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Isolation and characterization of \Weissella strains from soy sauce
moromi mash
LI Qiao-Yu'? CHEN Jian'? ZENG Wei-Zhu'? FANG Fang"*"

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi,
Jiangsu 214122, China)
(2. Sate Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(3. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Weissella exists widely in fermented foods. Strains of this genera are
involved in fermentation and contribute to the formation of volatile compounds. In soy sauce moromi
mash, Weissella is the dominant genera of bacteria. Thus, it is of great importance to characterize
their adaption to the environment, as well as properties related to soy sauce fermentation.
[Objective] To isolate the main species of Weissella from soy sauce moromi mash, and evaluate their
function for soy sauce fermentation by analyzing the dynamic composition of each species and their
adaptation to the environment. [Methods] Characteristics of Weissella and their effect on the safety
of soy sauce and fermentation process were evaluated by detection of quantity of Weissella during
soy sauce fermentation, and their capability in production of short chain fatty acids, extracellular
polysaccharides, biogenic amines (BA) and ethyl carbamate or their precursors. [Results] A total of
16 strains of Weissella, including Weissella confusa, Weissella paramesenteroides and Weissella
cibaria, were isolated from soy sauce moromi mash. W. paramesenteroides was found to be tolerant
to salt stress that confers the main species of Weissella in the moromi mash. The capability of short
chain fatty acids synthesis of W. paramesenteroides is higher than that of W. confusa and W. cibaria.
Production of toxic ammonia compounds are diverse for Weissella strains. Some strains of W.
paramesenteroides produce more than one BAs and accumulate citrulline, the precursor of ethyl
carbamate, while W. cibaria degrades a variety of BAs. [Conclusion] The tolerance of Weissella
isolated from soy sauce moromi mash to salt stress, their growth at temperature lower than the
optimal one, and their metabolisms were disclosed. This is important to elucidate the function and
characteristics of Weissella for soy sauce fermentation and safety control in processing.

Keywords: Soy sauce, Lactic acid bacteria, Weissella, Short-chain fatty acids, Food safety
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Table 1 Primers used for RT-PCR
Gene Sequences (5'—3") Size (bp)
W. confusa recN GGCGGATTGGTCTCTTTTTG 198
CACGCTCAGTAACCGTGTGC
W. cibariarecN GCATCCGTCAGTTCATCAC 186
GATTACGCACTTACCACAGG
W. paramesenteroides recN GCTCTGAAGTGATTTTATCTGAC 174
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(Weissella paramesenteroides) 5 W. paramesenteroides
(Weissdllacibaria) ( 1B) 1 (01 20 28 30) W. confusa (02 14 25 40)
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A
Weissella paramesenteroides 01 (L.C096224.1)

100 Weissella paramesenteroides 20 (NR104568.1)
‘I% Weissella paramesenteroides 28 (AB023238.1)
Weissella paramesenteroides 30 (LC306845.1)
100 Weissella confusa 02 (KM505155.1)
90 —|: Weissella confusa 07 (KM207808.1)
100 95 89 L Weissella confusa 14 (KT719229.1)
Weissella confusa 19 (MF429656.1)
87 Weissella confusa 25 (HG800003.1)
95 —— Weissella confusa 33 (AB425970.1)
100 {_ Weissella confusa 40 (HM112611.1)
Weissella cibaria 03 (KX131147.1)
Weissella cibaria 17 (MF429486.1)
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98 93
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87 Weissella paramesenteroides 01 (CP023501.1)
93 Weissella paramesenteroides 20 (GG697134.1)
92 Weissella paramesenteroides 28 (GG697139.1)
Weissella paramesenteroides 30 (GG697128.1)
100 Weissella confusa 02 (CP023501.1)
97 Weissella confusa 07 (CP023501.1)
100 " 2 Weissella confusa 14 (CP023501.1)
I Weissella confusa 19 (BZ010013.1)
84 Weissella confusa 25 (AM698014.1)
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100 Weissella cibaria 17 (CP012873.1)
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89 Weissella cibaria 35 (CP013934.1)
—|: Weissella cibaria 36 (CP022606.1)
Tetragenococcus halophilus NBRC 12172 (AP0212046.1)

0.02

El1 SEBXREREKENRZALAERN
Figure 1 Phylogenetic trees of \Weissella isolated from soy sauce moromi
16STRNA  (A) reeN  (B) . 0.02
2% NBRC 12172 GenBank GenBank

Note: Neighbor-Jointing trees built by MEGA 6.0 based on 16S rRNA gene (A) and recN (B) partial sequences of Weissella strains; Scores
represent confidence levels; The bar scale indicates the rate of substitution per base, 0.02 represents a replacement rate of 2%; The numbers
in brackets represent the GenBank accession number for Tetragenococcus halophilus NBRC 12172 and those most relevant sequences.
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A B
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Figure 3 Comparison of the tolerance to salt and growth of \Weissella strains
A B

Note: A: Comparison of salt tolerance of Weissella; B: Growth rate of Weissella cultivated at different temperatures.
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Figure 4 The titer and structure of extracellular polysaccharide produced by Weissella
A B-D .
Note: A: Production of extracellular polysaccharide; B—D: Infra-red spectrum of extracellular polysaccharide produced by Weissella.
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Figure 5 Analysis of short chain fatty acids produced by Weissella
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Note: The values represent concentrations of corresponding compounds.
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Table 2 Production of biogenic amines by Weissella strains isolated from moromi mash

— Histamine Cadaverine Tyramine Tryptamine Spermine Spermidine Putrescine  Phenylethylamine
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
W. paramesenteroides 01 - 0.14 021 - - 2.39 - 0.53
W. paramesenteroides 20 = 0.53 0.94 = = 242 = 1.21
W. paramesenteroides 28 = - - = = — — _
W. paramesenteroides 30 = - - - = — — _
W. confusa 02 = - - = = - — _
W. confusa 14 0.96 - - - - 0.71 - -
W. confusa 25 = - - = = - — _
W. confusa 40 = - - = = - — _
W. cibaria 03 = - - = = - — _
W. cibaria 17 = = - - = - — _
W. cibaria 35 = — - - = - — _
W. cibaria 36 = - - = = - — _
Note: —: Not detect.ed.
(
(ADI) — 54%-99%) (
481 ADI 3 27%—32%)
(ADI) [18,33]
(OTC) (CK) 44 ADI
o1e 3 kLR
>1 <1
18% ( ) NaCl (49-30] W. confusa W. cibaria

ADI  OTC W. paramesenteroides - Paramesenteroides

28  W. paramesenteroides 30 3 )

ADI OTC 1( 3)
(4

W. paramesenteroides
( 6%—12%)
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Table 3 Detection of enzymes involved in ADI pathway in Weissella

Strains ADI activity (U/mL) OTC activity (U/mL) ADI/OTC (%)

W. paramesenteroides 01 0.51 0.65 78.5
W. paramesenteroides 20 0.45 0.49 91.8
W. paramesenteroides 28 0.47 0.46 102.2
W. paramesenteroides 30 0.41 0.37 110.8
W. confusa 02 0.44 0.57 77.2
W. confusa 14 0.35 0.42 83.3
W. confusa 25 0.39 0.45 86.7
W. confusa 40 0.37 0.44 84.1
W. cibaria 03 0.36 ND ND

W. cibaria 17 0.41 0.47 87.2
W. cibaria 35 0.33 0.36 91.7
W. cibaria 36 0.35 0.41 85.4

(U/mL)= X (pmoL/mL)/ (min) ND

Note: Enzyme activity (U/mL)=Dilution multiplexconversion of citrulline (umoL/mL)/conversion time (min); ND: Not detected.

*4 EHRRNRERENLLE

Table 4 Comparison of capability of Weissella in citrulline accumulation

Strains AArg ACit ACit/AArg
/L) /L) (%)
W. paramesenteroides 01 2.56+0.02 0.1640.01 6.25+0.04
W. paramesenteroides 20 2.74+0.03 0.24+0.01 8.75+0.05
W. paramesenteroides 28 2.4540.01 0.25+0.03 10.21+0.02
W. paramesenteroides 30 2.41+£0.05 0.29+0.02 12.03+£0.06
W. confusa 02 2.50+0.01 0.20+0.01 8.00+0.02
W. confusa 14 2.57+0.04 0.21+0.01 8.17+0.04
W. confusa 25 2.38+0.01 0.23+0.03 9.66+0.03
W. confusa 40 2.44+0.02 0.17+0.03 6.97+0.05
W. cibaria 03 2.47+0.01 0.22+0.02 8.91+0.02
W. cibaria 17 2.43+0.03 0.23+0.01 9.47+0.03
W. cibaria 35 2.27+0.02 0.15+0.01 6.61+0.02
W. cibaria 36 2.11%0.01 0.19+0.03 9.00+0.04
AArg ACit ACit=AArg—AOrn ACit/AArg

Note: AArg: Consumption of arginine; ACit: Accumulation of citrulline, ACit=AArg—AOrn; ACit/AArg: The conversion ratio of arginine to
citrulline.
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