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 E. L-RABLMEHg(L-asparaginase, L-ASN) S 2 F] T &M AP JZ 06 77 BAK A BL I on & &, A
o HARAK A R A KPIRA] T AT . FRE O RLZRF B ATH L LK R 2R, F Iett
B 2R TiEG G E T, RFRE T E XM BAE MR G F AT A (Bacillus) ¥ L-KR
ABLBEFE. B, HET S FAR(SPsacs SPamyis SPapres SPywons SPwapa) A T L-RABL
B oy ik Rk, HF SPscc MNF T L-RABLIREE LB RAT, BiEiA%] 157.61 UmL. MG,
HWIRT 4 A F A EHZ BT (P43, Puarass Pubays Poaca)r HF BIEBE)TF Puoars MF6 L-K
ABIEBERA TR S, B BEAKRER ST 52.94%. R/E, ML T 3FFRATEREB L RF
BOAT H (Bacillus licheniformis) AOF3 #= BL10. #&3 3 JoAT H (B. subtilis) WB800, H ¥, M RF o
AFE BL10AF A 78 207, L-RABLIRBEBEE &5, X387 4383 U/mL, BT BEH/KESH T 81.83%,
B ARE ) L-AA BB ER D KT, LR, AR RAMET MG L-RELBR
Jie Bl 6 Mo, R SF JOAT B A2 Ak BL10/Pyiapas-SPacc-ansZ, A L- R ABLAels T kb A B 7 T 2o,
KRR L-RABRE, WRFRAFE; 5K BT, ARXBE
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Efficient production of L-asparaginase in Bacillus
licheniformis by optimizing expression elements and host

YANG Xinyuan, RAO Yi, ZHANG Mengxi, WANG Jiaqi, LIU Wenyuan, CAI Dongbo,
CHEN Shouwen"

State Key Laboratory of Biocatalysis and Enzyme Engineering, Environmental Microbial Technology Center of
Hubei Province, College of Life Sciences, Hubei University, Wuhan 430062, Hubei, China

Abstract: L-asparaginase (L-ASN) is widely applied in the treatment of malignant tumor and
low-acrylamide food production, however, the low expression level hampers its application.
Heterologous expression is an effective strategy to increase the expression level of target
enzymes, and Bacillus is generally used as the host for efficient production of enzymes. In this
study, the expression level of L-asparaginase in Bacillus was enhanced through optimization of
expression element and host. Firstly, five signal peptides (SPsacc, SPamyr, SPapre, SPywon and
SPwapa) were screened, among which SPs,.c showed the best performance, reaching an activity
of 157.61 U/mL. Subsequently, four strong promoters (P43, Pyi,a-p43, Pubay and Ppaca) from
Bacillus were screened, and tandem promoter Pyi,aps3 showed the highest yield of
L-asparaginase, which was 52.94% higher than that of control strain. Finally, three Bacillus
expression hosts (B. licheniformis AOF3 and BL10, B. subtilis WB800) were investigated, and
the maximum L-asparaginase activity, 438.3 U/mL, was reached by B. licheniformis BL10,
which was an 81.83% increase compared with that of the control. This is also the highest level
of L-asparaginase in shake flask reported to date. Taken together, this study constructed a
B. licheniformis strain BL10/Pyi,a-p43-SPsacc-ansZ  capable of efficiently producing
L-asparaginase, which laid the foundation for industrial production of L-asparaginase.
Keywords: L-asparaginase; Bacillus licheniformis; signal peptide; promoter; expression host
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FHHET S

HAET, L-ASN 15 R85 F 2 LUK FF#
(Escherichia coli). YE7RWEEE(Pichia pastoris) .
i B 2E AT I (Bacillus subtilis) i fE . Hr,
DL KT BL21(DE3) 15 %3k L-ASN, %
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YR AR AR M. BRI . Behs
Wi H Spanish 23] ; $i4d R (Kan, Tet), L-K
A% P e K B 11 RS TRE ) B A 3R I H Sigma 2
H RO A SRR A BR A\, HoAh
F2 AR AR 4 R [ A b A
1.1.3 EBHxE

LB B 373k (g/L): R 10 BERESR Y 5
AALiN 10, pH 7.2, LB BEAE:FEEE SN 1.5%
REH o

L-ASN & EER: 373 (g/L): #ZikE 20, M
20, FOKHK 10, BERREEEU 10, & L8N 10,
BERR S B 3. WilR%k 6, pH 7.2,
1.2 A%
1.2.1 REFERREGRIAHRBIHE

PL L-ASN ik #4K pP43-SPg,c-ansZ F4 £
R, E AT R U TR 2 AT
168 SR IE [ P43 Ji 3T . SPsucc 5 5 BN L-ASN
B ansZ KA ZEMIAT I WX-02 SR A TEH
BFEN amyL BOZE 1+ TamyL, PR &Sk
fd PCR (gene splicing by overlap extension PCR,
SOE-PCR)75 2| P43-SPg,.c.ansZ-TamyL FikHE,
W H AN R pHY300PLK 28 EcoR I Xba Tl
Yl, IFH T4 DNA 3R EA7 BRSO, i
FEWEEAR E. coli DHSa, i1 18 7% PCR KlE .
TR BRI . 00 ), RIAS B B 3R
IR AR pP43-SPg,c-ansZ,
122 ESRV/BashFiftEHTIEREKGE

AN SR T 1) L-ASN IR AR 2 .
TEH 5 FOATRME S K, 23 BiE R I8 T 1A 27 Y
FFTE WX-02 FVER B#E 5 K SPamyr, VR Tl
FLZFMIAT R 168 BYRIMEMHE 5 K SPsacc. TEKD
{55 AR SPamyL ZHAEEES BUAH G (RNA IR B
RSG5 K SPwapa . KUKS Z R 5 AR5 5 IK
SPywono MR 1.2.1 Frid 7 i A T [ 5 B
) L-ASN kA e, M Emfe LA 1.
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Table 1

ANH 5% B A B T AR D B

Strains and plasmids used in this study

Strains and plasmids

Characteristics

Sources

Strains
E. coli DH5a

B. subtilis WB800

B. licheniformis AOF3
B. licheniformis BL10

F ®80d/lacZAM1S5, A(lacZYA-argF) U169, recAl, endA1, hsdR17 (1,
my'), phod, supE44, ), thi-1, gyrd96, reld1

B. subtilis VTCC-DVN-12-01 by using an eight-protease-gene-deficient
B. subtilis (nprE, aprE, epr, bpr, mpr::ble, nprB::bsr, vpr, wprA::hyg)
DW2 (AspoOF, AaprE, AbprA, Apgs)

WX-02 (Ampr, Avpr, AaprX, Aepr, Abpr, Awprd, AaprE, AbprA, Ahag,
AamyL)

Lab collection

Lab collection

Lab collection

Lab collection

AOF3/pP43-SP 5y .ansZ AOF3 containing plasmid pP43-SP,,.ansZ This study

AOF3/pP43-SP 4 ,g-ansZ AOF3 containing plasmid pP43-SP,g-ansZ This study

AOF3/pP43-SPg,.c-ansZ AOF3 containing plasmid pP43-SPg,.c-ansZ This study

AOF3/pP43-SPy,pa-ansZ AOF3 containing plasmid pP43-SPy,,4-ansZ This study

AOF3/pP43-SPyypn-ansZ AOF3 containing plasmid pP43-SPy,pn-ansZ This study

AOF3/pPUy,y-SPg,cc-ansZ AOF3 containing plasmid pPUy,y-SPg,cc-ansZ This study

AOF3/pPpaca-SPsacc-ansZ AOF3 containing plasmid pPyaca-SPsacc-ansZ This study

AOF3/pPyi;a-pa3-SPsscc-ansZ AOF3 containing plasmid pPyy,s.ps3-SPsscc-ansZ This study

BL10/pPyi;-pa3-SPsqcc-ansZ BL10 containing plasmid pPyy,-ps3-SPgucc-ansZ This study

WBB800/pPyi,a-paz-SPsacc-ansZ  WBB800 containing plasmid pPyi,a-pa3-SPsscc-ansZ This study

Plasmids

pP43-SPypy1-ansZ pHY300PLK harboring P43 promoter, gene ansZ, signal peptide of This study
AmyL and amyL terminator

pP43-SPppg-ansZ pHY300PLK harboring P43 promoter, gene ansZ, signal peptide of This study
AprE and amyL terminator

pP43-SPg,.c-ansZ pHY300PLK harboring P43 promoter, gene ansZ, signal peptide of This study
SacC and amyL terminator

pP43-SPy,pa-ansZ pHY300PLK harboring P43 promoter, gene ansZ, signal peptide of This study
WapA and amyL terminator

pP43-SPy,n-ansZ pHY300PLK harboring P43 promoter, gene ansZ, signal peptide of This study
YwbN and amylL terminator

PPUpay-SPsscc-ansZ pHY300PLK harboring PUy,, promoter, gene ansZ, signal peptide of This study
SacC and amyL terminator

PPpaca-SPsacc-ansZ pHY300PLK harboring Py, promoter, gene ansZ, signal peptide of This study
SacC and amyL terminator

PPyiza-pa3-SPsacc-ansZ pHY300PLK harboring Py,a.p43 promoter, gene ansZ, signal peptide of ~ This study
SacC and amyL terminator

A 81 T30 L-ASN Fik# A . FZEMIAT R 168 H P43 JH BT, AEIAHRIZ

BEHC 4 Fhw T 20 AT TR DN 3R A 1 5 O B
T, o AR AR T M ACE JEAT T DW2 HYFT B IK
& W EEIE % bacABC JAEN T Praca, KIETAHY

&: 010-64807509

TS L-ASN ik 2R

SRS T PU! R R B
Pycapast o HRAE 1.2.1 BT IEHEA T AR 20
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1100 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

*2 AMRETARSIHY
Table 2 Primers used in this study

Primer name

Sequence of primer (5'—3")

P43-F CGGGAATTCTGATAGGTGGTATGTTTTCG

P43-R GTGTACATTCCTCTCTTACC

ansZ-F TCTGAAAAAAAGGATCTG

ansZ-R TCCGTCCTCTCTGCTCTTTCAATACTCATTGAAATAAGC
TamyL-F AAGAGCAGAGAGGACGGATT

TamyL-R GCTCTAGACGCAATAATGCCGTCGCACTG

pHY-F CAGATTTCGTGATGCTTGTC

pHY-R GTTTATTATCCATACCCTTAC

SPamyL-F GGTAAGAGAGGAATGTACACATGAAACAACACAAACGG
SPamyL-R CAGATCCTTTTTTTCAGACGCCGCTGCTGCAGAGTG
SPppe-F GGTAAGAGAGGAATGTACACATGATGAGGAAAAAGAGT
SPape-R CAGATCCTTTTTTTCAGAAGCAGAAGCGGAATCGCTG
SPsacc-F GGTAAGAGAGGAATGTACACATGAAAAAGAGACTGATTC
SPsacc-R CAGATCCTTTTTTTCAGATGCATCTGCCGAAAATGCC
SPyapa-F GGTAAGAGAGGAATGTACACATGAAAAAAAGAAAGAGGC
SPyapa-R CAGATCCTTTTTTTCAGATGCTAGTACATCGGCTGG
SPywon-F GGTAAGAGAGGAATGTACACATGAGCGATGAACAGAAAAAG
SPywun-R CAGATCCTTTTTTTCAGAAGCCGCAGTCTGAACAAG
PUpqy-F CGGGAATTCCCTGCGATTTCGGCGAGATTC

PUpay-R GAATCAGTCTCTTTTTCATACAAATCTCCCCCTTTGTTG
Pyaca-F CGGAATTCCCTGCGATTTCGGCGAGATTC

Ppaca-R GAATCAGTCTCTTTTTCATATAAAAATTCTCCTTTTTG
Py,a-paz-F CGGGAATTCGAAATATTGATGTGACAC

Pyiza-pa3-R GAATCAGTCTCTTTTTCATTGATCCTTCCTCCTTTAG

Bold indicates the restriction enzyme site, and underlined is the repetitive sequence for SOE-PCR.

B 1
Figure 1

| P43 | | ansz | ! TamyL ‘ —>SPc
I 1 [ ] .—SPI\IH}'[. By~ SP
AprE Pyl
—ep § A ori-177 ,
—_— anss
| P43-an.vZ—TamyL | Pk pP43-SP-£IH‘.§'Z
—
EcoR 1 /Xba | \
double digestion
T4 DNA ligase pP43-ansZ —
TamyL.

Amp

ri—ai e

MCS
ori-177

pHY300PLK

AEMES KT 58 L-ASN RiXH AR RE

Construction of L-ASN expression vectors mediated by different signal peptides.
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B F R I Y L-ASN ik 8 fL B A
A ZE AT TR AOF3 w43 54 2R A S 8+
{5 S K 519 L-ASN B Hibk .

1.2.3 L-ASN ZEHIRFRFE P RIE

W5 L-ASN F R B 1) b A ZF BT 1R 72
LB ‘P (20 mg/L WUIRHLA ) Biffk, 37 °Ch:
F¢ 12-16 h, PRHCATRVE T F 5 mL iKIA& LB
(20 mg/L DU A 2 PA i, 37 °C 230 r/min
TR . B IE IR R 1T 5 F 50 mL i
& LB (20 mg/L MUAHLAZF)M 250 mL =ik
Wi, 37°C. 230 r/min B335 & ODgoo~4, %18 3%
ARSI 2 0F 30 mL KRR SR AR
250 mL =i, 37 °C. 230 r/min K557 48 h.
1.2.4 L-ASN fR10

K 9 PG I €87 T 0 e il A s g ™
AR A, UETTART L-ASN BTGRP, Bk
2215 2 AL B b v £ (1 2), PTG S
A Z[900 pL KH,PO4K,HPO, (20 mmol/L, pH
7.5). 200 pL L-FAHERE(189 mmol/L) . 100 pL fif
WA TREAE SN, 37 °CRZV 10 min. BfiJE A
100 uL =442 2(1.5 mmol/L)Z 1) i , 10 000 r/min
250 10 mine RS #1768 50, B 100 pL Jz
B, FA 3.4 mL KB /K 500 pL 44 G|
(AL SR EEFEC T, IRATJEHHE 10 min, T 420 nm
Ab G IN WI S AE

L-ASN B EFIE (U)E X : 37 °CFF 1 min
IKff L- R AT 1 umol NH; T 7 22 Ao i i
1.2.5 ERAFERKESH

FE R 3 SR K43 b 5 vk S BROAR TR B4 2 4
R, Hd R TRIzol $#2HUE RNA,
DNase I /HfvJE & DNA, & Revert Aid First
Strand cDNA Synthesis Kit (Thermo)4 #{15 #|
cDNA., FiA# Kk pHY300PLK | AYPUFR K BT
PESEIN Ter YE NS5 3604 s B 41 71 bk v 35 K]
ansZ W% K52 % 3L Tet bR fE #E1T

&: 010-64807509

e, Lh P43 JH B4 BB ansZ 5% 5K
ViRt BE
1.3 ZitHHh

A S ER 3 Ik, BRI E 3 4
SEAT, SRS Origin 2018 F1 SPSS 18.0 #1144
AEFRRIAH, Hidr, *: P<0.05 BRERBE,
*%: P<0.01 RN 22T B

2 BRS04

2.1 ESHIFIER L-ASN FiZRI S0

F SRR — R a3 E W R R IR T
fF, TERWE R ESE T REEEERN, F
5 JOR U7 2B AL 2 Fi e £ 0 A R R UK B A ROR
M. L-ASN A B {ESKEREARE T, H
FEAS BN AL, B L-ASN 43K
VL AR E AT 5 RS T IR (SPsacc -
SPamyL+ SPapres SPywons SPwapa) T FHY L-ASN
FBEAEK, TFR I B HACF A AOF3
o, 153 L-ASN RIKE R, ol 4l
AOF3/pP43-SPg,.c-ansZ . AOF3/pP43-SPmy-ansZ
AOF3/pP43-SP xpg-ansZ . AOF3/pP43-SPy,,n-ansZ
F1 AOF3/pP43-SPywapa-ansZ.

B C B A RS 5 I8 L-ASN
FIRE R TR U B , JFARE 1.2.4 T IATT
PAEA TS E o I 2A ATAL, S RRE S IR
T B L-ASN [l i & A AHTR], S AR
e SPsacc™>SPwapa™>SP apie>SP Amy1 >SPvywin Hirp
SPsacc i 5 RS- Y R A% T g ik il 1 e 1, 5 5
157.61 U/mL., S5It[EE, SDS-PAGE Hi kAl
45 5 B JE — 20K 2B). A, il
T AR AOF3/pP43-SPamyansZ . AOF3/pP43-
SPsucc-ansZ Fl AOF3/pP43-SPa,p-ansZ il P &2
FI(E 2C), 45REKY], BR 3 FESKRAT ST
L-ASN Hy7r & A AR, N E A RSB
DU HEARH ] o 38 43 %58 L P - ASIN it 376 G i B
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Figure 2 Effects of different signal peptides on L-ASN production. A: L-ASN activity. **P<0.01. B:
SDS-PAGE of extracellular proteins. Lane 1: AOF3/P43-SPg,.c-ansZ; Lane 2: AOF3/P43-SPapyy1-ansZ; Lane 3:
AOF3/P43-SP spp-ansZ; Lane 4: AOF3/P43-SPyypn-ansZ; Lane 5: AOF3/P43-SPyqps-ansZ; M: Protein marker.
C: SDS-PAGE of intracellular proteins. Lane 1: AOF3/P43-SPapyyi-ansZ; Lane 2: AOF3/P43-SPg,cc-ansZ;

Lane 3: AOF3/P43-SP s,g-ansZ; M: Protein marker.

ANFEIERRH L-ASN BE LB AR A . Z A C T
BrAER . BRI AW T B A LR A A
gE, ATR MY EE 2 7 iRk Rk e
Pk B P4 A s Bk, fE Sk
i O A AR AR E 2R A i i R E, A R T B
BB PR B
2.2 BI;FIHIEX L-ASN RiEHIF M

Ja B FAE B B sk R AR
Ja B R H A R EK . RS
SRR e R SEAE b, BEECT 4 FlEsh T P43,
Pyioa-pass PUbays Poaca, S5 AIHEEE T AN S 2+
20 L-ASN RIBHAK, IF AL iE 2 HAC 27 AT
W AOF3 1, EAI RS A48 AOF3/pP43-
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SPsacc-ansZ . AOF3/pPyi;a-pa3-SPsacc-ansZ . AOF3/
PPUpay-SPsacc-ansZ FI1 AOF3/pPpaca-SPsacc-ansZ
1 E 2 A F S 3h 7519 L-ASN
TR TR AN, HRYE 1.2.4 FRridTs
DA TR . BB 3A ATAL REE S5
[ L-ASN BEHE ZKTARUN : Pyioapa3>PUpay>Phaca>
P43, HH Py,apas S50 L-ASN BT ey, 18
#| 241.06 U/mL, AT X IRE K AOF3/P43-
SPsacc-ansZ $E15 T 52.94%, WAl HetKP5L
B3R, HREESIT Pyoarss IV ansZ 5%
SR ICI XTI (16 hyif 2 FERE WI(36 hy#p
e T HABTERR(E 3B), BLEHAERE 3 T RERS S
KRR ansZ e sfoKF-, ETI B R L-ASN i o
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Figure 3 Effects of different promoters on L-ASN production. A: L-ASN activity. B: Transcriptional levels

of gene ansZ. *: P<0.05; **: P<0.01.

2.3 BEEGIR

Mt — R L-ASN EikAKF, ik T
A PRI W IR 3 Fha Rk 1 F 1 UK R
MEFFTE AOF3 ., MK ZFHMIAT T BL10 FlAY, B 2
M AF # WB800 , Jf #§ L-ASN 3K ik # K
PPyioapas-SPsacc-ansZ UL Z 3 FhikfE v,
RAF TR 390145 44 4 BL10/pPyia pas-SPsacc-ansZ |
AOF3/pPyi;a-pa3-SPsacc-ansZ . WB800/pPyy,a-pas-
SPsacc-ansZ .

BB R TIA Y 3 B L-ASN Fak BRI T
PERUR I . K 4 8580, AR 8 gk
PRI L-ASN RIk/KFA B8 22 5%, WG KPR
YA : BL10/pPyisa paz-SPsacc-ansZ>A0F3/pPyy,a paz-
SPsacc-ansZ>WBB800/pPyi,a pa3-SPsacc-ansZ, HiAK
ZFMIFF T BL10/Pyiza-pas-SPsacc-ansZ il fiz
#5, iK% 438.3 U/mL,

[FAT, X L-ASN &7 Bk BL10/Pyisa pas-
SPsucc-ansZ FIXF AR K AOF3/Pyi,a-pas-SPsacc-ansZ
1) & eIt R AT 43 AT (K] 5) o IR BL10/Pyic,a-pas-
SPsacc-ansZ TERE/ i T Ji 1 v ) 4 A KPR 10
AN D0 T 0k B TR, o e A 0 S R
PRAER T 26.88%, fi ey MG B0 B MR AR 5 1
81.83%. WLAh, ™ Tk B A A Tl 1 7

&: 010-64807509
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Figure 4  Effects of different host strains on
L-ASN production.
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Figure 5 Fermentation curves of strains AOF3/
Pysz_p43—SPSacc—ansZ and BLlO/PykZA_p43-SPsacc-al’lSZ.
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A R T TR 3 v Y 0 R TN BRBR AR, R A
BL10/Pyy,a paz-SPsacc-ansZ FRA0 bR 1A g 45 X6) Bt
PRI R T 50.47%. HILAT UL, A 28 AT B
BL10 fE AR A 1E 0T, 74 & R R A Y&
PRI, 38 T A L-ASN BETE, HEm
A HF L-ASN FERLA A
3 Wik

L-ASN AJ Ak L- K4 Tt i 1) 7K ik S v
WAEBRTY | & MR G4k 2 B AT 2 KR,
H Al L-ASN BRI Rk ACE- BRI T Hoift— 22 )
e . AP e fF S ISR s v, I
45518 FIETIE, IR T —HRE” L-ASN T
PRI R BL10/pPyiza-pas-SPsacc-asnZ , Holw i FHT
A3k 438.3 U/mL, J& H AT C H 1) L-ASN #2
KV R B B4 2,77 A%, R AT T L-ASN
PR K A f5 TG Y 3.91 5 (3R 3) o AN SR IESE
T ARIB TN TE O R R R A R IR K Y
AR, A MAF A BL10 AT LAYE g 5 5
EHRBNILRIE F, JFREE 7 —tBEA Tk
i T 7 L-ASN A= 7= Bk o

FikoH A e $2 = 8 B RSB KF 1y
Mg o AR EEE 5 A5 S K (SPsacc . SPamyL -
SPape+ SPywon+ SPwapa) HT L-ASN 433K
Ko ZETHIBFSEIRGETE . SPsacc Fl SPWapA[14]
A R B S N S R T M A ZE BT TR T Y 0
Fik, SPamyr PR E 4R 5 o-JE A 43 WA K,

£33 ERFEHETARMEY S L-ASN BgEKF

AprE 2 H A ZF JUAT B 4 1 i A K ML Ah 2R
FIIE Y, SPywon PS5 2R MAT B 2 11 it A
b A 2 T TR U R e A T AR A 4
R, AR R AT A 168 R R BH A SacC ()
{5 5B SPsacc HIIE BT L-ASN B4k,
Fo T HA 4 Fh{5 5 IK(SPAmyL SPapre+ SPywon
SPwaps), i FK AOF3/pP43-SPs,.c-ansZ il i 43 7
PEE T 45.52%., 38.40%. 74.45%F11 19.99%. Tfi
5L SPsucc ZBER T4 53 T (MKKRLIQVMIMF
TLLLTMAFSADA), % 3 H N iy 1F i fay 2505
A H S K A G 2 AT A5 = IR AR —
FRRLARETS ) SXATREIE & SPsuec 36 H T 2E AT B
SRR A SR R R 2 — . AN, HR R
Ja gh ¥ Pykza-pas JEAR R B N o8 A
BNTF Py 5 P43 BEASRIA5R)E 30T, Z AT A B
FHIZIA S5 o-TEM RGP T 1.85 1%
AWF5REAS H RIS 3+ Pyiza-pa3 ST ansZ W)
SOOI RS e A T e, AR
RIZH OG- oAt T 25, 1 (BRI L R AR SR
FIR LIRSS, BRI B F Pyioa-pas /2 HIAKZF
FRUAT B8 v S U5 R IR AR RS 3
AT E AW RANIE R TE F, A
WFFE eI T A ZE AT B BL10™ . MK 2F A
B AOF3!" R Al 2 25 AT 2 WBS00 F Sk F 5%
AN fE EXT L-ASN kB m . 45 R_EKH, Hb
K ZFMIFFIE BL10 VE R 1E F0F, L-ASN 15 i
. i8E 438.3 U/mL, 4352 53 Ah PRl g 32 (b

Table 3 L-ASN produced by different microorganisms in shake flask

Sources Host strains Enzyme activities (U/mL) References
E. coli YG 002 E. coli BL21(DE3) 17.4 [4]
Nocardiopsis alba NIOT-VKMAO08 E. coli M15 158.1 [21]

B. subtilis 168 B. subtilis WB600 102.4 [6]

P. carotovorum MTCC 1428 B. subtilis WB800 105.0 [22]

B. subtilis 168 B. subtilis WB600 112.2 [2]
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