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PEERTEOERBEEPIHERESTRESHL
FHET B OB ETR BREE BRACC

(ARAFEMDEEREYMZRSTENES EAATEREYERTRERESLRE 5 100871)
(FEPEHEYTRILSHEATREE &R 100093)
(REERTMHIAFEYFAXLTRE FREMN 488241312, £H)?

W R YAERKEREESEEES F(ou OPYHERESHE, R FHY T RE
PCC 6803 PERZ/NELRHT LW EMAE (MMT-1 cDNA), EXBHITE HB 101 hiygds
A smt O-Pf mMT-1 cDNA B 5 H £5 84 pKT-MRE, 28 # ¥, $£8 £ %%, Southern
 Western ZREAWESHETHWEEETRESE., A, A BB ESHE, HakT
HEECSLERAESHRE 5.0g, B 3. 5mg mMT-; HEEREE S RIESE TR S#
WERE SMEEENELRR TEREMN SRS TR, 0 F AN 2 %,

XA EK¥ PCC6803, MAERAES-1,sm O-PRE, WA, HEEEH
EHoEE Q78

HREAAEHFENNFEZMEY, 24T 2, ERELHEFEREDTRE R
R EBLERAAENYE RS AEEEL AR EEKER. 1957 £, Margoshes Hl Vallee %5
D E B & WAL 3 # & R 5 & B ( Metallothionein, MT) JE1, 1972 4, Maclean 75 85 38
LRI T KL LR S R, 1979~ 1988 47, Olafson %4t WA T # —F B3R, I
AL HERE MT, H2,XIMEEMTHERESEIIEWMATY MT 1L, B
REFHE Zn* , TMHIY MT ¥ - SHEX FRSBRITREREN CEL MES
BEFEAT Zn® 131993 £, Huckle S7E R BRBEF /- 35 1 3 MT £E™; BB, Gupta
FMATHBIIEE sme O-PWEBBEFERMERANSG. A9:Qsme OPR—T%
BRESED T, & BARESH:QSRBEFUESREAEREAT smt OPH
MAC(Metal associated complex) K%, JH# sme EEHEFD,

FXTHREEGESREAFEIRBNHEADY/ DR MT-1 ZE(mMT-1 cDNA)Y
BE sm: OP M €8 8% Ri5 B T (Metal regulated element, MRE), § A K HI %
PCC6803 H, HIT& B EIRBRAMEE mMT-1, HERMN THERMN FREEXESAE T
WZEENEHER, ARREETIEBHART THEENEE,

EHRBREKE 863 EWEHATE ££ A (No. 863-103-21.09).
» B . AETEREREE 15 SFEAFETEE 100101,
*» BER A, Tel:(010)62751842,

W H 1 :1997-07-02, £ ] H $1:1998-62-29,
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1 MHEE5FH*

1.1 #ES5EN

R pBX-MT B 3 EH 4B A% R.D. Palmiter 3 ¥ W% ; FOR pRL-439 I pKT210
PR REFEREMNILKRE P.C. Wolk MEBWE; B3I F sme OP Wik SIS FER
HER 117bp B9 DNA H B Fr AR5 5 £ F Promega 208 P55, A E HHE Serva 207
7 fh, MR FEARIC Southern KH A AN BEER B AT M.

KB PCC 6803 % 26T, B (F3R X 30001x) I H (538 /D T 1201/ min) 4 T
EFETF BG-11 AR BHERE 15d B FeEAE, ERILREE 7d fFen
i,

1.2 FRFEAREOR

A pRL439 BRI ZE#E L sm: O-P RIRA mMT-1 (DNA K BJE & pRL-MRE, B 5
pKT210 A5 H R BEZE Al 4F B 0 I 38 b MR BB MBI pK'T-MRE, Ll LR ¥EH R4
TRETFHPEATRY, B TR ST M ERHFE HB101 kT,

1.3 EB.%%5 Southern X ¥ £

20ml 1 ¥ 7 3t B AR S5 B8 0 (30001r/ min, 10min, 25C)WEHBREERZTHE
RETEE/MAY BG-11 $53r &, S35 1.1 1, 10, 100 #1 1000 FHBEH B R MR EE
5 200ng HFHFETR DNA BREFIEIE 6h 5, OB AELE NCELE, B F50.8%
BASH BG-11 B R ERE RIS 3d 5, KRKEM 3d BB 5,15, 25:mol/L # B
E(Sm)M B EHITRERSR, i Sm A% TER 25umol/L Sm # BG-11 11§
% (120r/min) ¥ 3% 7d /5, #BUFR DNAP) 32 BamHI-Bel 11 #1LJE, i Southern ¥ 7%,
FHPpERBA.

1.4 £MFFHILF SDS-PAGE!’

fESOpmol/L Zn* F#R TFTAFHEEKPTHMNERAN, ST LRSS, E& T
0.1mol/L Tris-HCI, pH8.0( & 20mmol/L DTT), IK7K B BB (155 X 6}, BL-(150001/
min, 4T, 30min) B L E SRR, 8 FERAERKPRE 3~ Smin, 2K 30min /55
DHE B, SRR —E#TT SDSPAGE(5% W 45RE, 15% 2 BB, 8 E 90V, 45min J5 4
RIEE 120V, H3k 2.5h,

1.5 SMREAN/MRRIESH

100ml JFE Sm(25umol/L) e K T 555 3d J5, # A SL 8% BG-11 HFHED
HHEIF 6~ 8d, R A ZnCl, W E Zo* " KK E X SOmmol/L, B OUE . BEk R PR
ERA, M EHCGEER 1.4), 2B B ETCRER AL, S ETF R AEER
HE W EFEEBINRLNIE aMT-11,

1.6 REAEREEMEFHRPLEREBLENE

—HEAMERNTT R EE MR T EREMH S E a 7] I REE ODggs
(ODgss X 4.5 x 10° = HHAX/ml), 2 L 18 BB ODges BN A RS PIE MR E 38
5, R & R IRBE ) B3 ODyges — B A4 f 2R, H S BRI L.
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2 # K

2.1 EFRFARBHEGR

ERIFEREITF sme OP RAFARNMPEE B FEWGERXH4,5)). TRPIE
pBX-MT £ mMT-1 &##H (Bgl 1--BamH 1 )5 smt O-P WX EHRAEEE ST
ERFEFEREMBIT(MRE), pKT210 L4 RSF1010 FHIRAM BB M EER YT
BE, NAHRT —MEXBHERNERFTHS  AHNBEN oMT-1 £ RBESE
L& pKT-MRE(® 1),

RSF 1010

M1 FHEERK pKT-MRE f#2
Fig.1 Shuttle expression vector pKT-MRE construction
FHRFERE pKT-MRE F 15kb EEBERK, REBEN T BRRAEMLS, B
AEGFHAERAR, EXBAETES Amp” & Cm" Hitt, MAREF Sm™ itk E
Rk, SMNERE mMT -1 DNA(Bgl I -BamH I F B, ~300bp), B FF £ 183bp,
S ol MEERK/DEEBRAES, EAHERAEBREEOETNSRESEN, L
HER « BN TESR Cd R ELHE AR INBERTKTEHD.
2.2 HRERKRNHES
MEARBUEHERMAREHIRA T EFTRINKENHE XY BG-11 B
FELERL 15d 5, BRI FHEN 4 PHEERE; 5 A AREERED, BS K
BARERKE, BR -2 &, BE BN ERREEFMHERE, # Southern
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EXEE(E 2),

BT EREETREFAESER ", ENEARERNRERNABRSHREE
W sk, (B2, B PCC 6803 MM BEH —EHINE, KA T L
EEFOLEFRARERNBER PO ERBHL. AN BRXESRFILHR

%112 i Southern 4 ERHERBEHER, XRESR XA LR BHRA, FHFRE.
kDa

B %40

| 670

43.0

30.0

-2 645
-1 605
-1 198

-676
<517

20.1

14.4
-3%6
-350

-179
A B C D 1 2 3 4 5 6

3 SDS-H PR A d 3K
Fig.3 SDS-PAGE of cyanobacterial extract
1. Heat-denatured wild type; 2. mMT-1 standard;
3.Sample; 45 . Heat-denatured samples; 6. Protein
MW marker

B2 #EMEBEM Southern HETEF
Fig. 2 Southern hybridization of transgenic
cyanobacteria
A.pBX-MT; B.Sample 1;
C.Sample 2; D.Wild Type
2.3 FiAF% SDS-PAGE
ME 3 FRERE R TR EWNE 1 JLEFRARHE B4 RS 5H%E mMT-1(8
DE T EFHHE AL, 74 10kDa, 20kDa & 16kDa iR & &#, FEHF KM N
26.5kDa I RHGHE I NLERALU LB AW, S TERAEANXERHEQATE—
ERT A, 3~ Smin BB ESR KT S REOBHTE, ATHRIL KA mMT-1
REWE FHEB MT(cMT-like) ; {2 mMT-1 1 cMT-like ¥ SDS-PAGE 1T HEHIA K
x, AT EBARDS FEY 10kDa, FE K 9.0kDa £V, MH, h FE&BREL NS
FRAREIEE R, mMT-1 7E SDS-PAGE A 3L 8.4k (10kDa ) fI S {£ (20kDa) '), cMT-like 1
F I K k(8. 75kDa) F1 =k (26.5kDa) *!, #E SDS-PAGE FEFIRHE, HEERK
FEBHBTREB#H— L4 , BT o HHKEERABEMBNS T,
2.4 HEZEONHALTET
SMEE 7 SOmmol/L 9 Zn* ' BS TR BIHRE, HRBEBORHITER T E(H 4), B
Higk 2 BHEFRHEN (B 5)dik; e, B FERET PSSR F RN & ER
A EERAR, KT REAEREES T (R DEEAN, B S +$E 1 SHA Y MT
MRS EE, HRIEZ B (OD,s, : ODygo iy 3~4 Z ) EABERRA R (30% L EHY2RE
EMTE RESTREER, RENEKEEER) SHERBEFTS, B IREREY
NEEE oMT-LEEHEITSERERER MT-ike(FERZHEZHTM), LRY
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1.2 7 1.8 1.¢
22 Tdlsam e i
B 1.4 —’
2 a 1.2 };
2 g £1.0 2
% E % 0.5 E
g 'é o 0.8 §
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B4 SREERREITZYERAEER

Fig. 4 Gel Filtration of cyanchacterial ex-
tract

Mediwmn. Sephacryl 5100; Column. 2.0 X

100vmn; Buffer. 0.01mol/L Tris-HCl, pHS. ¢;Flow

6.2

_ MY

5 0

15 20 15 3¢
Tube numble (3ml/tube)

0

S5 REFUHNBTXHRENSEL

Fig.5 Ton exchange chromatography

reate. lml/min { NaC1}0—~0. 5mol/L

R SLABRMERRPWEIIBRE S 0g(TEAR 0.52), DiEEH mMT-1 £
3.5mg; TIH, B FAHERFOMMMFKMEET T HE, EF oMT-1 SERF IR AERA

MR RS B E O F 2 R R,
IRARAR N 10ml, REFETHRECA 1.62ug/L,
AW 10 B WS K ODugp o 9 1.054, B ILF
EWHEOREZSRF-(OBEEER S B 1K
ODpsaneit H mMT-1 E R BT S EM 2.5% ;8 1
FERFEFREETESE aMT-1 S RS RY
11.5%: ()FEER S, A5 mMT-1 £ 3. 5mg, &
0.5¢ WETEHEY 0.7%, WHEZRF WAy
BROUBAEMRBEER(AFT 5% EH)SHE,
fEIFHRIT 1.5% U k.
2.5 BEAKENSRETERENES
TRER(B6) B, FEAUEEESH
100mmol/L Zn?* 8 BG ~ 11 £5FE 3 P RE LIS R &y
FREFEK MELMNEREEEEKARX
In’ " BRE R S0pmol/L, LA BEAMNEE, 5
TERENTERE TR | FNEIEHL. BEX
B, SR S BB T (S0mmol/L Zn®* YWARE
FIFTLA S G L AR B4 MT — like JEHEN B ; 7580
WS B T (100 1 150mmol/L Zn?* ) £ IE
TNFEIE oMT -1 EREER P LA ER

© R ERF R

Medium. DEAE-Sepharose F.F. 3 Culumn. ¢2.0 %
10em; Buffer. 0. 01mol/ L. Tris-HCI, pHB . 0; Gradient.

1 BFUBKBEREGNERASE
LePig]
Table 1 Analysis of peaks in ion exchange
chromatography
Amino acid numbers per molecule
Peak 1 Peak 2 Peak 3 Peak d
Cys 18.5 9.1 10.4 20
Asx 4.0 6.3 6.3 4
Thr 5.2 5.6 4.0 5
Ser 9.1 4.0 4.9 9
Glx 1.9 3.1 3.2 2
Pro 2.2 3.2 3.1 2
Gly 5.1 7.3 7.4 5
Ala 5.0 6.0 5.4 5
Val 1.8 2.8 31 2
Met 1.1 . . 1
ile - 2.1 31 -
Leu - 4.4 3.0 -
Ty - 1.6 1.1 -
Phe - - - -
Lys 7.4 2.1 2.1 7
His - 2.0 2.2 ~
Arg 2.0 1.2 -
Total 63.1 61.0 59.4 61
SRR FTEITIRC S 4R4EEE  http://journals
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Fig.6 Growth curves of cyanobacteria under different concentration of metal ion(Z2"* }

A. Transgenic gynechocystis sp. PCC 6803

Zn?* /mmol- L™, —#—50; —0—100; —2—150
B, Wild type as negative control
Zn** /mmol: L™, —e—25; —e—50; —O0—100.

3 i #

A TR T BERE PCC 7942 ( MT-like Z SR — W R, EHXR{]
K, BEA Y MT-like £tk LB T RESEHRED, HEBEHANYH TS MT X
W, MIERLEGKFR MHEENTESR ST RERTEY C4*,Pb’ S5 51 ikE
BHRHD, LR P IEIE oMT-1 ERSABRS, BT AEERPTLRBESHT
MFIEH smt O-P BEFHE mMT-1 HERBRIBESFEET, BB T 1.5% M EEE™
H;Em, EEFEEEEER THEBM 2K T H SOmmol/L 753 100mmol/L, 3 3f
BYMERE FIHERENSEERN0.43ug/L 8T 0.95ug/L, T B, S BEFERF
AREEFHE FREREPRIEROHIE. B, RN, A oMT-1 BEEKE X
TERBEFTHIATRARIMERL, ARB T AL ERENNEBEFHEERHE.
HFERZEFTR2TEE S, UL TEEERHANERSBE R AKAESLES
FHER B AN A HE.

HTPRERKEAOMNERERIBER(1/34K), MAHE RNABREN RS
HAR TR, FLREUNEXHITE . BS ERARENEI LY E IR T,
M ERGFREEY, EEXRENERBTHEST, BEERFH MT-lke Fik i 80% LI
EMABRENERETF XA TEENER AR, # S ERIEEFEHXEZKTE,
RIESHAY MT ZEMEETLESEZRARESN, MR EREEFH9 MT-like
H,EAENERENHEEATHE LAY smt O-P BRI EXRAFLHRERERE
HRBEEN—HE,
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A ELREBERE P FAMADY MT EEFH THELSRH T REFHERERY;
EHEZNERYATERARGFTRANAEEED BARSBEASNFR SR RE
N ERFAAHRITR.
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Metal-induced Expression of Mouse Metallothionein-1 ¢cDNA
in Synechocystis sp.PCC 6803

Guo Xiangxue Zhao Hui Shi Dingii! Xu Xudong® Ru Binggen
{ National Lab of Protein Engineering, Department of Biochemistry and
Molecular Biology College of Life Sciences, Peking University, Beijing 100871}
( Lab of Fhotosynthesis, Institute of Botany, The Chinese Academy of Science , Beijing 106093
( MSU-DOE Plant Research Lab, Mickigan State University, Michigan 48824-1312, USA)?

Absiract Cyanobacterium MT-like promoter{ smt O-P) was used (n expression of mMT-1 ¢DNA in
Synechocystis sp.PCC 6803 to enhance metalbinding ability and specialty. Shuttle expression vector
pKT-MRE was constructed in E. cofi (HB101), and through triparental conjugated transfer, Strep-
tomycin-screening, Southern and Western blotting analysis, transgenic cyanobacterium clone was ac-
quired. The cultivation and Zn® * -inducing of transgenic cyancbacterium were carried on , and the for-
eign mMT-1 was purified through the improved gel filtration and ion exchange chromatography.
About 3.5mg mMT-1 were obtained from 5g wet cyanobacterial cells in SL culture scale. Cyanobac-
terial metal-resistance measurement indicated that the expression of foreign mMT-1 enhanced the

transgenic cyanobacterial metalresistance to two titnes than the wild Synechocystis sp. PCC 6803

Key words Transgenic cyancbacterium, Symechocystis sp. PCC 6803, mouse metallothionein
(mMT)-1, smz O-P, metal-induced expression
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