AIEAL
PR UK EL, PG, 25, S350 R AL Rsh )
PIMT & Ja NS — 3, TMI-MT 5 5 K 2
TEEMESN Y P RAR SN — L. TN & 8 i 2
H 2R A & IR AL e, R Bl RS,
AL T AR B ) AR R A
3.2 EXMMTERBAFTEFZHESH

MI-MTAS R H 2 qRT-PCRAEF 7 11 2 1k T & H:
BARIEAE TR I L 21 R R Rk, (BAEE— 2
PH AT S, HARIB BRI P > 88 22> P 52 1>
SNERESFRIE . %55 TS AR TS FAR L,
XATREH T NS FEE SRS, BF
BERIIPUEALRE F1, X E 4B IR R B A AR
CEVARE A (SIS i == R AR €N
DR M TR A B AR 5 s A e LA AU 4 iy
MR R, XA TR A U, BT ROEUR B2 R
TSR O P FEIA B 5 R B 1, S E A
JE ] BEAR SR P DA, s Bk B V5 Gk Ak, A&
JEFERM AR T 75 2, WS B RAE Rk, (HA
TRz FRARERERTHEBAAZIN, WA
FF R SRR AR T, KIS YR, MMTRIE &
b A, 3K AT RE S AR A I A TS R R 35 R ST AN
I T3l o
3.3 ENAMTEEECD P8 THRIE S

Cd™ Mk frimshh A g R T R, LR T
G R 2 W S 1 ON A W 2E RN 4 i O R g R 1 TR
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Fig. 3  The relative expression of MT in liver of M. lamarckii
under Cd”"stress at different times

PEH OIS (-SH) S &, 5] B 2 A R 0%, &
B G T M, AR AL, BN EEE AREY . T
MTH# NN A E X & EE EReS S
EeRMENRYHED RS T CERRK
B, MTHE: R 305 85 YRk i 5 4 )8 Wk R Ay
S () A B R IE RS . B, B Cd™ R R ik
JEESE RIS [B] (R 2 &, K AL (C. gigas) T A0 RR A
M P MTEF AN EILEREZT Y. S TAR
YLEAMI-MTI % Rt RIS M E AR 250", AL
T HR 7S ST U A s 2, BF T Cd” ke 75 S0 AR
[A] I 18] 'R MI-MT mRNA A R I . G5 R K
s MI-MT mRNA B I 8] ) 28 K 52 30 A 5] 7
(1) ERRIE, BRI -K-m -0 iR 281k,
%45 B A e AR T R 4
MTT R EEJRCA BN AR, 7
—ANERYI M R, 5T MTHE R Rk, Bl
MTHRIEEREF &, AR KENMTERYS
Cd™ 5 &y 2UMTHIF 5 1% BB R LI, RE 9509
JEEERMEE TR, MTE R WK 2 1E % RIAK
s HRE A A R MTE 35 AT R 48
AW G, MTRIE SR T BB BAR K, Toik
T A T 1 I ) B 4 e BRI, BT — R MTEE R
(107 i R SXAEIGES,, B 2 7 A T R mR N AAH
KRR, NI FE T EFEMTEFE AN R L= 20U
BRI B IR AR AL . Paul-PontZE 7R R 52
BRI % B4 (Cerastoderma edule)t IR Cd” 5 8%
KR, B8 Cemel 2 [N £ 053 J5 24h A 1 68hI A7 5%
1 2RI K, T AE 720 75 5 U4 25 ), PR
Jyetik it KBl o A FE A A H A ]
G, ANt A B R ) 2 S B A R R B 1 B R

15, Breh LAk, oAt [a) 55 35 5 500 B AH A7 70 A 0 5%
72 5(P<0.01), X 7] G5 A S50 BT FH 1 22 42 FESC
(Cd™": 0.13 mg/L)A 5%, Cd” P2 A 5 M 7E 7850
BEMT iR 85 A 52 Y0 Bl 2 9, 803 S B i o e 20
Ko WHARMH: MTRRFEFAKFEEZZHMAER
SO, AR RN R ZR s TR AR08 5% Z AN 1] 2%
3 3 2 TR, FEHR T MT mRNAYE JFREE 6 4
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Abstract: Metallothionein (MT) is a family of cysteine-rich, low molecular weight proteins. It involves heavy metal de-
toxification, maintain metabolic balance free radical scavenging metal elements and other physiological functions. A
large number of studies show that the expression level of MT can indirectly reflect the stress response of organisms to
the environment and the ability of detoxification of heavy metals. As a result, it is often used to evaluate the pollution
status of heavy metals and the adaptability of organisms to these heavy metals. Therefore, MT presently has been selec-
ted as one of the biomarkers of marine environmental monitoring by the United Nations Environment Program.

In this study, by using RACE technology to gain 636 bp of metallothionein (M1-MT) gene cDNA sequences from
total RNA reverse transcription product. The sequence contains 65 bp of 5’ Untranslated Region (UTR) and 340 bp of
3’ UTR in addition to 213 bp of the open reading frame (ORF), which can encode 76 amino acids. Of this, accounting
for 27% cysteine, no aromatic amino acids and there are 16 MT of the specific Cys-Xn-Cys structure, where the mo-
lecular weight and theoretical isolectric point were predicted to be 7.704 kD and 7.138 respectively. The MT amino
acid sequence alignment comparative analysis indicated that the M. lamarckii and Meterix lusoria were similar at more
than 88%, with M. meretrix homology of 87%. The quantification real-time PCR (qRT-PCR) detection showed that
there were MT expressions in five kinds of tissue of M. meretrix. These expressions had tissue specificity where visce-
ral mass had the highest levels, followed by the Gill filaments, adductor muscle, mantle and foot. In cd’ 0.13 mg/L ex-
posures of 0, 6h, 12h, 24h, 48h, 72h and 96h, the MT mRNA of M. meretrix visceral mass displayed different increas-
ing degrees of contamination time. Specific performance is “high-low-high-low” wave trend changes. Except for 6h,
the other time points compare with control group have significant difference (P<0.01). This study showed that MT gene
in the maintenance of normal physiological function of the body play an important role of molecular regulation in cd”
stress of M. meretrix.
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