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Linnaeus) ''*! ,

, MT ,
, MT
, MT
1
1.1
1.1.1 ,
2.2~2.5cm, 2.0~2.2 cm, 7.5¢g,
DH5a BL21(DE3)
pET-32a ; RNA
RNAfast1000 ( )

; DNA Gel Extraction Kit Plasmid Miniprep
Kit Axygen ; PCR SYBR®Premix
Ex Taqg'” M-MLV RTase cDNA Synthesis Kit

pMD-19T T,DNA
Xhol BamH I TakaRa ; PVDF
(0.22 pm) Millipore ; DyLight 549
IgG PIERCE ;
Hig-tag IgG-HRP HRP/DAB
Novagen R
1.2
121 RNA cDNA
, 1000 g ,
RNA RNA,
RNA RNA ,
Oligo (dT)y , M-MLV RTase
cDNA Synthesis Kit cDNA
1.2.2 RT-PCR  PCR
GenBank MT (AAS75318.1),

pET32a ,
P1: 5'-CAGGATCCATGTCTGACCCA TG
TAAATG-3', P2: 5-GACCTCGAGTCAC
TGGTT AC ACGGACA-3'
BamH]1  Xhol cDNA ,
Pl P2 PCR £ 95°C
3 min; 94°C 30 s, 57C 45 s, 72°C 45 s,
35 ; 72°C 10 min 1.2%
230 bp ,
: DNA
DNA Gel Extraction Kit PCR
, T-A pMD-19T ,
DH50 ,
Amp( ) LB
Plasmid
BamH 1/
pMDI19T-

, , Axygen
Miniprep Kit , PCR
Xho 1
MT
123
, BLASTp
, Clustal X
,  MEGA 4.0
7 MT

1.24 MT

GenBank

MT cDNA ,
PCR Real-time primer F: 5-TGCC

GGCGATAACTGCCGAT-3', Real-time primer R:
5'-TGTCA CTGGTT ACACGGACACGA-3'

5 RNA, RNA
cDNA , 3
PCR cDNA
, p-actin , p-actin

p-actin F: 5'-GACTCTGGTGATGGTGTCAC
CCA-3', p-actin R: 5-ATCTCCTTCTGCATTCTG
TCGGC-3/, Bio-Rad iCycle 1Q5
PCR (Bio-Rad Laboratories Inc., )

MT PCR
, : SYBR Premix Ex Taq (2x%)
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12.5 uL, 10 umol/LF R 0.5 uL, cDNA 1L
, 10.5 L, 25 uL
3 95°C 30s,95°C
5s, 58 °C 25s, 40
PCR , Bio-Rad iCycle 1Q5
PCR ,
CT (222  MTmRNA
[19] 3 n
(¥+£SD) ¢ ,
, P<0.01
pET32a-MT
pMDI19T-MT , P1 P2
PCR , BamH]1  Xhol
MT pET32a  ,37C
MT PCR ,
pET32a ,

P<0.05
1.25

T,DNA
16°C
pET32a-MT
Pl P2

DH5a,
,37°C
BamH 1/

PCR
, PCR
Xho | ,

5puL
, LB + Amp

BL21(DE3)
,37C
1.2.6 pET32a-MT
5 ,
1 mL LB+Amp

pET32a-MT(BL21) LB+Amp
, 1 100
, 37C
0.5 0.6
1.0 mmol/L, 37 C

1 mL
ODs0o
0 0.5

IPTG
4 h, 12 000
SDS-PAGE
Western blot
SDS-PAGE
(PBST + 5% )

r/min 1 min,
1.2.7
(Bio-Rad)

PVDF ,

s His-tag 2h,
PBST 3 ,
(1 5000), l1h 3,
HPR/DAB
1.2.8
LB+Amp
37°C , 1 100
200 mL LB+Amp ,
37°C 3h OD¢oo 0.5 0.6
IPTG 1.0 mmol/L, 37 C
4h , I mL )
50 mL 12000 r/min
10 min R 10 mL
PBS, (300 W, 5s,

10 s, 8 min), 12 000 r/min
, 12% SDS-PAGE

10 min,

>

His-Tag ,
1.2.9
Bradford % ,
; 1 mg
; 2
, 0.5 mg
; 1
3 4 , 4 ,
(ELISA)
«C ) ,
pET32a-MT ,
IgG, (OPD)
1 500 1 1000 1 2000 1 4000
1 8000 1 16000 , 492 nm
(ODa92)
ODy92 5 >2.1
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,>2.1 <1.5 ,<L.5 2
1.2.10 Western blot
2.1 MT
o
10 (VIW) PBS( 1% NP40, RNA,  RT-
1% Triton, 0.1% SDS, 0.5 mmol/L EDTA, 1 mmol/L 5
PMSF) 12000 g/min 5 min, PCR ; 30 bp
[20] 60 g , 234 bp( )s
12% SDS-PAGE g ; MT ’
Western blot , 1.2.6 GenBank
, 4% 4°C , 30% 21 Cys
,OCT (Leica 8 Cys-X- Cys
CM 3050S R404A) ;5% 2h 7.9 kD,
, MT 1:600 PBS , 4 °C 7.76, Cys 27.3%, Lys
; PBS 23, DyLight 549 14.3%, Clustal W
IgG (H+L)(PIERCE), 37 C MT 7 MT
30 min; DAPI , , , ) MT 7
pH 7.4 PBS 2~3 5min MT  Cys
) (D
LSM 510 META 2.2 MT
GenBank 7
TeMT AGDN--[MR[MDEE? PACE
SbMT ASDH- ~MEWDFAE bl C 3
CaMT PPIG--MEXMGFG M=
HcMT GESTGDMRMGED kad I3
MIMT SESTTIG-MRWMCAG P
CMT TAESG-MRMGTG HMF
MeMT SGEG--MRMGDA (S
PmMT PASG~--MCMGST HiMF
TeMT eBvo 77
SbMT i3 C R 75
CaMT 5 C s 75
HeMT sz - 71
MIMT SE ~ 76
CIMT s - 73
MeMT 5 CEE 74
PmMT Si=N 75
1
Box 1 Box?2 MT GenBank : TgMT, ,AAS75318.1; SDMT, R

ACH99846.1; CaMT, ,ABC69708.1; HcMT,
ABMS55725.1; MeMT,

Fig. 1

, CAE11855.1; PmMT,

Alignment of amino acid sequences of metallothioneins in Tegillarca granosa and other bivalvia

, ACS44750.1; MIMT, , AAS92877.1; CIMT, R

,ACJ22893.1.

The special regions (box 1 and box 2) in MT are flamed. GenBank accession numbers of the metallothioneins in the figure are as
follows: TgMT, Tegillarca granosa, AAS75318.1; SODMT, Scapharca broughtonii, ACH99846.1; CaMT, Crassostrea ariakensis,
ABC69708.1; HcMT, Hyriopsis cumingii, ACS44750.1; MIMT, Meretrix lusoria, AAS92877.1; CfIMT, Corbicula fluminea,
ABMS55725.1; MeMT, Mytilus edulis, CAE11855.1; PmMT, Pinctada maxima, ACJ22893.1.
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) MT , MT
, 82%; R 63% ( 4 R
; , MT ;
MT ( 2), 25 MT BL21(DE3)
23 MT pET32a-MT pET32a-MT BL21(DE3)
BL21/pET32a-MT R IPTG
pET32a-MT : :
: 3 28.3 kD 1 (
2.4 PCR 5A), , MT
Real-time PCR  MT IPTG pET32a
W—————— el Tegillarca granosa AAST5318.1
89 | Scapharca broughtonii ACH99846.1
31 VT4 LG Crassostrea ariakensis ABC69708.1
UG UL Mytilus edulis CAE11855.1
“FHWIE Hyriopsis cumingii ACS44750.1
W 300G Meretrix lusoria AAS92877.1
|.| I Corbicula fluminea ABM55725.1
KEREE] Pinctada maxima ACJ22893.1
P
0.05
2
Fig. 2 Phylogenetic relationship based on deduced amino acid sequences of several MTs
- b M1 2 BL21 (DE3) : 20.4 kD
( 5B) , His- tag
5000 5000
IPTG pET32a-MT pET32a
( 0)
BL21(DE3)
26 MT
3 BamHI1 Xhol pET32a-MT 7 MT SDS-PAGE
pET32a R MT
A: M. DNA ; 1. pET32a-MT ;2. BamH | MT
Xho 1 pET32a-MT . ' ' .
His-Tag
B: M. DNA ; 1. pET32a ;2. BamH 1 Xho 1
pET32a ’
Fig. 3 Electrophoresis analysis of restriction enzyme diges- 2.7
tion of recombinant plasmid pET32a-MT and plasmid pET32a
A: M. DNA marker; 1. recombinant plasmid pET32a-MT; 2. re- MT ELISA
striction enzyme digestion of pET32a-MT by BamH | and Xho I . 1 2000 MT

B: DNA marker; 1. plasmid pET32a; 2. restriction enzyme

digestion of pET32a by BamH 1 and Xho | . Western blot

8)
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7
b
n=3x+8D
6
P 2.8 MT
=
A g , MT
= 5 3t ABb
9 , DAPI
E
z
MT
Aa
5 >
H
( 9B),
( 9A) MT
4 MT ,
F. ; G ; D. s M. ; H. ;
(P<0.01);
(P<0.05). 3
Fig. 4 Expression level of MT gene in different fissus of 7e-
gillarca granosa MT ,
F. foot muscle; G. gill; D. digestive glands; M. mantle margin;
H. hemocytes. The foot muscle was used as a control. Different 234 bp, 77 >
capital letters donate extremely significant difference (P<0.01), and MT
different small letters donate significant difference(P<0.05).
Cys  27.3%, MT
, MT Cys-X(1-3)-Cys , Gly ,
: 9.1%, MT 2,
) MT
kD kD kD
30— 30—
«— 283
20— 20—
A
5 pET32a-MT(A) pET32a(B) BL21(DE3) SDS-PAGE
A M. ; 1. BL21/pET32a-MT ; 2-3. BL21/pET32a-MT 0.5 mmol/L 1.0 mmol/L
IPTG .
B: M. ; 1. BL21/pET32a ;2. BL21/pET32a 1.0 mmol/L IPTG

Fig.5 SDS-PAGE analysis of pET32a-MT(A)and pET32a(B) expression in Escherichia coli BL21 (DE3)
A: M. protein marker; 1. recombinant BL21/pET32a-MT without induction; 2-3. recombinant BL21/pET32a-MT induced by 0.5
mmol/L and 1.0 mmol/L IPTG, respectively. B: M. protein marker; 1. recombinant BL21/pET32a without induction; 2. recombinant
BL21/pET32a induced by 1.0 mmol/L IPTG.
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kD Cys
Zn Cu Cd
1 C-K-C-X(3)-
283 C-X-C-X 2, MT 1
204 ( 1,Box1) C-
1 C-X-C-X(3)-C-T-G-X (3)-C
-X -C -X (3)-C-X-C-K**, C
, MT 7
6 pET32a-MT  pET32a BL21(DE3) , MT
Western blot C ( 1,Box
1. BL21/pET32a-MT ; 2. BL21/pET32a- 2)
MT 1.0 mmol/L IPTG ;3. BL21/ pET32a ’
;4. BL21/pET32a 1.0 mmol/L IPTG 4
Fig.6 Western blot analysis of pET32a-MT and pET32a
expression in Escherichia coli BL21 (DE3) using ’
His-tag antibody >
1. re.comblnant BL21/pET32a'-MT without induction; pET32a 1 6
2. recombinant BL21/pET32a-MT induced by 1.0 mmol/L IPTG;
3. recombinant BL21/pET32a without induction; s R s
4: recombinant BL21/pET32a induced by 1.0 mmol/L IPTG. 24]
, MT Cys-X(1-3)-Cys , 8
Cys-X-Cys , 1 Cys-X-X-Cys , 6 MT cDNA ORF
Cys-X-X-X-Cys , Cys pET32a-MT, BL21(DE3) ,
kD kD
972
66.4
443
29.0
283
7 pET32a-MT BL21(DE3)
M: ; 1: BL21/pET32a-MT ;2,5: BL21/pET32a-MT 1.0 mmol/L IPTG ;3:
BL21/pET32a-MT  IPTG ;4: BL21/pET32a-MT  IPTG ; 6: BL21/pET32a-MT

Fig.7 Soluble analysis and purification result of pET32a-MT expressed in Escherichia coli BL21 (DE3)

M: protein marker; 1: recombinant BL21/pET32a-MT without induction; 2,5: recombinant BL21/pET32a-MT induced by 1.0 mmol/L
IPTG; 3: supernatant liquor of BL21/pET32a-MT lysis product after induction of IPTG; 4: sedimentation of BL21/pET32a-MT lysis
product after induction of IPTG; 6: recombinant BL21/pET32a-MT after purification.
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kD , MT
MT
MT MT
, Real-time PCR  Western blot
,MT
7.9
8 MT Western blot [25]
1. ;2. ;3. ;4. ;5.
Fig.8 Western blot analysis of MT gene in various tissues of
Tegillarca granosa [26]
1. mantle margin; 2. gill; 3. foot muscle; 4. digestive gland; ’
5. hemocyte. 5 >
IPTG MT , 27]
B
pET32a MT
’ b
[28]
, MT ,  TgMT
, MT

Fig. 9 Immunohistochemical labelling in digestive glands of Tegillarca granosa with the antibody against TgMT
A is negative control showing no immunostainoing singal. B shows the presence of TgMT in cytoplast (arrows).
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Identification and subcellular distribution of metallothionein from
Tegillarca granosa

XIE Jiasong', XU Ting', LIU Wei’*, HE Zhongyang’, WU Xinzhong'

1. College of Animal Sciences, Zhejiang University, Hangzhou 310029, China;
2. Faculty of Life Science and Biotechnology, Ningbo University, Ningbo 315211, China;
3. Fisheries Technical Extension Center of Zhejiang Province, Hangzhou 310012, China

Abstract: Metallothioneins (MTs) are low molecular weight, cysteine-rich, metal-binding proteins. MTs are
thought to be involved in the cellular detoxification of metals (e.g., Cd and Hg) and homeostasis of essential metal
ions (e.g., Zn and Cu) in mammals. However, little is known about the functions of MT in bivalves. We cloned the
cDNA encoding metallothionein of Tegillarca granosa (TgMT) using RT-PCR. The open reading frame (ORF) of
TgMT was 234 bp encoding a polypeptide of 77 amino acids with a predicted molecular mass of 7.9 kD. Phy-
logenetic analysis suggested that TgMT was most closely related to MT from Scapharca broughtonii. We con-
structed a recombinant expression plasmid (pET32a-MT) by inserting the TgMT OREF into the prokaryotic expres-
sion vector pET-32a. The recombinant TgMT was successfully expressed in E. coli BL21 (DE3) following induc-
tion with IPTG. SDS-PAGE analysis confirmed the expression of TgMT, which had a molecular mass of about 28.3
kD, in agreement with the expected molecular weight. The recombinant protein was primarily expressed as a
soluble protein and was purified by Ni-NTA His-Bind Resin. We injected the purified TgMT into rabbits to obtain
polyclonal antiserum against TgMT for use in immunoblotting experiments. Real time PCR and western blot
analysis revealed that TgMT was distributed ubiquitously in a range of tissues. Expression was highest in the di-
gestive glands of T. granosa. We performed immunohistochemistry using a laser confocal microscope to examine
the cell distribution of TgMT in the digestive gland. TgMT was primarily localized in the cytoplast of the digestive
tubule epithelium. Our results provide insight into the utility of using MT proteins for environmental monitoring
and into the mechanisms controlling detoxification in 7. granosa.

Key words: Tegillarca granosa; metallothionein; prokaryotic expression; tissue and cell distribution
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