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E. coli WSH-KE1 pGh301
7 pGH501 gsh 1 gshll GSHI GSHI
2:1 E.coli DH5a  E. coli JM109
E.colil E.colill
1.2
1.2.1 VB S5g Sg 2.5¢g
20mL 50 X VB 1L pH7.0 50X VB MgSoy 7H,0O 10g
H,O 100g K,HPO, 500g NaNH,HPO; 4H,O 17¢g 1L
1.2.2 LB 10g 5g NaCl 10g
1L pH7.2 LAmp LB 100pg mL
1.3
1.3.1 E. coli VB 37C 200r min
20h 7000 r min Murata -~ 1©
1.3.2 GSH 2.0 mL L-Glu
60mmol L L-Cys 20 mmol L Gly 20 mol L. MgCl, 20 mmol L. ATP 20 mmol L
pH7.0 50mmol L E. coli 100 mg mL KOH
pH7.0 37C 2 h
1.3.3 11
1.3.4 Amp VB 37C
20h LAmp LB
1.3.5 GSH GSH 2 h
GSH
1.4
GSH 12 GSH g L
mmol L 1 mmol L 0.307 g L ATP
AMP ADP  HPLC B HEWLETT ZORBAX SB-C18  4.6mm
X 250mm 0.2 mol L pH6.0 A B
0~6 min A:B=98:2 6~20 min A:B=90:10 1.0 mL min S5pl
UV260 nm
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Table 1  Comparison of GSH biosynthetic activity of partial transformants newly constructed
First screening Second screening
Transformant - -
GSH concentration g L Increment %  GSH concentration g L Increment %
WSH-KEI 1.03 1.03
E.coli -2 3.98 288 3.84 273
E.coli 1 -4 2.63 156
E.coli | -8 1.86 81
E.coli 1-9 1.22 19
E.coli [l -1 4.25 313 4.17 306
E.coli Il -5 2.73 166
E.coli |l -6 2.54 147
E.coli I1-10 2.45 138
DH50-1 1.54 50 0.76 -26
DH5a-2 1.28 25
DH5a-6 0.68 —34
DH50-9 0.63 -39
JM109-3 3.31 222 0.64 —38
IM109-4 2.94 186
JM109-9 1.46 42
IM109-10 1.23 20

% The GSH biosynthetic activity of E. coli DH5a E.coli J]M109 E.coli | and E. coli [l were all below 0.2g L.

2.1.2 E. coli WSH-KE1
2 E.coli 12 E.coli ll-1
WSH-KE1 GSH
coli T1-1
2.1.3 E.coli 1I-1 E.colill-1 LAmp 5
GSH E.coli [I-1 5 GSH
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Table 2 Comparison of plasmid stability

of different tranformants

Colonies ~ Colonies  Ratio of
Strain in LAmp in LB plasmid

plate mlL  plate mL reduction %

E.coli 1-2 5.0x107 1.0x10% 50
E.coli -1 9.1x10% 1.9x10° 52
E.coli WSH-KE1 3.3x10° 4.6x10% 99

* Ratio of plasmid reduction = colonies in LB plate-

colonies in LAmp plate colonies in LB plate X 100 %

) 1 pGHS01
2.1.4 E.coli I-1 GSH Fig.1 Agrose gel electrophoresis of pGH501
3 E. coliWSH-KE1 Lane 1 molecular mass standard
4 GSH lane 2 cell extraxts of the E. coli | -2 harboring pGH501
20% E.coli T-1 lane 3 cell extraxts of the E. coli Il -1 harboring pGH501.
4 GSH 90 %
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Fig.2 Effect of generations on the biosynthesis
of GSH by E. coli I1 -1

Fig.3 Effect of repeated-use times on the GSH
biosynthetic activity by different strains

—@— E.coli II-1 —O— E. coli WSH-KEI.

GSH
E.coli II-1
2.2 E.coli -1 GSH
2.2.1 E.coli 11-1 GSH 3
GSH GSH
3 E.coli T-1 GSH
Table 3 Effect of organic solvent treatment on the production of GSH by E. coli 1l -1
Organic solvent None 10% Toluene Acetone  10% Phenyl ethano 7% Butanol ~ 10% Methanol
¢ GSH gL 0.14 4.1 0 2.56 0 1.37
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ATP GSH
2.2.2 E.coli -1 GSH 4 L-Gys 20
mmol L GSH L-Gys  GSH-I 16
L-Gys 60mmol L GSH- T 50 %
L-Glu 120mmol L. GSH L-Glu  GSH-
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y-L- 1-
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Fig.4 Effect of precusor amino acids on the biosynthesis of GSH by E. coli 1l -1
Note The concentrations of Gly and Cys were 20 and 15 mmol L when Glu concentration was changed the con-
centrations of Glu and Cys were 60 and 15 mmol L when Gly concentration was changed the concentrations of

Glu and Gly were 60 and 20 mmol L when Cys concentration was changed respectively.
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Fig.5 Time-course of GSH biosynthesis 84.3mmol L 31.8mmol L L-Glu Gly
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Gly L-Cys

4

L-Glu  Gly

Table 4  Consumption of L-Glu and Gly within cell repeated-use process

Repeated number of times

Increment of GSH mmol L

Consumption of L-Glu  mmol L. Consumption of Gly mmol L

1 16.9 9.2 8.7
3 16.8 10.8 12.6
5 16.7 18.1 15.8
6 16.7 18.5 17.5

Note The concentrations of L-Glu Gly and Cys were 60 20 and 20 mmol L in each reaction system respectively.

2.2.3 GSH Meister 18 GSH
GSH-1 GSH-1I ATP 1 mol GSH
2 mol ATP 2 mol ADP 1
GSH- [ .
L-Glu+ L-Gyst+ ATP ——v-L- -L- + ADP + Pi
GSH-1I .
v-L- -L- + Gly + ATP GSH + ADP + Pi 1
6 ATP 20 mmol L GSH  ATP
85~90% GSH ATP 1:1
ATP 20 mmol L GSH
ATP ADP AMP 7
20 20C7 20
16 2 6 D16
o T a
=B < 12%
£ ol E
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Fig.6 Effect of ATP concentration on the Fig.7 Change of energy cofactor in the
biosynthesis of GSH GSH biosynthesis process
Note The reaction time was 2h. —@— GSH —[]— ATP —A— ADP —O— AMP.
7 E.coli l1-1 GSH
2 GSH- 11
GSH- [ .
L-Glu+ L-Gys+ ATP Y-L- -L- + ADP + Pi
GSH- [l

Y-L- L-
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1 GSH ATP AMP AMP GSH 1:
12 ATP GSH 1:1 3 pGH501  gsh |
gsh 1l 2:1 GSH- [ 0~0.5h
ATP 15.5 mmol .. GSH 6.8 mmol L GSH- 1 v-L-
-L- GSH- ] GSH 4 0.5h ADP
v-L- -L- GSH 5
5 1h L-Cys 18 mmol L. GSH 10 mmol
L GSH- [ GSH-11
ATP 20mmol L GSH 6 GSH
ADP  GSH-1 GSH-II GSH- [
ATP 19 ATP ADP
16 10mmol L ADP GSH- [ 50 % ADP  GSH-1I
ADP GSH-1I ADP  GSH
GSH GSH- [ 6
ADP GSH- I
2.2.4 GSH 6 7 GSH
2 h GSH E. coli
- v-GTP GSH 7-
2 Nakayama ! L-Ser v-GTP
L-Ser GSH 5
L-Cys 0h 15 mmol L
0.5h 5 mmol L
5 2~3 h GSH 31.3%
100 mmol L L-Ser— GSH
L-Ser— v-GTP
L-Ser GSH 5 v-GTP L-Ser
5 L-Ser GSH

Table 5 Effect of the addition of L-Serine and or potassium borate on the biosynthesis of GSH

GSH concentration mmol L

Addition
2 h 3h
Control 22.4 15.4
Potassium borate 12.8 9.3
L-Serine 13.8 14.8
Potassium borate and L-Serine 21.6 23.0

Note The addition of potassium borate adn L-Serine were 100 mmol L respectively.

E. coli v-GTP  GSH 20
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CONSTRUCTION OF RECOMBINANT E.COLI WITH HIGH
GLUTATHIONE BIOSYNTHETIC ACTIVITY
AND THE BIOSYNTHETIC PROCESS”
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Abstract A recombinant strain E. coli [[-1 which exhibited high glutathione GSH
biosynthetic activity and high stability #veay construgtedsbyrransiorming: plasmid, RGHS01,
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which contains gene gsh I and gsh [l into a wild type strain E.coli 1. 4 g 1. GSH accu-
mulated extracellularly by using toluene-treated cell. In GSH biosynthetic system GSH pro-
duction was improved by increasing the concentration of L-glutamate while inhibited by L-
cysteine if it s concentration was beyond 20mmol L. In GSH biosynthetic reaction the ap-
parent little consumption of L-glutamate and glycine was concluded experimentally to be that
toluene-treated E. coli [l-1 cells still contained high concentration of L-glutamate and
glycine. According to the change of energy cofactor in the GSH biosynthetic process a possi-
ble GSH biosynthetic mechanism controlled by E. coli [[-1 was proposed the energy dona-
tor of reaction catalyzed by glutathione synthetase GSH-1I was ADP but not ATP the re-
action was rate-limited step within the whole GSH biosynthetic process high concentration
of ADP might inhibit the activity of GSH- Il . Further degradation of GSH was prevented by
the addition of 100mmol L L-serine and potassium borate mixture. In such case 23.0
mmol L about 7.1 g L GSH accumulated at 3h.

Key words Glutathione Recombinant E. coli Construction Biosynthesis Reaction mech-

anism
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