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Improving the Activity and Stability of L—Asparaginase from Bacillus subtilis
by Site—Directed Mutagenesis

ZHANG Xian'?, LONG Shuiqing'?, RAO Zhiming"??, YANG Taowei'?, XU Meijuan'?
(1. School of Biotechnology,Jiangnan University, Wuxi 214122, China;2. Key Laboratory of Industrial Biotechnology
of Ministry of Education,Jiangnan University, Wuxi 214122 ,China;3. State Key Laboratory of Food Science and
Technology ,Jiangnan University , Wuxi 214122, China)

Abstract. L-Asparaginase catalyzes the hydrolysis of L-asparagine to L-aspartic acid and ammonia,
which can hydrolyze free L-Asn to aspartic acid and decrease acrylamide formation during food
processingd. In order to meet the high requirements and complicated procedures of food processing,
the activity and stability of L-Asparaginase need to beimproved. In this study,we successfully
improved the enzyme activity and stability of L-asparaginase (BsAll) from Bacillus subtilis B11-06

s B H#A . 2015-05-12
HEEWMHE: ERARFEILETH (31500065) ; H 5K 863 #1413 H (SS2015AA021004 ) ; 1 [ {8 4 J5 B2 3t 4 B8 Bh 501 H (2015M570407) ;
rh g g AL ABL IR 55 2 IR 42 T H (JUSRP11545) ; Toll A= Wy 4 R 20 5 o 5 9250 %5 P PR (KLIB-KF201406) .
EEB N : K W(1986—), 55 VLIRERIN A, At IR0, 32 %2 DA S Gl 2k A 1RO T 26 W ke Ak 5 k7 T I 9
E-mail : zx@jiangnan.edu.cn
EAFIEER . BB (1975—) , 5 ULVEI I A2 L R T 5 A4 Uil 228 DA R B2 45 AR R T i i 0

E-mail : raozhm@jiangnan.edu.cn

jhPt] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.11 2015



7K

kg

L R ERERGMEFNY LR LB E N BT

by site-directed mutagenesis. Five residues of BsAIl were selected and used to construct the mutants

by sequence alignment and homology modeling. The enzyme activity assayshowed that the enzyme

activity of S299N,,.. and P348Aa,,. were increased by 28% and 32% ,respectively,as compared to the
BsAII. The thermal stability and pH stability of P348A,,,. were significantly improved compared to
that of BsAIL This study showed that residues 299 and 348 in amino acid sequence of BSAIl had a
great influence on the catalytic action,which provided a basis for the study of the catalytic

mechanism of the enzyme, and extended the application in food industry.

Keywords: L-asparaginase, site-directed mutagenesis , thermal stability ,pH stability
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Table 1 Primers used for site —directed mutagenesis and

gene cloning
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PF: ansz cgggatccatgaaaaaacaacgaatget (BamHI)
PR: ansz cgacgegtttaatactcatigaaataag (Mlul)
PF:G177A agccatcagegetgatgegecttctaa
PR:G177A geatcagegetgatggetgtggaaggtet
PF:P178A atcagcegcetgatgggecttctaacct
PR:P178A ccccatcagegetgatggctgtggaa
PF:P348A atcgaactctttaaacgcccaaaaagea
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27515 BsAIL E47 750 % L, 25 R UL 2, & 2
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AR T O ST SR A TR) A TR 1) L= K A% Tk e il 2 Sk
B2 P79 AR H DR SF O 28 T H B =R L- R A Bt
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V7 2 35 2 7% 5 2 A8 A 17 1 2 L R A 3 | 40 T A
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Fig. 1 Stereo representation of the native enzyme BsAIl

] v PO ATE Jifr 7R 2 B T e A DA T P v 6 R R R S 0 = T AR I AR R L O S A 5 S SR R T 91 oK U M2 GenBank £ s
R B R iseq 1,Escherichia coli (INNS_A);seq 2,Wolinella succinogenes (1WSA_A);seq 3,Bacillus subtilis B11 -06
(KF444946) ;seq 4, Pectobacterium carotovorum MTCC 1428 (AFA36648.1)

B2 AEXREL-XEBRBEEEBFIILTER

Fig. 2 Sequences alignment of L—-asparaginases from different bacteria
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22 L-REBBREHRIESHL

¥ 6 NEAEMRFR R E, 4B SDS-
PAGE Lk B3 & B, & A it B /9 454 78 38 000
AT, SIS AEMAT, WK 3,

1. Protein marker,2. G177A,.,3. P178A,.,4. S299N.,..,5.
D334E,,.,6. D334G,,.,7. P348A,..
B3 RTEEARAUER

Fig. 3 Purification of mutant enzymes

23 L-XEBREBRERERBREREN

TE 40 °C .pH 7.5 508 T W 6 A58 48 1A ilg K
JEUR BTG, 45 R W S299N,,,.  (115.78 U/mg) |
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Ulmg) $ 55 28% Fl1 32% , 1M 4% 58 725 4% iff L. [ 7% 3
e SRR AT FITRRAR . 45 299 I 334 i Z FERR AR FE 1Y
AR T 5 | A ol 9% ) R R AR A X 15 Y X 7 A
7 85 FT REAS S WA AL T 20 1Y), B H R R AR Je e
A7 51 P 2 T2 B B A2 T 3 T A 7 8 P S5 A AR 4k
DA I, R AT 16 6 28 A8 1A il S299N,,,.. A1 P348A.,,. it
— W KL 4 R, R AS IR S299N,,.. \P348A,,..
GG T BsATL 1Y feiih i 2 35 8 40 °C, 7E 20~50 C
Z RIS AR AE 60% LA L, 5] 60 CH TS 25 T R,
Ui WY e I 28 T GR B IR B 1 B A A, R AR 0
PN

ST X A i R e AT e T
EATEARRIERE T i 4503k 2, Nk 2 7]
PLE H, 7E 30~50 CZ [H) 58 25 (R i} P348A,,,. [k &
Fe a2 PR BsAIL #8 A B R By $2 &, T 60 “CH
P348A,,. B EVERS BsALL A T F R, 1 98 728 UK il
S299N,,,.. FFAES E VAL aR B AR AL AN K, X B0 26
348 137 44 FEBR FR I FIT A6 (1) o MR e 465 M o il %) 98 FEE A

SEMEA AR EARIR B AT DL 2 4 A
() = HESE K | T E = R N = 4R 254 52 3 SURR

4 REFBHRKEREEE
Fig. 4 Optimal temperature of the wild—type enzyme and
its variants
xR2 REFBEARRE THFREE
Table 2 Half-lives of wild—type enzyme and its mutants
for thermal inactivation

tip'h

T S
.
7.3 1.3 1.1

BsAIL 14.1
S299N,,.. 14.5 6.9 1.5 1.3
P348A,,.. 20.3 17.2 16.5 0.5

24 L-XZWBRRERIE pH & pH RE S

mE s iR, AR S299N,,,. i fiE pH
7.5, i P348A,,. M i id pH N 8.0, %€ 748 {k iy
S299N,,.. 5 P348A,,. 1 pH 5~9 Z [al#F 24 50% L)
B

B 5 REGEHHRE pHE
Fig. 5 Optimal pH of the wild —type enzyme and its

variants
J TR = AVEG pH RE M, FRATINE T =
ANEFTE pH 6~10 3 Bl N HCE 12 h 5 AR ARG , UL
Kl 6, NE 6 AT LLE H, = ANEETE pH 8~10 3 [l P ik
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B 12 h JE AR 70%LL E R | X 5 B 2 Bl A
R B 25 T AR . RS IR P348A,,. TE pH 6~
10 78 [ PN B 247 709% L L 33 156 WA 58 4% e il £ T
iRt e A B TR

B 6 REMKE pHRREMN
Fig. 6 pH stability of the wild-type enzyme and its variants
2.5 L-REBEBHNNZSH

A 35 %ok 9 78 1A Tl R L 0 Tl 4 8 ) o 2 Moy

THESE AR 3 PR, RASIRHE S299N,.. 15 P348A,.
1 K, A58 LI AR AT BT i, X R W] 98 7% 5 il )
JEEH ) 2R A TR B o T ko K, (B PO SRR T 57
i 2 B 9 AL I WAV 2 7 1) A AR 83T P i i, AL
RO B e AT BE R 5 AL TG 2 1 R RUA

R3 REEBHIHNESH

Table 3 Kinetics of the wild—type enzyme and its variants

] kool Kof (L
fity K./(mmol/L) b/ min™ . /(‘ /
( ) (mmol-min))

BsAlL 0.50+0.025 110.75+5.20 221.50
S299N,,... 0.64+0.01 149.90+5.64 234.22
P348A,,.. 0.66+0.01 158.68+6.64 240.42

26 REGEH=HEBDHT

Tit 7% A s R G RRS ST DX g S 1 AT R s R
B 04 LE Al S AR A 5 AL RERY, o TR LU
P i, AT BT T AR S S R A1
M7 W LUE S8 RT S299 5 A il 28 ki ok 5
TE R 4 DS, T 5 N299 {5 Ji] il Bk R 4%
SR 1 A A, T 299 (7 & Rk I ] fES
5T R A G0, A R 2 2 R Ak A A SR
HAE AU, R AE I A S A DR Y
GO, AT G 5 X T A 014 40 2 0T 7 0 ) R

S 2 3L :

XA A 5 | G 4 R 1 R

55 348 [ AR A LN T - IR HEH, Hf P348
RAE R A348 J5 Bl ) PR E PR AT pH AR PR A 2]
TR AR v, 3K 28 W2V 0 T A R = 4 S5 4 1 F
EHAEEMIEN, X85 55 SOk 22)H 4

(a)Ser299 5 J& [ & Kk iR 4% Jik 119 & 5 A 5 AF 5 (b)Asn299
5 JE] PRl A B R 5 ik 1 S SRR ELAE T 5 11 v 21 (0 B 4 3 U
E7 F29NEEBRKERTAESETN
Fig. 7 Changes of hydrogen bond interactions between

residue at 299 and other residues after mutation

| 3 2 i

AW T A 5 A AL R 1A R ZE AT L
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Sl PR A 45 A ot Al 0 A R A AR E A i 62 T
o-BRE 114 i 22 1 (P348 ) X 2% il 114 B RG E MEAT 3
RELME , AT 50 0 B AR R A LR A Tt M Il 1) P
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