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Deflavination of Bacillus sp. Sarcosine Oxidase and
Reconstitution of Flavoproteins
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Abstract: Due to the unsatisfactory effects of deflavination from sarcosine oxidase (SOX) ,the SOX
inclusion protein without cofactor was dialysed and renatured for testing the reconstruction effects
between SOX apoprotein and the coenzymes. The comparatively suitable conditions for the binding
of flavoprotein to SOX apoprotein were shown as following: the concentration of enzyme protein 0.3
g/L, pH 8.5, temperature 4 C, the optimal redox state(GSH / GSSG ) GSH / GSSG with the value
2 ,and the performing time was 24 h. The reconstitution effects of SOX protein binding to different
natural flavins were compared. Through CD,FTIR,and DSC analysis,the secondary structure,
enzyme specific activity and stability of the reconstituted SOX were also studied.

Keywords : sarcosine oxidase, deflavination, dialysis, refolding condition , reconstitution

WL R R A LB (Sarcosine oxidase,EC.1.5.3.1, AL LA R Hh N—H ) S A TR0 G i vl FR TR
SOX)JE T ¥ R E HEALBESS, U FAD N 7, ft WU R, 2 I D) R A9 — 0 E LR bR, 1T

iR B 2015-11-16

E£TH: BEALRRSEESTH (21306064)

SEEEE: £ R(1952—), & AR B, MR A S0, 3258 Ik R R R 38 AL AR T T RO
E-mail : wangwu@jiangnan.edu.cn

Sl LB, M, Wi, %. Bacillus sp UV R S AL A9 il 05 5 A ()] & a5 A R 2431 ,2018,37(09) :909-914.

LRSSt £ 51 2018 58375595 EER



RESEARCH ARTICLE

WANG Qing,et al: Deflavination of Bacillus sp. Sarcosine Oxidase

and Reconstitution of Flavoproteins

SOX. I J2 1k X5UAS 00 (1) 5 B 12 Wiy T il =2 — 21, 76 g U5
I E WL A0 o LR |, SR ) e L R A AL il

WLAF L
O K
Il
HN-C— N CH, COOH
NS o gy Mg Cn,

Il :
HN

(SOX) IAE T 49 i W H &R L P S AN HL0.°, fiE 4k
HLER LA 1,

HJWN&“ JR%E
7J<

NH—CH COOH + H, N—C —NH,

E-FAD A
WU R X
E-FAD+H*

T+

B 1 ALETREMREE RAY AL IE

Fig. 1 Catalysis in creatinine degradation enzyme system
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Fig. 2 Effects of protein concentration on the specific
activity of refolded SOX

M 2 TIE ), (e BB N 0.1 mg/mL
I 52 0 i LT P s, AR M A P B Y JB e i
ML, A A T A2 A (HA IR R o vk R ORI
ST AR A 5O R R A AR, AN T AR
FUBRY [, HAE S A 55 E 8 0.8 mg/mlL i
& BT A R TUBE , B LR 1 B 9 A B
e (BB BRI S ) A R S 2R, S P A B
HEAREI K, BT A 0.3 mg/mL,
2.1.2 A MErE s SOX LB E e Fon AR K
(9 2 10T B VR B2 R 0.3 mg/mL, R R (15 C)

UGBTI R BN AN TN 6 mol/L IR E, LU
5 B A TR IR ] (1,2.,4.6..8 h) K 325 Bt SM i P IR 3R 1Y
W B 6 9 2 mol/L (BRI BH AR T ZE VR 2 mg 1)
FAD), A LEFEZE (GSH/GSSG) HLAE N 3 1)
GSH 5 GSSG, & V4545 BURE DN & SOX 1 L il
6L UL 3,

25+
20- ¢ —v—%
o
255 /
=) T
= Y
& 10
)
¥
54 ¥
0 1 1 1 1 1

8 16 24 32 40
S VEB ] /h

B3 SMMESEE4E SOX LLElENXER
Relation of renaturation time to the specific
activity of refolding SOX

PP 3 TR, PRI 24 h HUREIS LA

BT 32 h, OSBRI LRI LN T

H B PR ] R A, SOX 88 [ T4 Z a2 4 i

PR 5 T B O B £ PRI R] 0 24 h O 'E, B4

B 6 /INAsF B 488 AN ] o B2 19 52 4 2 i iR

2.1.3 AW EA SOX B E e Hwam (ALK

(48 1 BT B i vk B2 0.3 mg/mL, T UE BT B AE %

Prob R ImA 6 mol/L IR E, LU BERa 6 /bR

AT AN PR ZR AR BE BB 2 mol/L( 5 U 45 YR R

i U 2 mg B FAD), JnA &AL ik 525 (GSH/

GSSG) lfH k3 19 GSH 5 GSSG,i#EHr 24 h J& Bk

%E SOX Ky LB, F9T 3 N PEIREZ X SOX Ho

B ISNE I

204

Fig. 3

4

EC

B4 ARIREXEME SOX Lt iEr #0
Fig. 4 Effect of different temperatures on the specific
activity after refolding of SOX

LHSEHRAZIL 2018 FE 7 HEE O




RESEARCH ARTICLE

WANG Qing,et al: Deflavination of Bacillus sp. Sarcosine Oxidase

and Reconstitution of Flavoproteins

H1 I 4 AT 78 4 Coc AT B SOX 1T
AT MR E T AE 15 CH 25 CTFEMMN
SOX , S HU Al EE 5 HH B0 JEL A SOX A8 M 75 fit T
FEE TS MR 437 R B K R A L2 2
FEAESN RIS Ay F N R B AN W] 43 22 (8] 1) i
7K 3 AT Bsf B 220 200 8 A & A A W32 Bl IR BE T i B A
3z 3 e, 5 B0 R LR A K 3 A1 A R 4 T AR
TORIERR I S 1 R A 1 = A IR B A B i
Bl S K I BT AR5 5 R A e R A
2.14 &A% pH 2 SOX W g &8 %ve BB
Mrifi i pH {E 262046 7.0 LA L, AT IR B B s
TE AT B, A6 I A S AT HE TR pH
439 H 7.0.7.5.8.0.8.5 F1 9.0, fin A AL iR JR 2
(GSH/GSSG) HfE 4 3 9 GSH 5 GSSG,7E 4 C T &
PE 24 b (BB R T ZLER N 2 mg 19 FAD) , 45
RS D R OO R B RS M, BB T pH
(BB B A PR s i, ULIEL S

20-
19
1] é\%
= 173
£ 16] \%
=154
B 14 e/
2 ]
sl L
12 %
11
10

70 75 80 85 90 95 100
ZZ 0PI pH

5 Eiik pH Xt £1%/F SOX (b B8 & 8520
Fig. 5 Effect of dialysis pH on the specific activity of
refolding SOX

W s, BT pH o 8.5 M2 A2 HEAL
R, T BOX PR 9 J5L D & SOX 78 1 1 fiff T
CER = DB o N - RS a2 9 I 5 4 D SR =2
A AR E EEAEN, i s KR pH 23 5
TRREEAPIRES, TR R PR Ol PR 2P pH H
— R 8.0~9.0, LG SLIARLLSE pH J 8.5 B
W,
2.1.5 #EAREBAL R A (GSH/GSSG) 2+ & SOX
a3 e SR AR SR B TR BE AR A SR IR
WE, AR R RGN TR 2 A A
B DR A e, R AR R B R, S

5E GSSG e JE N 1 mmol/L, 28 %1 A GSH, fii H 5
GSSG FE/R . 025.05.1.2.3.5, %% GSH 5
GSSG it SOX &z, WLIF 6,

20
] 1
18]
16
144
5 ]
E 12
D 4
=104
& 84
X 6]
4]
2]
0 . i ;
0.25 0.5 1 2 3 5
GSH¥¢JE/(mmol/L)

6 FHERAEXEME SOX b B 8= 0m

Fig. 6 Redox environment after refolding SOX specific
activity

Bl 6 G, FEWN 2 mmol/L 1y GSH 414 F &
PERCRAT I e i, R GSH/GSSG M2,
22 AEAXRABHES SOX RBEEEASAHNMR
2.2.1 Z &g R F AR 5 B4 R SOX g AL
& RSN E N 7R B R i R T Es
2 mg B9 FAD {2y B 5 T LUGE i 45 4 1E 8 47 &, (8
3 315 fi /) Cys 5 FAD 5 [H Fid it —mis s &, >
T W AN [ K 9K il Ak 5 Al R 2 A A R
Dy AN AR R INA 4 mg AN (] B
B, 40 FAD FMN (B 8 3%, AN DA ] 25 2% il 2 A9 15
HEEHE, R CD 23 M AN R K SR il 5 55 WU IR 46 Ak
fitg 1ot 5 B 2R 0 2 A TR S A AR Ak R TR R AR
B U Ry (U] I e LN R

10+ AR
A FAD

i W EMN
5 k (3% 3

T @ JJURRSULAG S
Jj >
] - f(

(=]
1

W
1

A
A
-

o
ey

200 210 220 230 240 250
WK /mm
B7 AAXAHESNEBRENVERBEEEAEAH CD
o

Fig. 7

0/(deg-cm?/dmol)
3
n 1

—
W
1

o
T

-25

CD analysis on SOX protein complexed with

different natural cofactors

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.9 2018



E JR, 4 Bacillus sp LR R BACEE 09 BLAs K b5 & 4

B — 3% BT i R 1 5 RARM R L &5
P G0 235 R REAE U 5 0 5 T A LL o6 R MR R AR, Tl 0
TN a-IB e A BT S LLBIBRAR, A
Ak, I FAD 5 FMN 1 902544
WA ) 58 B M VA R R AR Ak i I A 25 8 K5 T A%
B AT ] K 8R4l 25 19 — 4 g 06 1) o PR
A B RAB AL o BRI AT B—HT B LU ) MR B2 B AL, i
TR 22 AR, U A A A I BB IR SOX
fiti o314k FASPEAR S
222 FTIR %47 SOX & & # T4 KA FTIR
I3 BT AN T) K 9K it 5k 55 L2 R 4R b Tl I 25 2 11 &2
A U AR G AR A AN [R] R R Bl A 5 I
BEAMNESRERY ., AERARMESIEE G0
ZLANEIE EE UL A 8.,

70

60-.

50-.

40

EICH %

30 1
i — WUERRMBAR
FAD

. 3100 ol

— WU BB A 2

10 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
WK /nm

B8 TRXAHESNEREUBREEZEOEAN
FTIR 4 #f

Fig. 8 FTIR analysis of different natural cofactor

complexed with SOX apoprotein

M & 8, KU AT EL AR SOX 43FH 2 500
em™ ZE A7 Ak B A B (~SH) P 47 9% 3l 06 |, 2 R AE i
TG GRS W i 3 o | Ul W T4l B 4 1 he] e
AT — A R B A A e R
KT A FAD 5 FMN 1E 4 B A& & B 3 1 ik
WA 285 HE) A K HE LU BRI 728 Ak A B i fin A 2 T Tl
W IE# YT &, 456 WG nTiE B FAD /E it 5
SOX & PERL Y, 1 FMN 5 5 4 5 8 F R Be AR 47 1
455 BT AL BRTE 2 100 em™ A7 40 H IR
FR I (—CO0—)h C=0 45 4z 2 1 | IL R 1IE 06 5
FEAE S 6 T W 0 RG] R B AR PR 5
Fefik B e R, 3 100 em™ & NH 45 %30, it
FEAF U4 5 3 76 52 A i b B S R AIG, 100 BH L A
I F B REAL, 25 AT o R D 2 ),

223 DSC % #7 e 4 SOX i & B 5 5P i 69 # %
M R DSC HAR, 4B SOX Ui 2 Bl 5 52 M il L
PARVERE T, A1k 20 BT WG 3 1 25 A R e
W9 Tz, U S il RN A2 P G BT B — i
PR 32 W BRI 3R 7R 43 F- A T B PR 42 el AR
P Bt 2 R AR A 9 RS TR R A6 A ) BRAS RR P T,
435 64.03 °CHIl 44.6 °C, H[A] i FHE R | & M1l
() T, A L i 25 i R 29 B AR 20 °C; 50 25 i AH HE , BU
fiff 52Vl 1Y) R SR 25 K A B T/ (R R A P R
Foor , BTG SOX W 7 T AR RN B , & 5 Z 4

Fm,
350
_36 -
s
E 37k
i)
PS
% 381
39k
40 80 120 160
R/ C
()il A1
34,
350
®
z -3.6 \_/\
JJIMEH
B 371
&
-3.8L
39 . . . , . .
30 35 40 45 50 55 60
E/C
(b) FE A

9 FEMS5EMEN DSC 2 i
Fig. 9 DSC thermograms of SOX without cofactor and
SOX refolded

IR

V2 F)FHAS & % B 1 L2 e AL Tl (SOX) 4
AR B AT PR AL R B TR A T Y A
fifg 25 1 R R R A 0.3 o/L, i KT pH R 8.5 A,
B 4 °C, FAEM AL )R 2 (GSH/GSSG)GSH/
GSSG {8l 2, A K S PR B[] Oy 24 h B, SOX il 25 1
(1) 52 PESCR AR R 34T

WFFE e — 2 LA T 45 Bl KR I 5 SOX il &
FI A, RN FAD (B LM B 00 F ) 5 15t 2l
filg 26 11 52 G Je IS 1k e RS R S ISR T Tl

LRSSt £ 51 2018 5837559 EIER




RESEARCH ARTICLE WANG Qing,et al: Deflavination of Bacillus sp. Sarcosine Oxidase
and Reconstitution of Flavoproteins

RN 50%; ST a-120E 5 B-HrEm — 50%; 1AL 8 25 SOX 4> 1 4b TAs YRR A
P EER R BE 3K 80% , FMN BYRE R IR =22 | il 3% 42 it HIXF SOX i %) &2 1 R 0 25 Skt 52 i)
B 30% ,a—120E Y B & W) R L5 AR R

S 3

[1] MUKOUYAMA E B,OHSAWA H,SUZUKI H. Cofactors in sarcosine oxidase from Corynebacterium sp U-96[J]. J Protein
Chem,2002,21(1):59-64.

[ 2 ] SUZUKI H. Sarcosine oxidase : structure, function,and the application to creatinine determination [J]. Amino Acids, 1994,7(1):
27-43.

[3 ] WAGNER M A, TRICKEY P,CHEN Z W, et al. Monomeric sarcosine oxidase:1. Flavin reactivity and active site binding
determinants[J]. Biochemistry—US,2000,39(30) :8813-8824.

[ 4 ]JOOSTEN,van Berkel W.J.H.,Flavoenzymes[J]. Curr Opin Chem Biol,2007,11:195-202.

[ 5] MUKOUYAMA E B,OHSAWA H,SUZUKI H. Cofactors in sarcosine oxidase from Corynebacterium sp U-96[J]. J Protein
Chem,2002,21(1):59-64.

[ 6 ] MARCO H. Hefti,Jacques Vervoort , Willem J. H. van Berkel. Deflavination and reconstitution of flavoproteins tackling fold and
function[J]. Eur Biochem,2003,270:4227-4242.

[ 7 ] NISHIYA Y. A mutant sarcosine oxidase in which activity depends on flavin adenine dinucleotide[J]. Protein Expres Purif,2000,
20(1):95-97.

[8 1] ZHANG Yuran,YANG Hailin, WANG Wu,et al. Enhancing the production of xanthine oxidase by adding precursors of
coenzyme and feeding inducer[J]. Journal of Food Science and Biotechnology,2014,33(4).349-354.(in Chinese)

[9 ] HASSAN A A,BRUCKNER R C,ZHAO G H, et al. Biosynthesis of covalently bound flavin:isolation and in vitro flavinylation
of the monomeric sarcosine oxidase apoprotein[J]. Biochemistry—US,2005,44(17) :6452-6462.

[10] XIN Y,YANG H L,WANG W. Preparation and characterization of affinity sorbents based on isoalloxazine-like ligands for
separation of flavoenzymes|[J]. Sep Sci,2011,34.2940-2949.

[11] TONG Y J,XIN Y,WANG W, et al. Novel affinity purification of monomer sarcosine oxidase expressed in Escherichia coli[J].
Journal of Separation Science,2013,36:3086-3092.

[12] INOUYE Y ,NISHIMURA M,MATSUDA Y et al. Purification and characterization of sarcosine oxidase of Streptomyce sorigin
[J]. Chem Pharm Bull, 1987,35(10) :4194-4202.

[13] FENG X L. Refolding of recombinant inclusion body proteins[J]. Prog Biochem Biophys,2001,28(4) :482.

[14] SCRUTTON N S. Chemical aspects of amine oxidation by flavoproteinenzymes[J]. Nat Product Rep,2004,21(6):722-730.

[15] HASSAN A A,ZHAO G H,JORNS M S. Role ofthe covalent flavin linkage in monomeric sarcosine oxdiase[J]. Biochemistry-US,
2006,45(31) :9454-9462.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.9 2018



