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Surface Modification on Homodimeric Creatinase by Poly—Lysine Binding

GAO Yanan, XIN Yu, ZHANG Ling, YANG Hailin, WANG Wu’
(Key laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122 , China )

Abstract: The surface modification of homodimeric creatinase by poly-lysine was carried out to
study the effect of enhancing enzyme stability. The influences of different modification condition on
enzyme catalytic efficiency and stability were studied by Ly (3*)orthogonal experiment, the optimal
condition were set as molar ratios of CRE-COOH to poly-lysine-NH, and CRE-COOH to EDC were
1:100 and 1:10, in pH 7.0. The covalently binding of poly-lysine onto enzyme surface was tested by
SDS-PAGE. The catalytic kinetic parameters (K, and k) of modified enzyme were determined as
4.75%10° mol/L and 2.50x10* S, respectively. Moreover, compared to the native enzyme, the
thermal and pH stabilities of the modified creatinase were improved, as Tm of modified enzyme
was raised by 2.07 C, and more than 50% of initial activity of modified enzyme was maintained at
pH 4.0 and 10.0, but the control sample was almost no activity. After further exploitation,
poly-lysine modification would be one of the effective methods for improving stability of
homodimeric creatinase.
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HEL X

HILFR i (creatinase; EC 3.5.3.3;CRE; 0254 M
WLER K 3£ 7K fi# 1§, creatinase amidinohydrolase ) J& T
K S 2 A AR LR K fige 7 2B DR R AL R |, 2 L
AR i SC Bt A 7E 2 Fh 20 7 b 28 ke IR
il 0 FEAE B T 5 /D BEOR TR Y VLR i DL BT R Y T
FAFTEN R ZBUIUR B AR 2 AR — SR A, Rk
A (7] () 7 5 20 BB, Herh Xt Pseudomonas putida
HKIERI WL BENF 5 I 2 B7 Yoshimoto 55 B A
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45l xR R IR T S T I A AR R 23 1 R
94 000, H1 2 /A [] A 37 2 B, 2 K6 A X 23 Jo e
47 000,

I 0 PRV LI 5 212 W B I 2 BE Y R
FEHEAR LR T 2 P 4G T LI 5 & 1 DG B i (H
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E TG B A S 1 A T 1 4 v LR Tl R E
F 38 , Schumann SEMOMF 5 T % L AR SR 6 1R AL IR il
RIS E A, & AL B P A N DTE (BSA BCH
AE Ph 35 i A0 A E T — 28 T BRI 9% A% 1 J7 125 0
By oy 74 b AT e, 5 2 T AT09V V355M
V1821 . A109V +V355M Fl A109V +V355M+V 182l %
5 P AR A, FE R4 i $2 51 Berberich A5
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Til P A7 A E A

Vi 22 10 2o A 2 18 1 2 T8 XU i L R Tl
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MR, ZRBER S EA MR EAREN 2R
Pk, ol LU i 2 1 3R DR SEAH B4R R A €
B S B | PR GR A o AE E ER E R E o TN SR AR
FH A Il 0 225 (8] 235 4 B0 55 0, DA T i v I ) R E
M, MEH LI Pseudomonas putida A5 1) HA WA~
A T) SV 68 14 JUL TR Tl A BF 9 %o 42, 25 4% 22 R0t TR %o
Tt 1) T R | 32 R BT 35 L IR il AR o P R
A —ERRCR,
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1.1

3 500~4 500 (1) £ R #fi Z M2 (poly-lysine) ,1- &
B (3- T HURE BN AR ) Bk — Wik (EDC) : 1 F
Sigma ; HAW IR 1 ok [ 7 03 dr a0 3% R,

4 E.coli BL21 (DE3)/pET28a—CRE ; iy £ # Fir £ 52
W,
1.2 EBRBEEMNRESEBSL

#4 E. coli BL21(DE3)/pET28a-CRE 7& LB 1
FRH T 37 CHEFR I, B LR TG 80 5%
TR LB ¥ #7737 °C.200 rv/min Hi 57 &
OD 5 F] 0.6~0.8, I A LU ZE R 1 mmol/L 1 IPTG,
FEHEE R 16 °C, 5 5595 16 h, 8 000 r/min &
L 5 min WAL RA S, pH 7.5.50 mmol/L 1) #% iz
Gz R B TR, KK A B 7S BERE RS i BE FS 8 000
r/min .0 10 min, |5 BN MBS . R0k -
() EH R BRBR S, 4 KL H B AT AT SR R 2 AT, 3K
15 Gl .
1.3 AEES FREASEBRI T

M\ PDB %l i A #% Pseudomonas putida K i
(%) UL i 14 45 #4) (PDB 1D 1ICHM) , 2% J5 F Pymol %X
X6 JILTR i T %) 2 e 2 R R A B H AT 40T
14 AEEEEIHERINE

VI WLER i 25 11 FR £ 5 poly—lysine % J FE /R L
(A) .CRE-COOH 5 EDC W /Rt (B). I pH
(CYNFEHHER, 4 CHBF IR B, THE A
it 3% 77 5 5 AN 5] 19 B8 % L f81) 30 A5 1) 16 il e 08 ok 2
KEES /N MR, BT 37 CHEIEKE T ,48
h S50 I O JF R I O B R DUAE X
il 7 55 i O B RAE g e A, IR IE 22 36 1,
(3w “HE = AKFIEsRCRE, L&k 1,

F1 EXEZESKE
Table 1 Factors and levels of orthogonal experiment

A (CRE-COOH:poly-

lysine—NH,) 0C
1 1:50 12 6.5
2 1:80 155 7.0
1:100 1:10 75

1.5 AEREEROTEMENE

BT S o1 min P9 UL R K A
mol JR 2 T i 2 1 filg 11,

NS H] 0. 1 mol/L ILERIAE R (LA 50 mmol/L
T 2 2% AR, S £ ) ) 5 0 — R R S P R A
(% 2 g M- Z R P EET 100 mL — H 5L .80
o SRS IR ER R 15 mL) .

WEJ7 v ElE TP IA 0.9 mL IR, =
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T AT S min J5 A 0.1 mL FREERL , 7 37 CJ2
¥ 10 min, #8517 S AR R A 2 mIL - HT 2
FEOR S W 2R Sy, I T 25 CIiE 20 min,
TE 435 nm A0 5 W G (g
1.6 SDS-PAGE S HE k597
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(SDS-PAGE) X ilff 5 i 55 16 i g ik 47 20 A, HEI0
poly—lysine X JJLFR it (4 16 1 R 2
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FH TA 19 Nano DSC 22 7~ 1 11 8 #UXWF 7% 1iF
25 LR il KA o g 1 PR P o B — 3 it i B N
O Vi Tt , 55 P Wl T % b YA Sk 4 YL A 4 S R
9 20~90 °C, FHRHZH 1 C/min,
1.8 ZHAZESHNE

FH pH 7.5 B9 50 mmol/L 3 & 2% v i Bc il ¥k 12
4390 A 10~100 mmol/L I LR IE W, T 37 CJ i
10 min, 007 g 2 R it 2 S ) LR vk 2 1sf )
GG AR N RV, ARPE Lineweaver—Burk U
RO B DL 1SR B AL bR 1V A B AR
3 T B S S AR RS ) Km 5 k. H
1.9 BREMSH

Vo e 5 T TOFAB M il T 50 mmol/LL 5 2 2%
MW (pH 7.5) 72 AN [F] A9 IR EE (25,3035 .40 .45
H1 50 °C) TR 30 min, I 502 U0 25 1 016 06 G 6 915
J1, CABEIE 1 B s (M 100% 313K 6T 36 2 |, Bl R il
PR M

V- it 3 TV AR [ AL B T N TR pHL (B 22
M (pH 4.0.5.0.6.0.7.0.8.0.9.0 I 10.0) ' ,25
CHUE 16 h, I 52 Ve 25 i A& 1 i i 15 77, LA 0
T 100% 38 A X 16 P, i 5 i 9 pH A& se

£
2= T

21 AEREES FREBREIERS N

% T & IR 1) A A i B e T il 3R T 1) R
G A A E, MU LR B (0 R R T 81 S 4
(PDB ID:1CHM) 43 #, Pseudomonas putida & I3 JIL
MRl oA 108 R TE IR, Hoh 76 AR P 2
W2 or T B 4y F 09 R, HLOEEERE A1 2R 8R TR
Ifil, AT LA 2 5 g5 1 poly-lysine FE4

a.ﬂﬂﬁﬁ%ﬂ@iéﬁgw,W’l‘ﬁ[ﬂféﬁ@ﬁ%@ﬂﬁ’l\ﬂ(ﬁb)%;b.ﬂﬂﬁﬁﬁ
R PR LB HETR AT, 40 AR R BV E AL TR, [ BRR R &
LR EBE B R A LI N 6
Bl 1 ABEESEESH
Fig. 1 Structure analysis of creatinase

2 TR IR 16 i UL IR i g 1 0 i AR L TR 2,
1 55 R A EDC % Ak LR B 73 ¥~ 3% 10 AR 5E 2R Al
EDC-RMR &, Z A& S poly-lysine i &5
0 2 S A LA HTE AL 817 poly—lysine 75 JULAR
fit 2 TR A I A LA i JUL IR 6 1) e e

AREEDC- st
DI

2 poly-lysine & E & ifi Il ER A R =

Fig. 2 Modification of creatinase with poly-lysine

M T2 RS AR [A]  EDC 1 £k LR 8 5 7T LA ™
HEARTRI S BR 5 . poly—lysine 43 Sl 7E B4~ 2 |-
T AL B 5 poly—lysine 7 T 5 1 P A~ 37 3 |, i
AN B A A A Wl 2> TR S, EDC R —
o S B XL I RE IR , T RE 51 23 5~ N =l o0 1 1) /Y
A W25 poly—lysine 43 [A] i 22 B8
22 ZERBIAREIGAUREHYZEHMLL

sz M S i R v, iS5 B A R Y e 4 TR
PSR | A SN pHL S5 45 2 52 Wi 46 i A% 2 48
Ve P T, IE SR TP A A B R AR, BT
A6 Tl %) R X 9 O AVB MR TR 37 CHCE 48 h )
S D R B R MR ZR 0 S ) 7B g
AN PR 2R F & 48 bR B9S2 9K R AT 2 BT LA, W E
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R iE

— 77 1T, 6 T AR IR 1) D 701488 W ) 2 7 2 s )
BELASCIE A JEE 0 AN o 5 Tt 3% 1P v A B A R e
PR R, A 2 Al Jn, X PN FE b ok U, 18 i 77
PR SR B PR ZR 00 ARG il 35 0 ok DF B A2 7K

A Bl A3 KA 25 X i O OR B R R X
A3 KN B, 25 25 B AE I AR I A3 Ol B
I, B CRE-COOH 5 poly-lysine-NH, % B /K Lt Ay
1:100,

x2 EXRHBER
Table 2 Orthogonal test results

1 1 1
2 1 2
3 1 3
4 2 1
5 2 2
6 2 3
7 3 1
8 3 2
9 3 3
K, 239.21 250.82
K, 252.62 250.63
K, 248.66 239.04
F K 79.74 83.61
i 15 /% K, 84.21 83.54
K, 82.89 79.68
W% R 447 3.93
PR 28 = Ok
K, 69.67 69.33
K, 13441 102.43
K, 145.94 178.26
3 K 23.22 23.11
B 2R /% K 44.80 34.14
K, 48.65 59.42
W2 R 25.42 36.31
R I

EDC A UL 55 UER Bl 53— 2% T 1 AR 5 S hy 2B
B S RS PR R R A icrb R R AT DL R
22 R R i S A i O AR A 1Y A8 Ik
Py, A2 v R) AR LE K U W TP R AN RS 1 A AN ik
Ak 5 25 S0, D02 43k Sk DR 1 R K0 X T il 3R
I 2 5L 5 EDC BEJR L, AR XTI ok &, L5
Jif /N, BB AKSE Ry fedg, IR B T v v B Y
EDC £ i BUHAE WURR B 53— P90 ME AR 400 o] 7l 0%
PSRBS54, 8 TG 1 T . BTG ) £

C>A>B

B>A>C

C
! ! 7347 0.14
2 2 84.70 3034
3 3 81.03 30.19
2 3 86.48 2953
3 1 88.66 31.99
! 2 7748 72.89
3 - 90.86 30.65
! 3 77.28 40.10
2 . 80.53 75.18

228.23 24226

251.71 253.03

260.55 244.80

76.08 80.89

83.90 84.34 I % ABC

86.85 81.60

10.77 346

15721 11631

135.05 133.89

92.83 99.82

52.40 38.77

45.02 44.63 {77 % :AB,C

30.94 3307

21.46 11.35

B RO E HOM 22 B3 R, 38 W L6 4 A il ) e ol 5
Wi 5 K, X B3 7K A iedf o 435G EDC B3 K
SRl Bl CRE-COOH 5 EDC B EE/R IR 1:10,

pH P2 T Bl 25 11 s R AT Y A B IR A IR
BN pH E, o] LA il 56 i fige B R 2, DT A
FI T ) —1k , pH A I 2 Al i 76 2k 451 2K
#r pH T/, FEfG > Tt b, AHF EDC
TG Ak LR il % 1A FR 35 |, O ELIE W R )44 5 & A=
IK A BN X WS AR 2R 25 I pH (E R C2 i
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U, Bl S b pH A 7.0,

R4 S Ak & 1 ,CRE—COOH ; poly—lysine—
NH, ¢ 1:100, CRE-COOH : EDC H 1:10,pH 7 7.0,
2.3 {&ifiEER) SDS-PAGE ¥£7E

F A b SE AR R B (SDS ) Kt 5 11 B s e AR
M, A 5 F LU AS T 1) AR B80T 3k 22 JIk-SDS
AR, BRSO 5L 22 K1) 43 I i 22 5 3 i
TR %,

w3, i 5 WUER B 7 SDS-PAGE H & 8
— Gk, B AR X 43 F 5 AR A 47 000, 18 i
VK B2 4 AR 43 S /N 1 2% BT
1o T T RPN T R AN AR (AR R 43
Jot e 2 T IR A G, U P LR il 5% T ) R AR
ANIFEFEEE S poly-lysine LM 454, B B Fa 2 #9232
W)

200 000

116 000
97 200
66 400

44300

29 000

20 100

M. 25 P15 Marker; 1. 775 filf ;2. A& Ml . (D& SR BCIR , 0
Z > poly-lysine 43 5l 75 BLAN B T AN [6) B2 J32 ) 0 L 341 18
i QHED N poly—lysine 7 56 5 #% 9 A4~ 0 3 | faff ) A 37 3 1%
LA, Wl eSS EDC 51 i LR #f I 3% 8] 58 5K
)i Ay AL g 43 18] F) 58 Bk
B 3 AlEEEEHE SDS-PAGE 4 #7
Fig. 3 SDS-PAGE analysis of creatinase modified

24 BifERS I EEEFERMILE

SR 5 B LE BTG K e T Kol K S8/
K, {980/ T RE 2 th TR W LR 5 P g 1 &Y
EH Y (poly-lysine) Z [0 () A BAE I, FE IR M 45 &
DX 2 R A5 1 100 JR R IS ok A AR T g 5 IS )
JUUIR 2Z 8] 14 25 R 3 A5 200 52 5 A 7T 8 2% 38 180 53
T B AR SR B B, A i
Wl /1N o AE IS Y Koo/ K IR/, BERTE A I A AL AR
A BT B, BTSRRI, LR 3,

x3 BFBEREHENINFSHEER
Table 3 Kinetic parameters parameters of the free and

modified creatinase

LY Bl 3% / _ . ko /K
VA alt : /S cat/ e
e (U/meg) K./(mol/L) (mol/(L-S))
=

15.92 6.25x102  4.35x10*°  6.96x10°
1A il 11.34 250102  5.26x10°

25 fEiniESkEHENIEE LR

22 S IK (DSC) — Rl 437 5 3%, 7T LA
D7 B 110053 F 00 2 e SR (T, , 0 B HL 45 4
R M, S 000 JUL IR 6 1 i R e kR N, &%
TR, Ui G ARG M il ) AR IR T, 4k
48.84 CH150.91 °C, AH 7] i F- I 2 2 | 48 1 [l L i
Bl T H5 T 2.07 C,

LT it 28 poly—lysine & i 115 & #4 Fa i P 11 4%
VLI 4(a) ., WiFESTELE 35~45 CROMEE T g% fi &
T BE 0 T T GR FEAIG, 7R 40 CHI G 2 N RE R
30% VLT, i i 75 40 CALBE 30 min, B 15 14 B
RABLE S0%LA L, JULHR il 28 16 i I B 1 I A 4
w. B pH et A TR MRS, WKE4
(b). 1 pH {H 0 4.0 F1 10.0 W 16 1 B 1t % 77475 4
FRAE 50% LA L T Ui 2 e JL-F- AT T

4.75x107
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fiin
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Fig. 4 Thermal and pH stabilities of free and modified

enzyme
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