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1. PCRY1B5|H515%
Table 1. Primers used in this study

Primers  Sequences (5'—3") Target genes Strains

Sta AF CGCCAATACATACGGTTGA arcA Staphylococcus pasteuri
Sta AR AAACAGTGAAATCGGCAAA

Sta CF TTGATTAGGCTCGTTGTAGT arcC Staphylococcus pasteuri
Sta CR GACCCAAGGTATGATAGGATT

Lac AF GAGTTCATCACCACCTTCG arcA Lactococcus garvieae
Lac AR  GTTCTCCTTCATCGTCCAG

Lac BF CCAAGCATCGCACCTGTTA arcB Lactococcus garvieae
LacBR  TTCCAAGGCCGTTCATTTT

Lac CF GTTGCCGCACGACCAGTAC arcC Lactococcus garvieae
LacCR  GGCCCATTCTATGACGAAGC

Ped AF AATGGACCCAATGCCTAA arcA Pediococcus pentosaceus
Ped AR TACAACAACGCCAGGAGC

Ped BF GCAGGCACTGAAGGTAAG arcB Pediococcus pentosaceus
Ped BF GCTTCTTGGAATACTACTGAG

Ped CF GGTGGCAATGCTTTAGGA arcC Pediococcus pentosaceus
PedCR  TTGTGCGGCTTGTTCTTT

Bac AF ATCCATTCCCAAATCCACG arcA Bacillus amyloliquefaciens
Bac AR TTGCTCTTCTTCAGGCACTTC

Bac BF TCAGCGGTTTTTTTGTTCATCCTGT arcB Bacillus amyloliquefaciens
Bac BR ATGCACACAATAAAAGCGGAACACA

96 TR LML 1200 pL_LiE K To6fLARH, JH96iHIH
WA (I S AE R A v EE AL A
2 uL 1 mg/LAYg ¥ B By 5545 7 350 S5 07 10 min, AR
PRI RS 2 R 22 AD LS AR A ™ 2 5 i 15 77 2
pHAR b FEU% FE LB (A A L S E ™, FH AR X
(32E Thermo Fisher/A w])IME 436 nmAJ WL T 1Y
WA (ODy36) s VARFERN S5 FRIAE XTI, AR
it 55 X BROD 43 1B LU A E PR I 1) 26 8 5 1 TR AR AR
Rk AR A FHRE T BRI TS 22058

BA TR R A H 6. 1 19 o ok FH LR T i i
TE - R E B RS E R A FHBE D B TR, 42
Tl 22 A 2 mUAR TR G R A 48R FL AR 130 °C
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AT, DA TRAVE R X B I & TR 1)
JNE R 7™ e 153 Bk 2R AR VR 1 7 Ak %
(1EE SR A R R e A A i1 BE SR VR R (1 HUED),
WU A% i () DR R A T J B2 5
1.3 HRMEE

FH EEXT16S rRNAJE PR T 51 i 7 % i 126 15
FIMEARSETIRFI S E . T 3 16S rRNAK A
FESIH 518 N27F: GAGTTTGATCMTGG
CTCAGHI1492R: TACGGYTACCTTGTTACG.
K PCRY 1G5 WP FN AT I, B I 25 SR A
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(NCBI) GenBank (& & H 1 7BLASTH X, il H
MEGA 6.06 517 2 5 7 41 R I 4 b Xt 34T
T TR
1.4 ADLREBREEHPY 1

D2 7 2 PR 2 DN A BUGR £ (38 El Omega /A
) )HE A T AR N U DNA SR, #1594
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1.5 ADLERCHEEEEGTE &

B mLAHI R & B, 8000 r/minfS (2 min,
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I 45 R F 2 — Mg g I e IR S
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WAL 1 mg T2 R o Bk
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Figure 1.
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2. STERBRF A RE N E KAV IHIE

Figure 2. Screening of arginine utilization strains by a
color changing method. Purple, strains with arginine
utilizing ability; yellow, strain without arginine utilizing
ability.
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Determination of urea (A) and citrulline (B) in fermented grains.
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Figure 3.

Comparison of conversion rate of arginine to citrulline. ACit/AArg, citrulline formation rate,

ACit/ AArg=ACit/(ACit +AOrn), calculated in molar concertation; Control, medium inoculated with Daqu.
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4. NEBE~EEREFEEFEREREEEarcA, arcB. arcCHILIIE
Figure 4. Verification of the presence of arcA, arcB, arcC in the genome of strains that are related to citrulline
accumulation. M, marker; A, arcA; B, arcB; C, arcC; LD3, Lactococcus garvieae LD3; LF10, Lactococcus garvieae
LF10; PH7, Pediococcus acidilactici PH7; PD4, Pediococcus pentosaceus PD4; BGS, Bacillus amyloliquefaciens
BGS; BF10, Bacillus licheniformis BF10; SH11, Staphylococcus warneri SH11; SC4, Staphylococcus pasteuri SC4.
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2.5 BHIENRBERIEERHRNERESN
eI A T Y TN R AR IR e o B TR AR EA TS
WEN KBNS . (Staphylococcus warneri SC4
B RS, ot B IVER AR R 5 Z A I 1Y
Staphylococcus pasteuri SH11FATHF5Y) . HEISHT
VI, JCie s ina2t i vh b4 s 60 s e T s rh R
S0 RNEA R XS #R S o Bacillus amyloliquefaciens
BGS{HIARE: N2 R AR R &M% 19.06 mg/kg,
BEWR143.11% SFEARAT RO T I A et e P A3
MTERE, 2 AR RO Frgaxd s,

2. INEBR =4 ECKFOTCESENE
Table 2. Enzyme activity of ADI pathway in strains
related to citrulline accumulation

Strains Enzyme Enzyme
activity/(U/mL)
Bacillus amyloliquefaciens BG5  CK 0.61+£0.04
Bacillus licheniformis BF10 CK 0.11+0.02
Staphylococcus pasteuri SH11 OTC 0.25+0.02
Staphylococcus warneri SC4 OTC 0.19+0.01

CK, carbamate kinase; OTC, ornithine transcarbamylase.
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16 -

12

i

Citrulline/(mg/kg)

Control BG5S LD3 PH7 SH11
Strains

& 5. EHERIVER A BT IE PR R INEEREE NI LLE
Figure 5. Citrulline production in Strains during grains
fermentation. Control, Daqu; BG5S, Bacillus
amyloliquefaciens BG5; LD3, Lactococcus garvieae
LD3; PH7, Pediococcus acidilactici PH7; SH11,
Staphylococcus warneri SH11.
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Characterization of arginine utilization strains from fermented grains
and evaluation of their contribution to citrulline accumulation in
Chinese Luzhou-flavor spirits

Yuying Qiu'"’, Fang Fang'” ", Xinhu Zhou’, Xiang Chen’, Longyun Zhang’,
Guocheng Du'?, Jian Chen '’

' Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu Province, China
? State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

* Jiangsu Yanghe Distillery Co.Ltd., Sugian 223800, Jiangsu Province, China

* Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

® National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu Province,
China

Abstract: [Objective] This study aimed to characterize microorganisms responsible for accumulation of ethyl
carbamate precursor citrulline in fermented grains during Luzhou-flavor spirits fermentation process, to provide
theoretical basis for clarifying mechanisms of ethyl carbamate formation. [Methods] High-throughput strain screening
approach was used to isolate strains with high arginine utilization and high citrulline accumulation capability.
Essential genes that comprise the arginine deiminase pathway of these isolates were verified and a modified Chinese
liquor fermentation process was conducted by adding these strains. [Results] A total of 20 strains with high arginine
utilizing ability were obtained. Among them, Lactococcus garvieae LD3, Bacillus amyloliquefaciens BGS,
Pediococcus acidilactici PH7 and Staphylococcus pasteuri SH11 exhibited high efficacy to produce citrulline from
arginine. These strains could also increase citrulline in fermented grains. [Conclusion] The accumulation of citrulline
in fermented grains was confirmed to be corresponding to arginine utilization by Lactococcus garvieae, Bacillus

amyloliquefaciens, Pediococcus acidilactici and Staphylococcus pasteuri through the arginine deiminase pathway.

Keywords: Chinese liquor, ethyl carbamate, citrulline, arginine deiminase pathway, Staphylococcus, Bacillus,
Pediococcus, Lactococcus
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