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Abstract: Ethyl carbamate (EC) is a carcinogen detected in fermented foods and alcohol beverages. Excessive intake of EC

Received: December 18, 2019; Accepted: March 5, 2020

Supported by: National Key Research and Development Program of China (Nos. 2017YFC1600403, 2017YFC1600405).
Corresponding author: Fang Fang. Tel/Fax: +86-510-85918307; E-mail: ffang@jiangnan.edu.cn

HE X' ML (Nos. 2017YFC1600403, 2017YFC1600405) ¥EHj .,



YRS SRR MR AR RRHE 1641

is possibly harmful to health. Enzymatic degradation is one of the most effective approaches for reducing EC in fermented
foods. Urease catalyzes the hydrolysis of both EC and urea. This confers urease a good application prospect in reducing EC
and its precursor urea in fermented foods. Currently, degradation of EC in alcohol beverages by urease is inefficient due to its
low urethanase activity and poor affinity to EC. Urease from Bacillus amyloliquefaciens JP-21 was successfully expressed in
Escherichia coli at the level of 3 292 U/L urease and 227.3 U/L urethanase. Two key residues M326 and M374 were
characterized that might block the binding of enzyme to EC, through simulating docking the structure of catalytic subunit
UreC of urease with EC. Three mutants (M374A, M374T and M326V) of urease with improved urethanase activity were
obtained by performing point saturated mutagenesis approach. Using EC as the substrate, K, values of M374A, M374T and
M326V were detected to be 101.8 mmol/L, 129.5 mmol/L and 121.7 mmol/L, respectively, which were decreased by
37.47%-50.82% compared with that of the wild type urease. These mutants can degrade more than 97% of urea in rice wine
and mutant M374T shows the highest degradation of EC in rice wine. EC content in rice wine was reduced from 525 pg/L to
393 pg/L by using M374T, and the EC degradation rate of it is 0.97 folds higher than that of the wild type urease. The results
are of great significance for engineering the catalytic properties of urease and improving its industrial properties, and lays a

good foundation for developing strategies to reducing microbial metabolic ammonia (amine) hazards in fermented foods.

Keywords:

HAHEM IR ZEE (Ethyl carbamate, EC) & —7#b
TE A% G5 S W £ b A 0 A 2 A o 1S
2007 4F EC #EPREREM RV (IARC) 1EZIH
K 2A EBUREW T, BIXE AR A S e
FEE RS YOk, EC 325 Hh IR 26 A £ B Dy AE A
PR I TS TP RS kL Ff EC Y B 0 H FARAEG EC R4
YR I S R A B EC M L R
(EC 3.5.1.5) HAG IR 2 Mg M2 3 B 2 £ R /K f# T
RN, R R [ e R EC R Hmi ik
VR Z WA R 2 oA A SRR T BRI A ok EC
7 BT BT, SRIET L BEFLATE Lactobacillus
fermentum #1132 zh 5 1 # Arthrobacter mobilis )
R it 4 107 FH - A S TP RS AR R IR IR 36 . B BEFLAT
B L. fermentum RS TE 15 CAMAT i 2 d (3%
16 30 CA&AF TN 15 h), AIEHE (pH 4.4,
17%+1% (VIV) Z.B%) HRSREHFE 1 g/l LITFEL
5 FFEE A mobilis FUIRARF(90 U/L), 7E 15 C4-AF
TN 13 d ARSI R H AT i R, B g
FCFLFF I Lacobacillus reuteri 100-23 fIikf (500 U/L),
TTE 20 CAMETF RN 2 h J5IEBR A R
(pH 4.8, 16% (VIV) L, 48 mg/L JR%, 106 pg/L
EC) HYIREK, HEXT EC A W B FmAUR
[ia] EEVPY H S i 6 000 U/L F Bl A 25760 1] Bacillus
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urease, rice wine, ethyl carbamate, urea, point saturation mutation, substrate affinity

paralicheniformis JIkfi, 7I7E 37 'CF. 50 h N
RERRIR R, (AJEXT EC FF TG B AR . il
K EEAIFTHEIRBEZS 54K (10 000 U/L) F-20 CJl)i
50 h A {# #7 H1 EC M 500 pg/L [4 % 320 pg/LRH,
ABIF 5T LA — PR AT R ik I 1 R R A EC
B AR VERS ZE AT B. amyloliquefaciens JP-21 JI§
fil AR A, GE R IREE S EC 4328 A%
FE T S B RIS PEAROC R R AR AL, DU ZRAS
X EC fEALRE ) $ m 28784, A A R L
R R T i OB Y EC S LT IR IR (It S5 |

1 MB5FE

1.1 ®EHR5SRHA

ASHIF S T F AN e B 1 A AR S 56 2 R
B (1)
1.2 RXFI R

R DS-RIEEH IR CHR . 9-F2 3L iy + 7
MILRAERZF (1) R AR R EE--D-
BACHEmEEFLBE (IPTG). Brkife Bulil &, W
TATAY LR (BE) BROARAR; SR
HELPGAT G B RARAE b)) BHIRAR; K
[l i) & T35 = Thermo Scientific 23w 5 JRER
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WA iR T A AR R A FRA F] ;. DNA R
A JCEE v RN S B T ERR A IR A BR
w5 A2y 240 T [ 24 4R P AL 2R A R |
AR - R AR AU [ 26 &l Thermo Fisher
/AT, GCIMS-QP2010 g H H A B A 5 ZedE
& 1260 EEmAM g (HPLC) I H 3¢ FE L4
2l
1.3 MRESHIRPERIES Ak
131 RIXRMGEAFENNE
ARWFFEFT RS N 2 iR, DURTER 251
A JP-21 BYEE A it , H514) UreABC-F/
UreABC-R ¥ 3 ik gL [ . LABk. pRSF-Duet-1
JREN, FHS 9 P1-F/P1-R I PCR HEFT ki <k

F 1 KRR BRANE R
Table 1 Plasmids and strains used in this study

PEAL, PCR 7=y 2 i [l Je FH B i A2 R PN D) il
Dpn [ JHAbAEAR o 56 PR R BE AR 1 Ak Jobr 28 15 [l
WS R G 2% va B R S b AT i, IR b R
E. coli IM109, #k45% 5k pRSF-Duet-UreABC. K
SR B AL B ureC (YRR, K ureC BT ureA FlI
ureB A4 bl E T R0 BARERE R . DLBORE
PRSF-Duet-UreABC M i #le , I 514 UreC-F/
UreC-R. UreAB-F/UreAB-F 73 5ll3EfT9 14 e[l
W JE P TGS v B a0 0K X W 4 i B S5 2Pk Ak
#i pRSF-Duet-1 i 17+, b= E. coli
IM109. FEIBCE AT 1M e 51 5% 4k 1 1 B 24 kL,
AL E. coli BL21(DE3), MHEHY) kK &
ZHT# fir 44 M E. coli BL21-p-UreCAB.

Name Description Source

Plasmids

pRSF-Duet-1 Expression vector, kan®, T7 promotor Lab stock

pRSF-Duet-UreABC pRSF-Duet-1 containing UreABC This work

pRSF-Duet-UreCAB pRSF-Duet-1 containing UreCAB This work
Strains

E. coli BL21(DE3) Expression host Lab stock

Bacillus amyloliquefaciens JP-21 Strain with capability of degrading urea and EC [13]

E. coli BL21-p-UreCAB E. coli harboring pRSF-Duet-UreCAB This work

*F2 KWMRFASY
Table 2  Primers used in this work

Primer name Primer sequence (5'-3’)
P1-F TTAACCTAGGCTGCTGCCAC
P1-R GGTATATCTCCTTATTAAAGTTAAACAAAATTA
UreABC-F CTTTAATAAGGAGATATACCATGAAACTGACACCGGTTGAACA
UreABC-R GTGGCAGCAGCCTAGGTTAATTAAAATAAGAAATAACGCTGTCCTAGC
UreC-F CTTTAATAAGGAGATATACCATGCACCACCACCACCACCACAAAATGTCGCGTGAGCAA
UreC-R CAACCGGTGTCAGTTTCATTTAAAATAAGAAATAACGCTGTCCTAGC
UreAB-F AATGAAACTGACACCGGTTGAACA
UreAB-F GTGGCAGCAGCCTAGGTTAATCATCGGATCGCCTCCTCC
M326-F TGATATGNNKATGGTCTGCCATC
M326-R ACCATMNNCATATCAAGATGCTCG
M374-F GCAGGCGNNKGGCAG
M374-R CTGCCMNNCGCCTGC

Homologous sequences used for one-step seamless cloning were underlined. Codons used for mutation were indicated in bold.
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132 EAPREHRE 54

T RB R  EA KT AE LB B Rt
(% 50 mg/L KAREEXK), 37 °C. 220 r/min %44
W, RIGHE 1% (VIV) R E TB
R FREE (1% 50 mg/L RIARE =), 37 °C. 220 r/min
55 9% 2 ODgoo 47 0.6-0.8, /A 6 mmol/L ) Ni,SO,4
F1 0.1 mmol/L IPTG, 7 30 °C. 220 r/min I 14
TARZERESE 15 he FHREK T 4 'C. 8 000 r/min
AT B 5 min WERIA, 20 mmol/L PBS
P (pH 7.4) YRR 2 WA, ERE TG E W
(20 mmol/L pH 7.4 PBS ZZ i . 0.5 mol/L NaCl),
VKOKBEEWEG T 4 °C. 12 000 r/min B0
20 min, WodE VSV R A IR B R A . E 2 DR IR
FH R FE 25 A2 M ok A7 4l Ak, Uk I 2% ob TR
(20 mmol/L pH 7.4 PBS. 0.5 mol/L NaCl. 0.5 mol/L
Wkmsg) HEATRRBE VR, WA TSR I AL A T AT
J AR F T 5 22 A RIS
1.4 BREGTENNE

K J Berthelot b (o ykil s IR 14, ik
ATLAREfR IR Rk EC AERE, 2 5R M-Ik AR N
TSIV 5 B W, 30 3 A I3 € [ V. ODgos 11475
bR AL B -

HARERAE Sy . WM BRI 200 pl, ¥4
#| 200 pL %A 30 g/L JRE B EC 1Y 50 mmol/L #7
B IR - TR AN ZE v (pH 6.0) o, IRAIETE

7 CAAFF R 15 min, STREIHIA 200 pl 2%k

Fl (10% —=HLR), GG, BREIMA
200 pL @ (5] 1 #1200 puL & @50 11 FHRIES ),
F 37 CHRZE Y 20 min, VIR & R,
72 H ODeos MAEAL , LUK I A BEVRATE M 25 1%
B, A 0. 0.1, 0.2, 0.3. 0.4 mmol/L NH,CI
VS WRAE B eg Fhm el £, M G2k e b v
2R B AT AR B A R AR LR 1 S, DAk
AT

BTG B A e TR . 37 C M pH 6.0 4%
R, 85380/ # 1 pmol EC 85K 2% s 52 il il 1t

% : 010-64807509

RNl 7 A
15 RIFEEREBSEHUSINAE

IR UreC WAL AL, A8 T IR
FOAEAL TG 1 1148 R R 4 T AR i A
PR 17 4 LT, 4% T Q2R /4T 187 Bacillus pasteurii
fik T UreC 4 k146451 (PDB ID:2UBPc) it
FIH Swiss Model %k 4 2 X i V€ ¥y 2F #61 4T 14
B. amyloliquefaciens JP-21 UreC #E47 3D 45tk
17 Fi| A Discovery Studio 2017 (Accelrys, San
Diego, CA, USA) #4xf UreC 5JiK# EC #1T
A3, - Pymol 2.1 #44 (https://pymol.org/2/)
X B BT A T 5B
1.6 BLIAFMRTEMMERRTETFEAZ

SR FH H 7 SIE A 14 7 A A P SV R 5 A S
fERFES R, @G ARIIEHEET NNK (N: A,
T. G. C; K: G. C) Myr=N ERANLE G AFHHL
RAS, RIFHFHET NNK /T LCE 32 Fsms 1,
ity 20 FPEIERR, DRI T AR GIEAL) 28 AR VA SO
B 4% . LUBORL pRSF-Duet-UreCAB MR,
% 2 5% M326-FIM326R, M374-F/M374-R
S aiEAT PCR, BRASRIERY PCR 74, 28 BRI
2 N UIE Dpn T AT SR K e DI | 544k
E. coli BL21(DE3),

W A AR AL T3 IAE 96 FLA AN
HkESR, B AR EC i TEMEET TR RN A 0, Bk
1E EC MBS = 1 28 AR R TN T
1.7 BREERTHREBFERFR
1.7.1  PREEE B E M E

BRI AEEE (1 000-1 200 U/L) B TA[FH &
JEF (30 ‘C. 40 C. 50 C. 60 ‘C. 70 C) f#
T 30 min SN E RS . IR IRAN P A A TS A
100%, THEEAN ]I BT A AR X il I
1.7.2 PREERE pH X pH Rt g

W7 fid pH B, f# ] 50 mmol/L . pH 3.0-7.0
IR IR -NapHPO, 22 M e I i, 7EAN ]
pH Z5F T e FENG ,  DAIAS A I = TG R 100%,
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A3 TR pH S5 Tl I A XL

WE pH FeE s, K Ik G465 & T pH
3.0-7.0 WZ i+, 4 CHE 6 h Jaillw ke
JigE o DANAR () i S G o 100%, 43Sl H AR
il pH 254 il I 4 RH X
1.7.3  BREEN ZBE AT 32400 2

VRl 5 B (BHREE R 0-40% (VIV)) i
A, FE 37 CHMFRUE 2 h JFIEREE . RS
CEEM TR T S 1ok 100%, SRR £
Pt 85I A X it T
1.7.4  PREGEEZ:5h 152500 %

5300 5 AN (RSP B2 T AR S e 32, )
FHl GraphPad Prism 7 %45 kA 7 E LRk [ 3 i 2&
PG, DU Ko il Vinaxo  URE RIRPI BT (7
FEJEFE N 2-80 mmol/L, L) EC Jy it it i 25 3G
> 100-1 800 mmo/L.,

1.7.5 PREGEEBINE

JOR T2 T 200 4 000 2 K1) Arrhenius R ) T
PEATINE A U B R A IR A SR E 70 °C 4%
PEF AR, BERE 2 min BUREIN 2 FLAR AR ERRE 77 . B
FRATIEG J1 B iR 100%., iCHREETE AT 1160
AT A, i RORRETE S InA BIZAERL
B, IS EARERMAHRECH Ky, BIRARTE Hi
TR IRBEE I (tyn) PR AH tyo=In2/Ky,
1.7.6 JREEREFEETEHIRE K EC

R EARE R SEAUAT TR IP-21 JIR X i i EC
IR 2 B AT LU AR RS A AR DO, B
BRI IR EC & 143 0 A 28 51.90 mg/L F1
513.25 pg/L (&€ , Frlg B il 7 35.27 mg/L
JRZ, 320.43 pg/L EC). [w] L #TH A s i 2ok i
3 6 000 U/L HYJIREE, 37 “CF L 50 h, HURE
ERES R R K EC W& & .

PR 28 W 5 SR FH . 2 T B AR Ak B vy 7 P s 350
FAEFESEATINED, EC AYMI G R FH 1R A b
4 GC-MS [y 7112022,

PRE S CFEnl B &A% EC, PRI BTG £
Jit— Bt Rl E EC & 2 s . b2 22 IR Xt
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BHE Y EC AT RCR , R BER (9 )5 1%
(90 ‘CA#¥E 30 min) ik EC ARG, FHPEAhix
B EC AR AR
1.7.7 Gt

iz ] SPSS 19.0 F A X B Az IR it S g il 2 A5 {4
R0 EC SRS IR T i B TE 22 R M.

2 HERSAM

21 AP OIEBRMSST

FRVERS SE AT IE IP-21 IR It Ay M e 5 R it
B ureA. ureB 1 ureC =P IEHEGMY, HARE
fif F1 EC i PR R0 P o (H 2 FEX EC 1B A1 T 3022,
DR M 7 2 i AR i e 6 EC SR AT o H ol
A7 TG PR BB A B 2R ) 9l i Ak, 2l
e g 2N DT 0 TS P37 s s ), BELAS I
YIRS A, ARG AR im0,
TR B HE AL E E UreC & PE O NP 4 5
WilR, HA AL IO, sl B a2 R
AL S Y 2 (B BHARON , 56 45 76 R G 12 v o0
Joi) B4 A 2 R A T 58 A8 o Rk At A4 fE TP 3 UreC
FELLER SR Y EC X A4 B R T Hyd vk
O P 3 S L PR AR 1Y) 3 A IR, BE RS EC 40 F
2.541 A 1) M326 i B EC 431 3.776 A 1) M374
XA~ A 2 R 2 A I RS PR TR i, 552
NiZ AR B S, T k438 53k 7 A FY i R A
Ry (F 1),

22 RIAMRTEMEERIFIE

Ry T A v AR UE A 2L R IP-21 JIR X EC 1Y
MRS, AR A AL O SRR A S AT, i
&7 M326 Fil M374 P fi - T S AR AR
WAWITE A, RS T EC BETE k4R 1 A )
RAFR M326V ., M374A Jz M374T, EC fiff i 43
A2k 378.28 UIL (LLiE 2.71 Uimg, &
139.59 mg/L). 328.19 U/L (ILMfI% 2.60 U/mg, &
4 126.23 mg/L).508.71 U/L (L% 3.38 U/mg,
A 150.51 mg/L), B IREG 1.67 .
1.14, 2.23 1% (K 2).
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His229 &

Ni2+

Asp370

Met26 -
Met374
B 1 HARE§ alpha TEFEHROEEBRSHREE

Fig. 1 Schematic diagram of amino acid distribution of
UreC active center.

A
B
WT[ ]
M374A )
M374T

£ M326V |
£ M374-1-F21 ]
= M374-1-Fl0[ ]

M374-2-D7[ 7]

M326-1-A10 ]
M326-2-D9—_1 ) , ,
0 100 200 300 400 500
Urethanase (U/L)

B2 SERERZEKEEETETRSHIREE R TR IE
(A: LLEC AIR¥i#IT 96 FLIRGFIZ: B: BREGSRTIAIE
#hA& Bk TR EC BBTE 1, v M374-1-F2 Z M326-2-D9
ARTIRRS)

Fig. 2 Screening of urease mutants with increased
urethanase activity. (A) 96-well plate screening with EC
as substrate. (B) Urethanase activity of urease mutants in
shake flask fermentation levels, where M374-1-F2 to
M326-2-D9 represent urease mutants. EC: Docking with
EC as substrate.
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23 MREERTRBIS B

WL 6xHis RN SR RZNT, X WT FlLE
i 3 ANIE [ IR EGZEAE /R M326V . M374A Fil M374T
AT T aifl, R4S T4 B. amyloliquefaciens
JP-21 WRFEGLlEE, M UreA. UreB #l UreC =M1
AR (F 3),

24 MREGRTAREEFEMERS
241 JREBEABEMPIE

T 3 DR B AR E PR RIS, & L A R e
FREE AR LERT 50 CHISME FEIREE T
100%HY BTG . M326V 1E 70 C4&AFT, IR EZBEH
EC il #Re i M B S5 g M7 2 Mk ity AR At 9 A 28
ARUA,  HE A R I A AR X TS A AR S T 9.34%
1 7.12% (& 4).
242 ZRAAREGE pH K pH T2 g K

R G — MO BRYEIR R, Wl pH
3.8-4.9% BT R MG & pH M pH FaE PExS TIE
W IR T AE BT By I e, Al 5 Al
P A R Tk R O 6 % A8 AR () il pH 228 6.0, AR
il R pH B A, {H M374A FEF A IR il A
HoAb AR L, HA T80 pH BUE MEIER, o
HETE pH 3.0-5.5 Bf, MB374A (X R Z 1 EC [iff
TR F BT AR DR R 30% A1 20%., bAh, HFAE

kDa M 1 2 3 4
198

98

62 UreC (61.7 kDa)
49

38
28

14 UreB (13.5 kDa)

<« UreA (11.3 kDa)

B3 WREBRHERTABFESHEN

Fig. 3 Expression and purification of urease and its
mutants. M: standard protein marker; 1-4: purified wild
type urease and its mutants M374A, M374T, M326V.
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Fig. 4 Thermostability of urease and its mutants.
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Fig. 5 Detection of the optimum reaction pH of urease
and its mutants.

JIKAGEAE pH 6.0 B e e M i, 17 28 A8 (7 pH 5.5
mpAsE Mt i, JF HAE pH 4.5 I5F, M374A Ry IR
AEDT I AH EL S A R 2 =5 T 39% (& 6)
2.4.3  IREEZRAR RN Z BT 324

TG (RS B N 14%-20%2, #4553 IR B EAS
[Fi) P R 9 85 A TR 2 T L g s 6 i L S Bk iy
FTERE. HIE 7 WTLAEH, RIET IP-21 (IR
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1 EC W15 1154 60%7H1 50%LL | X B, Ut
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Fig. 6 pH stability of urease and its mutants.
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Fig. 7 Tolerance of urease and its mutants to ethanol.
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*3 IREBERERTIRE 70 CHETH
Table 3 The half-life of urease and its mutants at
70 C

EC BYZEF 11, M374A XF R Z F1 EC # Koy 43911 R
%] 3.05 mmol/L FI 101.84 mmol/L, &% Tk
TR B A 2 /AT B. paralicheniformis (1 ik i

Name Urease Urethanase
Ky t]_/z(min) Ky tl/z(min) (ﬁ(%@ﬁ ij‘j 23.7 mm0|/L, EC ﬁﬁ ij‘j 1 018
WT 0.086 9 .97 0.1420 4.88 mmol/L). RAE R IR A K FEARBEE K781k,
M374A  0.086 1 8.05 0.139 1 4.98
= ANIRR g Y
M374T  0.087 0 7.96 0.154 3 4.49 M374A. M3T74T I M326V A RZZ MR LI
M326V  0.079 3 8.74 01226 5.65 153 BB A R 1.15 £5 . 1.29 f5 801 1.19 £, A

245 [REGRBIREGEN NS0T

Sy LEHE IR it R L AR AR B A RR I, T T
ENTREER N 8 128, & 4 vUEH, ®
AR M374A . M374T Fl M326V L EC MW
Km ECBF 2B R Bl 53 5 B T 50.82% . 37.47%Fl1
41.24%, WA LIS 740 i) 2 B AR DR Y 1.03 £%
1.00 f5F1 1.05 fi5 . XA, 1 ek rh AR 25 4
1 5 1) 5% ) 55 RGP0 45 G I G B SE . M374 R
M326, B4 T MR RY ZE AT I JP-21 IR XY

x4 REBREXRTHRMNBENNFSH

WFFESE LA EC 1M K P 435 IR A Ak 7 5 UreC
AT PR B AN S . T EC H5IR
RIELEM ST RN BAEE 25, ol R méxf EC
Km BOEE S T X R 2 Ko B9 -
246 [REEREAFETEHIRE K EC

R T 25 SR IR 5 A 1A 1 IO FH I R R AR B T
PR, BT IREEXT I P R Z A EC MIRRRAE
J1o BRBIR, WMREGR N 50 h J5, #E A
FREJEAM AR, IRE T =N 1.6-2.5 mg/L,
EBRFERT 97% (K 8A). 1B AENRBEEH T, #

Table 4 Kinetic parameters of the wild-type urease and its mutants

N Urease Urethanase
M T (MmolIL) Vom (UIL)  Activity (U/mg) Ky (MMOIL)  Vom (UIL)  Activity (U/mg)
WT 3.41%0.27  880.71+10.28 35.63+1.25 207.0745.27  596.81+54.31 17.71+1.57
M374A  3.05£0.36  574.23%7.21 39.22+2.18 101.84+10.53  337.84+10.43 18.26+1.29
M374T  3.83+0.18  847.1749.77 39.3521.79 129.49+8.73  499.23+8.47 19.27+1.84
M326V  3.30£0.17  732.52%9.54 38.54+2.51 121.6745.24  454.47+10.37 18.66+1.73
A 60r [ 1Urea 600 [ 1EC
Urea® EHEC
501
500 |
3401 = s %
\é - 400 s oF
[=1]
5300 = 300 f
o |}
= 20t = 500k
10} 100 |
L I O i e B e = il e === U
Control  WT M374A M374T M326V Control WT M374A M374T M326V

Treatment Treatment

E8 MREBMEMEATRIMIEFRCH
Fig. 8 Reduction of urea and EC in rice wine by urease. Urea® and EC™: urea and EC detected in rice wine after heat
treatment; * and ** represent significant differences (P<0.05) and extremely significant (P<0.01) differences.
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W EC Hy 513.90 pg/L F&3 T 452.21 pg/L,
R f 35K 12.00%. IR 2875 /& M374A . M374T,
M326V A %) EC 43 B/ % 420.68 pgl/L .
393.57 ug/L. 412.11 pg/L, [EAR 2845 )2 B 4 ik
MRy 1.52 fi5 . 1.97 f5F0 1.66 fi5. MLok, Lmgab
A A, % B Y EC H 513.90 pg/L 35 %
595.07 ng/L, 28 Kl bz H 58 8 K M3T74A .
M374T. M326V AbH AT EC 205k
428.68 ug/L . 397.77 pg/L. 419.62 ug/L, &%
ABAHG (F 8B). W HA WG (IR
KGN EC i) MIMKAGALEE, JEATERR T IREH-
FHW/D T EC, 3O TR/ B I AE B rp EC
SHEIEIMEAREEE L

3 ReE5it#

FI G R AR EC I FLRT AR PR ANl & i
A 7 BRI BRI ork e EC B EBT. HA
JOR 6 P Tk Ak 1 B I A7 AE EC JlIE J7 25 X4 EC &
FUAREE )R, AR5 30 2o 7F 2 B s 1 2 R A0 EE
XF, LT AR VER ZEAUAFIE B. amyloliquefaciens
JP-21 f#fL 3 UreC 1 3D 4544, Ml 54 UreC
5k EC 43 FXI RS, e T g5 s
Y5 AN SO 1 M326 A M374 . il i3 X X
PN s AT 248, B ARAS 3 #k EC Mh 142
EZEAR R M374A . M374T F1 M326V., EA1#E
pH FUE M . X EC MM . XFEI ) EC B
fif R G T I RS A R R R R T . AR
M374A HAG H 5819 pH e YEE el 7E pH 3.0-5.5
i, M374A 1R KA1 EC BG40 1) b B A= ik
fifi =5 30%F1 20%, 1 pH 4.5 I (4 b 25 AR X T
AR R B MR T 39%., LA EC NI, IR
SRR M374A . M374T F1 M326V 1 Kn 238511 K
101.84 mmol/L . 129.49 mmol/L #iI 121.67 mmol/L,
Fb B A= IR il 43 S A T 50.82% . 37.47%711 41.24% .,
SR TR €M 2E 0T A B. amyloliquefaciens JP-21
1) JOR i B L2 A28 AR ] SEA TS B BB P R 2R o MR

http://journals.im.ac.cn/cjbcn

fifi 2 A8 K M374A ., M374T . M326V X} # i H EC
1) W A S LU BT AR R W 4 v, o R B A A Y
1.52 %, 1.97 51 1.66 fif o FAfifk &R Foc g (1) R Tl
RARAK M3TAT W] LUK #5305 Fh i EC M 513.90 pg/L
K% 22 393.90 pg/L, I i E i/ il A s EC 1A=
B o A SE G5 FNT A i oA M e A AR P Rl s I
I R ELAT TR S, W] O T R R TR
RAEYIR . () RaFD Rt 2%,
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