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W OE WRTEME. coli ZCSHMWEBAE BAEETHINMETF AIEIERN
ATP W, SRS, A S SR ATP HEE(THM A GSH LR, &5 TE Z B Oh A0 12h
SRHIA 2.0 g/1. ATP # 9mmol/L. B SRR, WM TR N GSH & Er] 4 B b A 18
EE 4% 1.4 45, WHERNRBEENH AR TEMN GSH L BRMREHRST, BoNgR
FEAGSH G BREFREFMRTERSIRET 10% 26% . TE4H T %l X # &%
PR AS R A b, A % AT TR N3 5E, 250 A TR 54 Bl A GSH B & 5 Aljik
| 80 g/L fl 880 mg/L, LLERMBIT AR FRE T 8.3 0 4.6 .

XA ARERR, EEKBEE, KRR

HEE TQ64.7 NEEFIREB B XEES 0001 -6209(1999}04-0355-61

BREHIK(GSH) 4 EN—FEENEEURELEY B THEFZIHERN
= THT)EE, B AN ITERTIT Y FRE R N4 R LB AT R E A E £ F IR R E R
EE B, HARERAESRERER GSH, THE MR 80 FEAREELEDY
FRE NEERE IR GSH R M B EA TS0 % T i & GSH RAB G4, TR EE
A GSH MRFTT B, ) B T B AR R B4 7 GSH WP R el i, fFEN e
N TR A BFSE T 0 E AR B AE = GSH M FrEEE &, A X% GSH M H \ KB R
WAL R AR B T E#ETTH.

WEAES GSH &R &M R E. coli BEHF¥ GSH AW & ABF R P —1
HHM, B THARSE GSHL # GSHI WER gk [ F1 gsh 1 7E88 ERTHEX
5K, Murata ZU 8BS EMBEPT B gh L F gsh 1 MIh KIS T EHE M GSH 51
BEHWEA E. coli, [EXTIEREAIGH HTEAMPFR. Lhrl, i T GSH =R
Ay, Hopd R A P AR B R B P A A0 T T AT S, PR B, AR IR R AT 3
& A B AT GSH A= SR T A6 B, A —FREEH FIH &8 S W GSH
) B A K IHF T TR B R PR T 5.

R
1.1 ®H
25 Bt H BE 3 B B8 ( Glutathione reductase ), i R BLHH g I (NADPH) .5 - =8B I ¥

LA EEMLERE L ARFESREIME
rEEMEFRRLA
Wi H BA . 1997-09-01, 4 5 B #A.1997-11-24
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(ATP)# DTNB(S5, 5 -dithiobis-(2-nitobenzoic acid}J 1 5 Sigma A5 . LRAAKE
R(GSH) IS AL B G M HIK(GSSG) I HEE4 Y TIRAR. BEFE N Oxoid M.
W E DA R AL F . HsRiA R N E P o el
1.2 ¥

B KT (Escherichia coli )WSH-KEL, gsh 1 1 gsh [ ZEF #4375 1L ¥y 201, di 56
E{-fk¥tHm TEERME,

1.3 1EFR
1.3.1 #EEHFE . EGK 10g, BEEH Sg, NaCl10g, Brf5 20g, T HFH R S0mg, EF
% 11, pH7.2.

1.3.2 FTiEss. EAMK 10g, Bt E Sg. NaCllOg, #i & 30g E&E 1L, pH7. 2,
1.3.3 REEFF.FEHF 10,08, KH,PO, 13. 3g, (NH,),HPO, 8. 0g, MgSQ, * 7TH,O
1.2g, FrEEEE 1.7, EDTA 8. 4mg, CoCl,*6H,0 2. 5mg, MnCl,* 4H,0 15.0mg, CuCl, ' 2H,0
1.5mg, H;BO; 3.0mg, Na,MoO,* 2H,0 2. 5mg, Zn(CH;COO0); - 2H,O 13.0mg, Fe( I ) Cit-
rate 100.0mg, TRERTALE 4. Smg, HIAT 0. S LB A EH £ 1L, pH7 . 2,
1.3.4  FihndE R . WA 600g, MgSO, + 7H,0 20. 0g, EDTA 13. 0mg, CoCl, * 6H,0
4.0mg, MnClL + 4H,0 23. 5mg, CuCl; - 2H,O 2. 5mg, H;BO4 5. Omg, Na,MoO, « 2H,O
4.0mg, Zn(CH;C00); 2H,;0 16.0mg, Fe( I YCitrate 40.0mg, iH/#@7#) 1.0mL E & F 1L,
pH7.2.
1.3.5 K& IB0R[91#H# 7.
1.4 FTERESE

L#HYG- T MR ERIFEREGE, £ VIRTIS2.SL TRHA 6N EABEHE,
HEREMN pH B EHAR, BELSHER.
1.5 BRAE
1.5.1 BHER . ERHEREERAEL NTER 40 F, B A TFEFEERE
25mL/250mL HEFH), 30C R FHIFFE 24h B 0B BHEBEANEAEERE(ERE
50ml./500mL HEFE M), S BRET (8] F0 4 4 o BF 4n T4 B0 1E B 43 51 4 24h 0 10 g/ L.
1.5.2 HMUEH . 2SL KEEE RS E 1.0L, M8 20%, REHEE 30C, BtV
HREENZESHAAGEFAETHRFRKT 30%, HBEFLLEREBAERTEL
H., pHilHEMEKRERE 7.2EF, F#IEF sh g, FEE00H mor T RmEs=.
1.6 9WAEE
1.6.1 FRBEE .3, - MHEKARE.
1.6.2 HRTE. —EBEAMESLEWE EER, BIKTE 90C Mt 24h FFE.
1.6.3 HIY GSH & & 4% Murata 20U 18 8 07 i K #F 8 40 R P 3R B GSH, % A
Tietze " R IE M B R DTNB-GSSG 1§35 4175 M B BGH +F GSH & .

2 ERFR

2.1 #EABENETEEMAFX WSH-KEL 7 GSH 89§00
2.1.1 WMEEpHMEWH. WME pH 7.2 M 6. 7THIZEAENERTEMBRAGH I £
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SRIEFEA, B 4.75 g/LF115.71mg/ g, R HERKRIE pH 578 & B.FidE pH 3 A
—,
2.1.2 FHIEAENBWE. EEEREAT GSH MR AR, BEE B AR
E5 &/ GSHHEERAMREER . EFEMAPEEET BNEEEX WSH-KEL &
GSH #fmm, 5 R A M, FBEF B RE R ERMAFRAERGRMO0.9% B HENH#
BTEEMEESE S 53%), (HIF NREEE AT A GSH & B A & SR 7R Tt —
HRFTE, ) FEEREE B R T EAREFE RENREN.
2.1.3 FHAERCEREMNTERES YN EME: GSH Mik¥ £FE v L- 5 & B-
L e B HERe, ZE T AR R AR ZE MR Sk EAN SER AT E Rt
SR HERIE SR GSH REEMEmH, FR-RTTE L.

#1 NEEEMNEAXGITESHSEH KO

Table 1  FEffect of glutamate, cysteine and glycine on GSH fermentation

ETAEER ARTE SHHRSE SETREE | ragE- ARTE SHEKSE TUHKER
Amino acids®/ DCW/  GSH content/  Total GSH/ | Amino acids™/ DCW/  GSH content/  Totat GSH/
(mmol/L)  (g/L) (mg/g) (mg/g) (mmol/L) (g/1.) (mg/g) (mg/g)
None 4.45 11.68 51.98 1 5.70 £1.22 63.95

1 4.13 11.76 48.57 3 5.55 15.63 86.75
3 4.23 12.04 50.93 5 6.18 15.10 93.32
5 4,28 11.54 49.39 7 6.02 I5.58 93.79
7 4.35 10.36 45.07 9 5.60 21.14 118.38
9 4.23 10.56 44 .67 11 5.53 19.89 109.99
11 3.98 10.78 42.90
«  EREEITHET(OR A, * + JERE 1Zh DA
#  Added at the beginning {0h) of fermentation. x # ; Added at 12h of fermentation.

B 1A%, R GR AR SR M B ALK M GSH & Mty M & M 1k
. M54 12h hnA, W 2. 12h BHAOA Smmol/L B EEBR W IRER KHRTE
(6.18g/L), AT BB R 40% ; IR EF 4R 2 9mmol/L B, Bl N GSH & B KB & GSH &
E#HFRA £ 14mg/g) W HEERT 2 %, F&(118.38mg/L) W Ee Xt B & |
it 3 fE,
2.1.4 Bns-SHEBBTATPHER.GSH EWMER WS BR N ER., F-$2
M L-A SR LR R - E B BB B & L (GSHL EC6.3.2.2)fFH F &
yOEREBER, S - EBRREREBRMHEREST W HK & B (GSH I,
EC6.3.2.3)FA T &8 GSH, XMEMENEITEE ATP £5,% ATP A2 RN &
FEMANH. X T #% WSH-KE! HIREERER™ LK ATP ETWE GSH & RHFT
FOAYEBIHE O h M 12 h REERTAIA TR E K ER ATP, &Rk 2 iR, EEERES
WA EE % 9mmol/L B ATIR T (1) HIATP AR TE A GSH S BYFHE
&;(2)0h MA 2.0g/L ATP 6, AT EMM N GSH T BB PR XK, 2 Hh 5.90e/L 1
28.84mg/g; (3) LLEETE O h #1 12 h BF4F BN ATP 945 R &M, 0 h INA ATP Xt & &4
KHl GSH &R E R H .
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2.2 EBEABRENERRBEL
H ERE R R B, AR E ERIKIE . ATP AR %6 pH # B SR 3 1K ¥ 0
WSH-KE!1 7 GSH 57 &M, S8R HIERREEUREXLEHENRMTEE.
7 L () ERREHEZRR (% 3).
£ FN=MBETHREE"
Table 2 The effect of ATP addition”

KB O LA ATP T E GREH KSR GAEH AL S RS20 LA ATP BT E SR IE K 20 HcE &

ATP added at 0 b/ DICW/  GSH content/ Total GSH/ | ATP aded at 0 h/ DCW/ GSH content/ Total GSH/
{g/L) {g/L) (ma/g) {mg/L) (g/L) (g/L) {mg/g) {mg/L)

0/Nc aminc acids 4.75 11.68 55.48 0/Add amino acids  5.60 21.14 118.38
0.67 5.62 26.31 147.86 0.67 5.54 19.83 109.86
£.33 5.75 28.24 162.38 1.33 5.54 18.55 102.77
2.00 5.90 28.48 168.03 2.00 5.37 18.09 97.14
2.67 5.78 25.26 146. 00 2.67 4.84 17.36 84.02
3.33 5.50 22.64 124.52 3.33 4.81 18.95 91.15

» BRI B H R P ME R A B R R & (mmot/ L) TR BE 12 h Bt A,
* :Mixture of glutamate, cysteine and glycine (9mmol/L) with equivalent molar ratic was added at 12h of fermenta-

ﬁ 3 1415(45)Ef1ﬁ—%5§*$$ * i%é:!:%%*&ﬁﬁﬁﬁaﬂ H ( 1)%
B 28 % M B T B R e Oy . BE AR >
pH>ATP> B ER, KmEA & H:

Tabte 3 Level table of factors in 1;4(4%) orthogonal experiment ™

B # Factor \ ZKF Level 1 2 3 4 .

A EERE amino acids/ (mmol/L} 0 5 10 15 gk pH7.2;%{&'§‘Y5]§E 0.8% ;&%
B: BB ATP/ (2/L) 0 067 1.33 2.00 BRIV E 9mmol/L; ATP # 2.0g/L,
C: % Nothing (2)%@%5@-%@?&43 GSH ;'é\%m%
D:BEFEHE Yeast extract/ % 1] 0.4 0.8 1.2 N

E: ¥1%5 pH Initial pH 6.2 6.7 7.2 7.7 Wi . pH > ® R > B 88 > ATP,

* ATP M KBS BITERRE O b A1 12 hSFHUA, FRAL £ 09 MG KB pHE. 7, BE &
* ; ATP and mixture of aminc acids was added at 0 h and 12 h, %mg 0.8% ’j}u)\ﬁﬁﬁ Smmol/L;
respectively. ATPIUAE 2. Og/Lo % A ﬁx‘j‘ﬁﬁ

W GSH B BH R G E X LE HEE.

F4 FARMMEHALENRIITRER

Table 4 Experimental results by using the optimized combination of factors

i #%ﬁﬂ#‘:ﬂlﬂﬁ!‘?ﬁi‘ﬁ% ‘ &3t | Ak GSH S BH & _
Objective ) Combmatloln aimed ai taximal D.CW r(iombmation Taimed at maximal r.ota.l GSH
35 | Experiment] 3£ 2Experiment2 3 1 Experiment] 3534 2Experiment2
#8 pH Initial pH 7.20 7.20 6.70 6.70
2T pH Final pH 2.03 8.19 7.21 7.10
4nBE-t B DCW/(g/L) 8.33 8.83 7.40 7.10
ik E RSC/ (/1) 0.43 0.33 0.33 0.34
HHHE K &8 GSH content/ (mg/g) 11.51 13.08 20.70 22.87
At H Bk & & Towel GSH/ (mg/L) 95.89 89.26 153,18 162.38
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FERRBERYFESFEA (DR FEAFHSESERE, W6 pHE
BF MABAEBRNATP ARE; ()MEBREF GSH SEMEWYIGE HREARE, E4
BMATP REREMBEHEREE. XEERSHESITER .

HREGEGHIT T FAE, £ 4 HAH T ERRIGHORME & H#T10ms wa
PR ERER. SEXRBYRBENEXRAOE FE(7.8g/L) fi &k K GSH 2 &
(125.16meg/ L)AL, RAPHRMRASHE RAAR TEMRKKX GSH LB HEET
10% 126 % .

2.3 WSH-KEl 3 WERHH AW

2.3.1 VIBEWERMEW.E i BRBIETRFENEFSBH B IE A, Riesen-
berg! 1288 $RIE 4 ¥ 7 REAR T S0g/L T E. coli B3R RS PMH . WF WSH-KEL, W14 i
Fr#E T 20g/L BDAT 40 AR FI GSH & M- MFER, Rt B EEERE N
10g/ LOE IR ) .

2.3.2 WSH-KE1 ## i & &

S TRES HeEr ] ° 18
BhEsHMTREROEE ol 7 =17
RAH SR TR, 3 L 36} ¥
Fi#E 2L RERT EaR 30 3¢ tls
ks (R E I Jo | | L
MR e ED + S EE. 108/L § | g, | Z1,
FIBEEE T WSH-KEl fy &8 <*4 R .| &
HREHL(E DBR, 8 hEtHE § g 2
B, 5 40 B 475 E 92 i, SR ERA
RATRRMER =m0l o - O0000-0-0-000 I
WY FEESBRE ST S8hE $ #5848 Caltivation time/ h

BE % R B 1 L pH A BT

F. ME 1 7% WSH-KEL i WSH-KE! {#if 5B fR ik

th GSH 8 & LB F 4 K (B :ﬁﬂﬁﬂii:mﬁ@ﬂq%ﬂfﬁﬁ‘ﬁtﬁﬁ.:iﬁlﬁﬁmfﬁ:APHD
' A T ig. 1 ime-caurse of WSH-KE/[ in shaking-flask culture.
BH,14h HTH@‘W GSH & R3% 7 @ Dry cell weighr; [lntracellular GSH content; O Glucose concentration ; 4
BA(16.64me/g)o WM H oy
B 1R, A

S hERFH, *s5 TEERMEAEM CsH ABEHENM
2.3.3 ﬁ #ﬁ ;H. ﬁ Table 5 Effects of different glucose feeding methods of shaking-flask on GSH fermentation
B8 . 24T 2L TR RN #FRTE sRUYHEGE SHHGEE

Feeding methods/(g/L) RSC/ DCcw/ GSH content/  Total GSH/
= P ar
AWERMERLZ 01 gh 2h @D (WD) (o) (me/L)

B, B 0 B W7 0 0.388 3.88 7,46 28.94

s 5 B 4 GSH 10 10 0.295 6.43 16.89 108. 60
10 10 0.288 7.53 19.22 144.73

Fay b &

& AL BE I R R 10 5 5 0,288 6.60 17.51 115.57

B E 20g/L
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THERARRAME XA (R 2) R, S LS B ERSHREANEKN GSH
B, R X WERE 10g/L.12 h 40 10g/L 893ME U B E, GSH & B H A HMS
BET 51K S,
2.4 WSH-KE1 B8 EEFHTR

T WSH-KE1 HEER AR R GSH, AR E 80 & 77 3, 3K 440 7 7R 40 v a0 R 1
HE B RIER A H = UK TR E, UM TR RERA4 L1 i#1F, B WSH-
KE1 &R R A F O [ 50 (1) W RIS SR8 AR 2% 10g/L, EH T
ERShAEREEBEEAREL QOMENEREBRE P GSH R ERMAERMWERE, B
W, E2L RBEPREERE 10g/L. 5% 7 b ST g 55 St e oy &3¢
WSH-KE1 SEfT ¥ nE 32, KB Bl 2 i 2 Frs.

Hi B 2 AR, SR A RSO N T

or 1 "R RRIRNEE G ATP RIS H
R : 15 ESEFEMR, WSH-KEl ¥4I+
5% E BESRMWMN GSH BB 25 h
3 | % b “E BEKEIT 80g/L M 880me/L, by
Sl f e o 5 BEMBIFERSIRTT 8.3 M
: T w o 4.6 1%, WG F A, M
ERRE: 18 & PesRmakE 3.2¢/(L/h), MM
RE s & W% 0.4g/e ETH, B4

® 10 ke 2 ARTEETE Y 0.37/g.

ol oOmmmQrC B oty Gy o AR T 4R R4

3% 36 (6] Cultivation time/ h RMEEEFRE A T B, X

— 75 R B S R O DI R

P2 WSH-KEL $¥0f bl 235 58 o #2 i 2% fATP, B— F A T L7 = 41
OMATE RS TRS R, AR, MWE TS T, gsh T 1 gsh T X
Fig.2 Time-course of exponential feeding culture of WSH-KE1 !ﬂmi@ﬁﬁﬁﬁﬁﬁ/}\, ﬁﬁﬁ GSH

(ODry cell weight; [ Intracellular GSH content ; £ Glucose

1f0 GSHT miEHE R .

H TR 2, A%
BERERMEE, RAX— R E. coli W LIKF AR B A B 3 I 7E A P Ak 8 =
(nzBYymEEz W, ERE2ZEN. HBAEFRAEIRIN T X KB8T 100g
(DCW)/L 8 4RiEY . BRI R BT U R MBM I A EH TR, REERER
RERIEFRLRPEEY N ESBE . FXRIWER IS R ER R R AR # 5
PR REE W 5 CRE. HAlM &R, et R my S Em LR ER &8,
FIRLAHY IR G A WS, DUIRIE WSH-KE1 76 %5 41 I 25 1 3R 8 TR 154038 1 GSH & MLeE
1.

concentration.

B BHARTOTREENEHZRMAZRERELERRSR RS TR,
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FERMENTATION CONDITIONS FOR PRODUCTION OF
GLUTATHIONE BY RECOMBINANT ESCHERICHIA COLI’

Li Yin Chen Jian Mao Yingying Lun Shiyi
{ Schoot of Biotechnology, Wuxi University of Light Industry, Wuxi 214036}

Yoon-Mo Koo
( Department of Biotechnology, Inha University, Incon 402 - 751 Korea )

Abstract The fermentation conditions for production of glutathione by recombinant E . coli
were investigated, the addition of certain materials, such as yeast extract, precusor amino .
acids and ATP were mainly focused on. The results showed that the addition of precusor
amino acids and ATP could promote intracellulat GSH accumulation. DCW and intracellular
GSH content would be 24% and 1.4 times higher than that of fermentation without addi-
tions when 2.0g/L ATP and 9mmol/L precusor amino acids were added at the begining and
12 h of fermentation, respectively. By using the optimized combination of additives obtained
from orthogonal experiments, the maximal DCW and total GSH in broth could be improved
10% and 26% higher than the best results in orthogonal experiments, respectively. Based on
the analysis of glucose utilizing ability of this strain, an exponential fed-batch culture process
was conducted. DCW and total GSH in broth culd be 8.3 and 4.6 times higher than that of
shaking flask culture and finally reached 80g/L and 880mg/L, respectively.

Key words Glutathione, Recombinant Escherichia coli, Fermentation conditions
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