Y TR R Chin J Biotech 2010, March 25; 26(3): 335-340
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cijb@im.ac.cn ©2010 CJB, All rights reserved.

ZERATE BSD-8 Il E IR EMEFRI S 5P R

j(l“fi’ %’J\ﬁg’ %H]&ﬂ?%a %J\ié\iﬁ, }Elfﬂ%%, gjﬁﬂﬂg;&

WL Rl 2E 2B, Bl 310058

W OE: A IIE T 5B 269 F AT E Bacillus sp. BSD-8 & Ak T 7= & 69 AL Z M 3R 5 649 DUERBR B AL B 24T 464,
Satiz B a AT T AFR . B IR AR A ULIE . DEAE-4 %% % F %444 . Toyopearl %K Z# 42 F= Sephadex G-75
o F 0% EAT, 1EBEFRLE 2545, tiF AL B 5.3 U/mg. AR T SAALE A BEG A ALAF L, AR T HBEN TR XA
)(E5%8, S5RFUEEMREG T LS, bR —Thak, LTAHSTEH S| kDa, BEe)RER LS EA pH 55
4 60°CL 8.5.1% 8 4= 60°C & pH 8.0~10.0 & FA2Z . ¥\ Lineveaver-Burk #F B ik K439 85 K K F % K, 144 3.1 mmol/L.
Ag'. Hg’'. SDS & Tween 80 X1 iZ B4 1& 47 4|75 /A, 7 Tween 20 #= Triton X-100 3 B7& M L %o . % ILER B B
it J b SR b PR A BT BT AR GE 69 LR IR BACER AT AR K 694 &, AR B R ILET M 2 R b A B B a4,
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Purification and characterization of a sarcosine oxidase from
Bacillus sp. BSD-8

Hui Liu, Guiqin Sun, Xiaohang Ma, Lingyan Sun, Xiangfeng Lu, and Pengcheng Zhang
College of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract: We purified a sarcosine oxidase from Bacillus sp. strain BSD-8 isolated from soil. We purified the enzyme by
ammonium sulfate precipitation, DEAE-cellulose, Toyopearl hydrophobic and Sephadex G-75 molecular sieve chromatography and
characterized the purified sarcosine oxidase. This sarcosine oxidase was a flavin enzyme containing a noncovalently bound flavin
with the subunit molecular mass of 51 kDa. The optimal temperature for this enzyme was 60°C and it showed its highest activity at
pH 8.5. It was stable in the pH range of 8.0-10.0 and at the temperature of 60°C. Estimated by Lineveaver-Burk plots, the K, of the
enzyme was 3.1 mmol/L. Ag’, Hg?*, SDS and Tween 80 dramatically inhibted the enzyme activity, whereas Tween 20 and Triton
X-100 had no effect on enzyme activity. The thermostability of this enzyme was better than reported sarcosine oxidases, and it could

be applied in enzymatic measuring of creatinine.

Keywords: creatine, sarcosine oxidase, thermostability

BERR LA AR LA . . M55 s et AR LR BE R AL B ULET (Creatinine), 1fij ILEFZ:
ME— R B AT E Y . EAENURRIEEEAIVE B B/ NeR g e i R A PR TTHE A A
FIF ¥ ADP #:A4Li ATP, [RIHAE SULER (Creatine). M35 WUEFIE N 44~106 pmol/L . {H 4B I T g H1 31
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[alsRs, i LR T A% 141.4~176.8 pmol/L, ™
FEEZE2AE] 1000 pmol/LMH, Ak, kK ¥
YR PR LI 55 4 Sy B B /N sk ik ok Dl g
1 AR

F I LK PR b X T JILTF fr 00 5 05 2 ) ) — b
FRZ A Jaffe SN A 2% 07 WA TN E o B TAL R
N Sl — R 22 ) B B A A X RS T S F) A
MEER ., WG EYHEARN LR, A0SR G
HEAT LB E (0775 o B TR IL T —Mem, FES
NGRS AT AT E o PR AR BT T T T
SE LA I 5 T TR T AR A . 2007 4,
Ramanavicius 25| T SOX il i —Fi i, i A 4% Ja%
i R A U A AR 1V R PRV P B LI, A SOX 7 I IR
N

Tt 15 0 LI 2 R e v, LT AE 25 ol i 174 A
AAE IS Bl o3 M A 15 Rl N3 19 o M i A &L
77 A 1 g AL ST AR R B R A AR R S 2
K A-F I A AT AL G . FLR IR

JULIF 7K i il JULTR 7K figé i

LT L WL R
WURRIRES e 10, 4+ HOHO
ST 4AA

Horb g LR 48T Tl 2 I 5 2R 4 b Y SCHE i 2
— o VP AR E PR Y 1 RE A EE AR

M EE R A, E AR
SRR T VAR A . HATE R ILE R E A
il 09 S A W) EEER B RE AL TR Cylindrocarpon
didymium'™ . B EEFH Streptomyces lividans®',
MIFTF T Bacillus sp.'*7 . i¥F Arthrobacter sp.
VIR Corynebacterium sp.l"® . 5 il Ak 7= Bk
Alcaligenes denitrificans "V, {HLL 468 B304 9
JI 7 A 1 WL R AR A Tl 1) FAEE E A S AR 4, ANAE
40°C LA BT, TR Y2 i S R A i 7 rp
HOHIRVE Z2 IR, SE e T R S ) K

ACHIFSE N - B8 i 2 ) — AR AR E M R Y
WE R EACEFY) Bacillus sp. kR, FEXF A= a9 L
RIRAACHE R AL PP AT T 0F5T . LR B
TR A 1 AERE PERLAT | B il O R By 60°C
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TE 60°C A 1F T MG IHRARESE , O H AT M B # A2
5E 1 e B LR AL

1 MHFE

1.1 #EL RFS5EE

DEAE-Cellulose £ ¥ 282 AR [ Lifg
TEfE L2 A BR A 7] 3 Toyopearl HW-65C i 7K )2
WriE DR [ H A TOSOH 3 F]; Sephadex G-75 /2
MR gtk (14345 5 SDS-2 DA s o 4 FiL ik o o 25
FI E b A ) HOR A BR A | 5 0 5 b
(DTT). HLZE®: (Sarcosine) 4 K4rArali; H Ay
B g [ = oy A

DEAE-Cellulose 2+ 3¢ # JZ #7141 . Toyopearl
HW-65C 57K JZ 14 il Sephadex G-75 JZ AL B ML
124 50 mmx550 mm; JY92-11 %58 75 I 40 ok i HL
KT OB BRI I A s HKA L DY Y-TIT A
A FL LUK I A LR TS — AR
1.2 PEgE

BSD-8 H kM T3, AL E R, &
B2 ABAACRRIE I 16S tRNA %5, % H
J& T Bacillus sp..

FRIREFRIE (77 SOX 5 7:%5): R, 5 g; B
B, 8g; BERR &4, 0.5g; BRRRE 40, 2.0¢g;
WREREE, 0.5g; pH 7.05 HIZKZE 1000 mL,

1.3 R REIH &

14 BSD-8 W BREEAN T EEsE R A, 30°C
120 t/min 5% 24 h, BU™HEREER, 5000 r/min ¥
L, WAEER, H 50 mmol/L, pH 7.5 HIRERRE:
R VEANNE 2 Un, FHETRET 2 MR & b
Wb KA RS, 5000 r/min B0 50 min 5
AR R, A3 BB
1.4 BREEE LEEEETE RV E

HUEE# 0.1 mL IAF] 0.9 mL %4 0.01 mol/L
WL TR W RN S v (pH 8.0, 0.1 mol/L) 1,
T 37°C ¥ 10 min J5 , LA 0.25 mL ¥k 1.0 mol/L
FIBERZE N, FEIMA 1.5 mL %45 0.04% LN
i) 20% CRREHS W, T 37CLRIE 40 min J5, 7
410 nm ALSE ODE . G YE Lo 37°CHE4h
3 1 pmol JILZ R (4 i £ Sl — A~ Bl 7 B0
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1.5 ERRENE

R R B 0 5 ) Folin-f ikl
1.6 BHAERSFENE

it (1% 22 B T2 43 —F 3 2o A Pk 0 O i s
M PAGE /R —4&EH& WG, M SDS-PAGE
M E g oy i iR A M o REIR
fLH B 97.4 kDa, “FIiL¥ FE I 66.2 kDa, #AL3)
11 43.0 kDa, A4-GkPFRIEFEE 31.0 kDa, B M B
il 20.1 kDa, XEIHH R 14.4 kDa, PAGE J
10% 1953 B e, SDS-PAGE H] 10% F4r 25 11, Hedi
JRE AR BE Ry 4% 5 Yo 55 10 66 2 S s i ik
1.7 BMRERNEERAREHRE

£ 25°C~80°C IR L I N , B5FR 5°C Il B
J1, VABGE Bl 0 e A R RE R B N R AR AN )
TAEEE 10~30 min J&5, FRIGE RS T, 0 I ER
R,
1.8 EEMImRIERN pH & pH 2 EMHIRE

£ pH 4.0~11.0 (928w h I Bl s 1 GHrp
pH 4.0~6.0 &7 0.1 mol/L #7H5 ik -F7: 168 iR 44 2% WPk ;
pH 6.0~8.5 7 0.1 mol/L BEEREEZZ Ml ; pH 8.5~9.5
9 0.05 mol/L WIRD-HIRZE il ; pH 9.5~11.0 N
0.05 mol/L Wli#>-NaOH 28 i), VAR 2 il (1) e fE
N pHo £ IRAS[E pH (A Y28 s hom AR, T
25°CHIR 18 h, pH 8.0 Tl MG 11, # BN pH
1.9 BB{ERMZzhhE

FE37°C. pH 8.0 T, VUIAEWRE M LR KXY
W E BFT% 77 . DL Lineweaver-Burk fE &3I4 sk H AL
AR ESEER LR E Ko (8 o IR R A% B R 541k
B Koo, Hoo® SCRREAS53F BAE 507 I 1] Y BEAE AL 1Y)
3ok 7/ o i 8
1.10 REMLEYRITEGE 58920

P BRI A BN S AR AL 2= P B s i 25°C
AbFE 30 min, SR TE S AH RV BE Ak 25 W 5T 1) s i A
I E S

2 ERGpM

2.1 SOX gy&tifk
2.1.1 SOX H9Zl 1A 72

FLBG 1 6 LA 20% ~80 % 1Y) i R 4 4T 70

UUVE o I3 0 I 5 DL VE /Y 28 11 & & Sl s 7, 1t
BN 7o S5 R RV 1Y fe AR 43 2 Wk B IX ) Oy
609%~70% .

Wi B Y R FE pH 7.0, 10 mmol/L AW R Eh 22 v
W ENT G FAE 2 1S T A 47 1) DEAE-2F 48 2247
K, FH 0~1.5 mol/L KCI B8 i 17 28 PR 3 1k
B, AR . @b Al ), BTG A F) 25.3 U/mL,

25, TEWCEE YR I A BRI 2 2 459% 1)1t
U, LREEIZ 45 9% B R i (1) 28 v B i 4 1)
Toyopearl HW-65C Bi/KJZHTHE, FHE 45%~0% Bk
B G2 S BB BE TR, A I o b BR 44k
RORBIE, SIS 11353 T 60.78 U/mL.

W B B IR 2 AR, B AT IS L RE 3 o
10 mmol/L . pH 7.0 ()R 2% i ~F- i 47 19 Sephadex
G-75 S F i 20T HE, I A 100 mmol/L KC1 /Y 134
AR 22 o DE e, o0 B U, & T LU T ) e i TF
gre Gz sifbn, BEHIE 13k %) 5.3 Umg.
2.1.2  SOX #4145

WA ARG 2 FiRiRalfs, 45 W%E 1,
AL BRI BEERE S PAGE AR, SESRVLE 1, 4
fbJ5 SOX Hif /1ik ] 5.3 U/mg, #2425 £, 4%
H22.3%-,

2.2 BSD-8 SOX HYIE{L MR
2.2.1 SOX #9474

4lifbJ5 1 SOX 7 10% ) PAGE ' il 7w B — 1) 4%
#, 7€ SDS-PAGE "l i /R B — 45t , R B SOX
P PR — AR 2 S ARESE ) BT, A5
FHWELr 754 51 kDa (& 2)

F1 NEBESAEBHRELYES
Table 1 Summary of the purification of SOX

Total  Total Specific

St'eps O.f activity protein activity Purification Recovery

purification ) (mg) (U/mg) (fold) (%)
Crude enzyme sup. 20216 96269 0.2 1 100
Ammonium 16480 30519 0.5 25 81.5
sulfate ppt.
DEAE-cellulose 13504 4117 3.3 15.6 66.8
Toyopearl HW-65 7596 2151 3.5 16.8 37.6
Sephdax G-75 4510 859 53 25.0 22.3
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1 ZFLRAHGE PAGE E1iZ
Fig. 1 PAGE pattern of SOX samples from different steps of

purification. A: crude extract; B: ammonium sulfate

precipitationfraction; C: DEAE-cellulose fraction; D: Toyopearl
HW-65 fraction; E: Sephdax G-75 fraction.

2 SDS-PAGE ME SOX TEHFELHR, 2TitHE
BHATEA 51KDa
Fig. 2 Molecular weight of SOX subunit was 51 kDa which

was determined by the calculation from the result of
SDS-PAGE.

2.2.2  SOX HIa (E/H i 5 H ke i 1E

FEANTA) IR B R SOX WS 71, 455U 3,
Tt/ FH 60 o L M 60°C o 7E pH 8.0 BIR R 2% il
R RRE 2 BIAEFE 10 min, 30 min Ji5 i & i 1%
J1, G5RILE 4. ZEETE 60°CALEE 10 min i 7] £ B
94 % I I
2.2.3  SOX [942i% pH %5 pH FE 1

£ pH 4.0~11.0 A2 vl il 2 Bigs 77, 45218 0L
5, SOX fEHMiIE pH N 8.5, £ LR A pH
EZ B IR, TR 18 h, W% i
W g5 BN ZEEAE pH 7.0~10.0 FaiE (] 6).
2.2.4  JIER I ¥

DAAS ) B2 LR e , T 37 °C il & g 77 o
Lineweaver-Burk 1 [Fl1: 3R 15 WL 22 2 S TR i 0 K TR
B K (H24 3.1 mmol/L. AR FrE 1) SOX Y L ik
MorFit, TR Ko H 4.5/5,
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SOX activity (U/mL)
o © B O

w
T

0 1 1 1 1 1 1 1 1 1 1 J
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Temperature (°C)
B3 FERERES SOX ENFIE
Fig. 3  Effects of temperature on SOX activity.
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(=]

Residiual activity (%)
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40 |+
—=— 10 min
20 1 —— 30 min
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4 BE SOXFREMMFIM
Fig. 4 Effects of temperature on the stability of SOX.

—e— pH 4.0-6.0: 0.1 mol/L —m— pH 8.5-9.5: 0.05 mol/L
citrate buffer solution borate buffer solution

—o— pH 6.0-8.5: 0.1 mol/L  —a— pH 9.5-11.0: 0.05 mol/L
phosphate buffer solution borax-NaOH buffer solution

12

—
(=]

(o)

N

[

SOX activity (U/mL)

[\

4455556657 758859 951010511
pH

B 5 A[E pH MEEEHFM

Fig. 5 Effects of pH on SOX activity. pH 4.0—-6.0: 0.1 mol/L
citrate buffer solution; pH 6.0—8.5: 0.1 mol/L phosphate buffer
solution; pH 8.5-9.5: 0.05 mol/L borate buffer solution;
pH 9.5-11.0: 0.05 mol/L borax-NaOH buffer solution.

2.2.5 A EFER XTI R

2, £3MLIEH, Ag'. Hg''. SDS fEfi
Lk, Zn* | FeT | LiT, Crt, Cu”
A NaN; X B 1)L %A 50, Ba® , M, Ca™*
XF B VA — e A VR, R TG P Tween 20 F1
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—— pH 4.0-6.0: 0.1 mo/L —a— pH 8.5-9.5: 0.05 mol/L
citrate buffer solution borate buffer solution

—o— pH 6.0-8.5: 0.1mol/L  —o— pH 9.5-11.0: 0.05 mol/L
phosphate buffer solution ~ borax-NaOH buffer solution

120

>l O\O\o\o
80 [
60

40

zo-/,,.—./

L L L L L 1

4455556657 758859 951010.511
pH

6 A[E pH XEETR EMRI M0

Fig. 6 Effects of pH on the stability of SOX. pH 4.0-6.0:
0.1 mol/L citrate buffer solution, pH 6.0-8.5: 0.1 mol/L
phosphate buffer solution; pH 8.5-9.5: 0.05 mol/L borate
buffer solution; pH 9.5-11.0: 0.05 mol/L borax-NaOH buffer
solution.

Residual activity (%)

x2 FREEBTMEELNEID
Table 2 Effects of metal ions on SOX activity

Final concentration Residual activity

Metal (mmol/L) (%)

[0} G — 100

Ba™ 1 113.9
Mn** 1 111.0
Ca** 1 107.7
Zn** 1 96.7
crt 1 91.9
Li* 1 91.5
Fe** 1 89.7
Cu® 1 88.9
Ag’ 1 9.19
Hg* 1 0.3

x3 ARUFYRMEEEEIZNE
Table 3 Effects of chemicals on SOX activity

Chemicals Final concentration  Residual activity (%)
ck e 100.0
NaN; 1 mmol/L 95.9
o-Phenanthroline 1 mmol/L 82.9
EDTA 20 mmol/L 89.3
Tween20 0.10% 97.4
Tween80 0.10% 56.2
Triton X-100 0.10% 96.7
SDS 0.50% 2.6
p-CMB’ 0.1 mnol/L 61.1

*p-CMB: p-Chloromeruribenzoate.

Triton X-100 X E&E M AT 52, 17 Tween 80 A fiff
50% il i 22K
2.2.6 BSD-8 SOX SH FH)454

P B LR A A —Fh e R AR, LA
% (FAD 5 FMN) 5HMZ56 7 \Hi e A 4808,
o wiFe, —Fpas &AM S S, S —Fa G
AR 45 S . ¥ BSD-8 SOX 4li i i) i v
A 5% 10% W = A LR, Wh/KAEH 10 min, &3
IR, 1 Mori Z5MH Matsuda 2594
RN AR AL A R B2 )5, RIS T
Rz, tEPEGE A BUETa R, WAy
wWER L ILM LS A . LA, Ogushi 2P H =
WRTTFF R Arthrobacter ureafaciens VU3 SOX £
10% = LR KAETE 15 min, FIERE MG,
WA AR LS G 0 R AEAE . RE LR
WA HED BSD-8 ) SOX 5 # &K IR I 9 5 X

e iE

3tk

H A 38 19 SOX AR 4 HOR IR AR TR, il Ay
AR IR K . W Cylindrocarpon didymium M-1 |
Corynebacterium sp. U-96""" | Athrobacter ureafaciens
M Bacillus sp. B-0618 ) SOX 43T/ 8 48 kDa .
174 kDa . 185 kDa Fll 42 kDa, HR#& SOX W5 2H i
Ao AU (o, B, v, &), AUEIE (a, B) IR
L RIS AR ]S 0 A R & AR = A2 9 SOX,
ZE AN —EME] . W Arthrobacter WS [R) F Bk fiE
77 A O 35 BRI AP A [ 9 SOX ., BSD-8 Tl bk
Fire A1 SOX 4lifk )54 PAGE #1 SDS-PAGE i
AN — B 2T o AR UK S R T R —
AR, WHESF RN 51 kDa,

ZHEAE pH 8.5, WRJE 60°CHF S W i Mg s H
1E 60°CLLF, pH 7.0~10.0 yuFl N AT E A e . B4R
TH 1) AR E TR B I WL PR S AL B J2 FH Bacillus sp.
KS-11A"SHI Bacillus sp. NS-129UVff 4k 1y, ok
R T BEAE 5 AR S A R A 25 1 e (R B
@ 10 min) 43514 50°CH 55°C. i E & BSD-8
B i) SOX HLARARE PRI BE R 60°C , A LU 1T & %
IR M — 2
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Btz SMIFIE IR KB p-CMB Fl Cu® %t il 176 7
AR5 CL4RIE 9 SOX B T AE . BR T Bacillus sp.
B-0618 4, p-CMB A H:AhfY SOX FE4 0%, i
BSD-8 Hi kY SOX 5 B-0618 01, p-CMB X fif 1%
(R A ALY SOX 3% ; Cu®X} BSD-8 SOX
P, T B S T RV AR T ) SOX 48 Cu®”
b P R 5E 4 K1

Mori 251 Matsuda 25 4R 38 (9 B0 B AR L& 1R
AALREINA = ORRA WK, R EHERY
SOX PIFLMrist4 . i Ogushi 5P Mukouyama
FEUTHGE A DU 3 SOX M b H S | 25 R R A
JE M (0 8 ZAFAE . BSD-8 SOX 48 =44 L WAk 3175
LR LA R HE R A5 R, A
BSD-8 [ SOX 5 # R IR ML &5 .

HRAE A FEEE R | X R Re I G 1 s LI
B, HPFER R, MEhie FIEGA B W .
HK, i FRrk, R T IR E RS, A
PR T S CRGE Y SOX WA MBS, ©Ai12
SERAFIEIRIIR R 7 (HAF4 5 #E— 2D T
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