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Cloning of Genes for the Biosynthesis of Glutathione from E. coli K-12

Nam, Yong-Suk'*, Young-In Park’? and Se-Yong Lee'
'Departrment of Agricultural Cheristry,
‘Department of Genetic Engineering, Korea University, Seoul 136-701, Korea

Abstract — To increase the production of glutathione by the expression of recombinant gsh
plasmids, two genes responsible for the biosynthesis of glutathione were isolated and cloned.
To clone a gshl gene, the GS903 mutant strain, which is deficient in y-glutamylcysteine synthe-
tase activity, has been raised. A gshl gene was cloned using pBR322 plasmid as a 3.6 Kb
Pstl DNA fragment isolated from E. colt K-12 chromosomal DNA. Also a gsiall gene was cloned
using pUC13 plasmid as a 2.2 Kb PstI-BamHI DNA fragment. To study the effects of plasmid
copy number and passenger DNA size on the expression levels of the gsh genes, various
recombinant plasmids containing different sets of genes were constructed. The expression le-
vels of the gsk genes were increased approximately twice higher in pUC series plasmids than
that in pBR322 plasmid. But the sizes of the passenger DNA containing the gsh genes in
the vector plasmid did not affect on the expression levels of the gsh genes.
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Table 1. Bacterial strains and plasmids used in this
study

otrain/Plasmid  Genotype Reference
E. coli K-12 strains
W3110 Wild type Yanofsky, C.
(GS913 MG in this study
(GS903 gshl™® MG in this study
CYS22 cys”, trp - m this study
HB101 ¥~ hsd20(r m™) recAB
leuB6 ara-14 proAZ lacYl
2alK2 rpsC20(str')y xyl-5
mil-1 supbEdd X~
Plasmids Characteristics
pLF4 pUC13-gshIl" Ap" 49Kb Lim, CJ.
{unpublished)
pLF6 pUC13-gshll  Ap" 4.1Kb Lim, ClJ.
(unpublished)
pGH100 pBR322gskl Tc¢© 79 Kb in this study
pGH101 pBR322-gskl Ap" 6.3Kb in this study
pGH200 pUC8-gshl Ap" 63 Kb in this study
pGH201 pUC8-gshl Ap" 47Kb in this study
pGH300 pBR322-gshll Ap” 54 Kb in this study
*MG": resistance to methylglyoxal

‘gshl: gene for y-glutamylcysteine synthetase
‘gshll: gene for glutathione synthetase
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Table 2. Inhibitory effect of TMTD on the growth of
the various E. coli strains®

Strains Wild GS913 (5903
TMTD" (ug/mi) (gshl™)  (@shl™)  (gshl")
10 + + +
20 -+ +- —
40 + + —
60 + + —
80 + + —

100 + + —

120 + + -
“All strains were grown on VB minimal medium con-
taining TMTD at 37C for 48h (+: growth, —: no
growth)

*TMTD: Tetramethylthiuramdisulfide
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Fig. 1. Psel digestion patterns of recombinant plasmid
DNA fractionated on a 0.7% agarose gel.

Lane 2: pBR322, lane 2: recombinAnt plasmid A, lane
3: recombinant plasmid B, lane 4: recombinant plasmid
C, lane 5: A DNA-+Hindlll, lane 6: recombinant plas-
mid A+ Pstl, lane 7; recombinant plasmid B+ Pstl, lane
8: recombmant plasmid C+PFstl, lane 9: pBR322+

Pstl
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Fig. 2. Color of ¢ransformants.

Colonies were stained with nitroprusside. G5903 which
is host strain deficient in GSH-I activity, shows the
white-pink color. A, B, and C are transformants, expre-
ssing red color except B after the treatment with nit-
roprusside.
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Fig. 3. Restriction map of pGH100 plasmid originated
from pBR322 which contains 3.6 Kb gshl gene region.
(A) 1s the circular map of pGH100 (pBR322-gshI). (B)
is the restriction patterns of pGH100 fractionated on

a 1% agarose gel.

Lane 1: pGHI100, lane 2: pBR322-+ Pstl, lanes from 3
to 14 indicate the digestion pattern of pGH100 with
Pst]l, EcoRl, Hincll, EcoRV, Pvull, Stul, Pstl+ EcoRI,
Pstl + Hincll, Pstl+EcoRV, Pstl + P11 Pstl+ Stul, and
EcoR1+ Hincll, respectively. Lane 15: 1 Kb ladder DNA
(marker).
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Fig. 4. Restriction map of pGH306 plasmid containing
gshll gene.

{(A) describes the circular map of pGH300 (pBR322-
gshll). (B) lane 1 is the undigested pGH300 and lanes
2 to 8 represent digestion patterns of pGH300 with
Hindlll, Miul, BamHl, Hincll, Mull+ Hindlll, Hin-

dII+ Hincll, and Hindlll+ BamHI, respectively. Lane
9 1s 1 Kb ladder DNA as a size marker.
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Table 3. Glutathione contents and GSH-I activities in
the cells of various transformants

Strains Glutathione contents GSH-I’
in cells

HB101 0.11 (1.0} 0.16 (1.0)

Transformant A 0.68 (6.2) 0.75 4.7)

Tarnsformant B 0.40 (3.6) 042 (2.6)

Transformant C 0.84 (7.6) 1.24 (7.8)

All strains were grown on VB minimal medium at 37C
for 36 h. Values in parentheses show the relative acti-
vity and content as described in Materals and Me-
thods. The content and enzyme activity of E. coit strain
HB101 were taken as 1.00.

“Glutathione content [mg/g(wet wt. cells)]
"umol/h/mg protein

Table 4. Enzyme activities of E. coli HB101 harboring
various recombinant plasmids

Plasmids Glutathione contents Activities”

in cells” GSH-1 GSH-II

None 0.22 (1.00) 0.15 ( 1.00) 0.34 (1.00)
pGH100 0.65 (2.82) 2.15 (14.30) 0.34 (1.00)
pGH101 0.60 (2.73) 205 (13.60) 034 (1.00)
pGHZ00 0.82 (3.73) 4.60 (30.60) 032 (1.00)
pGH201 0.79 (3.59) 4.52 (30.10) 0.32 (1.00)
pLF4 0.28 (1.27) 0.15 ( 1.00) 3.10 (9.10)
pLF6 0.27 (1.24) 0.15 { 1.00) 3.10 (9.10)
pGH300 0.26 (1.21) 0.15 ( 1.00} 240 (7.10)
“Glutathione content [mg/g(wet wt. cells)]

"umol/h/mg protein
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