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Abstract: Heterologous over-expression of glutaminase in microorganisms has been extensively
studied and its application in industrial production has been limited by its poor separation stability
under nonresistant conditions with free plasmids. To obtain a strain used in industrial glutaminase
production, glutaminase (from Micrococcus luteus K-3) was successfully over-expressed by
integration of the Mglu gene in chromosome of GRAS strain Bacillus subtilis 168. Two genes
encoding specific protease were blocked by integration of Mglu gene, and the zeo resistance marker
was deleted by Cre recombinase catalyzing the recombination of DNA between lox sequences. After
continuous cell culture without adding any antibiotics, the enzyme activity was basically unchanged
when the recombinant strain was transmitted for 42 generations. By using 5 L bioreactor for
fed-batch fermentation of recombinant glutaminase producing strain, the highest enzyme activity was
about 41.5 U/mL. This study provides a reference for improving the genetic stability of glutaminase
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Table 1 Strains, plasmids and primers

RS

E. coli J]M109 recAl, endAl, gyrA96, thi™', hsd R17 (tk~ mk*) supE44 Invitrogen

B. subtilis 168 trpC2 VE# BT TE 5256 = AR AT
BSM B. subtilis 168 containing pMAS—Hpall-Mglu(KmR) A T A 52 35 2 R A7
BSM1 B. subtilis 168 containing Mglu integrated in aprE site E N
BSM2 B. subtilis 168 containing Mglu integrated in nprE site. NG
BSM3 B. subtilis168 containing Mglu integrated in aprE and nprE site. A5
AL

pUC-Mglu E.coli (Amp"); Mglu Sangon Biotech
pMAS5—Hpall-Mglu E.coli (Amp"); B. subtilis (Km");Mglu AE 5 T 18 55 56 2 (R A7
P776 pMDI18-T ligated with lox71-zeo—lox66 cassette [20]
pSTC E.coli (Amp"); B. subtilis (Km") tizl;)f;::;f jz:ss;tize in B. subtilis; containing P,,, . 20]
Gik7
P1 ATGTCTTTGCTTGGCGAATGTTCATCTTATTTCTTCCTCCCTCTCAAT
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g1

i

P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16

ATTTTTATTTTGTCCGTTTTGTCTAGCTTATTGAACCTTTCCGCCTTTTTC
TGTTATTTCTGAAAAAGGCGGAAAGGTTCAATAAGCTAGACAAAACGGACA
GGGTACCGAGCTCGAATTCGTAATCATGGTGCTAGCTTGAGCTCGACTCT
CTAATCCTCTAGAGTCGAGCTCAAGCTAGCACCATGATTACGAATTCGAG
TTCCGTTATAAGCGCCGTAAGTGCCTCCAG ATTCTACCGTTCGTATAATG
GTATAGCATACATTATACGAACGGTAGAATCTGGAGGCACTTACGGCGCT
TTACATCGGTCTGGCTGGCTATTTGCTCGTGTCGCTCGCCGGATTTTATG
GTGGGTTTAGGTAAGAAATTGTCTGTTGCTGTCGCTGCTTCGTTTATGAG
ATTTTTATTTTGTCCGTTTTGTCTAGCTTATTTTGCAAATCATATGTGAT
CACCCAAATCATCACATATGATTTGCAAAATAAGCTAGACAAAACGGACA
GGGTACCGAGCTCGAATTCGTAATCATGGTGCTAGCTTGAGCTCGACTCT
CTAATCCTCTAGAGTCGAGCTCAAGCTAGCACCATGATTACGAATTCGAG
ACAAGCGTGCCCGGAAGGCGGCTTTGTCTGGTGCCAAGCTTGCATGCCTG
CGCTCGACCTGCAGGCATGCAAGCTTGGCACCAGACAAAGCCGCCTTCCGG
TTACAATCCAACAGCATTCCAGGCTGCTTCAACTTTAGCGGCATCAGT

AR

1.2 EFEMKF

LB X5 9% 5 (g/dL) . &R R 1, BEREE 0.5,
NaCl 1,

R WS 7 L (gfdL) « Hi AG WE 2.5, LI B) 4,
NH,Cl 0.4,KH,PO, 0.1125,K,HPO, -3H,0 0.187 5,
CaCl, 0.2, L-# & 4h 0.2;pH 7.0,

SPI K5 5% 3 (g/dL) : KH,PO, 0.6, K,HPO, - 3H,0
1.83, (NH,),80, 0.2,NayCeH;0, -2H,0 0.1,MgS0, -
TH,0 0.02, #i % % 0.5, & & H K fi# ) 0.02, B B 42
B 0.1, %k 0.005;115 °C, K 25 min,

SPII #% 77 2 . SPI 35 77 JE AR T 53 % 98% , CaCl,
2.7 mg/L.,MgCl, 0.48 mg/L;115 °C, K 25 min,

100 xEGTA : 10 mmol/L. EGTA ¥ # ,NaOH ¥4
pH {E % 8.0,

JoRL B O ) & AR Al Ak & L 3k P 4 4
UL & PCR A W T [E R TaKaRa A F]
1.3 EZ B. subtilis 168 FI13%E
1.3.1  B. subtilis 168 & B 48 %9 42 B B. subtilis
168 5k D5 21 (1% 41 B e R ik R) 20 44 BBt 790 G 45 1 T
AT
132 ¥5 R BRBRA Y ¥ @it NCBI Aif)n]
198 B. subtilis 168 aprE .nprE & H 1751, £ %
K25 600~700 bp B F BB R [FIIERE it 519
W F PR [R5 PCR (R A MdE =X S ) IR &
BH N B. subtilis 168 341 aprE H K I N iiff [F]
TR 51 %43 ) & PL P2 FIP7 P8, nprE JEH | F

e IR U 5190 4 P9 P10 Al P15 P16, PCR 3 ™
YRR e Iml W P e [l i i 5] & 4 Ak O I 5 A% 1R
W
1.3.3  lox71 —zeo—lox66 3 B K ¥ o9 & ¥ i o
NCBI M3 25 18) 3| p7726 kL4 FE K 7 51, fi 4l He rh
lox71-zeo—lox66 WIEH P51, Bt 51 P 18 lox71-
zeo—lox66., PCR K ZH Bt Ky p7Z6,aprE HEP i
K lox71-zeo—lox66 J R B 5 1Y)k P3 Fl P4, nprE H&
HA 15, lox71—zeo—lox66 FEH 514N P11 1 P12,
PCR " 34 7 W A% I e Wi P e Il e i 5] & 24k
I 5 A RV E
1.3.4 Hpall-Mglu % B 7 B & % Y5 Hpall
1 Mglu FEPR 09 77 SB35 1 )3 53 Hpall-Mglu 5
,PCR IR Z [ Bk ky pMAS-Hpall-Mglu ,aprF. F&
R AL S Hpall-Mglu FE (938519 P5 i
P6 ,nprE 3 K4 AL i Hpall-Mglu J& K B 5 3 5]
Y125 P13 H P14 PCR #7337 Wy 0 B e el Wi, e
[ea] g 1) o A T 0 A R MR
1.3.5 LT #RRA lox71-ze0-lox66 3 B  Hpall-
Mglu KB o7k a 4 DFEHE KBRS, S B
il G AR AR BATE .

551 PCR KRN 2 PR

PCR Z&1F:98 CHULME 3 min;98 CHif 6k 8 s,
61 CiBJ 55,72 CIEMf 4 min, Ik 13 DIEER ;72 C
PR 20 min,
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K2 ARBRMAEE 1S PCRER

Table 2 First step PCR fusion consists of four segments

5xPrimeSTAR Buffer 10 L.

dNTP Mixture 4 pL

L 90 [R] VRV (40 ng/pl) 4 uL

T R VR (40 ng/plL) 4 pL
Hpall-Mglu % F Fr Bt (80 ng/pL) 4 pL
lox71-zeo~lox66 %A 7 Bt (30 ng/wlL.) 4 nL
PrimeSTAR HS DNA Polymerase 1 pL
ddH,0 19 pL

55 2 20 PCR R 3 i
PCR 2&1F .98 CHI A 3 min;98 CHE4E 10 s,
61 CiB &k 15 5,72 CHEAH 4 min, I 28 MFEHA;
72 CH#¥E 20 min,
x3 AREMAEE2H PCRIEFR
Table 3 Second step PCR confusion consists of four

segments
L
5xPrimeSTAR GXL Buffer 10

dANTP Mixture 4

P1/P9(10 mmol/pL.) 1
P8/P16(10 mmol/p.L.) 1

PCR /=¥ 2

PrimeSTAR GXL DNA Polymerase 1
ddH,0 31

1.3.6  B. subtilis 168 B % &% % Z 440 $5-40 C
H AR AE R B. subtilis 168 1E LB [ 14 B JI§ - A2
ARG, 37 CHEIRIEFRAE T HEFR 12 h, BURE
AR T 10 mL LB RS 7R A 78 37 °C 180 v/min
A% 12 h, 742 200 pL w1 SPI 354k 37 <C.
180 r/min ¥53% 5 h, #4% 1 mL B T SPI 5 37 3k
H1,37 °C 180 r/min ¥53% 1.5 h, #%& , T SPI K 5%
FF A 110 wL 100xEGTA,37 °C 180 r/min 1 3%
10 min, i E W ED R B. subtilis 168 J&3Z 340,
FE R 4155 ,500 L BR4F S ARET In A E 41 DNA K
B, BRRIEGIRS . 37 °C . 180 r/min &4 T K 3%
90 min, ¥R Al & A7 F3E & R (25 mg/L) 19 LB [ {435
ROFHR , BT 37 CHEIRRTFRAE P 3 B3R 12 hi2,
1.3.7 #HEABE MR pTSC ki #ik CRE i,
251 lox JP AV AL T BRUM L, B Lk O kA5
FNM B. subtilis 168 FALT, FRRGIE IR Z S,
pTSC Fiki b NSz S A rh v Ao 8 & A R

% (100 mg/L) iy B4 LB F-H ,37 CHH i 5 7746 55
F2 12 h, KA 80 &4 ML T 7E 51 CHE R K 57
Farh R 24 h AR R BURAY R pTSC &K
1.3.8 £ B. subulis 168 #9##%  FM FR ik
HIAE B. subtilis 168 BZ &2 5, KIGHIM arE |
nprE 7 8L RlG R B 5 AR R B, subtilis 168 I3
Z A b 1 B BH LT e B R O iR bt
FE N R bR S 49 2 AL B BSM1 FIBSM2, #:5& , 7F
BSM1 (3Ll b, 5 nprE 07 25 B Bl A Fr BE 3 4L 2
BSM1 A9 /832 25 v, i ik 31 BHVE B Ak 7, B ik 3
53] BSM3,
1.4 E B. subtilis 168 1) % B

5 54 R R S B E LB AR Rk, PRk a
LM T 10 mL LB K553 37 °C 180 r/min %
F2 12 ho ¥ 1 mL WA 100 mL & BEds 37 3k
(500 mL #EFEHR ) , T 24 °C 180 r/min 35 3% 24 h, Y&
LEA5 B ) B R FHF WS U 5 F1 SDS-PAGE 434
15 SBASSEBREHERLE SDS-PAGE 417
151 GHLEER 69 B K R BEAS 2009 B R, 10 000
r/min &0 5 min S5 YA K, H 50 mmol/L Y Tris—
HCI(pH 7.5) 28 thili e ¥ 2 e , FHRE B 2% Ml B 17
BRI AV B (W BE R 1 mg/mL) TR 5], 7E
4 CHATFRCE 2 h, BB 08 E T kb 7S e
R, A F N T F 400 W, TAE 1 s 5 2 s, Bl (A
K 5 min, FFREEE AT, 7E 4 )C44F T ,10 000 vmin
20 20 min, 2875 EVEW . K EIEW] 0.45 pm UE
P ik 9, BRI A5 SR il A
1.5.2 Zamsie FHEERA Ni-NTA & 112k
HeEfTaifh, A bR I AKTA 25 (A 4 fb 0 B
Pt EREARFR S mL, YRR & 0.5 mL/min,
1.5.3 & & Bth:# o9 SDS-PAGE 247 43 31 W Bt
80 Wl BSM3 i 41 [ % 1Y 4l iy v . A B W A OB
subtilis 168 9 ML ¥ , S A 20 pL 5 xLoading
Buffer, {& 2) J5 2 ¥k 20 min, #£17 SDS-PAGE 43 #7 ,
3 B I T 46 AR LA B 5 ol 12% M 4%, T FE A
15 plL,
1.6 EENE

AWl FH Y 2 W 7 A AR
S 130T 00 S A R M kg S 1 vk BRI E .

Pt 5 00 22 AR R (1 mL) 24 . 850 pl A 50 mmol/L
Tris—HCl (pH 7.5) % fi# 50 mmol/L 4+ % Ik B /) i )
W, 37 CARBH AN 5 min, AIA 20 pL LA,
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XFREIA 100 pL 15 g/dL i) =& LR IR A5 37 °C
PE IR A B SO S min, TG TA 100 pL 15 g/dL
B =R CERIFIRST, XFRINA 20 WL HL#E % IF iR
A, 2R . B RV 10 000 r/min &0 10 min,
PLEBRAEE A, 2, B 25 L SR T 5 48 R
B, BN X AE 37 CAMEF, 1 min PN A AR
1 pmol 147 R JIr 7 1) il it 2 S — AN B B4
1.7 EABEKMNBREMESHT

Y2 P A P 0 A K B A L S L AT 9 ER
20 AR M =T BF,27=128 85 E 1k 3) G B TR AR AR
OB o i e A | PR L8 5% 2 i Ak 0T, B AT A
FAMEC E SR 7 W, 43P BSM BSM3
AR VRAE LB B M bRk, 37 CE I 8% 37 46 B
212 h, 43,53 5Pkt BSM . BSM3 5 41 1 bk B
WM E LB WK RE 3R 5 37 °C 180 1/min 4514
TSR 12 h AE IR, 5300 1 mL W R
100 mL & B 555 (500 mL 420,24 °C 180 /min
ZRAFTEEFE 24 h 5, 43 0 HORE I il | (] B 4k 2
1 mL B W53 2 100 mL 3 6F 2 B2 55 75 25 (500 mL
HETEIM) o MK UL HE 505 24 h HURE &2 B 5, L)
E 6K,
1.8 E4HE BSM3 5 L KB ELEBEKTESH

1 H 4 B Bk BSM3 1 LB R kil £k ,37 C
FE I 55 FRAR B 5 12 h PR TR % R 2 10 mL LB
K3 (37 °C 180 r/min £&c1F R 5% 12 h, W
I mL H# T 100 mL LB 85 5# 59 (1 000 mL
HEFEI ) ,37 °C 180 r/min 514 F 159 10 h, /5 R Fh
T, HEWKR RN S LR T (2 L
KRR ) WA R B R 24 °C pH 2 7.0(1k
TN 5090 ER AN 50% 2K 45 H1) 53 K 450 vmin,

LR

21 EAFEHREE

L ZH PR R AL R UL 1, FRATAR I 3k ik
PR T AR B(WLE 2), T 2 4~ E A
ST EA B (W 3), T A B.
subtilis 168 &322 38 i W3 85 2 i A= 2 i
1 3 BHE 5 46 7, 1235 ] pTSC kL 25 B b 2 A
B ) A5 B JC o L A ) EE 41 B BR BSML A BSM2,
FETE AL R BSM1 A9 3ERE I 76 nprE JER 7 536 A
Mglu S, L BrbubE 3L 5 | 15 21 5 41 5 Ak BSM3,
A 2o 1 0 A S R T L PR Mgl 1) B AR A A

T RE AE fifp DR P51 L DR 2 1067 WA 14 1)

________________________
ze0

Lox72

_____ 3 PCR product B. subtilis 168 chromosome DNA

Upstream homology arm Downstream homology arm

LTI Hpall-Mglu expression cassette

B 1 Mglu EEZE &N B. subtilis 168 % & {x DNA i¥ 2R
=E
Fig. 1 Strategy for integrating Mglu gene in B. subtilis
168 chromosome DNA

—AElE R Bt A5 W B A U Hpall-Mglu K&
H 1 lox71-zeo—lox66 FIH , 1 T [F]J5 X 48 1 F77E
B. subtilis 168 % {4k DNA S 7ERBR A (aprE 5¢
nprE) R B, 51 A Hpall-Mglu 3£ H 1 lox71—zeo—
lox66 JEH . #2423 CRE/loxp Z 5B lox71
JE N lox66 J7 5 Z A1/ zeo FUMEIED , FFIE L T
lox72 J& % .

bp 1 2 3 4 5

2 000
1000

1.DL2000 DNA Marker;2:aprB F1 nprE I i# [7] P58 3L 4 3

Hpall-Mglu 2 ;4 :lox7 1 —zeo—lox66 3 ;5 .aprE 1 nprE T

Ui ) YR S I

B 2 lox71-zeo—lox66 .Hpall-Mglu 0 + T iif BB E H &
# PCR ik &

Fig. 2 PCR electrophoresis of lox71 —zeo —lox66 ,Hpall —

Mglu and two homologous arm segments
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bp 1 23 4 5 6 7 8 9 10 11 12 13

7000 —
4000 —

1.DL10000 DNA Marker;2,3,4,5,6,7 :aprE i A {3 55 Gl &
BB 58.,9,10,11,12,13 :nprE 5 AL 20 & B B
E3 RAHKERPCRBKE

Fig. 3 PCR electrophoresis of fusion segaments
22 EHHABKRMABEEEIT

R T ARGEN TR H2H TR bR Y A 2 I il R Gk K
o, MR OB R U7 ¥E X B BR B subtilis 168 BSMI |
BSM2 BSM3 #E47 A BeR: 9% . QnlEl 4 Fros | 5 40 TR pk
B A KR SR A T B AR B. subtilis 168 #A#FEAR
PRFF—3, 78 18 h B ik B i KRR ,0De N 9 72
Ao HZH TR 0 B K R IS L 5 R B A A
AR B. subtilis 168 JC A% 2 Bt e g B 1% , 51 20 T4 bk
BSM1 ,BSM2 F1 BSM3 19 55 K & e % 43 1 A 0.5
0.6 U/mL #1 1.0 U/mL, 4 K # BSM1 FIBSM2
Mglu F= R 45 DUECHR & 1, {2 BSM2 A %F T BSM1
) A 2 T e it il 0% 5, Dt DXL AT A v 1 2 1 Tl R
TR AR IR FEfr tTE 2 B R 2 5 A
T4 S I B i 1) 2235 AR W AR SR 41 B bk BSM3 119
KA B =, T4 Bk BSM3 AHXS T BSM1 il &
P& T 100% (B 5) it #5533k AR A AT LAkt
B e 9 TR 2% 38 40 B NSO 11 [ 8 (R H i Sk
PR AN B A IR I — KRBT, FRATT AT LU
8T e 5 2R TR A a5 R R P VR 2R Y i
i H Y R ) A

10 =8 subtilis 168
—e—BSM1
g |—A~—BSM2
—v— BSM3

g Or

oD

05 10 15 20 25 30 35 40
i (a] /h
B4 BBHEHKRERKMZE

Fig. 4 Growth curve of recombinant strains

23 EAAESBHMEENEAR4WL

2 TR bR A A R v Mgl S5 R TE 37 Ui
WINT His—tag J¥5, It LART DL i Ni> 5% f2 8743
B A ARG Ak S 0 A 2 T e Y SDS -

9 T B KRG/ (U/mL )
[\)

L L

BSMI BSM2 BSM3
HH bR

168 B. subtilis 168 Bk , 1F Jhy B 1% IR
B 5 EHEEKF B. subtilis 168 & X & B &5 iE T bk 5547
Fig. 5 Maximum fermentation glutaminase activities of

the recombinant strains and B. subtilis 168

PAGE Bk E WK 6 Frw, LA B. subtilis 168 £ 4]
PR BB ORIt R 2 T A R 24 4.8x 10 i B A —
W Y Rty o S DU A2 W1, BSM3 2% 5k 1 45 2 Bk
Jiie it LU 95 R 1326 Ulmg, K/NEAR 5738 — 502,

M 1 2 3
——
97200
66 400w
44300 W
29000 s
20 100 s

=y

1 :Protein Marker;2:B. subtilis 168 FH i & ;3 :BSM3 HH [if & ;

4.BSM 4l

B 6 ZEAEH BSM3 Fkik 4 B EE SDS-PAGE B ik &

Fig. 6 SDS -PAGE analysis of the expression of
glutaminase in BSM3

24 EAEK BSM3 HEEREEST
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A T 2 T R A R AL AR E T, A RN T PR A
PR Pk BSM3 7R SLME M 42 IRZ 5, BREIRARTRE ,
B RRE VRS o SR W TR R Ik Miglu [N
LR BSM TEZEZEME R 14 W25 B 1 B T R
BAERUETEAR 22 . fol A= Wy (o 00 8 oo i A 43 2
O e il 1) 0 S5AR T A2 T LOROR B 48 e G EL:
JRCRL IR 73 B A PEAR 22, BA 2 R K Y — K W)
A, BRI T AE T AP AR BT L, B R AR IR AT
o i it P ok BSMI3 B3 A Tl A2 7™

—B—BGM -6
sol —e— BGM3

S S
~ 3
2 60 {4 E
S S
HT 40 \ 13 4
& &
= o
Z IR
@ 20F a

\ 11
. . . ! s
24 48 72 96 120
(2w
B 7 EZA®E#% BSM3.BSM & £ E 454
Fig. 7 Analysis of genetic stability of the recombinant

strains BSM3 and BSM

2.5 5L REEREM O HEAMRLZ B

Y TR & B35 FR ) oA PR BRI T 20 TR bk
BSM3 (i AE i, Oy 1 4 e A S Ik i e 1 7= e, FRATD
PEREA A 5 L R BEWE AT oAb R R 25 3 an 1Al
8 irw, A Pk BSM3 7E 7 h & A7 i i A X 45000,
TE 32 h ZEAT B, 0D i8I T i K, 2928 92, FofiTk
I, 7 g 2 R AR M R AR — R A DG . BRI
TE32 h A 2R3 TR, 41.5 UmL, 32 hZ
Jei | A% G I iz Tt T 5 A 30 AT A AR ) B B X T e
KRz 4y ARG B AR E , RAE T M, S B IS
REAR

(=
T

(=}

SEH .

150
| —m—OD,

0 —o— E’E}‘isﬁoo (;7%%?:?:? 140
“ / §/ 130 ~
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Fig. 8 Fed-batch fermentation of the recombinant strain

BSM3
| 3 2 i

AR S 6 A e A 1) T A A R I e T Tk TR PR
WEREXT B. subtilis 168 HEATE S A, K #3572 it
T, B 1 Miglu 35 DR st A5 R 1k o 0 n 3 PR 5K
P P T DL o A 3 TR I R B B
G546 DR DTS X 5 ) 5 TR T AT T | R AT o i
ol 10 ) 2235 7 W T R ) B 1) e 5 A O 2R AT, AR SE
¥ o AR (8 58 5 35 7 Hpall BYJERE B, 7ERER 2 1
W IEPE SR L N aprE nprE (RIS, 48 A4 200
FE G SE DR TR AN T A e T M Tt 11 5 DL, S REAIG
TR U 2 A 7 W) A ST P ) B A X L
IR N A STk I i O TR B LB, T A AR e A
SR R B R TR KT, ARSI R lox 75 FE ALY
75 Ko Mglu JERHE A B B, subtilis 168 YA fk -,
Prtk LA AH A B T Y fk [, 3k pTSC Bk I
UM CRE, 51 lox FPA AL, T BRPUIEILN
I, T A R A Sk Il T vk BSM3 vl
TR,

[1 ] ALEDO J C,GOMEZ-FABRE P M,OLALLA L,et al. Identification of two human glutaminase loci and tissue-specific
expression of the two related genes[J]. Mamm Genome ,2000,11(12):1107-1110.

[2 ] WAKAYAMA M,NAGANO Y,RENU N,et al. Molecular cloning and determination of the nucleotide sequence of a gene
encoding salt-tolerant glutaminase from Micrococcus luteus K-3 [J]. Journal of Fermentation and Bioengineering, 1996,82

(6):592-597.

[3 ] YOSHIMUNE K,SHIRAKIHARA Y,WAKAYAMA M, et al. Crystal structure of salt-tolerant glutaminase from Micrococcus
luteus K-3 in the presence and absence of its product L-glutamate and its activator Tris[J]. FEBS Journal,2010,277(3):738-

748.

[4 1 MASUO N,ITO K,YOSHIMUNE K, et al. Molecular cloning, overexpression,and purification of Micrococcus luteus K-3-type

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.39 Issue 6 2020



AT, WS R BB R Bacillus subtilis 168 P &9 # 4 Rk

glutaminase from A spergillus oryzae RIB40[J]. Protein Expr Purif,2004,38(2):272-278.

[5 ] MASUO N,YOSHIMUNE K,ITO K,et al. Micrococcus luteus K-3-type glutaminase from Aspergillus oryzae RIB40 is
salt-tolerant[J]. Journal of Bioscience and Bioengineering,2005,100(5):576-578.

[ 6 ] KUMAR L,SINGH B,ADHIKARI D K, et al. A temperature and salt-tolerant L-glutaminase from gangotri region of uttarakhand
himalaya : enzyme purification and characterization[J]. Appl Biochem Biotechnol ,2012,166(7):1723-1735.

[7 1JEON J M,LEE H I,HAN S H,et al. Partial purification and characterization of glutaminase from Lactobacillus reuteri
KCTC3594[J]. Appl Biochem Biotechnol ,2010,162(1) :146-154.

[ 8] SATO I,KOBAYASHI H,HANYA Y et al. Cryptococcus nodaensis sp nov,a yeast isolated from soil in Japan that produces a
salt-tolerant and thermostable glutaminase[J]. Journal of Industrial Microbiology & Biotechnology,1999,22(3).127-132.

[9 ] SIETSKE A D B,DIDERICHSEN B. On the safety of Bacillus subtilis and B. amyloliquefaciens :a review[J]. Applied Micro—
biology & Biotechnology,1991,36(1):1.

[10] MU W,ZHANG W ,FENG Y ,et al. Recent advances on applications and biotechnological production of D-psicose [J]. Appl
Microbiol Biotechnol ,2012,94(6) :1461-1467.

[11] NEGRI A,POTOCKI W,IWANICKI A,et al. Expression and display of Clostridium difficile protein FliD on the surface of
Bacillus subtilis spores[J]. Journal of Medical Microbiology,2013,62(9):1379-1385.

[12] HARWOOD C R,WIPAT A. Sequencing and functional analysis of the genome of Bacillus subtilis strain 168[J]. FEBS Lett,
1996,389(1):84-87.

[13] XIE J,ZHAO Y,ZHANG H,et al. Improving methyl parathion hydrolase to enhance its chlorpyrifos-hydrolysing efficiency[J].
Lett Appl Microbiol ,2014,58(1):53-59.

[14] BROCKMEIER U,WENDORFF M,EGGERT T. Versatile expression and secretion vectors for Bacillus subtilis [J]. Current
Microbiology ,2006,52(2) : 143-148.

[15] FLEMING G T,PATCHING J W. Plasmid instability in an industrial strain of Bacillus subtilis grown in chemostat culture[J].
Journal of Industrial Microbiology,1994,13(2).106-111.

[16] s, B, MG, 55 T 3 B- 2P FLWE 11 i 55 X bgaB 70 Al RE2FJFT 18 h (1 2 & RIB[J]. B 5 A W R 34,2003, 12
(6):1-4,14.

[17] KAWAMURA F,DOI R H. Construction of a Bacillus subtilis double mutant deficient in extracellular alkaline and neutral
proteases[J]. Journal of Bacteriol, 1984,160(1):442-444.

[18] STAHL M L,FERRARI E. Replacement of the Bacillus subtilis subtilisin structural gene with an in vitro-derived deletion
mutation[J]. Journal of Bacteriol, 1984 ,158(2) :411.

[19] YANG M Y ,FERRARI E,HENNER D J. Cloning of the neutral protease gene of Bacillus subtilis and the use of the cloned gene
to create an in vitro-derived deletion mutation[J]. Journal of Bacteriol,1984,160(1).15-21.

[20] YAN X,YU H J,HONG Q,et al. Cre/lox system and PCR-based genome engineering in Bacillus subtilis [J]. Appl Environ
Microbiol 2008 ,74(17) :5556-5562.

[21]NA S,AV B, YA N, et al. Construction of long DNA molecules using long PCR-based fusion of several fragments simultaneously
[J]. Nucleic Acids Research,2004,32(2):e19.

[22] ANAGNOSTOPOULOS C,SPIZIZEN J. Requirements for transformation in Bacillus subtilis[J]. Journal of Bacteriol, 1961,81
(5).741.

[23] 5K 3EPF. A ZUIE I 1) 3638 6“2 M B BF Y S R AR ALK [D]. JC 8« YL Fg K%, 2017.

[24] Ay A48 D- BT FRAE 3- 22 In) S5 F40 i 6 R 00 2 S0AT 7 o 9 o A 3R 38 T I HIBIF S (D). JE 48 - TL R K%, 2017.

[25] %K Wk e 385 45 T AT B A% T X proUK PR 6 KA FF 18 h s 265 g i [J]. AE 9 TR 24410 ,1999,2(1) : 14-17.

LHSt A SR 2020 FE 395 % 6




