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Abstract: L-Asparaginase (ASNase), an aminohydrolase, is widely utilized in the pharmaceutical and food
industries. Among its various sources, Escherichia coli K12-derived EcASNase has been employed as a clinical
drug for the treatment of acute lymphoblastic leukemia (ALL). However, the limited catalytic activity and stability
of EcASNase have restricted its broader application in medicine and food processing. In this study, a random
mutagenesis library was constructed via error-prone PCR, followed by high-throughput screening using a coupled
bacterial growth strategy. Three positive mutants with enhanced activity were identified: G38S, Q212Y, and S274P,
exhibiting activities 1.4-, 1.1-, and 1.2-fold higher than the wild type (WT), respectively. Saturation mutagenesis
libraries were subsequently generated for positions 38, 212, and 274, leading to the identification of mutants G38A,
G388, G38Q and G38V, with k_ /K values 1.7-, 1.5-, 2.1-, and 2.2-fold higher than WT, respectively. Among these,
G38V emerged as the most active mutant, with a T value increased by 8.4 °C compared to WT. Combination
mutations, such as G38V/Q212F and G38V/S274P, failed to yield further activity improvements. This research
elucidates the contributions of critical residues to the enzyme's activity and stability, providing novel insights into
the rational design and development of therapeutic enzymes.
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AT TR AE T A0 5T v, S8 8 DL SRR TR
AL, S5IRV R MR 2, Tobi g /8 Y, — &
H3E R T n olk; 11282 — Mo A £8 J  b i DY
Bk, 5RMA RS SE R, BA PR, g
Z B TR 7

X% W AL B, ASNase 75 TT 2 Pl 8 7 T
HAEERRS, ASNase Hil ¥/ iz NH T &
P 9k B 40 9 (1 Il %% (acute lymphoblastic leukemia,
ALL) f—2R3697, fEEE  H A E R & F .
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JSCHI VA R R A& T Ji AE SRR 8 Ik, ASNase 1) 72
L FH T8 e R 6 S I LT R R T2, TR
/U it R PR T e 1) U, T B A ) e A
H 8 5k & + Cobetiaamphilecti'”. Pseudomonas sp
PCH182" f¥] ASNase £ 4 M2 FH] T 41 ] £ i o 14 4 1k
JE A . ELAR ASNase 72 fie 545 UF S B A Bt i eg 4
J5TH) 245 P I, AT R 52 B [ A Ah A I e R E A,
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Jot A T BTk B v g ) Ak S5 DA 2 I 22 R R
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B 1 T = SRR, TR R A S VR A AR E P R
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H Novagen 2 7l ; 5 A JE-B-D-iAXFEFLBEH (isopropyl-
[ -D-thiogalactoside, IPTG, fit 5 : 0487072541) 4 [
A6 0 22 R B R SR A R A w5 iR B BT & (dtk
5 25022) PCR 4l 4k i 7l & (4L 5 : CIG181) 1y [
Genstar 2~ 7] ; QuickMutation™ 3% [&] [ifi A1 28 28 i 5771 &
(51 123022230606). Bradford 25 A ¥ J& I 52 ik 77 &
(#5: 2024R1PP1510) 14 H b3 = RAEMHE AR AR
/7] ; ClonExpress® Ultra One Step Cloning Kit 7€ 4%
7 & (5 : 151800) Dpn T FR 1 14 AN V) B (It 5 -
7E10704K) 4 H Vazyme A ] ; 2% F B E 9 (phenyl-
methanesulfonyl fluoride, PMSF, #it*5-: P0100) 4 B dt
AR SRR A R A A Co™-NTA HUEL (it 5
2301151A) 4 4 H 4 TaKaRa 2 & ; H 4318745 4 [ 7
srHTal

HEPEN R CEMSIRFSCE  FHIRIE T
ih 44 A 2 e ) A& Tk 4 g ) EcASNase (NCBI: P00805.2)
ZER TR A RN & R, &) e85 15
FI) 22 7K i RL pET-21EcASNase, LA 5 kLA BEAR , {3
QuickMutation™ J& [] [ A1 58 AR 358 71) 750 4) 7 B A1, 5% 748 S
o [RRE L TE 5 KL pET-21EcASNase AR, 1T
eI G1, E XA R 5548 B ClonExpress® Ultra One
Step Cloning Kit 528 3771 & 4 4 s M A1 3L 2, PCR ™
18 52 AR 2R N B DNA 1 pL, buffer 25 pL, dNTP
(2 mmol-L™") 4 pL, ddH,0 17 uL, KOD 1 pL, L R3]
¥4 1 uL. PCR k14 4: 94 °C A2 ¥ 2 min; 94 °C7A%
PE15s, 58 °CiB K 15 s, 68 °CHEfH 30 s, 30 MEIF; it Jm
68 °CILMH 7 min. J [1] PCRY 1Y 2 Mk 24 F5H DNA
1 uL, ddH,0 21 puL, KOD One™ PCR Master Mix 25 uL,
LRSI 1.5 uL. PCR 214 4: 98 °CTiAR 14 2 min;
98 °CA= 1% 10 s, 60 °CiB K 15 s, 68 °CZE{H 50 s, 30 M
;e )5 68 °CCHEAH 5 min. KA NFE 1.
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Table 1 Primers used in this study. M=A or C; N=A, C, G, or T;
K=GorT

Primer name Primer sequence (5'-3")
EcAsparaginase-F  GAAGGAGATATACATATGGAGTTTTTTAA

AAAAACC
EcAsparaginase-R  GTGGTGGTGGTGCTCGAGATACTGATTAA

AAATCTG
G38-F ACCATTGCAGGTNNKGGTGATAGCGCA
G38-R TGCGCTATCACCMNNACCTGCAATGGT
Q212-F AAAATTGACTACNNKCGCACCCCGGCA
Q212-R TGCCGGGGTGCGMNNGTAGTCAATTTT
S274-F AATCTGTATAAANNKGTGTTCGACACC
S274-R GGTGTCGAACACMNNTTTATACAGATT
G38V-F ACCATTGCAGGTGTCGGTGATAGCGCA
G38V-R GACACCTGCAATGGTACCACCGGTTGC
Q212F-F AAAATTGACTACTTTCGCACCCCGGCA
Q212F-R AAAGTAGTCAATTTTACCGTTATGAAT
S274P-F AATCTGTATAAACCCGTGTTCGACACC
S274P-R GGGTTTATACAGATTACCATTACCAAC

37 °Cit I E5 5%, PRI BVE R T2 mL 57 100 pgmL™!
RANERMLBH, 37 °C, 200 r-min” 3 % H . 1%
HE 2% M EEEM T 1 L&A 100 pgmL' & N HER
f LB 1, 37 °C.200 r'min”, % % OD,, {8 % 0.6~0.8,
N34 5 0.2 mmol-L™ ] IPTG, 16 °C+ 180 r-min’'
RIRTE S 14~16 h )&, 4 °C .6 000 r-min”, &[> 5 min
5 4 B &, I Lysis Buffer (50 mmol-L" NaH,PO,,
300 mmol-L"' NaCl, 10 mmol-L" B ™ pH 8.0) & &, il
NN 1 mmol-L™ ) PMSF, 3 FH & 2 i A 24 14
Ao 4°C.11 000 r-min”, 0> 30 min J&, F 0.45 pm 3§
JELI 8 LIS K DIEWE TP AT 1 Co™ -NTA SR
ErkET, SHEHRS), FFE TR S E4°CHEE L h
J&, B BRI N JE A A o, A R = A A AR R Lysis
Buffer #/' ¥ 4% & A, ¥ /] Elution Buffer (50 mmol-L"
NaH,PO,, 300 mmol-L"' NaCl, 250 mmol-L"' KM, pH 8.0)
¥ H B E AL . 30 kDa 0 HE I8 IR 46 5 W 46 B 10
HA, %M E # N 20 mmol-L Tris, 150 mmol-L™*
NaCl, pH 8.0. Fif R4 A% SDS-PAGE HLik 7 #7,
-4 F Bradford 85 i 52 s X700 G 00 e R T

EcASNase &K H ST ORBEIRMEME I B 14 1)
S NAKR Z N 980 uL, ¥ 20 pg & M I F] 40 mmol-L!
L-R AW % (0.1 mol-L”' PBS ¥ fi#, pH 7.5) 1, 37 °CJx.
.10 min, JIA 100 pL 25% TCA £15 %M, 12 000 rrmin’
2.0 5 min, T HL40 uL 3% % 860 pL 8 7K, In
A 100 pL g4 Rl VR &) 5 & iR 5 €4 10 min, 7E 58407
JEIFE TN 436 nm Ab IR O FEAE, F i Ak it 2k
THEL AR 1) N 325 170 6 2 G 00 Pk o B0 B e 1 AR
NH, it & 2 & A 1 U,

EcASNase X ERT AN HFEMNE NP

EcASNase [ H ARG 15) 1% 28 K F kM8, DA
% 0.1 mol-L" PBS (pH 7.5) ) 1~100 mmol-L" [{ L-
KA AR R, 43 0538 2 5 R 1) g B 2, 0
B35 1, B F GraphPad Prism 8.0 # Michaelis-Menten
LMW EIERET R KV, Ak fE

EcASNase R ERT A RERNIERE S &IEpH
& el pHAE 2> 758 5.0.6.0.6.5.7.0 ] 200 mmol-L"
Fits 12 4 22 9, 7.0.7.5+.8.0.9.0 (%) 200 mmol-L™" Tris-
HCI 22 M7, 9.0.10.0+11.0 1) 200 mmol- L™ % B #H 2% 1
W, 7E 37 °C AN [A] pH T = M. 10 min, LA S & 36 P
100%, TSR X6 Bl v 14, DA S B 0 B £ S B pHL.
% B WS R TEAS [ FE (20230435.40.45.50,
55.60 1165 °C) N 5 10 min, PLR &35 100%,
SE AT S 1, DA 52 8 S 1) e IR

EcASNase R HZRI{R T EENE Kralith prfs
& A A 20 mmol-L" Tris, 150 mmol-L"' NaCl, pH 8.0 f
MR RE R 1 mg-mL, 78 JUEHEE O 29 uL #i
FBEUF BRI, 91 pL BRI Y Gekl, TR A) . Ml A sE
i} 9% 9% %€ f PCR 1Y LightCycler 480 System II (Roche)
Kl 718

FIHFESW AU FRIESE 5K 1 GraphPad
Prism 8.0 F 1, 18 i 5 DK 28 77 22 43 B X AN 8] 25 0 i3k AT
TR B EE 3 DL S A 2 1 R R B,
2 PAE/ANT0.050F, R\ R B Fil5 LR EE.

FER51Tie
1 RITRERYE N FTHIE

K FH 25 TR [l A1 98 748 43X 751 5 44 2 EcASNase 1 Bl AL
GRAF T, ) F AR IR T A 2B K 110 T VR R gk v v 1 5%
AR, I EERR AN E 96 FLAR H % FLIY OD fH, AT
FAE T T Y 5 (0 AR, S R E L R . B
7 34t VS PR e () S AR AR AT I, W S R R B A
()5 AR (5 HOA: 55 38 ML R FE IR G A8 N S, 25 149 1 &
R F RATNM, 5212 (B ER QR NY, 527241
TR Y RAZ NP, 5274 & LWL S RAZ N P, 5 300
MRIERT RNV,
2 EcASNase R ERTHEHTRIES 4K

B K A B R R K2 &S BL21(DE3) F iR R IE
EcASNase M IHFAMA, 2855 16 °CLL & 0.2 mmol L
[ IPTGAGIR G S 14~16 h 5, B OE R K, &5 %
B RACHE 5 B 0, EIETR A Co? SE M ZE T 4lifh, e
Jii T Sk 1) B 11 5 19 4 Buffer B # )5 #£ 17 SDS-PAGE 15
M, 15351 R E 24 36.9 kDa (il H & A, 45 R K
2 ffin, &K/ S TR 7F, % W] EcASNase ¢ L 58
BRIGFE] T ATEERIA .
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[C] Mutants with enhanced activity

Figure 1 Mutation library screening. WT: Wild type
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Figure 2 SDS-PAGE analysis of the purification process of WT

and some of its mutant variants using Co>" columns. M: Marker

I8 I A A i PR D, R 25 T R B A4 G38S.
Q212Y F1 S274P (1% 1 AH & F WT 2 5l 32 &1 7 40%-
7% A1 21%. T FEAE/AR F149M . Y272P F1 T300V ()35 1
5 WT A L35 I 7 A R FR BE (9 F B, DR AE )5 2R 1
SEG R A O AT A A
3 RUIBMRE N FETFEMEERTHR

R TR I 38212274 47 pi 5% BEIE 1 52, X |
A SRR T R AU R SR AR SR 4k SR FH TR RE [ 7
I 5%, I OD 8, HE— 25 Ui ik H a5 AN S A
FHE T A o R R AR, HHEAT I T R ARE R &
Z&, (E 38 AL AU RIS BE b G e I 1 8 SR
FRAZAAR G38A G338V G38Q Fl G38T; 7F 212 7 £ I 43
LR SC P R O O T 9 1 A 1) 98 AR AR Q212F; T
TE 274 A7 s 0 RUHLR S H, I R O e G Atk 7 %
BRI IR AR . X L i i 1R SR AR AR AT R AP BT
WoE, 25 R WKl 3 frs, KA K G38A.G38V.G38Q
1 G38T MG ME A B T WT 20 2 5 T 91%. 144%.
122%- 19%; ZRAS4K Q212F (G M A T WT 425 1
21%.

28 T o) b A A R B v PR R AR AR G38V L Q212F
I S274P FATH & RAL, i PELE BN, KA G38V/
Q212F.G38V/S274P 5 4 WT 43 Bl #& 1 1 148%-
128%, 1 2% A8 /& Q212F/S274P K i& ML WT F& A% T
50%, 25 UK 3 Fras.
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Figure 3 Enzyme activity of WT and mutant. n=3,x+ s

4 EcASNase & HZRT{REEZ 1 RAR

X EcASNase LA K i 14 $1& 1 1) 9828 A i3k 47 g 50 /7
EWE, BRWER 2R KRR G38A.G38T G388,
G38Q. G38V. Q212Y. Q212F. S274P. G38V/Q212F.
G38V/S274P [k [ A& WT [11.9.1.3.1.4.2.2.2.2,
1.0.1.3.1.2.22 f12.1 % KT KIRFEH K M, KK
G38S AT WT BFAK T 11%, F W% RAAENT L- K&
Tk Jie (1) S A0 D43 31 7 4 TE, 10 FE A RAZAAR I K B AR
T WT U2 30 HE A () 2 35 (1 386 1, 4 WA 0K 2 S48 Xof
JEVIHISE R F1E BTk 59 . B4k, RAZ R G38A . G38S.
G38Q.G38V.S274P.G38V/Q212F .G38V/S274P 1 k_/

cat

K AE2 A& WT 1 1.7.1.5.2.1.2.2.1.0. 1.8 F12.0 {5 -

Table 2 Kinetic parameters of WT and its mutants. n=3,x + s

Enzyme k. /s K_/mmol-L" p ]:::‘;;Ii’{‘l "
WT 17.55+1.24 579 +£1.42 3.03
G38A 34.07 £ 3.86 6.60+2.51 5.16
G38T 2278 +1.68 9.79 £2.19 2.33
G38S 23.61 £2.56 522+2.17 4.52
G38Q 38.32 +£4.37 6.01 £2.36 6.38
G38V 39.21 £4.10 6.02+2.17 6.51
Q212Y 18.04 £1.20 6.67+1.49 2.70
Q212F 22.12+0.91 10.22 £ 1.39 2.16
S274P 21.32+1.91 6.78 £2.03 3.14
G38V/Q212F 39.37+2.32 7.13 £1.38 5.52
G38V/S274P 36.71 £2.33 6.14+1.33 5.97

X EcASNase ¢ FL i 1 I 35 34 55 [ AR & G38V HlI
G38V/Q212F [l 2= R AT T IR N /04T, &5 R 4
Jion . SRAR4K G38V M G38V/Q212F [ 5 3d 2 v pH 18
5 WT M, %15 Tris-HC1 221 pH 7.5; 384k G38V
(1) B 38 2 B T P B WA 5 °C, N 45 °C; 845K G38V/
Q212F M #3E S M & HE WT A 10 °C, 40 °C.

5 EcASNase REHZERTHRH T, ESH

N T RIS A AR (1 B Fa e M, KT EcASNase B 3

PRI SR ) AT T T EE, 45 R 3 PR,
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Figure 4 Effects of pH (A) and temperature (B) on WT and its mutants. The pH range is sodium acetate (pH 5.0-7.0), Tris-HCI (pH 7.0—

9.0), and sodium carbonate (pH 9.0—11.0). n=3,x* s

WT 1) T_ {8 4 45.09 £ 0.11 °C, % 7F & G38A.G38Q-
G38V. Q212Y. Q212F. S274P. G38V/Q212F. G38V/
S274P I T, fHEL WT 43 il #2155 1 8.5.8.4.8.4.6.6.8.9.
0.3.5.9 fl15.9 °C, JAF 4k G38TG38S ¥ T, [HHE WT 1
A AN R B (1 B A

Table3 T of WT and its mutants. n =3, x £ s.

Enzyme T /°C
WT 45.09 +0.11
G38A 53.59 +0.02
G38T 44.64 +0.03
G38S 44.46 +0.25
G38Q 53.50+0.21
G38V 53.45+0.02
Q212Y 51.72 +£0.02
Q212F 53.98 £0.05
S274P 45.36 +0.04
G38V/Q212F 51.00 +0.02
G38V/S274P 50.99 +0.07

6 EcASNase HY 45 & 38 i =2 33 3 (A 14 ) B2 B9 4
FHLEI 57

EcASNase 5 JiK#) L- K % Bt & (1) 52 G W) s 7k 45 1)
CL% I @ AT (PDB ID: 6PA9)™). % i &5 ¥y i 7w filg
DAL — SR AR T SN A7AE, 83 25 04 2 BT R B, G38.
Q212.8274.F149.Y272 J% T300 £ & FE MR 7% 3 47 T
AR X (K 5). Hd, Q212 & fr T = AR AH
AR FL0HD, F149.Y272 F1 8274 43 #i T a- 42, T G38
AIT300 WAL T 2 PE Loop X 3k . {H 1S = 12, G38
Y L-Asn [ (R FE B 2908 10 A, R R B ik 5
SR R B R . S gE R B IR, 538,212
F 274 KL 5 TEAL N Bl 3 14 7 A S 3 S . RN 2
G380 s AR R L H B B R VS M 4R T 5 WT A L,
G38S.G38A.G38V 1 G38Q ZAF A {1k 7% 1 43 Tl $12
BT 40%.91%- 144% M 122%. 45 4 8 [ 45 7 2 #r,
G38 fIT £ 1 G37~G53 Loop [X 18 #4 i T EcASNase Ji&
M SRR AT, YHEARBZEZR . HER

T2 S R A B I A, B i I ) A R 25 4
T e 3 A ) oz L 296 1 e e i 7K R EL A P s LA T
(¥ [7] 1 42, 15 5 Loop G37~GS53 KAEH R EHE, 2
T AR R 45 A s () = AR T Sl K o I I A 45 4 50
SR REIUAL 1 R 25 & B A B PRI T R A e
&, A PR RCR A BT .

FaN,) e @
[ \%}‘) F149 Y A ';J\\ /)ﬁ
gt el
2 Z) N \ s
242y B

AW TCRINEEE T HAHFRIL TR pET-21a-EcASNase,
FEHIH K B #F % BL21(DE3) S8 | EcASNase £ ]
FPRFIL . JEIT 5 H PCR #J EcASNase #1548 3T
F, 456 EcASNase 77 fiff R 4 Bt Jiz A= il NH4 /] 7R Sy K
Jo M T AR U B 3 9, RIS T =N IEPERR
FH 1 9848 7k G38S.Q212Y.S274P, FL k{8 43 il /& WT
(1.4 1.0 M 1.2 5o Bl JG X Fa A7 pd b e R T 0 S
IEREAT TR, OIRAT T IE PR AR A K R AR AR G38A.
G38T.G38Q-G38V.Q212F, H i fE 73 7l/2 WT 1 1.9,
1.3.2.2.2.2 F1 1.3 fi%, XF 484K G38V.Q212F.S274P i

1T & =48, 248K G38V/Q212F Fl1 G38V/S274P [
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k. JK B2 WT 1) 1.8 F1 2.0 %, A T G38V £ Fr
AR . 2F b, AHIT Tl I e 1) a3k Ah 5 A 1 K A A AE
(1% 977 12 SR WS Fd ) 3R A 3 P 8 5 1Y) AR AR, %o il 4
REMEEAT 7 VEANRAE, ok kit — 32 F+ ASNase (1124
VIR RE B T RS LAt

EERE: TR7ES T TRTEVEWEEK 1 5%
By F/RTBEIN AT T LI, Mk B I T
TU ARSI A i AE# ) RIS 5588 T A

FIEESE: AR MEE B A AEER G RK R
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