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0419

Bacillus subtilis -

18% 3M
- GGT
GGT Bacillus subtilis GGT
B. subtilis GGT
GGT B. subtilis GGT

Table 1 Strains and plasmids used in this study

Strain Characteristics

E. coli K-12

DH5a F~ supE44 AlacU169 (¢80 lacZAM15 ) hsdR17 recAl endAl gyrA96 thi-1 relAl
KY1 pSY43 /SH639

SH639 F~ Aggt-2

SH641 F~ Aggt-2 rpsL recA56 srl300::Tn10
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SH642

pSHI101 / SH641

SH773 HfrPO45 Aggt-2 htp™-Tn10 thi-1 pheA97 relA1L spoT1
SH1557  pSY43/SH773
SY43 pSY43 / DHS«x
Plasmid
pSY43 ColE1 ori rop” bla® ggt*
Luria-Bertani (LB) M9 glucose
100 pg/ml
1.5%
GGT Kunkel
GGT
PCR in vitro D gt
Sphl (1077-SphI-1099:
5’-CTGAGTCTGCATGCGGGTTTGC-3’; 3421-3402: 5’-CAGCCCAGTAGTAGGTTGAG-3")
pSY43 PCR gat
Sphl ggt Sall Sphl
pBR322
GGT Y- -a-
Y- -a- GGT
a- Fast Garnet GBC salt
Biodyne: Pall 0.45 pm
Table 2

GGT
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Table 2 The reaction mixture of activity staining.

10 mg / ml Fast Garnet GBC 0.10 ml
1 mM vy-L- -a- 0.20 ml
0.25 M Na-Succinate buffer (pH 5.5) 0.08 ml
5 M NaCl 1.62 ml
2.00 ml
Y- Y- -p-
2)
2 GGT
GGT
GGT
GGT B. subtilis  GGT
¥ B.subtilis  GGT GGT
C 14
N 10 Fig. 1
GGT
GGT GGT
pH 55 9% GGT 22% 16%
GGT 24%
0.9%
0.5%
GGT
Bacillus GGT
GGT
GGT
GGT
v-
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SH773 GGT Y-

pBR322 ggt pSY43 SH1557 Y-
pSY43
GGT SH773
NaCl Y-
GGT  vy-
2%
GGT
Y- -a- GGT
Y- -&- GGT
- Fast Garnet GBC salt
1 mg/ml Fast Garnet GBCsalt 25 mM  Na-succinate pH 5.5
Y- - o
Fig. 2 o-
SH641 ggt
SH642 ggt
SH641 SH642

Fig. 2 Reaction of a-naphtylamine with Fast Garnet GBC.
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GGT

PCR GGT
DH5a GGT
37°C
SY43
SY43 SY43
Fig. 3
SY43
SY43

Fig. 3 Results of the screening experiment.

18% NaCl

GGT

The strains with ; markes were judged as strains with weak GGT activity in the presence of NaCl.

LB 37°C

DH5a got
gat
SH639
KY1
KY3 3 GGT
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Table 3 Remaining hydrolysis activity against different substrates in the presence of 18% NaCl

Substrates NacCl (%) KY1, wt (%) KY2, (%) KY3, (%)
v-GpNA 0 100 100 100
18 17.7 21.3 22.5
Glutamine 0 100 100 100
18 13.3 15.6 13.8
v-Glu-a-naphtylamide 0 100 100 100
18 15.2 21.5 18.5
Table 3 GGT KY1
Y- -a-
GGT GGT
GGT
GGT

(1) Katayama, T., Suzuki, H., Koyanagi, T., and Kumagai, H. (2000). Cloning and random
mutagenesis of the Erwinia herbicola tyrR gene for high-level expression of tyrosine
phenol-lyase. Applied and Environmental Microbiology 66, 4764-4771.

(2) Suzuki, H., Kumagai, H., and Tochikura, T. (1986). y-Glutamyltranspeptidase from
Escherichia coli K-12: purification and properties. Journal of Bacteriology 168, 1325-1331.

(3) Minami, H., Suzuki, H., and Kumagai, H. (2003). Salt-tolerant y-glutamyltranspeptidase
from Bacillus subtilis 168 with glutaminase activity. Enzyme and Microbial Technology 32,

431-438.
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Salt-tolerant mechanism of y-glutamyltranspeptidase from Bacillus subtilis.

Hideyuki Suzuki
Division of Integrated Life Science,

Graduate School of Biostudies, Kyoto University

If the substrate of the hydrolysis reaction of GGT is glutamine, the reaction is a
“glutaminase” reaction. Soy sauce is a traditional Japanese seasoning and its umami taste
depends mainly on the amount of glutamic acid. During its fermentation, soy proteins are
digested into peptides by proteases from Aspergillus oryzae or sojae, and then the peptides are
cleaved into amino acids by their peptidases. Glutamine liberated is hydrolyzed to glutamic acid
by glutaminase (Fig. 5). If glutaminase is insufficient, glutamine is converted spontaneously to
tasteless or slightly sour pyroglutamic acid. Therefore, glutaminase is one of the most important
enzymes for flavor enhancement in the manufacture of soy sauce. Soy sauce fermentation is
performed in the presence of 18 % (~3 M) NaCl at pH 5.5 to prevent contamination. In the
presence of such high concentration of NaCl, the activity of Aspergillus glutaminase is strongly
inhibited. Therefore, salt-tolerant glutaminases were searched for in bacteria to apply to the
fermentation mixture of soy sauce. We found that Bacillus subtilis synthesizes salt-tolerant GGTs.
To elucidate the reason why B. subtilis GGT is salt-tolerant, salt-tolerant mutant of Escherichia
coli GGT which is originally not salt-tolerant was isolated.

The large differences of B. subtilis GGT from E. coli GGT are the 14 amino acids
insertion near the C-terminal of the large subunit and the 10 amino acids deletion at the center of
the small subunit. The same insertion and deletion, and their combination were introduced in E.
coli GGT. The activity of the deletion-type and the combination-type was severely reduced and
the insertion-type was more salt-sensitive than the wild-type.

We developed an effective screening method employing the activity staining.
Error-prone PCR was performed on the E. coli ggt gene and two salt-tolerant mutants were isolated
using this screening method. We also found that the salt-tolerance depends on the substrates.
The mutants we isolated were salt-tolerant using y-glutamyl-a-naphthylamide as a substrate, but

they were not salt-tolerant using glutamine.
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