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Figure 1. Distribution of target genes on the genome
of T. halophilus.
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Tablel. Target genesfor MLST analysis
Genes Products

clpX ATP-dependent Clp protease
ATP-binding subunit ClpX

dnaA Chromosomal replication initiator protein

dnaK Molecular chaperone DnakK

groEL Chaperonin GroEL

pyrG CTP synthase

recA Recombination protein RecA
rpoB DNA-directed RNA polymerase subunit beta
uvrC Excinuclease ABC subunit C
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*2. AT MLST 589514
Table 2. Primersused for MLST analysis

Primers Seguences (5—3) Genes Amplicon/bp
clpX1 TAGGACAAGATGAGGCT cpX 697
cpX2 ACAGGCAAACGACCGAT
dnaAl TATGATGAGCGGAGAAG dnaA 579
dnaA2 TGTGGCAATGTAGGGAT
dnaK1l GAACTATTGTTTGGAGAAG dnaK 717
dnaK2 TGAGTCATTGAAATAAGCA
groEL1 ACTTCTGGGGCTAATC groEL 692
groEL2 GAATCGCCAGCACCTT
pyrGl CTTAGGCATTCAACCC pyrG 586
pyrG2 AATCACATTTCTGGCA
recAl TAGATGTCGCATTAGGAG  recA 622
recA2 GGGGGAGCAACTTTATTT
rpoB1  ACAGATACATTGACACCG rpoB 715
rpoB2 CTTTACATAACAGAGCAG
uwrCl TGGGGCAGAGTATTTCGG uwrC 720
urC2 CGTTCTTGTGCTCGTTCG
132

30°C DNA

( Omega Bio-Tek )

(50 uL) 2xPfu DNA

25 pL  ddH,O 22 pL 1 pL
(20 pmol/L) 1 pL (50 ng/uL) PCR
95°C5min 95°C30s 56°C30s 72°C
1 min 30 72°C 10 min PCR
«C )
133 MLST
DNASTAR SegMan
MEGA 5.0
r poB-
recA-dnaA-uvr C-dnaK-pyr G-clpX-groEL
( 4687 bp) MEGA 5.0

(Neighbor-joining method)
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3. MERPUBAIKE B D
Table 3. Thetyping group of T. halophilus
Groups Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

Strains R23, R21, R8, R13 R18, R44, R55 C33,C3 R9 C25 C1 JCM 5888"

T: T. halophilus type strain.

89 R217]
06 R13

99— RS55 I R44

25 ( R23 R21 R13 RS
1CM 58887 - RI18 RS55 c33 C3 c25
I C33 C3 )

— C3
100— 33

0.001

2. PERMEIKERA ST

Figure 2. Clustering analysis of T. halophilus strains.
A joint sequence of eight house-keeping genes (rpoB,
recA, dnaA, uvrC, dnakK, pyrG, clpX and groEL) of T.
halophilus was used to construct the neighbor-joining
tree by using MEGA 5.0. T: T. halophilus type strain. 49

2.2

API® 50 CH
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3. ETHERLEFMRERMNKIKER LS
Figure 3. Clustering of T. halophilus based on their carbohydrate fermentative profiles. Black, positive reaction,
fermentative; grey, partially fermentative; white, negative reaction, non-fermentative. GLY-5KG, abbreviations for
sugars and their derivatives, represent glycerol-potassium 5-ketogluconate.
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halophilus subsp. flandriensis ( )
65 °Bx Tetragenococcus
60% [26] MLST hal ophilus subsp. halophilus (
)12 T. halophilus
12 T. halophilus
4 12 T. halophilus
45 °Bx C25
[27-28] 50 OBX
(C25 C33 C3) ( 48 °Bx
)
(R23 R21 R44 )
T. halophilus 50 °Bx ( )
(C3 C33 C1 C25)
( )
(R23 R55 T. halophilus  MLST C3
) R44 C33 R8 R55 C25
C3 (33 T. halophilus
2.3
T. halophilus Justé 2.4
RAPD
T. halophilus 2 69 °Bx T. halophilus
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Table4. Growth of T. halophilus under osmotic stress

Brix C25 C33 C3 R55 R18 R21 R8 R23 R44 C1 R13 R9
45 °Bx + + + + + + + + + + + +
48 °Bx + + + + + + + - - - - -
50 °Bx + - - - - - - - - - - -

C25-R9: T. halophilus strains; +: growth; — no growth.
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Figure 4. Production of oligopeptidase by T. halophilus
strains.

Figure 5. Tolerance of T. halophilus strains to salt
stress.
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Figure 6. Tolerance of T. halophilus strains to acidic
stress. Relative growth rate, the ratio of viable cells
numbers (after acid stress treatment vs before
treatment).
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Figure 7. The growth of T. halophllus in low
temperature environment. Relative growth rate, the
ratio of viable cells numbers (after low temperature
treatment vs before treatment).
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Abstract: [Objective] This study aims to classify Tetragenococcus halophilus strains from soy sauce moromi mash
using taxonomy analysis, and to characterize these strains. [M ethods] T. halophilus strains were classified using
multilocus sequence typing combined with cluster analysis of their carbohydrates metabolisms. Physiological
characteristics of T. halophilus strains were studied by analyzing their tolerance to stress. [Results] Twelve T.
halophilus strains of soy sauce mash origin were classified into two groups. The cluster or group type of individual
strain is correlated with the environment where it derived from. T. halophilus strains C25, C33, C3 and R55
tolerated osmotic stress (high concentrations of sugar and salt), whereas strains R44, C1 and R23 exhibited better
resistance to high concentrations of salt. Growth of stains C33 and R44 in acidic medium (pH 5.0) was not
significantly inhibited though T. halophilus generally grows poorly under acidic conditions. Growth of T.
halophilus strains was significantly inhibited when grown at low temperatures (15 °C and 25 °C). [Conclusion] T.
halophilus strains from soy sauce moromi mash origin were classified into two groups, using the methods based on
genotype and phenotype categorizing. Strains from different groups exhibit differences in physiological
characteristics.

Keywords: soy sauce, Tetragenococcus halophilus, multilocus sequence typing, carbohydrate metabolism, stress
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