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matic detection. The Cre gene from Pseudomonas putida was cloned

- the soluble form by Escherichia coli BL21 (DE3) after induction of
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Abstract: Creatininase is the key enzyme used for 2 eati

into the prokaryotic expression vector pET-28a (+) and e
isopropyl f-D-1-thiogalactopyranoside..The expressed product was ﬁuriﬁed and isolated using heat treatment at 60°C, nickel-nitrilotriacetic acid
affinity chromatography, and Sephadex G-200 gel filtration to yield recombinant creatininase. The recovery rate was 29.3%, and the specific
activity was 489.17 U/mg, which was the highest level reported to date. The enzymatic characteristics of Cre were further analyzed, and the

results showed that the optimum temperature was:60-°C. Additionally, the recombinant Cre showed good thermal stability and could be stably

stored at less than 50 C; the opti pH value was 7.0, and the enzyme was relatively stable at pH 7.0~8.0. The activity of Cre could be

increased by manganese (II), zinc (II), and cobalt (II). (Ethylenedinitrilo) tetraacetic acid(EDTA),

te(SDS), Tween-20, Tween-80, and Triton-100 had almost no effect on Cre activity, and sodium azide did not have any

effect o@e al

expression of the soluble form of creatininase was successfully achieved in an E. coli system, and purification and analysis of the enzymatic

ity. When creatine was used as a substrate, the enzyme kinetic constant Km value of Cre was 47.38 mM. In summary, the

characteristics of the creatininase were performed, establishing a theoretical foundation for the expression and potential industrial applications of
creatininase.
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Pt (Creatininase, EC 3.5.2.10). JULEZM (Creatinase,
EC 3.5.3.3) LRAIEIREULEE (Sarcosine oxidase,
EC 1.5.3.1) o WUBF/EURHARE A R /K A Ul
JVURR P 22 LR RGN L 2 B E M B A A il R .
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(Pseudomonas putida) ™. F#IRTHE (Arthrobacter
ureafaciens) U WHEENTKFEE (Arthrobacter nicotianae)
(Ot e 8 ) 7o A — s RO (L2 )
TEEAE WU 8K, TOABORRMER A, X AR
RARFE - S EUVIIFREAE P AT R, anfarigh— 25 Sl
JULTEF it Py v RUGR IA T i ik LA U A DU 1
RGN EE,

Yamamoto K 2511 Tang T Y 213 51|52 3l 1 1%
HHIEE (Pseudomonas sp.) KFA P. putida KR
Bl E XM (Escherichia coli) TIFRIE, {HFRIEM
UL LU AN s, BAREA AR 2R B ]
RS . AR E. coli #5114
G BCRIET P putida FIJVETBEHEEE Cre, ST
E. coli BL21 (DE3) HREVERACRIE, 1R
A RAATTIE IR b, RS BT A A
PR 1) R A 7E Tl A AR N AR HEBE VAR

1 MRERE
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%E | Top10. E.‘coli BL21 (DE3) Fljiki
pET-28a() 5 N e rd Bl TuREAAE MRl 5 TR 24Pty
A2 SN = AR A
1.12 XAl feds ik

KOD DNA % &1, T, DNA iE#E#f. PCR Mix.
DNA Marker F1RR i1 N VJEEI H TaKaRa A ], 44
FNER 5 1 EAR eI B SR A A ], BRI
YNB (Yeast Nitrogen Base). & HF35E H Difco 2
Al BERHMIRYIIE E Oxford A F]; HAhiFI A&
[E =43 Hr4f. Bradford &5 IS R S0 H HE 5
AV TREAMRAA; TR RIGKA & (Plasmid
Miniprep Kit) 1 PCR Zlifti7 & B SEEEY) A F] .
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B 1A LRV (0.1 mol/L LR, LA 50
mmol/L PBS HrfEELH]), 0.5 mol/L NaOH Al 1.0%
(m/V) ¥HRIR - Buffer A: &4LHEN 0.5 mol/L, Tris-HCI
20 mmol/L, pH 8.0; Buffer B: &4k 0.5 mol/L,
Tris-HC1 20 mmol/L, BKM: 0.3 mol/L, pH 8.0.

LB K3k (g/L): BEERt 5, SREIK 10, NaCl 105
TB 8593k (g/L): BFERy 24, SEEFR 12, Hil 4,
K,HPO, 16.43, KH,P0,2.31.
113 MRELHEE y

SKY2102S /N AR REFRPEIRS (g4
PERARAT]D . 5804R BUEpE R % & XN WL (FEE

Eppendorf A7), AKTA & 41k 52 A
AT UV-2350 B4 53966 1T CUNICO A 7] ) PCR
1% (4E[E Eppendorf )+ HisTrapTM FF crude TiiZ&

b CEREERIR AT,
y

1.2 F&

12.1 B A RBGEBRME

& B LT 5% Cre 1985 )7 %] ( Accssion No:
1Q3K._A )L, i i OptimumGene ™ % 25 i 7 4
AT, FEZEHE B A TR PR A & K.
PRI TRAL IS 4 & i Cre 2 K7 51, i e 54
JFkipET-28a (+)22 v FEAL A X I H 77 6 NMmit2H =R
(130 1 E A HIsIR S, AR%E o R I H iy 26 1k %58
T, WIS R R& IR ERS FTAA . _BIERA
Nco 1HEVINL &, 511~ Cre-F ( CGGCCATGGATG
TCTAAGTCTGTT) CFRIZABETIS D 5 TR
Xo 1 B§ W) £ & , 5 ¥ N CreR
(ATACTCGAG AGTTGGTGGGAACTC) ( FRIZN
B OB AT, RN LT o FURipGH-Cre N5
1, LACre-FAICre-RAGIY), # HCredEK741. Cre
FER A FTRIpET-28a (+) 73 AT X EE), F=aliE
K FHT, DNAEERETER: . &8~ NE.coli
Topl0, AT 0.1 mg/mL+¥ % K MLBITH,
37 CRbR;FR. BREUHMERE AL T s 77 Ja S B
b, AT % e HIEE L TAM T REARA
HIRHATI .
122 BatyisSkik. 41k, SDS-PAGE 4547
R EE RN E

B EHRIE AR pET-28a-Cre (Cre ) C it A
pET RAVEARN) His #1755 #4L % E. coli BL21 (DE3)
o, BTk PCR $5€ )5, BREXPHIE A0 T4\ 10 mL LB
RiIE (4 0.1 mg/mL Kna™) 1, 37 ‘C. 250 r/min 5%
7% 12 ho BEJE KGRI T L 1% 1M B4R 2 TB K
B33t (% 0.1 mg/mL Kna") 1, 37 CiETR:F%. f§
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ODyo iEF 0.7 I5F, I IPTG E4IK A 0.8 mmol/L
BHTHES, BT 30 C. 250 /min 218 T &B% 12 he

B 550 mL & BB (ODgoo 4 30, Hifi T+ 8000 r/min
B0 15min, 3 B3 WEERR, HAUKGEMIRE
JIA 100 mL Buffer A 2z B2 A fEOKIG KT
I PR 7 A M B A A PR, BRE %N 6 mm
AXMEFT L THEE 300 W, (] 60 min, £ 5 AF A 50 mL.
A PAL TR S 8000 r/min. 25 °C, B> 15 min, 153
(1 3 AR . 60 °C T #UEHAHEEA 30 min, K6
I FEEVTENTH . T4 “CF 10000 r/min 540> 60 min,
FBRA R AR IS BEJE R AKTA A4tk
A4 5 mL HisTrapTM FF crude T F:AAL nkb
S S, 80% Buffer B ¥4 H & A B WtE
()R e _EAE 248 20 mmol/LpH 8.0 1 Tris-HCI
ZE 1T 1Y) Sephadex G-200 7> EHTAE, H&H
150 mmol/L KCI HI gz i, Wk HKEE. KA
Bradford 72 58 2 AU
123 JILEFERE MM

JVUREAE WU BEEAE F T FAG R IIUET, LIS v v
EESE NN FAT T2 EBUGAEEEY. SEaMrE
A S LA S B E L, 7E 520 nm S Rl e
FEIE FERERALET 2 A 2 B R R AN 4.651%

HY 0.9 mL W g d, 37 CHitE 5 ming
O 0.1 mL B, VRIS T 37 ‘CM 10 min. 1]
FEHL 0.1 mL A 1.9 mL NaOH ¥
mL EEEZ, T 25 CHCE 20 min; 7E 520

(W) EX: £ FRFEM T, 421 pmol/min %‘”ﬂi@

WIS AN 1 NS S50
1.2.4 BT BaBE 4%

0T SRR KRR E: 7E pH 8.0 &1 T,
30 ‘C~80 “C [k FEE S Bl » T E BRI B id
IR 5 50:°C. 60 ‘C. 70" °CH180 TN
TR Sh 1 he.2 h F13 h BURED & EEE

& pH M pH Fasetk: 78 37 C&KAMET, pH
4.0~11.0 HIE HI e NS 77, 1 B 5o ). pH;;
il 7> 7E pH 6.0~ pH 7.0~ pH 8.0~ pH 9.0 Fl pH 10.0
ZAF I TR, Ohy 0.5hy 1 he 2 h A3 h BURED
SEBRE /1, WS pH e e,

Km HME: DWIBRAKRY), 1ERIRER 5.
10, 20 30+ 40 F1 50 mmol/L Ff 3 il 34T BRI 5
L 1/0Dsyo NPT 1/[sPREAL bR HEAT SUBIE 2 P
M THEAS 3] Km fH.

TN EJRES X Cre TEAIHIRCA: BRI &

A 1 mmol/L Cu*'. Ba®. Ca*". Mg*". Fe’'. Li*".
Ni**. Mn*"\ Zn* '8} Co® Wi, LAIAINE)E R 7N
SRISAR BAEANTIR, T Fhdi [ B 2 T I 5 B 7 o

NGk ==/ lhiv ol anayalin -2l B el 3Ly | €]
5 mmol/L EDTA. 1 mmol/L NaNs;. 1% SDS. 1%
Tween-20. 1% Tween-80 BY 1% Trinton-100 FJ 5 M4k
ZHMERRE 77, A5 1) s AR 24t
MR, T dp0d SRR T I E BT 7T

B s JINE S IR, G R DRI E AR E
ZELRIRN
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H Neo 11 Xho 1H§YI G5 5k pET-28a (+) &4
21 iR pET-28a-Cre » T 2H ik i i XU AU 45 7 I
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Fig.1 SDS-PAGE patterns of recombinant Cre purified by
different steps
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AKTA HEH4L R GEATAN, S5RKAE 80%
Buffer B 2&fF NUEBLERT L H 18R (06 PR s
ENT, WIEFEGLLERETR =2 453.53 U/mg; /ot
Sephadex G-200 73 ZHTAE#EATE— 2P 4lifk .
Inouye YPVEAAY T RIET A. ureafaciens [T
B, [BIUSEA 16.00%, LEEFEA 96.00 Umg; #XHHIE
SGEAiA T —MRTAT B (Arthrobacter sp.) HINLETHE,
FIH 5 ANAD B T AL, FISCR N 6.6%,
PR A 209.10 U/mgs  H BTAFFHRIE 1) EE B e =
{12 Rikitake K 25 HRGERINLUETES, ELEES M 488.00

Umg, {HREHAT 6 MNIKETRIRG, FICRN
11.00%. AHFFRIFH KIGF E SNERIE IR, &
i 3 AN IRAM AR B T KA VUETEE (B D,
FLPk s R R T 25~35 ku Ab o — B A4, 2k R
5T 28.4 ku M1, 5 P putida RS65" AL
TR 5L (28 ku) K NI, 1M Arthrobacter sp. 42-11
SRR B 55 0 TR AR, KR 33.7 kuo AT
FURTEESL AL 7 1R B TR B OR , [ i R
aifb)E, BERIELIE /1A% 489.17. U/mgy i A Bl
RiEF) 2931% (F 1.

=1 AETESRIZE{L

Table 1 Purification of the recombinant Cre

sk IR B BEE/U E&4/mg HeBEE /(U/mg)
ARB R 7439.16 179.13 41.53
Jm 6149.52 58.63 10489 v
AT BAT 2399.21 5.29 45353
Sephdax G-200 2181.14 4.45 489.17 29.32
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Fig.2 Effects of temperatu&n"the enzyme activity of Cre
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Fig.3 Effects of temperature on the thermostability of Cre
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PASENE, 25 R LU IE 10 ol S S il BE A
60 'C, SRIE Arthrobacter sp. 42-17F P LT RG—
B, w1 P putida RS65M 1 Arthrobacter sp. TE 18267
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SRRV B S &R . 78 70 ‘CA 80 “CHBEE /1R
% 60%75 45 ([ 2), IMRF: Arthrobacter sp. 42-1 il
P s Wﬁﬁ% 50 CI, B 1SR TR, 50 °C
i AR ASUB I RUT . PR 3 h JEIKIRGERF 80% UL IR
1571070 CHRIR 3 h JE4ERF 40% e A IR /1 T
Arthrobacter sp. 42-1 JIEHEG RIS E T 80 CHI B
1R, PRI 2 h JEREE LTk (B 3.

24 Cre #y#i& pH & pH 2 &

Relative activity / %
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Fig.4 Effects of pH on Cre activity

1E 37 CE&MF e S ZE VLI 1Y) fdd pHAE (&
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DL b RIS A5 S5 1) 70 B G Chttp://web.expasy.
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Hh A 3 AN [ N JE] I E B 0, 45 R R AE pH
7.0~8.0 2 NALEE 3 h, RURBES /I7E 84%LA L (&
5. EZHJVLIFEG Cre fEH VSR T BA B IR EVE,
5 Arthrobacter sp. 42-177 Fir 7= WL BT B — 35, 1M
Alcaligenes sp. 5071 RILETEFINITE pH 9.0~11.0 Z4F
T HEEHRE -

120 —e— pH6.0 -m— pH7.0 —e— pHB.0
_a pHO.0 ___ pHI0.0
=
z
g
=
=]
&
20
0 L 1 L L 1 1
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&5 ZE4H Cre BY pH F2EME
Fig.5 Effects of pH on the stability of Cre
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& 6 Cre By Lineweaver—Burk HHZ%k
Fig.6 Lineweaver-Burke plot of Cre
PIRRAE % MR E A R BE S5 BTG
P52, Pl Lineweaver-

k RUEECT RS
Cre 1K :
A, A
21.14 mmol/L, Alealigenes.sp. 50714 (I LEFEF Km
184 60.90 mmol/L, Arthrobacter sp. TE 1826 Fir=fyL
BT Km {4 66.00 mmol/L, AR 5 AT LRI
HH Cre X RANIEEA BT R YISER T

26 &8 & T FACE R ALE B E 8 R

e

TE & N )4 B B - IV A TS e, &5
R 2 fion. Cu™ AT LA IR RS TE, Mn®'
Zn* Rl Co™ M BET A W R EHEVE o Alcaligenes sp.

5071V FT = (R LB L AE LA Min® 9 S R 8
F, Cu®'\ Ni*'\ Zn® "Rl Co™ R FHMHIMER . Mn™',
Mg*" Zn*"F1 Co® REIIT Arthrobacter sp. 42-17f77
(RIRLETAE, 35T Cu™ Bl .

R s TR R L Bl ) i SR A A i R b 2256
I, AW T A ER 500 B 7T
SN SERANER 3, WIRESE TR F N ERAS A
BB TR R AR RN, &EE TS EDTA A
FEFAHEIER, i SDS. Tween-205 Tween-80 Fil
Trinton-100 X /75520, NaN3 (A7 1E A5 0m il
(3% 71, X NEZHNG Cre MICRAAAIE TR HE— e 3
WA .

®2 4

BET Cre opAl|
ent metalions re activity

on tive activity

1%

No addition - 100
Ba** 1 98.34+3.16
Ca** 1 97.65+5.91
Mg** \ 1 97.36+3.78
Fe’* 1 102.92+7.74
Mn?* 1 127.58+5.43
Zn? 1 133.06£9.25
Co™ 1 110.28+5.97
Ni?* 1 94.7146.11
Cu® 1 80.42+5.63

2 3 NEMCFIFRRT Cre EIRIRNT
Table 3 Effects of different chemicals on Cre activit

Chemicals Final Relative activity
concentration 1%
No addition - 100
EDTA 5 mmol/L 95.18+5.89
Tween-20 0.1% 92.37+3.12
Tween-80 0.1% 95.41+6.24
Trinton-100 0.1% 94.73+5.53
SDS 0.1% 91.69+8.75
NaN; 1 mmol/L 100.63+4.33
3 4hig

Cre {EABFEN & PUEF R P OCEERG, 7RI AR
BT ReH ARAE A, JPRASE TR« B s
i P SR LB 2 . ASHIFFEAE SN P putida WL
fit#§ Cre E E. coli BL21 (DE3) Ryt gk il
b, BHATEER) B AL IR oA B SRR . UL LG
RgiE 1L 489.17 U/mg, Km {E 4 47.38 mmol/L. &l
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JERERIE pH 43518 60 ‘CAH17.0; 1E 50 ‘C2&1F FAbHE
3 h FIREEE 15T AR 80%LL L, 7E pH 7.0~8.0
FAE T ARFE 3 h o A /78] LR R 84% LA _E . Cu®”
AT LASHIEE S E: T Mn® L Zn® 0 Co™ X BRd A #
RIMEHHER, FENEERIEIE . EDTA AbELXHY
AT 2 RO, NaNs e S840 41 i € 32 A LB 7
JINTHIHIAN B AR, AFEOARGIE /), BRI a] LA
VE NG FITERG T 28 FRAE TR . AT FLRIE N
Cre B AT RUFMIBESTT, v DL faf s il 7 vk adk
174k, HEAFREERAAIRAENZE, TR
X FRIBTOAFAT — R A U BN R B A A T AR A
PEi Cre MFRIE & B Bh T WL RS A= 77 AR (BRI,
T R LR 1) 700 L R e Tk b A 7 o B
Fhdt
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