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Abstract A bacterial strain that produces glutathione GSH was screened from vegetable garden soil based on a polymerase chain reaction PCR

protocol which could rapidly and specifically identify the gshB gene coding for GSH synthetase. Phylogenetic analysis based on 16S rDNA revealed
that this strain belongs to L. lactis ssp. cremoris. Scanning electron microscope analysis indiczated that its morphology characteristics were most
consistent with Lactococcus lactis . So we suggested that the strain belonged to L. lactis ssp. cremoris and named L. lactis CCSYU10100. The
intracellular level of GSH in stationary-phase cells of strain CCSYU10100 grown aerobically in chemically-defined medium was 2.39 +0.21 nmol/mg
protein. Other than GSH cysteinylglycine was identified by HPLC. The partial gshB gene sequence and the deduced amino acid sequence of strain
CCSYU10100 were highly similar with that of Pseudomonas among different microorganisms which indicated that strain CCSYU10100 probably
possesses independent gshB gene. Noticeably the GC content of the partial gshB gene of strain CCSYU10100 was 61.55% and the GC content of
whole genome of L. lactis is 35% —40% which seggusted that the gshB gene might not be an inherent part of strain CCSYU10100. Considering
Pseudomonas fluorescens exists in the soil widely it was speculated that the origin of gshB gene of strain CCSYU10100 was from Pseudomonas
Sluorescens by lateral gene transfer. The deduced amino acid sequence of strain CCSYU10100 contained two conserved domain i.e. prokaryotic GSH
synthetase  N-terminal domain 2™ ~ 58" amino acid residues  identities 44.5% and prokaryotic GSH synthetase  ATP-binding domain 61*' ~
221* amino acid residues  identities 93.4% . To our knowledge this is the first report showing gshB gene exists in Lactococcus lactis even in
Gram-positive bacteria.
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NIZO Food Research Jeroen Hugenholtz
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Pyrobest DNA
K
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v-GC - N- 1-
Sigma

glutamyl-cysteine
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4 20 K,HPO, 2 2
5 MgSO,- 7H,0 0.2 MnSO, 0.04 LiCl 2 pH
5.5 50°C
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5 g/LL M17
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30C 200 r/min 24h
1.4
lg 10 mL
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DNA
2U+2D PCR
ChM 30°C
24h GSH
1.5
1.6 gshB
DNA 11
2U  5'-TATATGGAGATGGGCGATCT-3’
2D 5'-GGGCTGGTGACGTTAATTTC-3" PCR
94°C 4 min 95°C 15 s 40C
30s 72°C 2 min 30 72°C
10 min
1.7
10 mL
10000 r/min 10 min 4°C
2 1 mL 1 mL
1 g 4°C
FastPrep DNA 30 s x 2
10000r/min 10 min CFE
Bradford 2
1.8 GSH
DTNB-GR GSH °
1.9
14 NPM
HPLC GSH v-GC
1 mL 1 mL 2 mL 1.5 mmol/L
NPM 5 min 40 pL
50% VIV 0.22 pm
HPLC Astec 4.6 mm x 100 mm
Cis 1:3 A
B A 1 mL/L 1 mL/L
20% B 1 mL/L
1 mL/L 80%
0.5 ml/min 330nm
380nm 10 pL. 25°C
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1.10 16S rDNA
DNA 11
16S tDNA PCR
27-F  5'-AGAGTTTGATCCTGG-
1492-R  5'-GGTTACCTTGTTACGACTT-3'
94C 94°C
30s 72°C

10 min

CTCAG-3’
PCR
15s 45C
72C
1.1 DNA
3C  16S rDNA
gshB
Roche
MWG Biotech Ebersberg Germany
27-F  1492-R 3C
NZ9000  16S rDNA  PCR
20 2D 3C
PCR
SeqMan

2 min

2 min 30

NZ9000

16S rDNA PCR PCR

Germany

gshB
DNA star

consensus sequence
1.12
3C NZ9000
GenBank
ncbi. nlm. nih. gov/blast
DNA star MegAlign 22
16S rDNA

16S rDNA

Blastn hitp //

NCDO 607T
NIRD 924
NIRD HC-1
NIRD Ho-6
NIAI H-61
L1403
NCDO 604T
NIAI SLN
NIAI 527
NIRD SC-10
14456

AB100802
AB100794
AB100793
AB100791
AB100792
AE006456
AB100803
AB100797
AB100795
AB100798
AJ421069
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2
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A 2¢L + + + +
K336 AB118034
B 2L pH 5.5 + - - _
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C 2¢/L 4 ml/L - - _ _
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2.2 GSH
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pH 5.5
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3
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MRS TCT  GAAATTAACGTCACCAGCCCAAC
5 gshB 2U
2D 22
B 1 750 b
B P
1 3C
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s CCSYU10100 GshB
Q
RtE A o % Pseudomonas fluorescens PfO-1
] O Q
10 |\ ]‘ - n P . syringae pv. tomato str. DC3000
] O
8 x \ L/g 7 | P. putida KT2440  GshB
63 f }’TI\ | \ CCSYU10100
4“;/\f/_4 7ﬁ, j;),,X\H—L_‘ GshB identities 94 %
27 , , , , , , , Similarities ~ 98%
6 8 10 12 14 16 18 20
i 889% 95%
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124B
V\ -
10 - o
| % p Clustal W CCSYU10100
8 1 L Q
6 - \ K \ gshB
4 4 \r o J gshB
P —
24 o CCSYU10100  gshB
6 8 10 12 1 16 18 20 88%
t/min
4 CCSYU10100 85%
A B CCSYU10100 v-GC v- 83% 5
671 bp Blastn GenBank 34 3 1
3 1 3
CCSYU10100 2% G/C A/T
8 A/T  G/C
CCSYU10100 gshB codon bias
CCSYU10100
gshB 6
Bioedit Alignment A/T
3 CCSYU10100 gshB gshB
pfl sen xor cvi eco sfl eca bps reu tde gox vwu bpe mca
bits 674 109 87.7 85.7 75.8 73.8 67.9 67.9 63.9 61.9 58 54 50.1 46.1
% 88 86 84 85 83 88 95 97 90 91 94 9 93 91
pfl sen Salmonella enterica  ssp. enterica serovar Choleraesuis str. SC-B67  xor Xanthomonas
oryzae pv. oryzae KACC10331 cvi Chromobacterium violaceum ATCC 12472 eco 0157 sfl 2a str. 301 eca
ssp. atroseptica SCRI1043  bps Burkholderia pseudomallei  strain K96243  reu Ralstonia eutropha  JMP134  tde
Thiobacillus denitrificans ATCC 25259  gox Gluconobacter oxydans 621H  vvu Vibrio vulnificus YJO16 bpe
Bordetella pertussis  strain Tohama I mca Methylococcus capsulatus — str. Bath
NCBI  Blastp
CCSYU10100 GshB 3
GshB N N-terminal domain
44.5% GshB ATP GshA  GshB
ATP-binding domain 93.4% 6 open reading frame

CCSYU10100 GshB ORF Clostridium



2007

34 6

Ila
pfl

ppu
Ila
pfl
psy
ppu
Ila
pfl
psy
ppu

Ila
pfl

Ila
pfl

Ila
pf

1 lla

ATGAGCGTTCGCGTCGGGATTGTCATGGACCCTATCGCCAGCATTTCCTATAAAAAGGAT 60
ATGAGCGTTCGGCTAGGGATTGTCATGGACCCCATTGAGCGCATGTCCTATAAAAAGGAC 60
ATGAGCGTTCGGCTGGGCATTGTGATGGACCCCATCGCGTCCATGTCCTACAAGAAGGAC 60

AGCTCGCTGGGCATGCTGCTGGCGGCGCAAAAGCGCGGCTGGGTACTGTTCTATATGGAA 120
AGCTCGCTGGGCATGGTCCTTGCCGCACAGGATCGCGGCTGGACGCTGTTCTATATGGAA 120
AGCTCGCTGGCCATGCTGCTGGCCGCCCAGGCACGCGGCTGGAGCCTGTTCTACATGGAA 120

CAGAAAGAGCTTTATCAGGGTGAAGGCCAGGCACGGGCGCGGATGAAGCCGCTGAAAGTG 180
CAGAAAGAGCTGTACCAGAACGCAGGCCAGGCCCGCGCGCGCATGAAGCCGCTGAAGGTG 180
CAGCAAGAGCTGTATCAGGGCGAAGGCAAGGCCCGCGCCCGCATGCGCCCGCTGAAGGTG 180

TGG TTUMGAG CTG GHENGAC ATC GAGC AGC CCG TTG AGC GAT
TGG TTONGALMCTG G EONEIeC

GTG ATC CTG ATG CGC AAG GAG CCG GAA TTC GTG 119
GTG ATC CTG ATG CGC AAG GAJflcca cAgfrTC ate 300
GTG ATC CT6 ATG coillarc GACCG aan TTcTC 300
GTG ATC CTG ATG CGC AAG GAC CCG CC] 300

CTG GAA CAG GCC GGG 179
GTEGAA CAG GCC GGG GTG 360
GAA CAG GCGGC 360

6CC ACG
acc AcfeTe

GGG ACG CTG
GCC ACG CTG

GGG GGG GAC GTG GGT GAA TTC
GGG GCC GAC GTG GGT GACHTTC
GGC GCC TTC

GAC GGG ATG GGC AGG TCG ATC
GAC GGC ATG GGC ACTCG ATC GAC
GAC GGC ATG GGC

ATG GGC CAG CG

ATG CTG GAA ACC ACC CAG GAG 419
ATflfcTa GAA AcC JcclEcc cag cAa 600
ATC cT(gaAr AcC GGC ACC CAG CAG 600

GGC ACC CAG CAG 600

GGG ATC GGC GAC AAG GGG ATC CTG ATG ATC
GGG ATC GGGAC AAG CGG ATC CTG ATG ATC

A GGC GAC AAnCGC ATC CTG
AAG ATC CTG ATC

CTG GGG
TAC TGC CTG GCG
CTG GCG

CTG CTH
CTG CTH

LY#GTCACCAGCCCGACCTGCATCCGCGAAATCGACAATGCCTTCGGCACC 900
LY8GTCACCAGCCCGACCTGCATCCGCGAAATCGACAACGCTTTCGGCACC 900
LYI8GTCACCAGCCCCAGCTGTATCCGCGAAATCGATGCCGCCTACAACACC 900

GACATCGGCGGGATGCTGATGGATGCGATCGAGAAAAAGCTGCAAGCTTGA——————— 951
AATATCGGTGGCCTGTTGATGGATGCGATCGAGAAGAAGCTGCAGGCGCGCAAGGGCTAA 960
GATATCGGTGGCAAGCTGATGGATGCCATTGATCGCAAGCTAAAGGCAGGCTGA————— 954
CCSYU10100 gshB gshB
CCSYU10100 pfl psy ppu

CCSYU10100  gshB

1063 -



1064 -

5

2007 34 6

5 75 Log 125 130 |75 200 223

GSH-5 A1
Query: 2 EKWFELADE | DSPLSDLDV | LMRKDPPFDMEFYYSTYLLEQAERAGVL | VNKPQSLR 58
Shjet: 72  APWFTFHDKURLPLGDLDAVFMRKDPPYDTAYLYATYLLERLDPKKTLY INNPQGLR 128
Query: 61 NEKLFATLFPQCTPPTVVSRRADVLREFAAKHGDY | LKPLDGMGGTS | FRHRAGDPNLSY 120
Sbjot: 1  NEKLYTLQFPKVIPETLVTENKAEIRAFLEEHGD|ALKPLLGGGGEG| LRLDPGVEISGA 60
Query: 121 [LETLTALGTQQIMGOAY IPAIK-DGDKRILM————IDGEP-VDYCLAR|PAAGETRGNL 174
Shjct: 61 | QGALPEMYVQPYLAQAKEGD I RIDLLNGEL | GGPEFRGNMAYGGAVAE [PI TLRETPEE 120
Query: 175 AAGG-RGEAR-PLSDKDRY|ASGVGPTLREKGLLFVGLDVIGENLTEIN 221
Sbjet: 121  |CASDRPRLRCGDGLMFVGIDVIGGYL IDTEGNVTSPTGIREIDRLEGY 169
6 CCSYU10100 GshB
GSH-S_N GshB N GSH-S_ ATP GshB ATP Query
Shjct CCSYU10100  GshB
perfringens Listeria GshA ATP
monocylogenes Listeria innocua GSH
Pasteurella multocida  Copley
Dhillon GshA ATP gshB GSH
ATP-grasp superfamily member CCSYU10100
GSH ’ gshB
Y-
GCS-GS ATP gshB
v-GC v-GC CCSYU10100 gshB
GSH’ 61.55%
GSH 35% ~40% "
7-GCS-GS  v-GCS v-
GCS GS
GS ATP transfer
D-Ala D-Ala GSH
GS GCS cyanobacterium
7-GCS-GS  GS
GS 7
Janowiak Griffith 7-GCS-GS ‘ i “
SAG1821  NCBI 13
homologous sequences
S . mutans S . suis DNA
S . thermophilus Haemophilus DNA > 7%
somnus DNA #
Lactobacillus
plantarum Gopal »

multidomain fusion protein

GSH

GshB

gshB
CCSYU10100
GC

GC

lateral gene
18~20

’y_

21

DNA

26
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AT 27 28
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