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# E FIHPCR AT T HRIET Saccharomyces cerevisiae ALJ036 [ y-L-73 & BE-L-F PE & R & BB ( y-glutamyl-
cysteine synthetase) ZRASEEH gsh 1, L IE I IR Bk pGAPZA , %4k, Pichia pastoris x-33 ,fJF T B P. pastoris x-
33 (pGAPZA-gsh 1) ; FER W E Zeocin Vi _EFivk 22 ¥ D FAVEFEALT , 3558 PCR #E4T T Bk, X FAMFAL 71 v-L-2
RBE-L-F B RR A BRI HEAT T e , R Bon , AR N v-L-AR2BE-L-E ARG BN B S 278 £l
3.0 %, 7EWK YEPD FEHABE CSHH B 42 2 mg/L, BETHEW 1.6/ B7H1E10

KEEWR  gsh |; BIERIRIREERE; TOfE; Rk
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Abstract

Pichia pastoris x-33 strain after linearized by Avr [I. Recombinants resistant to zeocin were selected and identified by PCR

The gene encoding y-glutamyl-cysteine synthetase (gsh 1) was cloned to vector pGAPZA and then transformed into

analysis. The selected transformants were cultivated in flasks. The activity of y-glutamyl-cysteine synthetase in the recombinant
P. pastoris x-33 (pGAPZA-gsh 1) was 98.5 U/mg protein, which was 3 times as that of the host strain, while the yield of
GSH in the recombinant P. pastoris x-33 (pGAPZA-gsh 1) was 42.2 mg/L, 1.6 times as that of P. pastoris x-33. Fig 7,

%

Tab 1, Ref 10
Keywords gsh 1; Pichia pastoris; cloning; expression
CLC TQ922.9 : QT8

BPEH K (GSH) , B y-L-4 E BE-L- e & Bt H &R (y-L-
glutamyl-L-cysteinylglycine, glutathione) , §8 48 0F BB A KA
B E A, L R BRI S G, 3 HE R RR, TE IR IR B
25 Tl R e M S BURER A BT I R R AT R
GSH RHATAM L-AER . L HERAT ARE y- B &
B It R £ UM (GSH 1) A4S It H k& il (GSH L) gk
AR, A y- B AR R & R CSH & gt +
HIBRE B> . A E X y- A BB IR S AL R
goh | RFGHFT B R IR T ) Rk kAT 7 R AR
UL gsh 1 5 PR 7 L 0 G R R B8 325K O AH DGR TE. AR50
B PRI PR Th Y gsh 1 R R e B0 B0 7 BRI I ) b B 2D
137 33k, AR B TAR R4 ™ GSH 241 T 3] sz 2.
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I BRI

L1 ##
1.1.1 E#WSEH B T 8% B ( Saccharomyces cerevisiae )

ALJO36., E. coli JM109/ (recAl, endAl) ZA~ZCE5 = 5K , He AR R
BE#F} ( Pichia pastoris) x-33 B k. pGAPZA FIXH K A In-
vitrogen 2\ H].

1.1.2 THREMKF  DNA REHEATIEE, T,DNA Lig-
ase, Taq DNA -4 B, DNA Marker,pMD18-T Z{&kly § TaKa-
Ra 24+ ; DNA gfifh 2 Ji i) & L BORL /) B 32 B & 4
T ARFE T Al 75 5h; Yeast extract, polypeptone W) B England
Oxoid LTD; 35 AL AL #] 2 W, Invitrogen 23 Bl AE T 1. HAthik
A 7= B .

L1.3 31&M 519 P, P,AR#E Genbank /375 H TR B%
gsh 1 A FFHRIH519, b LB A BEVAERAA G
J&. P, 5’ > CGCCTCGAGATGGGACTCTTAGCTTT <3’ N 1E[H]
514, P, 5 > CGCGCGGCCGCTTAACATTTGCTTTCTA <3’ Mt
w514, 519 WG A T R £ AR B BREE P 1 43 3 Xho 1 FI
Not T BELINL i3 BAMEFEALT 9 PCR Bk 5| ¥ By Invitrogen /4 F]
it AL pGAP Forward; 5'-GTCCCTATTTCAATTGAA-3" 4 |
Wg| ¥, 3'A0X1; 5'-GCAAATGGCATTCTGACATCC-3' 2 T i
5149.
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1.2 FHi&

1.2.1 gsh 1 BEERMFIBESEE  DBRIEEER S DNA i
M, #AT PCR 3G i : DNA #4R 1 wl,10 x PCR 2% iR 2
wL, 51472 pL, dNTPs 2 L, Tag DNA B4 W50, 5 pL, BR 5
A 20 pL. 94 CAHES min, 94 °C 455,58 C 90's, 72 C
120 s, 35 MER. TR =YHE 1. 2 % HUIEKEEERS B Pk
1.2.2 Fi&E#Hk pCAPZA-gsh 1 B9MIEE  [ENic PCR 33
Fr B2 5 pMD18-T #iik 16 Ci#EE3K. #4L E. coli IM109,453)
E. coli IM109 ( pMD18-T-gsh 1). & 4 Fkr pMD18-T-gsh 1 £
Xho 1 1 Nov I UEFYT , % H2 pGAPZA , 1§ B 4 kL pGAPZA-
gsh 1,554k E. coli IM109,78 8] E. coli JM109 ( pGAPZA-gsh
1) R E A Foh AT RE U B iE.

1.2.3 EEMMEEL £ Ao 1RGN pGAPZA-gsh
1 F U B4 x-33 7. R & Zeocin ¥y YPD VAR HAFT
k.

1.2.4 ESEFEADNAMRBREFELTF PCREE DI
HFELFEA DNA HHEAR , DNA 3R E0S fSCEk( 6 ). FI A Invitro-
gen A F)IRALHF 1Y) PCR @ FEER 53 )5 3l F pGAP., gsh 1 2
A DL R 4% 1L F AOXT J351) B ik A e

1.2.5 EEFWE S5 mLBEHFETF 12 000 r/min B0 15
min, F_F Y. [ 0.05 mol/L pH 7.0 BBERR B rhiR e B K. %
BREH LR il 5 mL B2 /5 85 90 kHz 7 10 min,
TN GSH iR N ( B 2R EBEER  H SRk YN
40 mmol/L, MgCl,. ATP 50 mmol/L, 37 <C & i 30 min'*. F§
ALLOXAN R34 A4= bk i 2 B B4 e H Rk &

1.2.6 EHEEE Pichia pastoris x-33 (pGAPZA-gsh 1) ZB4ESL
I KB DL YEPD HERIEFRE STV R AR, WE
EHBE GSH &, AR MNE . Bl— & KRB ZBR 3500
r/min B> 5 min, KPERGIR, LR IK, 85 CHT E{EE,
B WAAH K& RO CSH MM =Y, RAGE-FIR
KBTI T IR A, B0 8 LIBTR. R ALLOXAN %
FIFAALET ME KA GSH K& & M E JRBE . GSH 75
I %4 T 5 ALLOXAN 370 ( W& MERE ) 1EF , BN A BRI 4
TE 305 nm AL AR A B R Y.

1.2.7 EARESERE GSH SEET R HEEH
BEEAK—ASE, B mL HREN T —RAEKNMH PR
PRERIESR , BIRIE GSH & 8 KA Yre , #1710 $2.

2 4R
2.1 gsh 1 EEH PCR ¥ @& R

PCR {3155 2 037 bp B gsh 1 ZEH (K 1) 4 T #fk
SRR, SR BN, ABT5E TE R B B 751 5 B A A Y RIS 1
gsh 1 B K AH LMy 98. 48% 5 & B B2 P 5 AR Bl HE A
99.41%.
2.2 FikHMK pGAPZA-gsh | HIMIE

T ki pMD18-T-gsh 1 25 Xho 1 F1 Not T EgH)], 182 gsh
1 B, RS Xho T F1 Not T BHIH) pGAPZA , B ) %
ELERINE 2. RIRB AT R pGAPZA-gsh 1 (K 3).
2.3 EHEER P. pastoris x-33 (pGAPZA-gsh 1) B97%

EFEE
2 AvrlIZE ¥ AL B pGAPZA-gsh 1 W34k P. Pastoris x-33

B, FRBEAR LT BT R TS HE R 200 png/
ml Zeocin [] YEPD AR F#EATHi 0Bt , Phadk BH e b LA R
P. Pastoris x-33 X H&#:4T PCR %52, PCR 1 P= 68 i v Tk 485
RILE 4. gsh 1 B Bl 2 037 bp, pGAP IE [ 5|91 3’
AOX1 5|97 ks pPGAPZA [ [RIFREE S 4 275 bp, B PCR 471
22 2 300 bp A T-HIM AL T By FHEE TS, B 118 £ B R
Gk RGBT pGAP FIZIETF AOX] RIFETFARK
EH, M HXWAEE S5 FRER FAR K. 18 ER AR
BHIGER P IRE RS R TURL pGAPZA-gsh 1 f) DNA.
A1, pGAP IE 5|40 3' AOX1 3|4 okt 1 F= 4.

2037

B1 gsh
Fig.1 Amplification of gsh 1 gene by PCR
1. gsh 1 #PH PCR =4 PCR product of gsh 1 gene; 2. DNA marker DL 2000

23130
9416
6557
4361
2322
2027

B2 Joki pGAPZA-gsh | YY) SIE
Fig.2 pGAPZA-gsh 1 digested by Xho | and Not 1
1. DNA marker A DNA/Hind 1l ; 2. pGAPZA/Xho | ; 3. pGAPZA-gsh 1/
Xho 1 ; 4. pGAPZA-gsh 1/Xho 1 , Not I ; 5. DNA marker DL2000

2.4 BEERWE

M A AR R Z AN S.

IR 5 E B AR e & S EH EL )2 ¥ = 56. 362X
(X: BB EE ODsys 5 Ve BSA 2, pg/mL ) 18 AR B
HEARWRE e BRE I E , TR R A GSH 1
AR 7. B 0 LA GSH & R AE 13t BRI LA iU (mg)
H T8 508 IR & AT GSH (mg) RIHE. QI 6 fizn, &
H B R R TS 1388 95. 8 U/mg 2B 11, T 8 R B R B )
h32.0 U/mg EH, EHE W ER R H 2.0 £F. KB 35 ~
50 h BERELL TR E I, E A R BEE I  BHE T IR P REAIR.
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pMD18-T-gsh 1

X

1
4
g
1
i

L2000

pGAPZA

pUCori  2884bp

2t Xho 1 A1 Not 1 BgY)

Digested by Xho 1 and Not T

% Xho 1 A1 Not | BgY)
Digested by Xho T and Not 1

—

———
ZI(E) P gshl
Xhol

pGApZA-gsh 1

4990 bp

AOX1TT

B3 K pGAPZA-gsh 1 HIHER A
Fig.3 Construction of recombinant plasmid pGAPZA-gsh 1

(bp)

23130
9416
6557
4361

2322
2027

K4 PCR Yy vk 4]
Fig.4 Electrophoresis of PCR products
1. DNA marker DI2000; 2 ~5 435 0 BHM: #5473 A 2H DNA UL pGAP
IEB 519 3" AOXL B 874y ; 6. i Z B ZEN4H DNA Ll pGAP IE
[8]5 [ 45 H1 3'A0X1 549~ 147=%) 1. DNA marker DI2000; 2, 3, 4 and
5. Amplified products from genomic DNA of positive transformants with
primers of pGAP and 3’A0X1, respectively; 6. Amplified product from ge-
nomic DNA of host strain with primers of pGAP and 3'A0X1

2.5 EZHEEF Pichia pastoris x-33 ( pGApZA-gsh 1)
G5RER WK YEPD B Fr B b, B 40 He R R
M GSH 7= #t 42.2 mg/L, 4278 £ 1.6 £, A&l 7 Fivm.
2.6 EHEFRREBSENRE GSH mEMNREY
AR R IR YEPD HELE 2 10 335 5r , B4
—RERRIERT GSH & BE0L, SR R BEABTEARK
RN GSH FR I HEARFRE, AR 1.

30

25 + y=56.362 x
R*=0.996

[\
<
T

P(BSA)/ug mL”!
> o
T

W
T

0 0.1 0.2 0.3 0.4 0.5

A
B5 i E a2
Fig.5 Standard curve of BSA

<

Afumg(pro)

0 L L L L L L I}
0 10 20 30 40 50 60 70
t/h

6 TEHEEE (@)L ERG (M) GSH I BHE J1ih £k

Fig.6 GSHI enzymatic activity curve of recombinant ( @)
and host yeast (H)

3 3k
YRR, BEE GSH T2 MUY 2 A , AR P20 ikt
BEN T IZHBSE. GSH R4 07 ik FEER WAL AL
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Table 1

GSH content of recombinant P. pasioris after passage

W% No. of _ £ 42 Biomass % No. of _ H: 4 & Biomass
genenration p(GSH) /mg L™} (p/g L7Y) genenrations p(GSH)/mg L™! (pgL71)
1 42.0 11.0 6 41.0 10.8
2 42.2 10.9 7 41.0 10.7
3 42.0 10.9 8 41.0 10.5
4 42.1 10.9 9 40.0 10.7
5 42.2 11.0 10 39.8 10.7
50 ﬁfiﬁf? HyFR AT R I AHIF Y T — 25 AR B B A
0 1R O LTS B0 R B S A TR A O BT
2 GO £, BMF T E R
=)
& 2 References
&

0 10 20 30 40 50 60

t/h
K7 B @) KRS EEE: GSH 2 fURMK

Fig.7 GSH content accumulation curve of recombinant ( 4 )

and host yeast (H)

B KRB B R AL SE. P R B4 7 GSH i THA
T SRR AT A AR RS L A, B R A 2. (B B
HRBEEEAE 7 GSH R FFTE R bk GSH 7= & A5 15 45 5] 7.
FIFAERTHEBAR A AT GSH &K R EEEFE A
BEME EAMH TR RIAFB R CSH LEHE MR
AR F R Z —. Fan SERORIE T ERABEL: GSH & U1
HIBR B - E o DEER & AU B AR P B gsh 1 TERE B3R
& pGMF o I 1 D% AL B BRI B2 £ YSF-31 o, F41 |1 GSH
HREFEFYMA 1.5 15,358 13.1 mg/g THIRE". ABH5E
VY BRI B B gsh 1 R [R5 30 10 0 B R R B o, BT 22
TEHHE P. pastoris x-33 (pGAPZA-gsh 1) , 33813 PCR H) ik
XPE AT T WL X PH AL 719 GSHING 7% I 8 45 R 3%
B, BB AR GSHIFRE /1158 T4, 218 £HEK 3.0 f5;1E
WAk YEPD HhEE 4T GSH Y= BET8 F I 1. 6 45 JmIATH)
BT, XU E N E R gsh | HF T 28 0Kk B K
PGAPZA I B D HTTE IR RBESE P. pastoris x-33 )R
S, H1FHEAR B P, pastoris 235756 M 25 8K pOARZ-A
DA AL ELR R 3T PCAP (=B H MBI SR 5 30 F) M 3)
T R AT Eﬁﬁ?#lﬁ%%ﬁ BEBETER S, RH
B, 5 TUBE g RS s . AR R A
TAERE GSH 24t T Hig iz
EHERBHRIE,7E P. pastoris FFRIXINRE HRAH 50%
~75% B 7] BEHEIR GBI M RIBAK P, R EXERL 2 B B8
RAFHE BRI, BT 3R 15 —E KR RIE, BIS X —Br &
WG i@ T E AR S ROk LR, B T 3R7E
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