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i TR 012 T 2 1) = ZE A R 1) 3 v 1
JNZTR B A AR R R 22 B s A
PR i IV i i (Arginine deiminase, ADI)RAEXTAEZ
2 i AR U PR, BRI B i o
EC WA Rt 2 — 208/ BUH R EC 1Y 2 FifA
Py IR R

TEFM A B R rh Al 3d 2ok 5 AL RE A A I
A PR B e R IR AT ARG 2 1R B AT BTN
PRA TR A, 5 B P RN R R B H .
AR FTABF G RET], Ok 7 F R 0 g
VERT ZE T 1 (Bacillus amyloliquefaciens) JY06 7]
DA RS S R A N S Z R P A RN, B H:
W= R R s, RS RS
B EC K A VG R 18 % AR W 35 sl b, IF
LR o XA T et

T BRI T BC SRR R K
B, ABEIR R A & Fh Y Iy xt
FRVERD ZFFAT I TY06 HEATelcas, A i
VEHAARAT AT S50F RS 2R P R AR, ik — 2D 0
D LR S I I A N2 R ) B R B R R Y EC
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1.1 kR

FRTEN 2 HUAT I (B. amyloliquefaciens) JY06,
AN S 3 P B R IR ZQO 1 g IR TR 2QO2,
7R BRVLAR A VIR B A7 PR v R
1.2 B SR
1.2.1 55 3,5-TAHE KRG . PRI 3,5-—
TIEAKAGER 1 g, T 20 mL A 2 mol/L ) NaOH
R, A 50 mL XGZEK, FEIA 30 g AR
BN, FRESARIG FHZEMEKEAS 2 100 mL,
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FH TR &R €6 S0y 19 B 25001 (1) 40 g/L
FAAINER (2) 80 g/L HIZRM IENEHA W (3)
0.5 mL/mL 8L Z, 5k 1E PR B R
1.2.2 3EFRE. LB FRS(g/L): BERR 5. A
i 10, NaCl 10, pH 7.0£0.2. ¥IifdsF%E(g/L):
FEREE 5. 4 5. REEE 5. NaCl 10, #i%g
B5 0.5, 1t75-80 1.0, MgSO47H,0 0.2 . MnSO4-H,O
0.05.FeSO47H,0 0.4  F7 MR =k 2.0,CaCO; 0.1,
S-WEIRILISES 0.05. KoHPO, 2, KEE R 7. 1R F
2 0.06, pH 6.0+£0.2, K52 B FHR F= 3 (g/L)™:
FEBEES 5. AN 5. RAEFTIR 5. NaCl 180, #ii%j
B5 0.5, m3E-80 1.0, MgSO47H,0 0.2, MnSO,-H,O
0.05 . FeSO47H,0 0.4  F71EIR =k 2.0,CaCO; 0.1,
ML -5-RE R 0.05. K,HPO, 2.0, K42 5.0, pH
6.0+0.2,

1.3 WAL

1.3.1  EAMFEAS: B S mL 5535 2050 K I
W(HHA 107 CFU/mL), B0 A3 B, F PBS
S 0B (pH 7.0)TE VR TR 1R 2-3 YR, LA O
A 5 mL PBS ZZ MR R, SR5, HGE e
WIMATCHEREFRILA, 76 15 W 224MT 30 em Ak
5100 s, BES5E BUR K RIS A TSRS Th IR T
R A KK s E BG4 F T BUE St 9 BE S TR
g LB Kigekkrr, 78 37 °C. 120 r/min ¥ K355
2-4 h; OGS TR FRE W BIRAT T LB
iR SR, ROEEE SR 24-36 h,

1.3.2 FBETFEA I MIER ZF Mk 1 TY06 #2271
F LB WiAREF#%E, 37°C, 220 t/min #£RIGFHEE
S K (i 107 CFU/mL), B 10 pl A48 &
W INFETC 2B R -, H ARTP (% R = IR &
TUOBEATEF B U548 . 7€ 100 W I 10 SLM 1) 4%
T 60 s, BT EHHEREBERA
1 mL AEFHER KB o, FRBRAF LB [k
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Rigedk, #E 37 °C KE AR5 9% 24-36 h,
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I SRV R 58 (R B AR SR R O R X —
JEEL, F Qpix420 H B3Pk X (3£ E Molecular
Devices 2~ ) BREGEAS J5 B SRR T, HeFP 2% 1 mL
Wit E IR 5L 96 TRALARH, 37 °C. 220 r/min #%
IREEFE 24 h 5, BOWUE BWEW, SRR (E
Thermo Fisher 23 &) %E 436 nm 7] WG AW
HAE(ODasze) o VAAHERN GG FRILAE R B, %
W EAH ODass AHZE BRI TRRR A 752 17
1.5 RAKETH
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AR ke e ORI RS SRR AR 1 % AR e
1.7 AR

H =5l il b T AR BRI AR A R e
PR wl At R B T2 45 17.1 kg MIRLHH
5 23%MERAK (W LARFRLL 1:1.61 I HLBITR A,
REEISEIBA 2 L 58RI K. TER IR
550 KA BN 107 CFU/mML f#ERS ZEHIAFTE TY 06
s LR, RIS 7 R InA 10" CFU/mL
B REEEE(ZQO2), KEEH 23 KA 107 CFU/mL
& RIERE(ZQO) . RIERT 23 KA AR BERE

(15£1)°C, KMWEHE 23 RZERIELEHN 30 °C fHIR A%,
1.8 Sk
1.8.1 HEEAERKWE T E: RSSO
TEVL(HPLC )B4 70 5 PO, 052 wis o B b 2 A 7 i
AR, B 1 mL ZEEW, 12000 r/min 2.0 10 min
Je EBRE B A 4 AT 5% =A%,
ZALAEH 0.22 pm A UE MRS U8 o AL FR IS B4 L BT
20 °C A7

s 551 . Agilent 1260 (5, MGiEfE Cs,
250 mmx4.6 mm, Kl g5 VWD SHMGIN G, A6
MK 338 nm, AEIR 40 °C.

TENA A (1 L): oK ZBREN 5 g, PUR KNG
S5mL, =M 200ul, pH7.2,

TshiA B #H(1 L): KRN 5 g, #Halik
200 mL, HEE 400 mL, ZJiF 400 mL, pH 7.2,
1.8.2 EC BRI 5k : HU—E i K S U5 ¥
JEESL, 95 °C N#k 30 min, R GC-MS XL 5
W R 2 EE IR SR TN ,  [R]EE DAR 28 i phesk
B R S B

FEAAUALEE: B 10 g MMARFESD T 100 mL 5%
i, SRIGERIN 1 mL n-28 3% H R IR (nPC) IR I
YERNPR, FEIMARBZIKERZ 40.0 g, RFHIE
4R % Extrelut QE celite (4 [ AHAEHRA: A,
80 mL M BeHE AT IR, AR R, e
R AE 30 °C KA T BEEB MR 46 2 2-3 mL,
PR RSO 4 = 1 mL, BRGEREERE A
BhERE R AR IR

o 3% 4 . J&W DB-WAX {1 3& £ 4 4+
(30 mx0.25 mm, 0.25 um); FHEFEFF: 40 °C {#¥F
0.75 min, X 10 °C/min F+ % 60 °C, %A /5 L) 3 °C/min
F+2 150 °C, SRR T2 220 °C, 220 °C {-#F
4.25 min; ZS(He)i# A 1 mL/min, #EFEEN
1 puL; AUkt
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B S EDE TR TR 70 eV; &5
LR N 180 °C; B FIRIRE K 200 °C; LR
FHH(SIM), EVEE T m/z 62, miz74. m/z 89,
ERLE T miz 62; WIGHIERN 1.5V,
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Strategy for high-throughput screening of JY06 mutants with higher arginine utilization capability.
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TR, BT 25 MREAEMHIE 18% NaCl
AR IE S5 TR IRE R B RE ). B TR,
PATT 12 PRAEERMMA A0 T B T R TR iR
JYO06 FI| A MR BE 1 5 I 2828k (R 1) Horpr, 5%
BT 570 53 A8 MROR DR 208 1 BE 7 55 0T RE TR R
JY06 ML T 6.1%—18.0%; £ HMFAE R AR
NS = R A BE 1 S50 AR R TYO06 AHELER & T
5.1%-17.1%. TE 12 BRIER T, HPk E6 #l Cl12
3 0l 2 58 AN 7 N A B U A8 ORI i R AR
PR, RIS 2R RE 1 43 0 bE s L bk TY 06 £ 1
17.1%7H1 18.0%. XJ 58 HRAI FIAS 2 MR i BE 155 %] B
R E 2 R T, S5 EIR Pei>=0.007<0.05,
Pre=0.008<0.05, HilZEAE K E6 A C12 G 2
MRIAET) S JY06 AHIL 22 Sk W (R 1), K,
WEFRRASRR C12 Fl E6 475 5T

R 1. HHRHABRERE DR LR

Table 1. Consumption of arginine by JY06 and its
mutants

Strain AArg/(g/L)  P-value ACit/(g/L) AOrn/(g/L)
JY06 4.90+0.03 / 0.00 2.94+0.04
ARTP-B1  5.7240.01 0.009 0.00 4.15+0.02
ARTP-B3  5.65+0.03 0.012 0.00 4.03+0.05
ARTP-C12 5.78+0.06 0.007 0.00 4.81+0.01
ARTP-F5  5.62+0.04 0.015 0.00 3.81+0.03
ARTP-G2  5.60+0.02 0.016 0.00 4.12+0.04
ARTP-A1  5.68+0.05 0.011 0.06+0.01 3.81+0.01
ARTP-F9  5.20+0.08 0.170 0.00 4.21+£0.01
ARTP-HS  5.52+0.03 0.024 0.00 4.61+0.02
UV-A4 5.56+0.02 0.019 0.00 4.48+0.06
UV-E6 5.74+0.01 0.008 0.00 4.58+0.03
UV-A10 5.57+0.05 0.018 0.00 4.21+0.08
UV-D10 5.15+0.10 0.243 0.00 4.35+0.05

ARTP: ARTP mutagenesis; UV: UV mutagenesis; AArg:
consumption of arginine; ACit and AOrn production of citrulline
and ornithine.

F A5 AR AR 52 i TR AR A B0E U — Y T
4 BE 7 J2— OV AT T A 7 =1 35 18] 4 5 40 A 00
FB ., BB EEERSES A TRALRT
H T —¥k LAF AR S = Ak C. glutamicum ARG
3-16, H L-KARM ™ ERIFHHEKES T
49.79%3 i NI 4 1 £ AN (U V)R il ZEAT(NTG)
BRI, R 1 HRABETE LK 2R 1Y 1A
UN100-12 (SGr, AEr), Ff H 22k HA B i5t
e tEPY AHIFST ol o S AR TR AMA
ARARAT T FIFRG AR R I BT TR bR, N AE
SEBRAR N TR, I 25 R SR MR S R
AR T
2.3 WA I ER AR E T

VA B AR A RS R RE ) it AR e
FE T TY06 Fl 2 A=A kAL AU FI RS 2 B2 1Y e
J1o G5 RER, 154X 200 U5, TY06 FIZEAERE C12
5 E6 FI IR ZRREE I AT TR, (HiZ[FE TY06
ML, 27K C12 5 E6 FIFKE & BRAE J1 50512
JY06 1 1.97 £ 1.81 f%5(&l 2), BiWIZRASHKR L
R AR EAT A A AR 2R e ) AR AR e ik

© - Control |:| 200 generations
5
—~ 4 .
=
@ T
El 3
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0
JY06 JY06 Cl12 Cl2  E6 E6
Bacillus amyloliquefaciens

B 2. fREMIZFETEHNRBIERENNERIRENE
Figure 2. The genetic stability of B. amyloliquefaciens
strains in arginine utilization. AArg consumption of
arginine.
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2.4 FRIEMZFEHFTE JY06 ZRASHRFF I Eim
H EC

N T BAE SRR T bt J S R £
i S AT A TR 2R 1 FR R 75 L 1 K TR PR A VE
MR JY06 AR, 23555 T IS Infd vE K 2
HUFFIE TY06. R7AEKK C12 Fl E6 7E5 1 & Wit 72
XTI EC M N Z R AR ORI SAAE G 24
MROKS AR . VAR . SETR) & R, RGN
il VE A 2E AT R X IR, R R 28 s B B rh I
BTl 4.5 g/L (K 3-A)o INIINRTER ZEAUFT I
JY06 S H G ki I vh N IR o i 5 R U N T
PRI b R R & A b 25 b Ieah, R
AR BRI o TV R & B P S 0D RE T e T
WA B Y06, HE 3-B-D Al%1, RAERK Cl12
M B6 XAFABRMAIHEL TY06 5T 21.3%F

(A) —=— Arginine (B)
6.0 —e—Citrulline
_ —v— Ornithine
= 45
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Figure 3.

14.8%; #IBrH NZARR I & &5 5 TY06 1/ T
15.6%F1 14.7%; BRI H 30 TY06 45
T 3.1%H 2.6%. Lh EZ5RUIBI A5 RE C12 1 E6
ekt EC mriA N2 B2 LU i vE By 2 AT 19
JY06 BAAR, WA, KFEEEHRIG, BN T 2k
PRI ARG . EC, AN TR R B s i 17 %€
kR C12 F1 E6 MIRAIAE i EC & PR R 13 pg/ke
AT, 43 BIELER N IY06 A#MH EC S fMk T
19.3%H1 13.1% (55 2).

XF T LB — RO A P R R BRI R A E
P77 e g 32 A 7 R AR A G DG i) & T i ARk
Uk, PR A B R A R S — s R R
AEY R ROA RO BIAN2E e A 8 i wi
R 2w RAS S BRI CARI HE[R 35— BRIy 13 £
PR, K L0 FH 30T R AR 2R P R PR AN EC 1Y)

——JY06
2.0 ——CI2
—&—F6
g 1.6
3
5 12
g
5 038
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= 45
o
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E 15
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EHABRIEARRAEXSERSEMNTL

Detection of amino acids corresponding to arginine utilization in the moromi during soy sauce

fermentation. A: Control, detection of amino acids corresponding to arginine utilization in the moromi during soy

sauce fermentation; B-D: Add JY06, C12 and E6 in soy sauce fermentation process of arginine, citrulline and

ornithine concentration change.
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F2. BEHPIRERBRCIESELILK

Table 2. Quantification of ethyl carbamate in soy sauce

Sample Control JY06 C12 E6
EC*(ug/kg) 11.3+0.2 ND ND ND
EC**(ng/kg) 45.2+0.7 145403 11.7£0.2 12.6+0.5

*: Before sterilization; **: Sterilization (heated at 95 °C for
30 min); ND: not detected.

FRAYHIEACT 86.9%7F1 50.5%°1, Ak, K2 K,
HR e 3 PR 2R /K ik Tt 1 1 R A o S T
KZ, ARIEEER EC W& RIEIT 49.1%F
55.3%%° FIh KRR RN E 2K R, Bl
K FARHE I EC M e R AL T2
W75 . Kim VR IR 2 s b, al s n
TIRER  LEEFIR R R EC & it BRI T
38.5%. 17.3%F1 18.8%"). {H2¥& s EC M
A 3 R R R , IR LR BR IR 2 A 280 EC Y
ARG o T 3RS A G DR oS SR 1 % e R

(A) ~ 40
3.5
3.0
25
2.0
1.5
1.0

——JY06
——CI12
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5 L L L L L L L L L L
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BB 25 R, TEH T A R 0 I i
TER ZEMAAFT P TY 06 RT {35 v i vl v st g e />
EAG, MRS B &, kA A
JRAAT BT KA Rk C12 A1 E6 ¥
] R D EC R AT, (E IS g
VEMD ZE AT TR S8 AR AR R R S Bl S BT, iR
T AT A3 BRI ELA o 43 ) AN I B KR A o B e
JY06 EATRBEMIFM A XTI, B 5 T U g
ARkR C12 F1 E6 i = 2 HA 8 iR 2 i (K] 4),
SRR, SAREIMERXT A, B
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Figure 4. Effect of addition of B. amyloliquefaciens JY06 and its mutants on the physical and chemical properties

of soy sauce.
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Pk C12 1 Bo HEA T & I A il I S R s A7 14 I
RAEMRSAME RS LR E 2R, S
PR IY06 RFEARAREL , WIS 72 R C12 F1 E6 AT
air pH B EVAR . 2 LR S R AA Ok B 141 JC A
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Jo JC A S5

3 Hik

A5 38 2o 55 B 17578 R EE A AR Iy R
— R AT /3 il 3 P R 2 T R L A I R
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2 BR(C12 1 E6)AE 2 B2 FI I RE T4 o iy 2 A8 bk o
C12 1 E6 FFHil AR L KR R), E— 1%
KT i 2 R SR AL TR R S i, (A
TR O ERRRE 12 pgkg IR . ABFGEEE
SRR Ay a2 il v 2 5 R 2 T B L A I
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AR 2 v A 1 1 T R A AR it LA TR L
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Abstract: [Objective] To prepare mutants of Bacillus amyloliquefaciens JY06 stain with enhanced arginine
consumption capability to reduce carcinogenic compound ethyl carbamate and its precursors in soy sauce.
[Methods] Atmospheric and room temperature plasma (ARTP) and UV mutagenesis were used to mutate Bacillus
amyloliquefaciens JY06, and a high-throughput screening approach was used to characterize mutants with high
arginine utilization capability. The properties of mutants were studied following addition to soy sauce moromi
during fermentation to initiate reduction of citrulline and ethyl carbamate. [Results] Twelve mutants with elevated
arginine utilizing ability were obtained through ARTP and UV mutagenesis, of which C12 and E6 displayed the
highest capacity for eliminating EC and citrulline. Compared with the JY06 parent strain, the addition of C12 or E6
to the moromi during soy sauce fermentation decreased citrulline content in soy sauce by 15.6% and 14.7%, and
reduced ethyl carbamate by 19.3% and 13.1%, respectively. [Conclusion] Both ethyl carbamate and its precursor
citrulline were significantly decreased in soy sauce by B. amyloliquefaciens JY06 mutants in the moromi during
fermentation, demonstrating the potential of the mutants to control or eliminate toxic compounds in soy sauce and

similar food products.
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