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Fig. 1 The construction of the integrative expression vector pKGC MT
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Fig. 2 Identification of vector pKGC MT
I: pKGC-MT/ EcoRV: 2: 100 bp DNA ladder;
F: pkGCG-MT/ Hind 1L

2.2 HEEEMNETE

2.2.1 mMT-1 3EPAEWE BEIE 4] DNA L) %
#r MW PCR ¥ 458 (| 3) nTBLEH, HAE
A RIR AR pKGC-MT (1553 PR i 3 ik R 41
DNA Frf Uy I S mMT- 1 FEPIR/NAH— 3L
(11200 bp F B, 1 HF AR EE A AT, X U0 AR JE 2
Kl mMT-1 AR EILHNA DNA L.

! 2 =

bp

Fig. 3 PCR of Synechococcus sp. PCC 7002
I wild type; 2: transgenic strain with pKGG-MT:
F: 100 bp DNA ladder.
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Fig. 4 Western blotting of Synechococcus sp. PCC 7002
I: standard MT; 2: ecyanobaterium transformed with K5 glnA;

3: wild type; 4: eyvanobacterium transformed with pKGG-MT.
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Fig. 5 Growth curve of Synechococcus sp. PCC 7002
+—«: wild type in medium A; o —we: strain with pKGC
MT in Amp medium ; & — a : strain with KS glnA in Amp

medium; = m: wild type in Amp medium.



+ 152 -

A pKGC-MT I8k KS- glnA [R5 55 R334 fig /e
A Amp FIRTFRBP AR, XRWPEAA LT Amp
PUHEIE R AR W B Rk, R IE R A Amp
vk, W, WAEKIhZ&PETT DG, S5
EIEFRE IS T AEKMLIL, ¥ mMT-1 3
L 2% B AR IR B R DN 8 1) A K B e b, A U
AR, XL glnA fEABEG RS
S W A e TR SR K R 1) A K
3 i ®

FIURT,  A0UE kPR 7 R 3 b R s AT P Ay
2 DI TR 247 75 508 i [R5 T 20 4 45 $115E
[N4] DNA . #ra v H Lese) iz, HAG 4R IE
RHER . IR AR S ) iR A )
Y173k, WIRT LI 0 Ah 9 3 D8 RS e 4 %Eﬁﬁ
ST Rl P [ 9 A 2 AT O T R R
%%%&Mﬁqu@%ﬁ%L,MN%&wmm
A ARG IR g AN TR (R 4 i 32 B4l A=
MRS psbB AT Al 3k PR AR K 52 240
H g S PRk, EA T R R AT BEAE N
21 DNA P fE T gind EF K BIERIES T A
SE AR KW, BUEASFE glnd, AMNEIENR
mMT-1 8GRI EIE 4] DNA b, Jf B
FEPREE ) AR KA B AT B, RO Z B8k, X
WRE—BUE T S0k [ 12, 17] KT GS AEE
BREE 7002 KT A M AL AH glnAd &R AR
X SRERTE 7002 A=K A AR FH R B IE AN 28

I Ah,  AHIE ST B B Bl A B PR S B P
PepeB. 7 PepeB (IR BNT, MBI mMT-1 15
Wb 15 B 800 ug/ g, T PpsbA 1524
JAEh I 2 A ST I W R BT
PepeB 0] LI K 3 2h 0 U5 5k R 7 0 i b &k, HLIL
A Bl Dhfigss TS IS 31 PpsbA.

mMT- 1 76 88 i Rk it A e, (HYS
[ e M5 HE DR 7 W 3 R 0K 1 d v K LS M
AT —E M ZE, P, 74 Ja I TAE L 7 2
e fERIE AR BN RN SD A &
IEFFBVE IO, ERIE R B B 37 R IE B
F&M, AR pe BHITIHEB DRI FE T
P, R E AN IR mMT- 1 A WS
Ik HE

2 £ X M

I Vallee B L. Introduction on metallothionein. Methods Enzyvmol,

S F 5L MR HER

12

Prog. Biochem. Biophys. 2002: 29 (1)
1991, 205 (1): 3~
Ren L. Shi D J.

metallot hioneinr

Dai L X,
zene conferring
FEMS Microbiol Lett, 1998, 158

et al. Expression of the mouse

cadmium  resistance in a
transgenic cyanobacterium.
()y: 127~ 132

Guo X X, ShiD ], Xu X D, et al.

mammal metallothioneirr- 1 gene in  eyanobacteria to  promote

.\1 (".lill' i]’l(ll](fl‘l] ex prl‘HH[]’lg llr

cadmium-binding preferences. Appl Microbiol Biotechnol, 1999,
52 (6): 0806~ 0810

A&, s, R, S NSRSk 8 AL

3k () 0 O A W B b i B S ek IR AR S g T
W, 1999, 15 (6): 907~ 911

Zhou J, ShiD J, Wu B G, et al. Chin J Biochem Mol Biol, 1999,

15 (6): 907~ 911

W r, WOEN, T b, S H R AT G s
][)\.@.ﬁ\ BB JE (K 9% & 76 4 3 6803 th ik, HIME R,

2001, (4): 399~ 404

Song LY, ShiD ], Ning Y, et al. Acta Bot Sin, 2001, 43 (4):
399~ 404

Erbe ] L. Adams A C, Taylor K B, et al. Expression of mouse

metallothionein in the eyanobacterium Synechococcus PCC 7942, ]
Ind Microbiol, 1996, 17 (1): 41~ 46
A, RSE, SRmeER, M HERBTE M e SERIEET

WA AT BB R T AR A A E kR
2001, 28 (3): 405~ 409

Li W, Zhang J, Zhang X Y, et al. Prog Biochem Biophys, 2001,
28 (3): 405~ 409

Expression of the mosquitocidak protein

Chungjatupornchai W.

genes of Bacillus thuringiensis subsp. israelensis and the
herbicide resistance gene bar in Synechocystis PCC 6803. Curr
Microbiol, 1990, 21 (5): 283~ 288

Tami J, Pilot J, Lawrence F. Cloning and sequencing of the genes
encoding the a and B subunits of C phycocyanin from the
cyanobacterium Agmenellum quadruplicatum . Proc Natl Acad Sei
USA, 1984, 81 (7): 6983~ 6987

Murphy R C, Stevens S E Jr.

eryIVD gene of Bacillus thuringiensis subsp.

Cloning and expression of the
israelensis in the
cyanobacterium  Agmenellum  quadruplicatum PR-6 and its
resulting larvicidal activity. Appl Environ Microbiol, 1992, 58
(5): 1650~ 1655

Vermaas W F J, Williams ] G K,

modification of pshB,

Arntzen C J. Sequencing and
the gene encoding the CP-47 protein of
photosystem II, in the eyanobeaterium Synechocystis 6803. Plant
Mol Biol, 1987, 8 (4): 312~ 326

Wagner S J, Thomas S P, Kaufman R I, et al. The glnA gene of

the cyanobacterium  Agmenellum  quadruplicatum  PR-6  is
nonessential for ammonium assimilation. ] Bacteriol, 1993, 175
(3): 604~ 612

Stevens S E Jr, Porter R D. Transformation in Agmenellum
quadruplicatum . Proc Natl Acad Sei USA, 1980, 77 (5): 6052
~ 6056

Goyal D A, Simplified method for sereening and characterization of
plasmid DNA in eyanobacteria. ] Microbiol Methods, 1992, 15

(1): 7~ 15
Burnette W N.

proteins from sodium dodecylsulfate polyacrylamide gels to antibody

Western blotting:  electrophoretic transfer of

and radionated protein A, Anal Biochem, 1981, 112 (2): 195~
203

PEIB L SN T I i) UE N A s - S R IR 33 )
S A, b TR, 1999, 35 (3): 225~ 229
Zheng JH, Ru G, Ru B G. Acta Sci Nat Univ Pekinesis, 1999,
35 (3): 225~ 229



2002; 29 (1) S ESEYMEHER Prog. Biochem. Biophys. + 153 -

17 ZntZR, #E 0 r, MsEdk, . WK 7942 gy bl S B R 18 Takeshima Y, Takatsugu N, Sugiura M, et al. Highrlevel
AR ALW AL . MR A LA S TR . S R, R expression of human superoxide dismutase in the eyanobacterium
i, 1999, 41 (1): 65~ 70 Anacystis nidulans 6301, Proc Natl Acad Sei USA, 1994, 91
Qin J D, Shao N, ShiD J, et al. Acta Bot Sin, 1999, 41 (1): ( 10): 9685~ 9689
65~ 70

Expression of Mouse Metallothionein- | Gene in Synechococcus sp. PCC 7002
by Homologous Recombination’

ZHOU Jie", LUO Na", NING Ye", SHI DingJi?, YU MeirMin", RU BingGen
(V' The National Laboratory of Protein Engineering and Plant Genetic Engineering, College of Life Sciences,

Peking University, Beijjing 100871, China; ? Institute of Botany, The Chinese Academy of Sciences, Beijing 100093, China)

Abstract The 300 bp upstream fragment of ¢pecB gene which encodes the B-subunit of phycocyanin and the
1.4 kb fragment of ginA gene encoding glutamine synthetase were obtained by polymerase chain reaction
(PCR) from genomic DNA of marine cyanobacterium Synechococcus sp. PCC 7002. Then, integrative
expression vector pPKGG-MT, which contained promoter PepeB, mMT- 1 gene and integrative platform glnA ,
was constructed and introduced into Synechococcus sp. PCC 7002 via natural transformation. Selected by
ampicillin, the stable transgenic cyanobacterium was obtained. PCR analysis indicated the integration of mMT-
[ gene in genomic DNA of Synechoccus sp. PCC 7002 and Western blotting demonstrated the expression of
mMT- 1 in the eyanobacterium. According to the result of ELISA, the amount of the expressed mMT- 1 was

about 800 Mg/ g fresh cells.

Key words mouse metallothioneinr [ , promoter PepeB, glnA integrative platform, Synechococcus sp. PCC

7002, homologous recombination
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