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1 Cu/Zn SOD ¢DNA FFH[i%it. SOD #H 595l
# P1 5'-GACATATGGCGACGAAGGCCGTG-3' 5l
AT Ndel fii &, 3 %314 P2 5-CAGGATC-
CAAGGGAATGTTTATTG3 5l A T BamHI {iI
B, RNA & AMV ¥ ¥ R8BS F KB K cDNA
e PCR ¥ 3% ¥ 1, 30 4~ PCR % % ¥ 95C
1min, 52T 1min, 72C 1min #47,
1.5 BAFRMNKRERL

HES Tk, KRR S &Ly
HCER(9) ik, WA RH IR BT
fh=te] L % BioRad 2> 6] Gene Pulser, Bk
¥4 1.25kV/mm, 25pF il 2000, EHRRHE
M F: (1) pET23bsod: RT-PCR #"# 8 A Cu/Zn
SOD ¢DNA % DEAE Bl W 4k j5, A Ndel X
BamHI W EEY], WEEE pET23b MR A, ¥k
IMI09, REL R H TR EE, KA dsDNA A
FEMFEUI MRS TRF., EROEA
R E4r, BL21(DE3)/pLysS 4T SOD #ik 4 #r.
(2) pMG36esod: pET23bsod & % £ Ndel B 47,
Kienow Bi#hF, B 2 Sall BB A Cu/Zn SOD
B, 7B A pMG36e 8 Smal Fl Sall fii £, 3%
B Fh pMG36esod, FEFLEFIL AR ABKE

MG1363 #HETRE .
1.6 SOD EXBHBEFHESERE

4 E A B pET23bsod #J K B #F W BL21
(DE3)/pLysS £ NZCYM $EFEPIERIE, AF
SERE 1100 BF, SEEREXNEFH, M0
IPTG £ 0.1mmol/L, 353 2.5h T B LI EE K,
Cu/Zn SOD W FER 15% SDS- BB B
W, % DR R AR TRE0,
1.7 SOD ZEAEAREPHRIEREEST

G H A ROB pMG36esod 9 AL B A K &
MG1363 £ GM17 5 EF CHERFIEHA
WL 150 MR, SRR EWMYEY, B O
WEEHE, AR, Cu/Zn SOD M 10% FEHR
T BE R R ok &2 NBT 575 ¥ 3y 2 4% SCHR (1]

2 # R

2.1 A Cw/Zn SOD cDNA K2 RE & M4 /BN 0K
¥ RT-PCR # R# & 7 A Cu/Zn SOD K
cDNA, BEMIHE T SOD EXBIFAFTHETRE
M E A F R pET23bsod FI7EFL B A BR T P A A AL
RIFIKEA R pMG36esod(E 1),

y; T7 terminator

pET23bsod

{4.12kb)

A1 HEHRE pET23bsod fl pMG36esod
Fig.1 Recombinant plasmids pET23bsod and pMG36esod

%%, SOD cDNA PCR P=#1% 1.2% B IE &
Fem 1k, DEAE RE [ g 4l {k, Ndel #1 Bam HI X 8§
1, #& A pET23b B Ndel #1 BamHI i1 15, &
EHEMEL IMI09 EREBEFEERRAEHLT.
[B% pET23bsod B U140 H7 55 1 45 T WA 58 e M R (]
2), bl pET23bsod B EE R, T7 B3 F 5l ®
(Promega 228 7= ) A R 319, X 5l #y SOD
EFTTRFHH. FFRERSCRBIZREFS
HE L,

MR pET23bsod L3 A Cu/Zn SOD cDNA
Wik E A M ALK E R LB &K pMG36e 7, R T
A A SOD EH Ay B4 %5 R pMG36esod (B

1) pMG36esod BB S CE R ERMERT 2
HAFE2)., BizREI RFARIAARAR
WG, BWRRBUE BRI 1T T B, B RERY
ZERAARAREPRETRERE,
2.2 A CwZn SOD ERTEX BTl Py H¥iE
KA HE pET-RA K AR BRI RENEER
REBRWRERRZ —. N i#F SRR
B A Cu/Zn SOD cDNA B E#¥E R TR ik, R
BHEHTTEERERBHFETHHESRERR.
A Cu/Zn SOD cDNA # i A EI#4k pET23b # T7
Beh T T Ndel i k. BEERA E. coli
BL21{DE3)/pLysS, H ¥tk E ¥ & H & T7 RNA
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Fig.2 Agarose gel electrophoresis of pET23bsod and
pMG36esod digested with restriction enzymes
1. DNA size marker ;2. pET23b; 3. pET23bsod; 4. PCR products
of Cu/Zn SOD cDNA; $. pET23bsod digested with Ndel and Sall;
6. pMG36esod digested with EcoRI; 7. pMG36esod digested with
Hinc11;8. pMG36esod; 9. pMG36e; 10. DNA size marker 11

BAREEMY A WE& DE3 X, T7 RNA B5 8T
% IPTG S &L, R ZEKES A HEERR
pLysS, Z R RE BN T7 F M, TTHERER
Fi560 T7 RNA BS B, ERNEZERENIEES
fEEAMRABEAREFRHBEE. RITETE
# BL21(DE3)/pLysS/pET23bsod ZEFHERRHE T
B3dy 30 UG, EVLERET S0 M EEERIUR
BB T Y4, 45 R % 9, pET23bsod TE
BL21(DE3)/pLysS o[ I AR e FE#E. B L
BEKS IPTG %, MA[EHEEA Cu/Zn SOD,
BTEEL2EARRYS 15% SDSERMBEE
Bak, F LR ERGERRINMERANER
F&, HEWSHFEAN 19kD, 53CM(12)#6ER
ACu/Zn SOD ER A TFRER —B(E 3). BE
B RO SDS-PAGE TEARM &, HE
AMHA Cu/Zn SOD AR K BHITFH B ELR 50% L)
E,REARIEA Cw/Zn SOD EXBITEPRER
BEHEEZ—.
2.3 A Cuw/Zn SOD 7S B S IR EE PA BRI RIE
RSt

ABMARE R ARE pMG36e SHAMARE
gufs R EA RS 3T P32, ARBRIX S EE
H, RI1EALBRARE TEE MG1363/pMG36esod
FEARBHITT 15%8) SDS-RABHBEREE S
KEREGHRERE, SREW, ZT R THRE
FIEA Cu/Zn SOD, HEAEA HABARE A
HEAN S E(B 4A), A TEARN
pMG36esod FiEAY A Cu/Zn SOD iy N S 4S5 H 15

3 A CwinSODEHEKXBITE FEX
) SDS-R FIAR B e B A Wl 3k
Fig.3 SDS-PAGE of high-level expression of
human Cu/Zn SOD gene in E . coli
1. Protein size marker (in kD)3
2. Extracts from BL21(DE3)/pLysS/pET23b;
3~4.Extracts from BL21(DE3)/pLysS/pET23bsod

1 2

4 A Cu/ZnSODELRIRE P
B (A RFERN(B)
Fig.4 SDSPAGE(A)} and activity analysis(B) of
human Cu/Zn SOD expressed in Lactecoccus lactis
M. Protein size marker (in kD)3
1. Cell-free extracts from Lactocaccus lactis MG1363/ pMG36e;
2. Cell-free extracts from Lactococcus lactis MG1363/ pMG36esod

T EEEFNEER, K4 7R pET23bsod £X
BHEPREAHERM SODM A, HTHRMNAR
AR T REFrRAN A Cu/Zn SOD N TEHE, B
MEZIREERYSEAER, BLoEXRERR
&, B EEET T 10% M e R I BU B
HL 3k SOD 1EHE £, 3 & ZR Ik pMG36e A,
BALERE MG136 MR ., &R &Y, B
BEkRERA AR ARELR 5K SOD, KE
WEBRER, REREE, 5OR[(131RENSR
HE. MR RE TR E MG1363/pMG36esod
BRAEEZAMIAKEH 50 SOD 4, BRELRY
SE¥EA Cu/Zn SOD, HELETBR, HERGAS
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Abstract The ¢cDNA encoding human Cu Zn SOD was amplified by RT-PCR using the total RNA of human liver as the
template and was cloned into an E. coli expression vector pET23b. After the DNA sequence was determined the recom-
binant plasmid pET23bsod was introduced into E. coli BL.21 DE3 pLysS. SDS-PAGE analysis revealed that the recom-
binant E. coli expressed the predicted 19 kDa human Cu Zn SOD and its amount was over 50 % of total proteins. The

Cu

duced into L. lactis M(G1363 by electroporation. The human Cu Zn-SOD was expressed up to 5% of the soluble proteins
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Cloning and Expression of Human Cu Zn Superoxide Dismutase Gene in Lactococcus lactis
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Zn SOD c¢DNA was then subcloned into a lactococcal expression vector pMG36e and resulting pMG36esod was intro-

and the enzymatic activity was also observed by SOD activity dying.
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