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#® EARTPCREAMAFERNAGTSHETH T AR KESESTE AL £2EH DNA
FFL, REBEEKBH EREEN pET23b, RAEH R AWM E X KX DNA 8l FiE Wi % -DNA
FIEL EW, HHEN pET23bhgst KB & BL21(DE3), £ IPTCHSREERE X
BT hGSTAL =9, ERV BANKBH BT AL E AW 40% . # hGSTAL cDNA T
REZARAFRERESEE pMG36e, R FFLEH AR BRI K E MG1363 3518 hGSTA1 ¥ &
HRERIEK, SDSPAGE X Western HE A R AR W H B X WP A /PE hGSTAL B4
BO . S8 HRE-DIEBENEHddkBN hGSTAl EOAAE WS KB E SRR
. H hGSTAI MEH W A FLER M T8 o 0T 8 5 A T W i B R G 2L &

X SHERBESE AN TERE, ABARE

hH T Q555 XRAFEIRE A XTESHS 0001 -6209 (2000} 02 - 0132 - 38

LM ILIR B ( Lactococcus lactis) B — R KM FRER R B MG S 4E Y, X &
MEMENEETERRERFEABAEE 23d, HEA SR BEEE A3 &8
MBI, EERAMARES TEDEHBRRE, — ZFAABRAREEHERR
GRMEAREESE T, B IR REEE T EEE R B ek ms
SEA ANTOREHSHEAWERAYAATEANNR. SHRTRKEEBE(GST)ER
RERAYBREENWRENE, ASHHRBEBEMGST)M FEMREHNIBY &
TR AER AESRYRIEMRGE P A EENRERE, CATEREY, i
GSTRHMNEASHEBENBBEREERERRXDY, HSE2E+ LM hGST BH 8
RENHBIT TENSIREFHOFRD, ASKHEREER AL(LGSTAD R AR
HEABRBENWGSTZ — AHABENMRENE,CEBHE T ABRMEXS, X
WHRE T hGSTAl EHER SR ME YIRS P B e R B, X F LR
ABEHEROPTERETRRG OIS LA AL E LN ANR,

1 A Fe k&

1.1 ARFALAR
BEAMAEHILFEOTFHAERSEBAMNEZTER, - 70CEHF.

» M HRHFELES (39800080) MM EWFEERE TR E %5

* LR A
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1.2 R EERERFH

LM BR B MG1363 FI iR pMG36e N fff 2 Groningen K2 J. Kok 1§+ Wi, Hap
ARAFRE A AR FESE TAERE. HP KB H# M09 BT JE R pET23b,
pMG36e J T4 B AR R bR W vk, KEH W BL21(DE3) (pLysS) 1 .82 7l
BB MG1363 4% Fi F hGSTAL B 41 % 35 iR pET23bhgst & pMG36ehgst B3R A HE# .

ABHEE LB SR IEARERAGMI7 B, IMARETLELTH
SGMI7TE # &, EX B EMHAKREN 100pg/mL, SEFRFAEEXBITFEN
150pg/mL, LB FLER B N Spg/mL, HHERH RERAHESATI
1.3 ER#AEA

F7 K 1 ST B 29 Boehringer 23 7] 72 &k ; T4 DNA ¥ H: 88 .\ Tag DNA B S M A £ R
“HNAEEAT T B R E-BD-HAAREIAEHF (IPTG) % E Northumbria 2 7 7 & ;
SR ALAS BEH B (GSH) L 1-4-2,4-— % £ % (CDNB) & 45 Bt H AR B IE ¥ % Sigma 2 7] 7=
Mo
1.4 AJFE RNA $1& R RT-PCR ¥1%

MR RNA R R R B M/ /&0 7R &0, hGSTAL 514 & Xk [9 14
B DNA 534, b 3 %5 8 PL:5 CCGAATTCTCCATGACTGCGTTATTA3 5] A
T EcoRI £ 5,5 %31 % P2:5 TCCATATGGCAGAGAAGCCCAAGC3 3| A T Ndel f
g, RNA & AMV 55 28 EFIKB DNA B PCR #iR. 25 M #MEIH & 95C1 min,
56C 1min,72TC 1lmin #47.
1.5 HEEARKMAOHWER

HESTEE. . AHFEBRSSHE& RS LR 10]8E ARAREHFLRAR
gRELE" . S EARBBERSIEDT : (1)pET23bhgst, RT-PCR ¥ #¥ #y hGSTA1
DNA % DEAFE BB W @b J5 , B Ndel } EcoRI M.BEY) , % & pET23b MM R £ L, 5%
1 TM109 , 45 B B 647 B 40 45 2 , 35K F Taq BB 3XEE DNA &35 M Fr (1) %5 72 e PP 37 i £
L. (2)pMG36ehgst: i & pET23bhgst £ Ndel B 1], Klenow M 4, H £ Sall 37
%78 hGSTA1l B E B B, A pMG36e M Smal M Sall f &, K8 | 4H B K
pMG36ehgst, B B LB 3 (L FLIE PLER B MG1363 it AT RIK Mo
1.6 hGSTAl #i{k % SDS-PAGE 4 #i

hGSTAL Si4LR Fi % B H BK S AS % 3 1 2 47 16 112) | SDS PAGE & 3rak[10 845 .
1.7 HiEH &R Western ElEF 37

#oliih 5 hGSTAL 29 S0pug S H R EZLENEHRBRBRS MARKETEHR T,
#08d MAEF R, SR AES S 35d MHEH R H R R AR, $ 42d T H & KO0 3K
8 hGSTAL RITMHE . Western 2272 B A4 LR (13 ]2 4T , 2 I hGSTAL AL BRA XK L&
HEABHHIEMRENS SDS-PAGE ik AR BEHI B ER L. HEYMNER
WVERE 0 hGSTAl R ME R SH. BASLYNEhRERE, ¥R R -5
RE.MEBORE,
1.8 hGSTAI BEiEHEME

ARHBRFHEHSENEERE TR 14] 7 1T, 2 GSH #l CDNB AJE#, Jm
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& # 1 hGSTAL 7 25C % 14 T #EA7 F L45 A K AL, 7= ¥ AT 7€ 340nm LW OD 4.
2 &X

2.1 hGSTA1 ¥ F RT-PCR ¥ B ¢DNA =i
RARHWBMEH & T ARFE RNA, X
hgstAl 3" %54 P1 fE ¥ %3514, 42C &
AMV ¥ %% FR{E S B cDNA, B 2pl M5 F
FYEEEHET PCR ¥, XMW 4 PCR K&
FABERAEMMEER,PCRERSHHE R
B30 NER R E 25 MEIFR,INTP Kk B
A M A 0.2mmol/L W4 E 0. 1mmol/L; [@ B
K H 5 4 Eppendorf & [ i # 47 PCR &34, 4
BAMHEER., 5% 87~ RT-PCR K18 T Hii
K/N(697bp) B hgstAl T ¥ =% (& 1),
RO T v rr— hGSTAI1 ¢DNA PCR =4 2 1.2% H 54§
5 K BERE W 3K, DEAE B8 | W sEfk 5, B Ndel 1
Fig.1 Agarose gel electrophoresis of hGSTA1 cDNA EcoRI W E§ 41, 3 A pET23b & &L 9 Ndel H
EcoRI £ 4k , %% {6 TM109 , 3% i /) £ i1 48 i o5
EFE B A PCR =Y M AW HEME R, 5 H 4 8 7% k2 B A B 5% 16 BL21(DE3)
(pLysS),i# & SDS-PAGE 8 #ll hGSTAL 315 % W2 IE # 79 hGSTA1 ¢DNA 5, &%
HHHRPTARERATH K/E hGSTAL EA,RA 1 MR ETEE PCR 3| AWK
£, KRB KDY hGSTAL £k,

bp M 1 7
1543—

994 —

697 —
5735
ATT==

237—

Jfi B pET23bhgst B 2t 2
5HPBEL2ER(E 2), U
PpET23bhgst W&, T7 A3 75|49
ETIRIETIMAMES Y, RA
Taq 8§ 2 17 W 4 DNA B3 0 F #
i, % B B9 hGSTAl ¢cDNA 5 C#
[k FRHFFELER, Hit#H—

PHTHRARRELRARBEPHR
xREREHEDIH.
2.2 hGSTAl ¥ E.coli P B
.2 B 4 i B pET23bhgst iﬁm?&ﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬂt ik AL
Fig.2 Agarose gel electrophoresis of pET23bhgst digested with
restiction eneyme . HEMAT hGSTAL T KB
M. ADNA/Hind Il + EcoR I marker; 1. pET23bhgst, W BL2(DE3) /pET23bhgst 1% 5
2~5. pET36bhgst digested with Poul , Bgt Il + Sall, Pstl, FRiE, HF B I EMNEHF N XX B
Hind Il . hGSTA1l B H # 4T T i 4k (H 3),

G RRYWGSTAIR R Y RBANKEHEATHEESESNIO% L L, RERERS,
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Bl A0 % A #E X¢ B, A1, A2
MAHIBEARREE, [
B B % 3k hGSTAL BA B #F
B GSH JE % % M, & GSH

BB EARFARAERE
" # hGSTAl 41 & (B 3 + B1, &
B2 A B3 4+ B4k B ALLA2 5

M A3), ¥aiik® hGSTAL & = i i F
5% K %, 42d 5 5K 8 hGS- E 3 =y

TAL B3I o
2.3 hGSTAl EXMANRME
hp AR BRE B3 W &R hGSTAL By SDS- I 73 4R M 1k 58 X i 7%

m pET23bh gst % Ndel Fig.3 SDS-PAGE of over-expressed hGSTAL
mﬂ] Kl ﬁ*l‘:‘F‘ -ﬁ% Sal M. Protein marker; A0.BL21{DE3) carrying pET23b; Al~3. BL2I{DE3)
,Klenow , a

. carrying pET23bhgst; B1~3. hGSTAL purified by affinity chromatography.
1 B 4138 89 hGSTAL B &

B R B, A pMG36e B Smal 1 Sall fi
ALRBHEE BN R A RE hGST B
4 kBB pMG36ehgst, % BB BE AY 7E
AMARBEPEANBENBRER  ATE
KEHRE P IR MREINBEER, Bk
EXBITFEIMIOO R FEI FHOEELR
B pMG36ehgst, 1 X @55 AL BMIL R
BPH#TEREBED? ., pMG36ehgst I EETIE
EERLE 4 BYRAESMHPERTLH
. BEFRRETRFLEFALRIALR

A0 Al Bl . A2 B2 A3  .B3

M
.
Rance
——
e

4 EHRE pMG36ehgst YU =98

B MILEBTUR B I R R AT S 5
By EESE 45 EE—H ’*ﬂﬁﬁ Fig.4 Agarose gel electrophoresis of pMG36ehgst digested
ERRK hgstAl Eﬁ%&iﬁFﬂﬁo with restriction enzyme

pMG36ehgst TERLMA KB P RAM A M- ADNA/Hind Il + EcoR Imerker; 1. pMG36ehgst;
# hGSTA1 &E Western %%3'5%%% 5, 2~5. pMG36ehgst digested with Ps¢ 1, EcoR [, Sal 1,
A E SA HIMILIRE hGSTAL TRHE. Hinc 1.
KEGHE hGSTAl TRHEMAN S S EAERAEN RAESREY SDS-PAGE 4R
B SBRH Western %X &R, S RFH hGSTAl TEIRILRFPRBHARABRIE,
B F7E B 4 B pMG36¢ehgst 1, hGSTAl ZFEM AR ST BEXRENEL 7, Bk
pMG36ehgst ZE FL B ILIRE (B 7 6) F K FF B IM109(H & 4) P RZ MBS B hGSTAlL
HEREEBMEAE 15/ BRIEEER, LUK pET23bhgst F KB BT REMXRE
hGSTAL(BE & 2) 4 FE M X, pMG36ehgst £ E. coli]MI109 (B 5 4) AL BE L IR
MG1363(FE 51 6) o % % i hGSTAL 3] JE 48 %4, 3 39 55 hGSTAL $i i ¥ 2 % ¥ 5 57 (A
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5B), FAMEXME(1.3 M5 SHES)HXE hGSTAl £k, BIPFFRABEAHA S FETEN
Bio-Rad 4+ & prestained SDS-PAGE Standards, FB K B ENMFE LB ARG,

32

18

B

B 5 hgstAl EHBRAREFHMERETYEK SDS-PAGE(A) & Western 2238 (B) 45 1
Fig.5 SDS-PAGE(A) and Western blotting(B) of hGSTA1 expressed by L . lactis/ pMG36ehgst
1. Prestained protein marker; 2. BL21(DE3)/pET23b; 3.BL21(DE3) /pET23bhgst; 4. JM109/pMG36e;
5. IM109/pMG36¢hgst; 6. L . lactis MG1363/pMG36e; 7. L. lactis MG1363/pMG36ehgst;
8. hgstAl purified from BL21({DE3)/pET23bhgst.

2.4 hGSTAl EHSH

FRAFEMENE,BEY GSHEEHH & TARIARBERAMEASE hGSTAL B X
BHEEENEIAT hGSTAL. HEIBRER_EH AR RFH GSH £ M., hGSTAL
FHESVRBHDEFERN AR HRBEE B MIE#E. L GSH ft CDNB KW ,# 25T,
pH6.S KR W FZH T, — 1T MESAEE X AE 51k 1lpmol ¥ CDNB 5 GSH & &
4 R S-(2,4-dinitrophenyl}-GSH, J& # A #2 # OD ;40 B9 R W {8 BE 0 (7 #4730 14, &8
BR ODagolty W W 1538 1 (B 6), #1148 hGSTAL 86 & & %8 4 86 S-(2,4-dinitrophenyl)-
GSHER AL HAHKBAETEEMEXAE hGSTAl I MARB P RIS
B hGSTA1 b ™ M B BB IE LA 2 % 8 37u/mg EH A 29u/mg T A , 5 Sigma 2 "8 4 7=
# AR hGSTAL B§¥ # 25~ 120u/mg %,
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ik

ABARBIEN - KBRATH W
EBNEREHM LY RE T BERHBE
SRATEWEFHERANSIE T EXHE
FHEBREERY. - ABRAREA S
B A B K S & 50 F 0 FE kL A 5 4k,
HEBARENEZBREETREBHH,
Ho ABARESER, #ERAEIHE
LERERS) el ARE, H= A8
AREAGHRSR, FAESTRECEMN
Bh AT EAUMENREN SR EER
WEEANZARLZ, ARIARATERE
REZHEEL FIHHEIEETS . S
REimERSSTEAAREN AR,
AR EF RT-PCR iR, Mg A

3

3.5

¢ /imin

Bl 6 hGSTAl BERE¥ESth
Fig.6 Activity analysis of hGSTAl expressed by E. coli
BL21(DE3) /pET23bhgst{ A) and L . lactis MG1363/
pMG36ehgst(B) .

FFARFE T A WGSTAL £E, FEARARE LI T EMHRIE. & hGSTAL cDNA
REMED,ZBF RT-PCREBTEF ZENHERR, RIIERHA T B PCR K
BB ANTP HRE FGE LR &5 WB R EFR. Mk H% S % E A pET23b 1F
ARV AEEE BL I REENRETYNRER BEMERERT SEERE, R
ERETFEMSFRIE, &R R R AN R KA E P Taq BREIEE cD-
NAEWMFENWER TR, hGSTAl EHLMAREFERSRE, MRARFHEMRY
KB, RHEERRMEH s TEEMYREMMIBEmE D, HUAM
IRFAINBEIR XX AEAMERNIREREE TR, A2, BB HEE
PMG36e i S RUBEVUER FrEEREEATREXBEHERAER B S,

H,BMNEAFRHTXEMRRERE, LM

FRFHICRB RN ERAHESIL, ETT

ety 52 R RA T ZE A ME HRM AR

$ %
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EXPRESSION AND ACTIVITY ANALYSIS OF THE HUMAN
GLUTATHIONE-S-TRANSFERASE IN LACTOCOCCUS LACTIS *

Xiang Hua Xhang Yiging Wei Wenzhong Tan Huarong
(Institute of Microbiology, Chinese Academy of Sciences, Beijing 100080)

Abstract: The glutathione-S-transferase Al cDNA was amplified from human liver total
RNAs by RT-PCR and was cloned into a Escherichia coli expression vector pET23b, then
the recombinant plasmid pET23bhgst was introduced into E. coli BL21(DE3) and induced
by IPTG, the high-level expression of hGSTA1 appeared in the E. coli cells. The cDNA en-
coding hGSTA1 was subcloned into pMG36e, a lactococcal expression vector, and mtroduced
into Lactococcus lactis M(G1363 by electroporation. In the positive translormants, the hGS-
TAl was expressed as a fusion protein which was verified by SDS-PAGE and Western blot.
The hGSTAL from both E. coli and L. lactis was purified by affinity chromatography on
glutathione-agarose and all showed enzymatic activity. The potential application of the re-
combinant Lactococcus lactis in functional food was also disscussed.

Key words: Glutathione-S-transferase, Gene cloning and expression, Lactococcus lactis

* Project Granted by Chinese National Science fund{39800080)
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HMEBBR T AL EBHMALIGHARAEMAFEN LRBEE T FI =0 €15
B THERBRA-MYANNET ABRATBASTKBETHELARA =N
RBAEFFEMN, = HmE 2 BE( Candida glycerolgenesis ) ERE {0 H i &R o B R
EHFHE AN SI HH" AT 0% FEEBEE TR =N T ZSHHNHE
MEFA TUERLHBEABERSEENFENETENABA=RERBERS TZ
ERNHE,BRTHAEBA -SH LU MBAEE. ANTAF - LALFEE
HEHEREH _ERWF(—FEEH), BUHRNS HSBRAZEHM MR
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