GO/ U - S HE FEENEHERBEMBORL. BERBERENEERENIN
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Feb. 25, 2021, 37(2): 593-603

DOI: 10.13345/j.cjb.200365 ©2021 Chin J Biotech, All rights reserved

« TR -

e MELS RERAS KES BEAMRS 2% AR AL kAR

1 RYTK% Amrfl2e2#Be, Wdb 90 434020
2 TTRA LB BE T S A T SO TR ST AT R R AT IR b S SR ARE R RIIN T ESERE, TR
"M 510610

Fha&, XBEEIC, BARAK, . EA/DNEFHEGAEA AR | BRI R WAL RS A TR R, 2021,
37(2): 593-603.

Du N, Deng YY, Wei ZC, et al. Expression and characterization of recombinant wheat quiescin sulfhydryl oxidase and its effect
on bread quality. Chin J Biotech, 2021, 37(2): 593-603.

W OE: AARFAE DR A, A KXMAE Escherichia coli RAZ &R T A # &35 LAEE (Wheat
quiescin sulfhydryl oxidase, wQSOX). #5449 wasox 4 F #)3& £ pMAL-c5x # Ak, /£ KMAT @ + #4T R4,
AT G BB LA TUEE G HAITH B AR BREFEIER, K360 EH wQSOX & & A T8 HRIR T AR
oS REE., SRR, A B4E wasox 2B &4 1359 bp, %A 453 AR LB, #ib &G H T & 51 kDa;
#3249 pMAL-c5x-wasox £ 487 i f E. coli Rosetta gamiB(DE3) F *Tia &k ik 7 £41%& ¢ MBP-wQSOX, & & &
KEMA: HFIRE25°C, HFH IPTG RE 0.3 mmol/L, #5818 6h; F1H Xa BF&EBIHRT MBP &
AR, FABEAALIFE T wQSOX; wQSOX T4k DTT. GSH #= Cys Ak, HAEME H,0, 894 s, H P+
DTT A R S 69 RMHFFi4; BBFHRARLIN, wQSOX RiE R H & EF» pH 4 4] 4 50 CH= 10.0, £ & &
B IRIL M T R IR B A8 2 b B L @ R 1.1 U wQSOX 4845 2 % (P<0.05) 425 26.4%4) @ &LIL 2,
A%, 20.5%49 & .76 AR B A7 24.8% 8 v b, RILE TR R RO ORI ERED . ARERSTFSHA GH
PR B R A KA B M 3h wQSOX fE s 4T A b 1 R 2 T Mt Ak Ak,
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Abstract: Wheat quiescin sulfhydryl oxidase was expressed in Escherichia coli for developing a new biological flour
improver. The synthesized wqgsox gene was constructed into the vector pMAL-c5x and expressed in E. coli, then the expression
conditions of recombinant protein was optimized. The MBP fusion label in recombinant protein was removed by protease
digestion after affinity purification. Moreover, enzymatic properties of the purified wQSOX and its effect on bread quality
were investigated. The synthesized wgsox gene contained 1 359 bp and encoded 453 amino acids with a deduced molecular
weight of 51 kDa. The constructed recombinant vector pMAL-c5x-wgsox could successfully express soluble recombinant
protein MBP-wQSOX in E. coli Rosetta gamiB(DE3), and the optimal induced expression conditions for recombinant protein
were 25 °C, 0.3 mmol/L IPTG and 6 h. MBP fusion tag was cut out by factor Xa protease and wQSOX was prepared after
affinity purification. wQSOX could catalyze the oxidation of DTT, GSH and Cys, accompanying the production of H,0,, and
exhibited the highest substrate specificity for DTT. Furthermore, enzymatic properties results demonstrated that the optimal
temperature and pH for wQSOX catalyzing oxidation of DTT was 50 °C and 10.0, respectively, and wQSOX presented a good
stability under high temperature and alkaline environment. The addition of wQSOX with 1.1 U/g flour significantly (P<0.05)
increased 26.4% specific volume of the bread, and reduced 20.5% hardness and 24.8% chewiness of bread crumb compared to
the control, indicating a remarkable ability to improve the quality of bread.

Keywords: wheat quiescin sulfhydryl oxidase, prokaryotic expression, enzymatic characteristics, bread quality
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i S 5 L4 (L (Quiescin sulfhydryl oxidase,
QSOX) J&—Fp# & (FAD) MMt 71 i 5 4 Ak i
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HHT, 5% QSOX Moy &4 h 7E ALl
il AEELIRE L B ST AR SE R S T, AR A
Tl 4 ) N R AR Y R LR GE . SR AR AR
AT R M TR Ml B D7 TR A 1 P, Liu 08
IBFRE R I, (U5 4 FAD 45 & 458958 (ErvIALR)
() T /N 32 N I 4R AR R (wErol) B
T A ARG S Ok T D 5 2 A8 DA R R
T, 1 S A 2 T ) & TR A REE . M EL TN
5 W A AR 5 1 (Erol), QSOX i T Ilit & 47
Erv/ALR Z5F3RFT Trx 254438, HAp ks A b
% FE Erol &5k 2-3 AN B, g, B
o HLA H Erol B R 30 el K T A A B A T .

ST, ABEGE A R 1R A% R B R R
20 #2350V QSOX (WQSOX), b T4 M 13
KR, e alifb)a XTE 4 wQSOX il 2 1 i



HE S/EANEHERESUBHRE .. BRFEREYE S RENIN

HEATERSE, 01K wQSOX Jij FH £ T4 it Jit it
RATTE . BRFEAS SR O = i 2 1R 2A 1 e 551 o
& A B A Bl 1R R R A7 Ml 19 K B PRI BE Al

1 MRET %

1.1 EZMRI 5

PMAL-c5x Fll pET-28a Jfi ki . 2 ik B bk K
% ¥F B Escherichia coli Rosetta-gamiB(DE3) #l
BL21(DE3) W FE A TRABRAF ; wasox %
PR3 B EH T M e A R A RS\ 58 A

Foki/ NG G B AU R SRR
BRAF; ENHEZR (Ampicillin, Amp). Bk F
IBFi % (Kanamycin sulfate, Kan). 514 3-p-D-
WAL 2 LB AT (1sopropy-p-D-thiogalactoside ,
IPTG) . b A2 Bt H BK (Glutathione, GSH) .
L-2 bk 48 B2 (L-cysteine, Cys) . i 7 b fist
(Dithiothreitol, DTT), #ZERIEIS T RRENLR
(Flavin adenine dinucletide, FAD) 40 [ I
A YR A BR A R Xa [R5 R [ 56
NEB A wl; i ElME (48 WA FighhkE
PR PR R 204t i TR W B M T R
07 TRy e A A R w1
12 FENREERE

J[5 Bio-Rad HEHHIKIL, K GE HEH4E
AL, FEEVLTE Oxygraph AHA A, JbaiEl
NanoVue plus B 54N Y BET T, 24 A 8
TR HLFEERE, S/ Stable Microsystem JFTF4{¥ .
1.3 A&
1.3.1 HHARIBREME

M NCBI kTG 3] T /hE gsox 4 KL A
(GenBank % 5t 5 AK455480.1) FEoilf5 e, Hifu &
1554 bp, #ifith 518 M2 FEfR . i, 55 1-27 i
HEWE (N %) PR IRIX, 55 481-518 {2k
MR Ry 5 M IX T 2 BR A5 5 KRN BS BRI S 1538 145
1 359 bp (82-1 440 bp), Zfth 453 > 2 KLl 1Y ik kg
wasox FEH Bz, RIS G mREA, §il&1s

% : 010-64807509

7 A b MY A Nde T 1 BamH |
RO wosox FE R B, IF % 4% £ pMAL-c5x ik
b, HES3] T pMAL-c5x-wqsox 4] 353K JF R,
1.3.2 EZH wQSOX g5 2Rk FAT i 43t

W E 1Y pMAL-c5x-wasox 41 Bk 4% 4k,
% Rosetta-gamiB(DE3) &z &40, JHiRAm
4 Kan (&HJE 50 pg/mL) Hl Amp (&HeEE
100 pg/mL) #Y LB [ AP35 523 | 37 CHER
B, PRIEOE 251000 0 B v [ TR 2 Fh 2
5 mL & A AR MBS Kan F1 Amp (9 LB #4353
Ferp, 37 °C. 200 r/min ¥53% 12 h 5% 1 2 100
B 3 fif LB Wi iASE IR, M S04 4k
SR IR 2 ODgoo 581 0.5-0.6 J7 , M MR AAKEF=
F I AR 0.1 mmol/L 1 IPTG % S5,
W5 AR TF] SR F T k2857 3 h ISR RO T4
FIRIB T, DLAIGE SR 4L 0 I8

] B 0 W4 B AR R i AL 200 mmol/L
Tris-HCI ZZ i (% 0.5 mol/L NaCl, pH 8.0), 7k
TR ST S R A, R % 200 W, s
FL 0.5 : 0.5, #AEE] 10 min, WSS T 4 C .
12 000 r/min & .0 10 min, 433 Fig AT
VEH T HE AR, O R EARIAM
ALY O B R b e R TR N 5 TN M T Y
JiE Hi ¥k (Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) %7,
1.3.3 wQSOX HIRK& MM

W5 A FAH R pMAL-c5x-wasox it T FE T
Rosetta-gamiB(DE3) ## % { Kan #1 Amp ¥t
(ZORIEF |) LB WA FREP B HMENR
ik, JrMrERIkIREE (37 °C. 25°C. 18 C). IPTG
W (0.1. 0.2, 0.3, 0.5, 1.0 mmol/L) LI MiES
a2, 4. 6. 8. 10 h) X EAHE A FKIKKFER
SR S8 NS RG] SDS-PAGE 3 #r
HE I RIBEN, e RmIiRIA &M,
1.3.4 E4 wQSOX HysrE itk

FE5 IS B TR AR BB S BRI B mL %

EL: cjb@im.ac.cn

595




596

ISSN 1000-3061 CN 11-1998/Q /¥ T Fi%#4i  Chin J Biotech

& A (20 mmol/L Tris, 0.5 mol/L NaCl, 10 mmol/L
Wkmk, pH 8.0) FAk, MR 1.3.2 HiLUKImES 2
BT, BWBRES, 4 °C. 12000 r/min Z.0
20 min WE B3R, JFiE— A1 0.45 pum U8
XF B TR UE, BR 2 AT REAE ZEJE BT A I 4/
T U8 5 I W AR B 2 i A T
) Ni-NTA SEFUZHTAE S, il A VRS
FEFE5 G, Bl 5 3 B R VeI U 28
& B (20 mmol/L Tris, 0.5 mol/L NaCl, 500 mmol/L
Wk, pH 8.0) VM H A, YR EE 2 mL/min,
WA A VR B  H, 1EFT SDS-PAGE 431 I
FABIR AN 6T AE 280 nm &bl 2 1
GIFWEEABMER, BBk )5 nA
10 15 EE /R FADYY | 4 CHEHE o K 5 i A
20 mmol/L Tris-HCI (pH 8.0) Ti-F-#if4 HiPrep
26/10 i b A1 b B, IS A 2Bk 2 4% FAD ) wQSOX .
M THEASEA N-Kimd A MBP @GR, Ktk
fir 444 MBP-wQSOX., &5 [k i fifi I f i 52 4h
FEOEEETME  (emep-wosox=1.55 mL/(mg-cm)).
1.3.5 MBP Bl &2 =B
i Xa X2 X 840 MBP-wQSOX iff
17 MBP @GR Ulbk. ¥aifb/5ryE4 MBP-
WQSOX Nl AZIEFEIZE ik (20 mmol/L Tris-HCI,
100 mmol/L NaCl, 2 mmol/L CaCl,, pH8.0) ', #%
M 1 pug Xa Fl 72 () 50 ng MBP @il & bR 25
N R E A, 23 C&MTEEY] 6 h Xt gD
PR T s, ] Amylose Resin SEF1ZE T
fitg V) 7=y AT Al A, A W R Yk I A 43 i AT
SDS-PAGE 7311 , & IF U4 £ Bk MBP Fr2& 1% 41
11 wQSOX,
1.3.6  wQSOX My AR & H,0, 4 BEUE
WQSOX %Ak DTT My 2 Hh 2 THAEVS WA,
IRl A A A, S0 Gross M5k, fii
FHRRR A I E wQSOX 44k DTT msi L4k
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TGP B 10 pL H4H wQSOX (& ¥k 4 5 umol/L)
finAF) 980 pL 20 mmol/L, pH 8.0 fi4 Tris-HCI 2%
W, RRATRER B RO R S, A 10 pL
1 mol/L DTT Ja 3l i, il sk AR ik, RO TE
25 C4AF T AT . wQSOX G & X~ fELA DTT
RIEY) , Fohi pH 8.0, KW IR EE N 25 CHRU4EF,
SN 10 min Y, 1 min JEFE 1 pmol ¥ AT 77 1Y
Mtk 1 U W 10 min J5 75 8 A R AR 45
Falsk, 16 S AR &R A 60 U it S AL S, Ak
WRE VA TR B BE AR AL, B UE HoO, AR AR .

1.3.7 JRURERHELS

VAN GSH, Cys #l DTT #%
WQSOX b/ N1 s R (I R e e o T
Fi IR 1.3.6 Frak i T, £ /N30 IR iy 2k
FE 4 10 mmol/L, ic s IRE S ARk
1.3.8 4 wQSOX HEE #4501

VL DTT Y, e B4 wQSOX #i JE & ik
TGP B RE e, ALHE f S, I B AR AR e
P, HReid v pH A pH RasE k.

T 24 wQSOX Jin A Tris-HCI ZE v (pH
10.0) &, 7EARFERE (20-80 ‘C) 444 T I E i
WiERVIRE; BEAEAE T ARIEET
(20-80 C) WFE 1 h )5, TEdHaE&0F T Hak
PR B IE Tk, 75 30 i ) O R AR

PEPEHEIR Eh 2% v (20 mmol/L, pH 6.0-8.0).
itk {2 44 - S AL A ZE vP (20 mmol/L, pH 8.0-11.0)
T 25 CHAM T IRAMGR il K pH; KB4
& TAE pH Z il (pH 6.0-11.0) & 1 h
J&, FERCHE S5 F R I AR R M, A5 B Y
pH Fa e .

1.3.9 MEEKHIERHERE T

T HI1ES % Kim 280207 3R s i
AL 100 g =Ry . 1.6 g &4, 6 g
HEAE . 3 g AN . 1 g 1SPETEEREAN 55 g 281K
AR AT AR 2 AR SRl 3 2 SR 5 o A %)
ML, 100 r/min B HE 18 min 5 HIAS 1w A, ¥
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11 4153 5% 50 g B0, TR HARSER G, &
T30 C. 80%AIXBEE XM TR Lh 5, A
PP B R TP 10 min,  FCFITR KRS
Bk 170 ‘CH1 180 C, #EAEH AR KLE R, B
Wk A RS 2 RS T i rE 25 C L
A% R XIIRIE A5 TV AN 1 h, B 5 X T A 1 ) 2
SRAERE . AR B EARMETINE .
M ab A b, RrC RN E 4 wQSOX il
11U, BEZERKMASZMER S, Hpdsy
X B ZH AR TA]

Bije, HEUAEE 2 com &, BHERER
36 mm 1) P36R F4Ek X HA s iF AT BRI A, T
PO ) S B0 T « S 0 i 3 R 0 358 oy
1 mm/s, MR 5 mm/s, THALEGEL LR
50%, WIUJEZERIFGETE 10 s, MELS KRG, 15
S I F A RE R . PELER R RS 3 A2k
1.3.10 Gt

B B 3 YR B 1 - 21E, {#F SPSS
20.0 47 i 2 AT o

2 BREMM

21 HHEAMKRESBEESHF
B T4 Bk pMAL-c5x-wqsox F5 4k 3|
KW Rosetta-gamiB(DE3) 37 7 41 i i 47
EERIRST, ZRME 1 PR, KR 1M
25 2 149, LUK 24 90 kDa i B H LT B
A RIBFEN, RIMAESH IPTG BIhi%
STEMAEAMNRS., REWELH wQSOX Hit
EARr T 29y 51 kDa, Fikid # b N-JR i
WA MBP i Atr%, Wi, EHREN
MBP-wQSOX #lit 7 T2k 94 kDa, X5 Hijk
Kl EE A R T RAHSE . Mo, & 3
FIGRHT 4 43 5 55 4 DA A 39 YRCFR T T 17 Pl Dk
M, MKW, RIS BN,
H FEW T H R AR ERTIE D &, BEEA
MBP-wQSOX i A& 2 il i ik .

% : 010-64807509

1 E4H MBP-wQSOX HIRIAF A AR 47

Fig. 1 Expression and soluble analysis of recombinant
wQSOX by SDS-PAGE. M: protein marker; lane 1:
recombinant bacteria before inducing; lane 2:
recombinant bacteria after inducing; lane 3: supernatant
of recombinant bacteria lysate; lane 4: precipitate of
recombinant bacteria lysate.

22 RIEEZMHMI

MBP-wQSOX ik A fb 25 R Al 2 By
IRo EAEXTE ST AN, mIE 2A AT,
AR AE 37 CHI 25 CEMETFiFE S BE & 2ot
PR HME A, 18 CXE L E B FRIA A,
SR 37 “CHI 25 CHIAN IR EEAB RIS 15 5 3k I U
M B EE, (HESE R A B, 37 CHAMETF
TR ATV B 1 ARG 1) S5 3 SR TG, T 25 °C
AT B A R AT, BEeEIE TR R,
B RIS RIKIRE N 25 C,

WSS, 78 25 CAMF TR T IPTG kXS &
HEHFIKEW, MK 2B /M, HE IPTG WF
MIXGAR, H 8 R A T 2 e 5 AR
IPTG ¥ Jy 0.3 mmol/L A ik KFikfE, K4
B R f3E 15 S RIR B

T A8 Fi ik 2R3 T BE R 1 15 71k 3 R it
b, X RIRRT AT TR, 25 A 2C
iR o B R (TR 55 B ] 3 ek R
MiFFEL 6h s, HWEARSEILH B,
RIi75 ST (] 6 h k2 40 2K 11 R il Rk i ] . [RG,
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E 2 F4H MBP-wQSOX Fik&HM 1k
Fig. 2

8

9 13

10 11 12 14 15 16 1718

Optimization of expression conditions for recombinant MBP-wQSOX. (A) Optimization of expression

temperature. M: protein marker; lane 1, 7, 13: recombinant bacteria before inducing; lane 2-6: the recombinant bacteria
collected after 2, 4, 6, 8 and 10 h were induced at 37 °C; lane 8-12: the recombinant bacteria collected after 2, 4, 6, 8
and 10 h were induced at 25 °C; lane 14-18: the recombinant bacteria collected after 2, 4, 6, 8 and 10 h were induced at
18 °C. (B) Optimization of IPTG concentration. M: protein marker; lane 1: recombinant bacteria before inducing; lane
2-6: the recombinant bacteria were respectively added with 0.1, 0.2, 0.3, 0.5 and 1 mmol/L IPTG and collected after
induction at 25 °C for 10 h. (C) Optimization of expression time. M: protein marker; lane 1: recombinant bacteria before
inducing; lane 2—6: the recombinant bacteria collected at 25 °C and 0.3 mmol/L IPTG were induced for 2, 4, 6, 8 and

10 h, respectively.

AL SR EHEARERIEFZMN N 25 C.
0.3 mmol/L IPTG, #%Sm}H 6 h,

23 EHEAMS B4 LI MBP FREYIR

FHEM MBP-wQSOX, [EIF4HA MBP #i
6xHis fl & br%, RA Ni-NTA 3¢ fl )2 H X
MBP-wQSOX #174r &4tk . il 3 &4 1 fr
7, fHFH 2 500 mmol/L bR M (4 358 M 8 1 e 8 K 7
HoroAHWER, RUIFM Ni-NTA SEMZH
REfE A 3k alifb H .

i T HE2H MBP-wQSOX H#4 1) MBP Rl & 4%

http://journals.im.ac.cn/cjbcn

B FREK (2 42 kDa), T A B0 il T T
Wz, A Xa B8 5T D068 45 4 38 1F
11 Amylose Resin FEFZMT, WEERSZTHLS
B ZEBIEEAT LUK /AT, Z5 R ANIEL 3 454 2
N, R IV G EAEA S TR R ERF,
HIE FTEEE 2w T8, KR W ¥k
H2J°4 50.0 kDa, X5 wQSOX HigE i/ 1
i 51.0 kDa £23 . UL, @3l i) 4hifb s k15 7
gl B R T wQSOX, ] FH TS 4L 1Y i A T
PEME o
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kDa

170
130
95

72
55
43

34
26

10

B3 MBP-wQSOX By LFn MBP R ZE VIR 47
Fig. 3 Affinity purification of MBP-wQSOX and its
MBP-tag excision. M: protein marker; lane 1:
MBP-wQSOX after Ni-NTA affinity chromatography;
lane 2: collected wQSOX after affinity chromatography
by using MBP column.

2.4 E4H wQSOX FHESF L IEMIIE

WQSOX fitfk DTT %4k, KA biE
I FEI IR A B A A BRI, ARSI R
WL AR AT R AE wQSOX SiSLA LI, W 4A
i, wQSOX a DTT MMM AELERT, ¥ IR 4k
AN, TG G, W IRERE 2T
K%, it wQSOX Rt fit fb5 b DTT, RIRILH
TEIE AT, AT I EAR ] wQSOX 1

A 260
240 f
220}
200t
180
160

140 |
| —wQSOX
1200 o
100 F —wQSOX+DTT ‘ . .
0 100 200 300 400 500 600 700
t(s)

0, concentration (umol/L)

4 FEH wQSOX BIZIE S LiE A

Fb S 14 R 1.1 Ulmg.

R T BRI A A A E A R, 2 wQSOX
fEAL DTT FA R R W AR B T R 2P AR
MW P AT S AL S, 2SRRI, AR
TRt S 0 s R A MR B T S i (18] 4B), X FE R
H T wQSOX itk i b A= B it 48 Ak A A 3 4R Ak
AREERR i s 7R, SR TR
152 RPN T AT 287 e sE S PU R 2R e R o A

XUELE L] 4 wQSOX HoA B HiALA
feiEd:, fitfe DTT Skt B A= ol T b A
25 E4H wQSOX EMHE RN

W 3 FANFER /NG F B R DTT.
GSH Fl Cys fE R IEY), #R5% wQSOX Y IE ¥y 5+
PEo G5REH, 3FURYIMARRRES IR A T
R, WX 3 Fh/NrFHEBEIEAE A I8, wQSOX
fefbs ik (B 5). SR, FHLLF 554N,
DTT ZHAE A B[R] P I R Sk B AR AR TR, 1]
wQSOX fEfk DTT SAALBCRE TSNP
o UL, TEPFES RIS R A, wQSOX
B iE /N T B BRI R DTT.

2.6 EZH wQSOX By F4F1E

L DTT Ny, #2858 T wQSOX 1 il
SRV, DR T A R s I, T N A Pk
LI il 2 v pH At pH B E P, 45 R R 6 R o

ve]

250

2251

2001

175 Catalase

O, concentration (umol/L)

150 F
0 200 400 600
£(s)

800 1000 1200

Fig. 4 Detection of sulfhydryl oxidation activity of recombinant wQSOX. (A) Oxygen consumption of wQSOX
catalyzing the oxidation of DTT. (B) Detection of H,O, produced by wQSOX catalyzing the oxidation of DTT.
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2401

210t

180

150

O, concentration (pmol/L)

—Cys
120r ——GSsH
—DTT
90 : . : - - :
0 100 200 300 400 500 600
1(s)

B 5 =4 wQSOX HIEMHFMH
Fig. 5 Substrate specificity of recombinant wQSOX.

WQSOX fidi [ 1w i B2 4 50 °C (&l 6A),50 C
FE Lh 5, (RFY 70%R) i KRS PE, H 80 C
BH LhJE AR 40%LL i KBS TE (& 6B),
Ui B wQSOX HA A 1) it B2 A e o

A
100+ "
S P
2z 80
Z
3 60}
]
=
=
(="
20
20 30 40 50 60 70 80
Temperature (°C)
C
100
£ 80
2
Z 60
8
2 40
= - —— PBS buffer
= 7 —e— NaHCO,-NaOH buffer
0
6.0 7.0 8.0 9.0 10.0  11.0
pH

6 =4H wQSOX HIEg =t R E

m & 6C Bl UL, Y el S N pH A 10.0,
UEHH wQSOX B {5 i) T 7 B M P4 5% v & #4441k
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Fig. 6 Enzymatic properties of recombinant wQSOX. (A) Oxygen consumption activity of wQSOX measured from 20 °C to
80 °C, with activity at 50 °C normalized to 100%. (B) Thermal stability of wQSOX which was incubated in 20 mmol/L
Tris-HCI buffer (pH 8.0) at different temperatures (20—80 °C) for 1 h. (C) Oxygen consumption activity of wQSOX measured
at different pH values (pH 6.0—11.0), with activity at pH 10.0 normalized to 100%. (D) The pH stability of wQSOX which
was incubated at 25 °C for 1 h in 20 mmol/L PBS buffer (pH 6.0-8.0), and 20 mmol/L NaHCO3-NaOH buffer (pH 8.0—11.0).
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1 wQSOX MHEEMEFM
Table 1 Effect of wQSOX on qualities of bread

Groups SV (cm®¥/g) HD Hardness (g) Chewiness (g) Springiness
Control 1.487+0.01° 0.763+0.06 2 383.3+113.71° 1 735.67+86.31° 0.904+0.02°
wQSOX 1.880+0.07° 0.817+0.03*  1894.8+73.73" 1 305.23+43.47° 0.923+0.01°
Improvement rate (%) 26.4 7.1 20.5 24.8 2.1

Notes: the additive amount of wQSOX was 1.1 U/g flour, the improvement rate indicated the increased value of data from

bread with wQSOX treatment compared with the control group; SV and HD represent specific loaf volume and height/diameter,

respectively; The different letters in the same column indicate significant difference (P<0.05).

R T PRI AL BT, i TPA XTiH£
ESHEAT TR AR AT, R L AT, s
wQSOX i (P<0.05) F&fIL T Hifts 20.5%) f
JEFN 24.8% 1 RELIEHE , $2 0 1 2. 1% T A es ik .
R 00 L O TR s 5 1 TS L, A )
BLIEHE, DiRH wQSOX HEMS & 25 11 w5 1 £ i i
3 Wi

i PR T8 542 338 & 220 i s i 2R
P e R A T R A i afl s Y i T 4 R
EREIEE, AFT A, w5 B
HE RIS AR, AR wQSOX &%
A 1414 Cys, fufrE/D 3%t s, A
pET-28a-wgsox Al pMAL-c5x-wqsox 5 £ % A fE K
WFF i BL21(DE3) 3k 7 45 8 L gt
AR T RCEE TR E . PRRY, K
T A 20 5 7 AR A PR B A B TR 5 s v
EEEARKL kSl F Rosetta-
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6 M B 21 MBP-wQSOX,

QSOX TEA= AR I P = 2 g 2 Ak B Ak
ks R o T TSN g
WriEE, H RN S A S R SRy RO S
Yo ABFIEESE T 3 VN FHEE JERY) DTT,
GSH. Cys HITH: wQSOX JE#trsett, &M
WQSOX fitfk DTT 4 ALAY S A, R

% : 010-64807509

TEH/ N TIRY), %4585 Aya Okuda MM K
BIR G B A AL AL (rGmQSOX1) MR
Stk —2, XATRRERN Irik 3 RNy T EL LA
JE R 0 AR S LA AN [R], o DTT AL
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PEOT 5 b HAA SRR IR, AT S
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ARG 455 T R BIE S e 222230 (R 2k R
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