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On the Enzymatic Properties and Deactivation
Mechanism of Sarcosine Oxidase

TONG Yanjun, XINYu, YANG Hailin, FENG Shoushuai, ZHANG Ling, WANG Wu"
(1. Key Laboratory of Industrial Biotechnology of Ministry of Education,Jiangnan University, Wuxi 214122,
China; 2. School of Biotechnology, Jiangnan University , Wuxi 214122, China )

Abstract: The sarcosine oxidase (SOX) gene from Bacillus sp. was expressed in E. coli,and the
properties and deactivation mechanism were further analyzed. After transformation of the cloned
DNA into host E. coli BL21(DE3) ,the SOX gene was induced by IPTG for 8 h,a protein band of 43
kDa appeared in SDS-PAGE electrophoresis. From the crude enzyme solution,SOX in high purity
was obtained through affinitive separation and purification. The analytic results of enzymatic
properties showed that its relative molecular mass was 43.8 kDa, and its optimum reaction
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temperature and pH value were 40 ‘C and 8.0, respectively. Moreover,20 mmol/L Mn*' exhibited an

obvious activation effects on recombinant SOX. The kinetic parameters of Km and Vmax were

determined as 141.6 mmol/L and 0.115 mmol/(L-min) when sarcosine used as a substrate. With the

SDS-PAGE gel electrophoresis, fluorescence and circular dichroism spectroscopy,the deactivation

mechanism of SOX was further studied. At constant temperature 37 “C ,the internal hydrophobic

group of SOX molecule was gradually exposed and its secondary structure was destroyed along with

the prolonged storage time,leading to the denaturation of SOX protein and the lowering down of its

activity. The above results provide a theoretical basis for improving SOX stability in future.

Keywords: sarcosine oxidase,enzymatic properties, deactivation mechanism
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1.1 BEHS5R
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YE 3 BT 78 52 58 %5 AR 9 ; 50k pET28a, I H Novagen
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R4t NV EcoR 1 ,Hind 111, T4 DNA % #
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1.3 FEUEE

FLERTE R K U B, TR BT A AR L) s -
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AR A R R 1 R, K E A
pET28a A4 (1 5 21 I Ml & A pUCST—sox 1Y F 20 I
Oy M AR T & Kan 19 LB WM E 32 3 )37 C,
200 r/min F5 SRR, FE A5 B0 BT T BRI 4
B, 2 PCR P M 4ifb /5 0y H 0y B AT pET28a ik
P2 EcoR 1 F1 Hind 111 XUBEYI | 72 40 25 B Je o, ik
J5 4y a4k i, 7E 16 °C, T4 DNA % 45 i i /8
TR, EEEYAL E. coli IM109 27 A4,
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T, PRI 41 TR, S AT RS D) L Pk S A PRI
PETORER L AR TR BR A "I gl I )y
Y 5 IE A ) T 4L TR pET28a—sox 5 Ak 3k 1 & 14
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Fig. 1 Construction of recombinant plasmids pET28a—sox
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1% (0.2 mol/L) ¥R 1R AT, F 37 C/KVE B 5 min,
SEHUF WK W 3 min 0k VBT, T 500 nm
TN E OB S SN R L AE 37 CF L B
BRIEAL 1 mol, WUZ R 7™ A: FH R Jr it 1) il 2k 5 SRy

1 AN IG AL (U

1.7 EANSBRIUEHEKRESER

1.7.1  AUA B B ACEE 65 oAk DA [ 44 SF M Pk B B
B AR PSR 3E 37 CREFE X, $ IRARALS
B 5% W B N R RS 5 A 37 °CL200 r/min
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£, AR pH 22 shil ik & IR 1.7.2,
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Mgz*\an*\Fe”\Coz*\Cuz*%ﬂ 7o B 3 A E B
J¥ 4 2.0.20 100 mmol/L, 435lIR 2178 37 C/KIGh
PRI 2.5 h, e & A E 1, AR £ )8 571
it V1) 9% M A 100% , T 545 20 A RH 0T i T, AW
5245 B X B P 5
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sox, KRG AN VIEE EcoR 1 Ml Hind 111 #£17 XL
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2 iR, UKIE 2 S YD I 0 E AL BORL, 7 1 000 bp
F1'5 000 bp Ab i B S5 47 5 P 454, 43 BRI sow
Ml pET28a Jr Br . 1Z 45 R ) 56k 1 8 41 7 kL
pET28a—sox T\ BLHIAE #E

212 B # =40k F KA R SDS-PAGE 4 @l
V55 23K 5 1 PR A 28 75 I AR Ah 3 AR A5 R i RO
PEAT SOX il 7% 114 72 A SDS-PAGE 73 #r . tid 3
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EHRMERAW, REEA N LA EECA TN
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Fig. 2 Identification of expression plasmid pET28a-sox by

restriction digestion and PCR
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M. 2B [ A X2 B AR AE 5 12 E.coli BI21 (DE 3)/
pET28a-sox 1 IPTG 5 5 £ i5/¥ ; 2:E.coli BL21 (DE 3)/
pET28a-sox 1 IPTG K i/ 3 &35 ¥ ;3 : E.coli BL21 (DE 3)/
pET28a ) IPTG #2154 .

3 RiEF=4H SDS-PAGE & 47
Fig. 3 Analysis of SOX expression by SDS-PAGE

22 EAHANSBRENBEHEEER

221 TR BB EL WEBREKG,
K 20 mmol/L ) Tris—HCI 2% #h % (pH 8.0) 1 ¥ 5
B, RBR BT FOBOR AR EE T 20 mmol/L
() Tris—HCI 28 s (pH 8.0) FFHE 7 I B 1E i RE 5%
4 4 min /1 min (75 B A /8] B R] ) | B B B[R]
20 min, ERFWAEGE, MRAMER ., RH
Sepharose-4- 28 KMt 1 -2- 32 2 2% F1JZ B 4l Ak SOX; H]
20 mmol/L #J Tris—HCl Z& #p & (pH 8.0) - £ 3¢ F11 )2
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Fig. 4 SDS-PAGE and mass spectrum analysis of purified
SOX
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2 5 W Tl S0 TR B R W 7 R E i
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£ pH 8.0 Fl pH 11.0 9 Sz i 44 & ] DL 3k A5 4 7]
(T o B8 SCRRAR AT, SOX 7 Ak ISPt , LA R
PANEVE R I 4 A T SOX I M Hhons 5 1 6 Jid Y 3%
Sk AR e, LR 2 DL B T IR R AE e . IR
(454 % 3 pKa 7.4 F1 102 I8 716 3 5 52
M, XF T LA R L o — U Y AR S BL pKa
10.01, 7€ pH 8.0 Ay Z v, U202 AT B VR 32 11 3
B T AEAE AR HE R S IS 45 & 5 76 pH 11,0 194K
R AR o2 B0 LTRSS, DUAE
JE B B OB A AE A R AL AR M BEA T . TRt
SOX 7E pH 8.0 Fll pH 11.0 A9 1A F 52 B 5 =5 A il
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Fig. 5 Effect of temperature and pH on SOX activity
223 SOX #y#A AT A pH A2 BEE T
0~80 “CAN ] K ¥ ik B2 £33 10 min, 41 1&] 6 (a) FT7R
SOX fE 50 CLAF HA B Arrohga e v, R4 AGIE
A LURFFTE 80%LL 1, ¥ SOX TEATF i pH K &R T
37 CHCHE 2.5 h, ti & 6(b) fr/x ,SOX 7E pH 7.0~
10.0 1A 2 v B AT B 48 19 pH Aes€ 1,37 CF i i
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2.5 h, HoRI s AN AR 3578 80% LA L, 78 50 CLAR
5% pH 7.0~10.0 & F v | SOX #ynf L {45 H I
23 (R A 42
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Fig. 6 Analysis on thermal stability and pH stability of
SOX
224 2B T ILARR BACEEE R Hw  SOX
XA [v] 46 8 25 A T 52 Pk 2 A Bk iy 25 5%, SOX 7
AN Ta] e B (2.0.20,100 mmol/L) 42 J& B 11K £ jik
B 25h37 C))a, &R mME 7 i, AEEKER
Na* K" Ca?XF SOX i 77 3 AW A 52 M ; Mn?*
Mg %} SOX il iif 1 B A A [6] F2 B (9 B0 A, OF &2
PR [F] A A8 Al 3 s Mg X SOX i 1% 77 B 34076 1
Bl E Mg B B 18 hnm 98 /0 5 10 Min (049 005 1F HH Rl
FH M2k JE (38 i e84 5 vk /N, 7E 20 mmol/L 1)
TR 2T HOAE X S 7738 B 5 KR 145.7% ., Fe  TEAIR
W BT X il 3 M B AR B A S R, Zn® R Cu® X SOX
it 1% 1 ¥ B A AR 7R Zn® R0 Co? R R
SOX a7 RUII G . Co™ 7E ARV 7 & v X il
T PEIAR KA M, FEAE 20 mmol/L 1K 2 HA %
WAER, AR XA S mT LA 3 126.9%, SR TE
100 mmol/L [ 44 2 v 0] 3R B 1 A5 a8 i) 400 o 4 FH O
BRI G, FU 8 R & 17 Al i vk B

P, R R 3 Gk i T Y D B A R AR A AR
Mff SOX A 5 K — 2 A8 4k, (il 2+ iy i
AL R AT AR TR A |, DR 2 A U AR FHE
RS S TR B U Zn® RN Cu 36 Bk o 2 A 41 i AR
A, WA EeRH T Zn> 0 Cu® nl S8 4> T 51 K
M) 27, R ECRE R kAR R 1 BT R, H
VE R H A Ca® Mg Fll M5 — M 4 J& B 1 Al
AIHES Zn>Fl Cu FRER ) 1k 2 M o A e

1607
140|
120
100
8ot
60|
40
20[
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¥FHE Nat K* Ca?* Mg Mn?* Fe¥ Zn?* Cu®* Co**
ENCEAESE
2.0 mmol/L., w20 mmol/L, w100 mmol/L,
E7 AEA&£ESTF SOX EiEHH#Mm
Fig. 7 Effect of various metal ions on the activity of SOX
225 #HAFHKemE KX EHK, ZEH—
ANFEAEH K, T TR BT R L — 1 K, (RO B
B i 5 Y 1 6 AR B K T2 ) B A R T
B RARIEY , 7€ pH 8.0 414 F,S0X (10 U/mL) 5
1~10 mmol/L ¥ & 46 & i LR T 37 *C/ ML 5 min,
% SOX % /1, R4 Lineweaver—Burk XUE| £ 1E
KL R G5 R 8 s, HOK IR 2
Y=1 232.5X+8.701 2
RN 0.994 7; 1515 Bacillus sp SOX X
WU R B Ko B Vo {E 2090 29 141.6 mmol/L 1
0.115 mmol/(L-min) , AUEAIF i SOX X LR 1
K, HEA —E W25, R IET Corynebacterium
B9 SOX XA MR Y K, (5 21 mmol/11",
23 EBENEKRENE
231 SOX BEo TR EHANNE & KD T
AEEMHERARE, NAILRRIHE ., BLBERE
b IR BEF pH &5 il k% SOX Wl B o8 A B
SOX 7£ pH 8.0~10.0 Z [l AH X A2 2 , LR IE )
12 U/mL,pH 8.0,37 CHY &4 T WA il 25 7l L4
WE9 (a) fit 7, il 25 6 A7 5 1] 119 22 K | i 905 4 B3 R
BWTREAR S TERT 3 d P T DR B 38T B 220
YYTRFET 18%, MG 4 d B OR B R T B R
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Fig. 8 Lineweaver—Burk graph of recombinant SOX
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Fig. 9 The weakening of SOX enzymatic stability and

protein banding at different storage period
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