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AFEH BR( GSH) FElm IR PR SE ATk A )iz &, HAS
KRR A T A e H BRSEAS 28 W 1 v [l 17 4%, 20 20 80 4EAR
H AT s gt B & A B H ARG s M ny T2 R . FRE 80
ARARXT A e IR EA T 3 8 B HROE 5T L (5L 22 4 v o4 e H kA=
7R HGE o

APBIEHE T TE E. coli BL 21( pTre-gsh) 1y & fili I, %F
2B H BKA R 2R 00 23k A B 1 i R R B IR A4S e H K
RO BEEAL G LSS D7 T #EAT T 5T, A5 DEH AR A Tk Ak i H
BEGE T HeAt . EEMR TEA:

—TE LI iR A W H KA B R S5k ( pTre—gsh) 79
FEAl L, e AR R RN IR R W TR IR AT TR
MR SR, B 2R FH A 25 315 35 5 A 45 B 1 BRG nl g
ik 114.9 u / mg.

TXHAR E. coli BL 21( pTre-gsh) #EAT T 5 % )& 55 57
Wot. LRI EmIM I EAARAERK KRBT 8 g / LEFXT A M H
KRG IS PR RN TCRE A - SR R 19 M9 35758, il
fiif DO-STAT SR B& AT 4 BF 3 55, IR A AR MR BEIA 5] 33,1 ¢
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DCW / L, A 5 & R I 45 e H KA B00E P B AR PR FFAS AR,
BRI R RIS 4 52 .

=X GSH 1 K GSH Il 0l = 4e PR AT T WF9E, B € T
GSH 1 K GSH Il iy f5ciifi i 34 8 37 °C, fidi pH 435118 7. 4
F16.7 ,Mg® " WP H BR A B A 1] 2 23 b H KRS 43 & e v
Gt GSH T /975 ATP % GSH 1 K GSH II ¥ 4-AE il -

JREAT YRS, B 5 T e ddi 458 : 60 mg / mL ) 40 A FH
60 mmol / L. L-Glux20 mmol / L. L-Cys+20 mmol / L Gly.20
mmol / L ATP.Mg”* /ATP 3 1 ~ 5, 1% £k 9% vh i We i 4 50
mmol / L.

AR ) P P B P i iR AR AR 7 ATP 5 TR E. coli
BL 21( pTre-gsh) FREKA: 7= 48 e H R0 5 A2, 8 YRGE i BRI W)
TRWREIR S IR MR BE , G2 ff T WA 38 6 Bl TR % 1 R0k B2 7 1T
B FJ& o £ 0.25 mol / LopH 7.0 FUBERRZE mhiik v , DAk S i
A HRRAA R B AP HGA 1.6 g / L, & T PR RTER
FE RN 25 B 0 4% e H B B m i, 5 HL 8 Uk B 22 i A
HRRR W T B 7B H RS GSH T (4 S L 48 A hl
WA H KR 2. 13 g / L35 T 30.7% .

A ATEELLE E. coli BL 21( pTre-gsh) [ [ 2 4k K H 4 i
A H BRBE T AT T HFSE, DAL T R 45k FEME A |, 5
Mo b L[ @Ak, TR FE R ROV a , GSH G liiEik 1.24 ¢ / L,
LWIE E L EZH T E. coli BL 21( pTre—gsh) EHEINA ATP 33842
5 24.2% .

L ARYE LSS IC E A T P E 4 R E. coli BL 21
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wovand BEH BRI IER
(pTrc—gsh 1) A1 E. coli BL 21( pTrc—gsh 1) , 43515 S. cerevisiae
L[ REAL , 78 B IR IE PR BB 4% P B2 N, 43 e HE U™ B 3k 2. 41
g / L ERSEIL T Rl 250 T A e H KB 225 0, A
JEH IR A i Al S it 1 BT A S8 B
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Abstract

Glutathione( GSH) is an antioxygen substance which has di—
verse applications in medicine, health care and etc. GSH via fer—
mentation in Japan has taken almost all market of China. Rcombi-
nant strain was constructed in Japan in 1980s. There are no re—
ports about the production of GSH in China.

In this thesis, with the recombinant E. coli BL 21 ( pTre—
gsh) , the expression of GSH synthetases, high density culture and
enzymatic synthesis of GSH were studied. Following are the main
aspects studied.

1. The screen of the recombinant strain for the expression of
GSH synthetases was studied and the expression conditions were
optimized. The specific activity of E. coli BL 21( pTrc—gsh) reached
to 114 u / mg via two-step cultivation.

2. The high cell density culture of E. coli BL 21( pTrc-gsh)
was researched. Acetic acide inhibited the growth of E. coli BL 21
( pTrc—gsh) but did not inhibit the expression of expected produc—

tions when the concentration of acetic acid was lower than 8
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g / L. The fermentation was developed using the strategy called a
balance DO-stat in fed batch cultivation of E. coli BL 21 ( pTre—
gsh) . As the result, the cell concentration was increased to 33. 1
g DCW / L with almost invariable GSH synthesizing activity,
93.6 u / mg.

3. The enzyme properties of GSH [ and GSH Il were stud—
ied. The optimum temprature of GSH I and GSH Il was 37 °C,
the optimum pH of GSH I and GSH Il was 7.4 and 6.7 respec—
tively. GSH inhibited the activity of GSH I competitively with
glutamate. ATP inhibited the activity of both GSH [ and GSHII .

4. The condition of GSH synthesis by acetone-permeated cells
were optimized, which are 60 mmol / L L-glutamate 20 mmol / L
L-eysteine~ 20 mmol / L glycine. 20 mmol / L. ATP. 1 ~ 5 of
Mg’ /ATP in 50 mmol / L phosphate buffer( pH 7. 0) .

5. The synthesis of GSH by E. coli BL 21( pTrc-gsh) coupled
with production of ATP from adenosine was studied. The inconsist—
ency of two systems in the concentration of phosphate buffer was
solved by decreasing concentration to 250 mmol / I.. The condi-
tions in 250 mmol / L phosphate buffer was optimized and the
yield of GSH was increased to 1.6 g / L, which was higher than
that from each system seperatedly under the same condations.
Addation of glycine after glutamate and cystein decreased the inhi—
bition of GSH to GSH I . The yield of GSH reached to 2. 13 g / L
which was 30. 7% higher than the control.

6. GSH synthesis by immobilized E. coli BL 21 ( pTrc-gsh)
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cells were studied. The yield of GSH was 1.24 g / L by co-immo—
bilized E. coli BL 21( pTrc—gsh) and S. cerevisiae in packed bed re—
actor, which was higher than that via E. coli BL 21 ( pTrc-gsh)
with ATP addition alone.

7. The recombinant strains of E. coli BL 21( pTrc—gsh I ) and
E. coli BL 21 ( pTrc—gsh I ) which expressed GSH [ and GSH II
respectively were constructed respectively. The yield of GSH was
increased when the ratio of the two strains was kept in 3:1. Cou-
pled with S. cerevisiae respectively, the two co-immobilized sys—
tems could yield 2. 41 g / L. GSH in tandem packed bed reactors.
That released the inhibition of GSH I from GSH completely. The

strategy put forword a novel idea in the field of GSH synthesis.
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| L1 ¥tk A= B he e i

AREH K (GSH) REhAaEmE. i mH & it
FREE B —RIE &9, & — I Fepki & - ik, 437X
WK1 -(1), 2FNL -y - FEEE - A - H&ER (L
—~ —Glu - Cys — Gly) . 1921V 4F Hopkins F. G. 55588 T4
JOEH K, 1930 448 bk H K 1) fk 22 45 40 45 AR IE, 5> F 8o
307.33, B 189 ~190°C . ‘B4 AR JEA ( GSH)  Fl4 L7
(GSSG) WiZs. AMeH IKTE AR A R EAFAE TRELE. W
FERE WILPAFIIL R, 240 B PN e 3 & /N o F 3 SR 25 1k
. ANaaErh A H KGR L, TEILT2 RS
AL VPR, W B3R, B AY. BEREFUEAES
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EH K. A WEH BRIEAR N A FIEZE b B9/, ETE IR R A
HEMB Z G

CH,SH
}gN—ﬁﬁL—CHf—CHf—CO—NH—4¥1 fOOH
COOH CO—NH—CH,

1-(1)

AR AR e H R P AL S R, AR RO
G —A 70 TR ATP, F 8 — 0 T MH IR 2 =0 71
ATP. W43 EH IR B i il 43 2 Bt~ M 24 B 5 1l ( GSH
L) As Pk, EA e H R A PR A AR B

IR = anda Mz L AT TR GSHI IR = Mz P TR
v - BAMR + L - FPEMR + ATP ———y - &Mt e

+ADP + P, 1-(2)
IR =AML D =T A /= A GSH 1 I Bl

v - AERF- AR + HER + ATP — S B H K + ADP

+P, 1-(3)

L11 BHKEEEDRE

BIEH BRTEAE AN EZH LR SUE A 1E, BAZIrm
B A= B BE -

LL1L1 %FMEEIEERLEES

PIOr T8 A S AL R B4R B H RS S & — 00 T
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o BB IR
B A ( -S-S-) MEALBISBEHRK (GS -SG) . 1Es)
) A0 B AT IS HR A AR A B H B S5, mT LR FH A T 7Y ) Jly
fifg 115 GSSG ik )5k GSH, KREZHUEW 41+ GSH 5 GSSG
Z KT 500,

GSH if )5 fiff
GSSG + NADPH — 2B ) ol - NADP 1 — (4)

LLL2 RIFFREFERENENEE

A WEH IKAT DIFELLMER N & A, &2 (70 mg / 100
mL, ZLIAER) , S22 ZETE AR, REFRST A LR X 5
SERIAEH], GRAIELL M BRF 2 R 4 Has i I RE . PR 4 i
[ rp S S AL R AR M, AR S BRI RO L, (AR
WA LI, fRdbhE. IR 5 & E a9

1. 1. 1.3 Z5RERNEEZH

v - AREBL R T AN L B B H K B
v - A EBEEEFE RS B 2 R SE R AN I E PR B A TR Y y — &
FE BRSOV o A e IATE A0 O B A AR 0 R R A,
ILREEALER 25 v — A BB Wy — A A B &SRR )= 900 1Y
anE B AR K S — FUH AR, B s 1Y 2 2 1R U 9
B AT WEH IR 25 vy — 45 20 25k 9 30 2 58 0 20 i 9 ~F e =
MRRIH &R, XM T v - FEBESR .



A3 e H KB AEAL A AR

GUGUANGGANTAIDECUIHUAHECHENG

1.1. 1.4 ZFhis A4 Sohl &

BMEH RS 5 =R RGP ARG, LA IR RE i,
HAPA VRIS TR 2 A H IR A e A BE A%,
o — SO A e H O A, e R R S -

LLLS #ARtHKIEAWE (CSH Px) AR H K
b SR B AR A B o SR AL RS B

IEH IR A RGR] (i BRI DCAR) il e ) 5 s e
FJE, AP RE v = A i H,0, 3 SRR 45 i 4
1R, Bl S B I 0, 51 A 40 i 4 U . e,
H,0, 54 M H MAE A 5 H,0 Fil GSSG, T A= it i) GSSG #E
A% I H IS SR ) AL BB gk NADPH, iR . i FIEH
AL NADPH, J& 58 1, AF A4 B H IR LT #2340 I
AU, BB G WA DR FFE R RS . W SR 4040 ffd b NAD-
PH, 4= 520, Wik 5% GSH J /b, GSSG #9%2, 3|t irig
(RN IR B A S

L1 16 HEBREFEEWMMRSGEY

A H R EA SR A S HE RSN R . 2 AL
SFEUEYIRZ J T, A BEH IRAEAS EH K - Bt - #%
BmERIVE I MR 5 X SR i TS5, R i 150 KT
SRJETE HAAR SR B9 VE P T A2 iR BE PR FRHE H AT
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1.1.1.7 AHMESETHEENRE RN

WTE T N G S A AR B R P - 450 59 A AR
(IREIREE L) , &F k. BIAER NG, SHMH K
HYFIESS G KR G P HERR RS, S 525940351 -

55 VA SO Y AE I IDE P B 0 1 b ] AR 2 S A B )
SRS E SiONE RS & R A S Al N I v o e S R B e S il
P TV IR A5 458 4 138 v S S0 kP O L5 B 90 5

1.1.2 &ARptH KA R A

A e H R — b & A S A A R R R B IR A AR
Y, AT Z -

LL2.1 BREEHRERRFERTEML. EESHH
5 E

AWEH IRTE B2 27 R AR AL SR B | EAE T, AR 2 A
fitg, Qi ALY . ) N T AR AR R 2 U g
TE~ ST

L 1.2.2 fEAEABMERKEERTIETSMER

BWEH BRAE M55, v T IS ikt — %1k
e S FE A SR AE BRI AR BN R AR R 25 5 R
B A BRI A AR PRI, 40008 0 T ER T 1, e
SRAEAR; A IE LBRREGE - JEL Gl i ol 110 AN P18, R B B
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G 138 e -
(e AR AP A IIEE Btk 2004 1 B 35
LEER IR B Ik b 0 2 OB B TR L, Bt
He RO S PR AR B R, TR
IS 38 P25 -
AR, K IR % B 48 H K R )
A S R T 2 I

>
or

1.1.2.3 5HAMGYARE A GTAREL R

. SEER. SERIENEL, HTwRIrimE 544
R C R IR, T B 125 5 G R 58 SRR R 535
KRR A e H BRI R ER 16T SRR IR IMAE S -

L1124 BptHREEAMIIkbHAE ZHRE

TR Ao A, I A B H IR RE AR i IR AT, ke 21 53
R SEIRAIME T Wit BB LB S iR A e H G B BT 4R
TR, S am B Lar bt K gl o 98 SR FERE SR T
BT WG H AT By 1 2 €0 A8 PR A5

I L2 kS kI st ot

1.2.1 ESdxFEBHEKBOFHRHER

HABEH K 2 BRI, BEAE X E 59 3 2% AR AT B
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ta ) N, AIAR IR R @& L. L4k,
A REH KR A7 T AWk, A BeRE LR, B
EARA LUT JLA:

L2.1.1 fe%AmEY

A IMEH BRR th =AD& SR A Z IR, BEE 2 G 3%
A H A, AMTRES =& ik & A BEH Ik, Ha
T AR, (B TEM ™= AR S 5 EZ AL
g3~ FBEEBL Al A SRR B A .

1.2.1.2 AR

AW 25 5 ) e /N 22 IR 2 P S A RS BEH IR AR
20 titeg 40 AFEAR,  AATTHEIE o DUIE B BT AEZ IR Ao SR A e
Hks 50 4R4RH0, FI A B KR A e HJRMOIE 25 ik 32
HoR . BB BRI KR, 4B KA IR T LA R
KPR, 0 PERIEE ARG, R B R Y
PSRRI TEAETZ, =5\ T AN H KR —
) T2 e ERAFH AR - 73 (S
) WA A . BMEAAEVFZ R, W AR BEH K
R A APLERG G E sl A, mH
HFEREMRE, WieR .

1.2.1.3 AYigELE KA HEK

L AW H kG s R IS
K AR W 5 WA 5 AT e H R SE 28X A ) & il
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