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I S S BuR Sy SN K
FIK P, 5 AN [7] 20k HEms AR 5G| 4 475 1 2 18 R 2
PRI i ] e 3k 5 3 LA K 22 5 DU Al T i 45
b, MY A B PR S DN Y A P QO IR
Mut B4 F1 B 2248 Mur B, SR K5 X
5 P B S RN 2 R AT o AT ORE X SR
MO TiE A 52 5 I £ v el e 8 0K Y SR 4T 0 A el 2
B, AT C OB E AL B AR S R RE R Y
FIRRME , IF R H L IR A g AT 2l A Al o 2
i, 6 H R A —E S H M,

1 MEfAFEE
1.1 B JRALEFRERMS Y

KGFFHE (E. coli)DHSa HRRERZ AW H
AR TR TR A A BR S ), Mut* B 1) 52 ok i
GS115 BA Bk Ry 52 56 = AR 780, Mur 8 (1% 58 ol [ 1k
KM71 B AR B AR 2% B PNAAS 22 U G 3% | J0kE pPICOk |

pPICZaA .pGAPZaA pUCIS F AR 52 16 28 AL
LLB 15373k . 0.5% B¢ b1k, 19% 5 K , 19%Na-

e il [F6 A s 7R SE IR N 1.5% I BAR By . YPD K5 3%
L BERERY 1%, A 2%, W &0 2% ., BiE i RE AR
SRR N 1.5% 09508 83 . YPDS 1557 Hk . e B
¥ 1%, AW 2%, #%E0E 2% , ILALEE 1 mol/L., it
il [ PR 15 FRFERFUSIN 1.5% B BB A  MD R F7 2%
JC & FE B B ZR (YNB) 13.4 /L, 1 4 B 20 /L, 4=
Y& 4x10* /L, BEBEBE 20 ¢/, MMH K5 7% 3% .
YNB 13.4 /L, Bl 5 o/L, /EW & 4x10™ o/L, Bili§
¥ 20 /L, H &= iR 4x107 ¢/L,

0.28 mmol/L 4RIk [ Fr % (O-Dianisidine ) %5
AIBC I T IR . B 1.7 mg AB—156 —1mi I T
25 mL BERRER 2% vh i

A i Sk 1 R .

®1 5IMEREFT

Table 1 Primer names and sequences
HEZF2S 1455 (5°—37)
9kHOX-F TCGAAGGATCCAAGAATTCATGGCTACCTTGCCACAAAAAGAC
9kHOX-R GAATTCTTGGATCCTTCGAATAATTAG
piczMCS-F GAAACCATATGCTGCAGTCTAGAGAATTCACGTGGCCCAGCCGGCCGT
piczMCS-R GAATTCTCTAGACTGCAGCATATGGTTTCGAATAATTAGTTGTTTTTTG
piczHOX-F CAACTAATTATTCGAAACCATATGGCTACCTTGCCACAAAAAGACC
piczHOXHis-R CTCAATGATGATGATGATGATGGCATGCCTTAGTCTGTTTTGG
TT-Sphl-F CATCATCATCATCATCATTGAG
TT-BamHI-R GAAGCTATGGTGTGTGGGGGATCCGCACAAACGAAGGTCTCAC
pgapz—HOX-F GAACAACTATTTCGAAACGAGGAATTCATGGCTACCTTGCCACAAAAAG
pgapz—MCS-F CATTGCTGCAGCTATTCGCTAGCGATCGGTACCTCGAGCCGCGGCGGCCGCCA
pgapz—MCS-R CTAGCGAATAGCTGCAGCAATGTGTGAATTCCTCGTTTCGAAATAGTTGTTCAATTG
Gap—pUC18-F CGAATTCGAGCTCGGTACCCGGGGATCCTTTTTTGTAGAAATGTC
Gap-pUC18-R CGACGGCCAGTGCCAAGCTTTTTAGATAAGGACAGGAGAGATG
RT-gap-F GGTCTTTTGAGTGGCGGTC
RT-gap-R TTGTCGGTGTCAACGAGGAG
RT-HOX-F GGCCAGGTGTGATTGGAAGA
RT-HOX-R AACCAGCATGACCACCCAAA

12 UB5EF

S1000 PCR 1% .ChemiDoc MP % I A% 1L ,
% [H Bio—rad 2 7] ; Avanti J-26XP 75 34 ¥ 75 B L
ML, 9 [E Backman /A F] ;PB-10 pH i1, 7 ¥ Sarto-
rius 24 7] ;1L.C480 240 5 PCR AL, FIRAMRA
Al ;ND-ONE-W 8 fi & #% f2 & 110 & {X Nan-

oDrop ONEC, 282k R /R BHE (P ED AR A A
SpectraMax 190 Bg#RAX , 56 [E 73 F X 4% ( 1) A
BRAH

1.3 BEARKRMHHE

1.3.1 pPICOk —HOX iy ¥4 # 7 56 ¥ 21 3 (C.
crispus ) H U5 1) & FE TR )7 51 (GenBank ¥ 22 8 5%
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20 3 R AT AL 3 BAL ) Db AL B 69 S R AR R AL R B A4 M R AE 43

58 AAB49376) #2538 BAE R 2 A WRHE (C8))
AR R HEAT N TA BRSO HOX 5L
I HOX R 46 A #] pPIC9k 4 EcoR1/Notl 2.
], ARAF S o BF{5 5 I B R pPICOk—a—
HOX, 7EdtIemt FMIBR o 7155 kA T B4
i ki pPIC9k ~HOX, RP R H 51 ¥ 9kHOX -F/
9kHOX-R 4" % J5 4 Joi #r J5 47— 25 se B il 7 &
HEAT B B I,
132 pPICZ-HOX W #H # ®H X RH5I Y
piczMCS—F/piczMCS-R 4" 34 {5 5 A pPICZaA
1R PCR 97318, MBRAE = BKIF 51 A 2 5e B
M, R — D s B ST A LS R AR &
55 BRI BURL pPICZ-Ndel . #3644 PCR #1574 3
#) HOX 5 (51918 piczHOX-F/piczHOXHis-R,
DNA #4 A pPICOk-HOX ki) FZ k¥ TT A
Bt (51910 TT-Sphl-F/TT-BamHI-R ,DNA B4 N
JFkE pPICOK) 5 H1 Ndel F1 BamHT WU 26 % 1k
kL pPICZ—Ndel #E47— 0 vo b 1 15 8 FE 41 3R
K # A pPICZ-HOX
1.3.3  pGAPZ-HOX Mg & R H 51 ¥ pgapz-
MCS-F Hl pgapz—MCS-R " 34 £ J5i b pGAPZa-
A M BR AR 5 BRIF B B 6% #2153 pGAPZ-AM it
Wi, B K PCR V4581 HOX R (519h
pgapz—HOX -F/piczHOX-R,DNA £ 4z & pPICOk —
HOX Jiuh: ) F1Z¢ 1kF TT K B (514 TT-Sphl-F/
TT-BamHI-R ,DNA # 45  Jit ki pPICOk ) B EcoR1
1 BamH1 ALY 2 AL B kL pGAPZ-AM #E4T—
A v B 19 3 FE 4 3R Ik UK pPICZ-HOX
1.4 TR EERESENEK

Z: BRS04l 6 7 vk 0 e Ak 1 AT A
i, HAR TR IR HIJC e F 2 BR B YPDS P-4 |
9 KCXH BBk, FH G BRI K i B i 20 501 i 21 A 4
S MMH Pz, 5P T 30 CH 7746 81 & 15 57
48 h J5 ., B AV T MMH P4k L IFHJC R
KA S B PR R LA 25 W A B GOD 7R 80
BH 1 X B
1.5 EHXNEE PCREIEH N

Z: WRCE Wk SV O vk AT S 9O E
PCR B E . 156, LA KM71 B bR DR 240 AR, R
i Gap —pUC18 —F/Gap -pUC18 -R 51 ¥ , ¥ 3%
GAPDH F:[H | 3R F — 20 5o B 1) & 3% 4 22 ks

pUCI8, 13 245 1fE 5Ok pUCI8-GAPDH,, 2 4%
2 TR PR 1) R AL 1 SR S Ok B PCR A Rzl
=TI

HR 548 DURCH 58 0 20, 8 DUER = 6.023x10"x
JoTRL A v FE / (660x HE R Fr B FE ) 35 B
o U BORL T 55 1 48 DL, B R B 2 1 Tt
10%,107,10°,10°,10* 4~ 4& D1 | DL 45 ¥k B o0 Rz hy A5
i, 43 AT 92 S i PCR, DhR iR A5 A v it
K FE DB XTI i A s, A5 1 Ce (EAE 90
AEFR , HES B GAPDH JEDR AT HOX 3 IR 5 9 %L
IS

A 25 TR R DU A5 1 Ce B 0 A 7 2% s 1
e SRS TR GAPDH 1 HOX 38 4 #% D1
$. T GAPDH J& N 5 56 o i B 3L P 4 rp 2 B
UL, PRLRE S HOX K5 DK = HOX A
G S DB GA PDH R R IR 45 VUKL,
1.6 = HOX w4k

HARMER EBERE O )57 5 L, KA
DUVE HR T BERR P G2 w1 s R 2 AL
R DRIV AU 0 LB AR VAR, 50 I 1 0 1 1 0 YA 1D
SRR KA ERGE A Ni AR AT A B Ak,
300 mmol/L WKV . 75 B ik 45 ) &5 FH o f alifk
J5 B E 240 HOX #E4T SDS—PAGE 43 #7 I 22 2 1
R,
1.7 HOX Bgi&ME 3%

1E 96 fLAR 19 4L 1 43 51 im A 0.28 mmol/L 48
I T 75 O V5 T 120 WL 10% % 25 B %5 9 25 . 1
U/mlL BAR o AL P B 10 wL, A 20 plL 7§
DRE S GHTR AT B TR R B i 35
C, KK 460 nm, EEFE 1 min I E — K KOG
{H, L2022 20 min, T35 430 0O6 B R INE i)
A,
1.8 =/H HOX BB 451447
1.8.1 i 0 I 3 A W oA S o e R )
N AR Z 43 ) 7 20,30,40,50,60,70 °C & 80 °C %k
PE TR ORI 5 min, SRJEINAE 4 HOX B #4172
L, I 25 R 2 FHOX /Y G 77 .
1.8.2 il i pH AE M E 435 H] 50 mmol/L
LIR- R Ml (pH 3.0~5.0) .50 mmol/L %
i 40 2% M (pH 6.0~8.0) .50 mmol/L. Tris—HCI 2%
O (pH 9.0) e il 41 356 11 7 e Vi W, 4R 5 I A
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4 HOX B HEAT RN, T 35 CIl A2 4% pH {H 4514
T HOX ARG 1

1.8.3 R EMER I E 8 B o B T 20,30,
40,50,60,70 C} 80 CH M TR 1 h, K5 T
35 CEAE T I E HOX B4 /5 11 .

1.8.4 WAL IEHE M E AN [FDHEE R A Ak
TPERIRE . MR E LA HOX 36 R E 7 ik, 1 i
I NI FE R pH B R, 43 DU AR R A
ZENE UM P FUBE MR 2F 4E MR O SO
YA T IS 0 K s IS A TG I 100%
TR AL R B 108 R X T

2 ZHR5WR
21 Fik HOX MEA R

WRASATHIOETE A, MESA o HTESk

Sacl (209)
AOX
EcoRI (947)

HOX

pPIC9k-HOX
10647 bp

Sall (4549)
HIS4 ORF

BT AR REREGS11S
Mut*

B 1

pPICZ-HOX

4862 bp

Sphl (2589) \\
B R KM T
MutS

MERRRMNEAERBESRKN TEE

F) i 2H R TR TR, O DA TN 3 H 20 O W AU AL B Y
TEPE, PrDAARHER FEMEAN SES R E AR
RE . R T HOX (3 i 638 SR W, ik 4% 2
A 5 [R] R ) B R TR TR R D 3 A R PR A 5 A Y
FIRTORL, WAL 1 7R o 5% ok e B e AR 0 45 R AR
W IEF R Mut* 9 GS115 B Bk A1 A 1 22 2 75
Mut* /) KM71 R4k 14 2 09 5 20 ok an &l 1 FeoR
{45 pPIC9k-HOX ,pPICZ-HOX ,pGAPZ-HOX , Hi
FH S5 S 3 0k 19 T 41 FORE pPICOk—HOX £k 1Ak )5
AL ZE GSI15 TE B, 0 1 Ak A5 Mut B B A% L 2 0
GKX B #k . H1 P75 5 3R 38 1) 8 41 5 bz pPICZ-
HOX £E1E1L 5 4k 2= KM71 @bk, 5 it Muts BB
Bk, 0 A KCX B KR, 41k R 2 3k /Y 1 41 5 kL
pGAPZ-HOX £ Ak )5 % 1k 2= KM71 bk, i i
Mut* BB B, 12 KPX TR %

Sacl (209)

Fig.1 Schematic diagram for the construction of different types of recombinant Pichia strains

22 ETTIHEGHNSEEMEAENEL
ST T B A R O T, A BT
B v T T 1 B A R R R AL T A5 S TR E
1) FH T i 345 ) 2 W S Ak B 0 7 1S, R OB AR
Ak il BE 1% S0 8 285 4 2E B HL0, B R, 78 BUR 3
AALY RGBT AT 5 AR A e R AT R SN
RISPAR G 3 o SR 3 253k, anl&l 2a BioR , 1 5l
o e R S T 2 R B TR A2 K e A R R B Y
VR s KR TR = —BOR TR SRR IC 1Y
MM P-4 (GKX B #E ) 3 MMH “F- 4l (KCX B #£ ) 5%

MDH - (KPX T #% ) ; 55 7% J5 4 b o 500 48] A Horp
— YO T A SN, A5 3R GR OO A G Y FH
PR TR VR ) 25 0 AR N I&T 2¢ TR .

AT it b 1 ) 250 W AU AL B R X B, A B Ty
B0 RAE S RANE 2b Fias . S SA% A LU 4l
AKAE R BAE T AE 6.7 1011 .12 S48 % GOD
W49 :0.01,0.05,0.1,0.2,0.5 U/mL, Z55%R%
B 7E 5 A K 0.01 U/mL B B AT @€ B 55 v 1
R KR i e T S e
2 56 IR T BE TR PR (1 0 8 , AN IET 2¢ TR
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21 3 R A A I AL A Tk BAL B 0 S R R K AR AL R Bl 5 A R R 45

| DR E TR

(b)) 7l % 1 S A k) ()RR AL T
5y 2 %) B EORTRUR RG]

B2 ETCoHESABEFEENTRG®ESE
Fig.2 Plate screening method based

on hexose oxidase activity

2.3 AEAEHERIEREAOLLE

38 o R U ARCRD O L P €8 5 A = A R
KWERGAE, Fe 20 e 2] 6 # Mutt %Y 1 F 15 5
FIRAY GKX B AR 10 #k Mut () H B3 3 36 5k
() KCX T Fk AT 6 Rk Mut % 4 1l 8 26 15 1) KPX
KR, W2 o, Hor 3 ATl S5 I B R
KCX56 Wk, & BTG A 4.92x102 U/mlL,

SR FH 2 Wi 3 A T XUb o il 2 1 S B 28
E 8 PCR YA X i 6 75 21 1) S 2 PR R 1) HOX 3
R4 DUBCEAT 1 5E o FF GAPDH K& X 5 % 2
pUCIS8 A I 3R A5 i) 51 4 Jookz A& HOX FE R 1)
2 R AR HERE RS HE 2, FH T 2 i o it
B TEAREKGIEFEA LY HOX 3 H K #D
B AR 2 iR, EARKRD HOX FEFH 5 D1
AR 1~6 45 DL 2 [H] , Horp KCX56 Wtk & A 6 1
P51,

b Mut* 29 () GKX B #k il Mur 7 /) KCX
PRI, FEAH R #8 DUER 1 B0 T KCX T Bk HL
H R BTG, MHAE T GS115 Wkk , KM71 R AT
AW EA A AT O R RE . Ak,

GS115 AR A R B AL A, 76 b RE A W B v, i
TR AR RV AU R R AR M4 T A
R R TR P U AU oK o DRI M 28U TR AR A R T
W A AL i 1 T ) 5

b F S 5 R IR 1 KCX TR A T A s 7Y 3%
Ik KPX B bR X 22 G AR B Mue B2 KM71 6
PRATT A K, ZE AR R 48 DUECR I B0 N KCX T AR 2
PR T = i OO AR 1 TS, BRI BTSSR
IR WS AR T ORI Rk

P4 DU H 20 B AR RERE R R 1) B R IR B A
5 BE 2 P DB I, OB S Y 28K
S ETF . GKX Rk, GKX35 HA7 f5 i A G, R
9 1.53x102 U/mL, ZWHREA 44 HOX 5K
Po 01 FEIR G i e 1 KCX T Bk & KCX56 Bk
TH 64 HOX BN ry#5 0L, KPX Fbk | i k15
B e 5 D5 3, B KPX30, HRIKEEIE N
1.92x107 U/mL, 43F J5 i AHR 85 /0N Y o 20 3R 3K o
K pPICZ-HOX A F] T i 5 DU bk 1 2

HARTE F AR R RE T HOX LK
FIR MG HOX PR ¥ VUSRI 28 % o 41 B s 1
RETR PR R IR COME SR 1 16 A — e g, (R
e Ak 6 5L PR e T8 o R X O b S0 Tl 3 18 7K P
IR IAT I KA T, X b 21 3 38 T Bk 1 ik K
AT AL T 8RR o 7 HE AR B T AR s AR A
O AL AT 5 2F — 2 WIS W 7 1 AR R 2
24 BHCHEAUEBHEFMER

g T k2 AR 2 A Y OB A A Y
FHAEME X LA AL I AT B R PR R R 5T, 25
WE 3w, B KCX56 Fikis S RE G, 40 %
ST R Al A A5 3 Sl R AR 1 Sk N
270 pg/ml, i SDS-PAGE $:UF W&l 3a i,
7Y 2H HOX & K/ 62 ku, BEAh AR 4 Z A
WF 9 2 WU COWH S Ak Tl 2 A 1 AR 1 g U0 R I A
AALMDIRE, TR 2 45 i 5 0 R 40 ku il
29 ku Y% . SDS-PAGE i v 7~ , #lifbiy
HOX & [1 £ 20 58 8 IS 1Y 62 ku & 11,40 ku
29 ku WL SE W) & A . T S Y #
(19 HOX & 1 19 T M A v ), i 76 F A 3R A 3R
o, 25 Bk HOX A9 HE 1 456K, 3 mT g 2 T 41
F IR0 OB AU BT PR A A S R 22—

WA 3b Fizn , 54 ORI i 1) Bl R0 T
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Table 2 Screened recombinant strains of different genotypes

Btk 8 AR HERHK TR ¥ E D E e EHLHE/107 U-mL!
GKX07 GS115 pPICOk 1 0.65 + 0.07
GKX09 3 1.08 + 0.15
GKX15 2 0.87 = 0.08
GKX25 2 0.51 + 0.09
GKX35 4 1.53 + 0.21
GKX79 4 1.32 £ 0.12
KCX11 KM71 pPICZA 1 2.10 £ 0.17
KCX18 2 1.34 £ 0.19
KCX19 2 1.90 + 0.21
KCX21 2 1.00 = 0.17
KCX26 2 1.20 £ 0.2
KCX43 4 3.81 £0.15
KCX51 1 220 +0.18
KCX52 3 3.51 + 0.0011
KCX55 3 3.23 + 0.0023
KCX56 6 4.92 + 0.0027
KPX01 KM71 pGAPZA 1 0.13 = 0.06
KPX06 1 0.42 + 0.09
KPX16 2 1.51 + 0.23
KPX21 2 0.69 + 0.05
KPX30 3 1.92 + 0.31
KPX40 1 0.31 + 0.09

JEh 50~60 °C., £ ik A 50 CH il i 24 ik
s, FE/NT 50 CCR Bl 5 bl 25 B2 7 I8 B /G 7
AW TR 2 R R TR KT 60 °C, il S 2 i
AR (BT RE AR5 7E 80% LA I, 1R IR 20 °C,4T)
I S0% P H X A TG, 26 B T A O W S IL il 7
WIRAAE T REAA R — i . WE 3¢ fin, &
21 W SR AR 1Y) Bl SN pH A 4.0, B R P 45
AR R R S E TR 0 DR A A
Lk,

ali fb i) B 41 O SR AR 1 AR RRUE M n B 3d
Btz FE IR N 20~60 °C =2 [8] , B % 3 0 ka4
I 1 h JRBELERFE 70%~90% 2 1Al (i P . 246
JEHE L 60 °C, WG S # T, 7 70 CH, TG
W25 80% , 241 A% 80 CHY , B 58 4 41 , %
ZT 3R VR 1) T 2 OB AU Fb Tl N BE T 32 5 R AR 1
FA ALY pH FaE RN E 3e BT, 44l
g B T AN R pH A (14 2% wh i S B 36 R IR B 50
CHAMFTHCE 5h, MEsR ARG, 4 E T pH 3.0~

6.0 Z AL T B BTG o da e, IR RF 90% 247
P T, 2% Bl EL AT AR 98 9 T 32 R T R B e
HE— 5 UE 52 O AU 5 T O R 1 £ T B 4R
PREEFIPT AL ORI . 2 BT bt S B A B
BF T X DAL 5 0 1 R FE pH 9.0 REE
1,5 h R 60% 15 7%

O WE AL Bl R — Fh I i 3z 19 AL A R
fitg , ASBF IR GE P T A AR RO R ELRE A

Bl ZERE A ZLBEAE 9 IR, LEECH 41 HOX Y IR

YA TG e, 45 SRR 3f fr R, 7E i IR E (50
°C) 1 pH 1H (4.0) &4~ , #E47 E 4 HOX kI
I o DA ) B 365 G 6F I 1 TG 152 R 100%, 115
5w R Y RN A A X G, 4SRRI E A
HOX XJ LA | 6 Ffobil oy BAG AN [] i 2 118 A A 35 17
Horh A 2 HOX 1 Sl IS , X S0 RN 22 28 b
L B B i e, IESE OB AR T TR
A 7 W T 2 W 0 B ol 1 DR B R A A DR
WV B 22 ZER8 0 T S RN LA 0 L o 5
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20 3 R AT AL 3 BAL ) Db AL B 69 S R AR R AL R B A4 M R AE 47

ku
235 —
- 1op
93— . 8 100 & R 1oor —B— LR- LRGN
72— - | 2 ku - AN £ L Lt
53 — .. ‘g i\ % 8O ~ A Tris-HCIZE A
§ 80| ¥ .
42— - 40 ku = % ol %‘ E 60f
30— K = § ¥ E g
. o / 2 40F
— = _— E=
23— - Z 50 la—" =
18_ el p: 20—‘ 1 1 1 1 1 é il
40 . s s s . .
14— 20 30 40 S0 60 70 80 34 5 6 7 8 9
10— - ALY b&@ pH {8
Reaction temperature/C Reaction pH value
(a) 2k 1y O S AL 1Y (b) B 15 S i (e) IR AEH pH
SDS-PAGE 43 #7 [#l 3%
100 -
N R < 100 100
Z g0} / % S oosfm_ . " Z
E |m—m \ Z? 90»7\! ® £ 80
ggw- \\ L\?ESS' E%"’O-
z & \ = £ sof ' g
= 2 40} \ o ) =SSN
= ° \ E T 75¢ B \ <o
e \ v gl W CE-CEMMZMNE N £
g 20} " 5 o BHIRETZE MK =20
e \ = 65[ —A— Tris-HCIZE M PO
0L I 1 L I 1 - = 60 Lt 1 I L L I 1 0
20 30 40 50 60 70 80 3 4 5 6 7 8 9 He
E 7 I pH 1
Incubation temperature/C Incubation pH value Substrate
(d) e e (e)pH fE A& Tk (0 IR 73 B
B3 EHCHESLBHNEBFER
Fig.3 Enzymatic properties of recombinant hexose oxidase
3 4#ig B 4l A i H 2 OB S TR i Y 1 S R E ST R
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Optimization of Heterologous Expression of Novel Antioxidant Hexose Oxidase
from Red Alga and Its Enzymatic Properties

Ma Weilin, Bao Yi, Lu Yuele, Zhu Linjiang", Chen Xiaolong
(College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract Active peptides or food enzymes with natural antioxidant function are green, safe and reliable, and have at-
tracted wide interest as green and multifunctional food additives. Hexose oxidase (HOX), a D-hexose:0, 1-oxidoreduc-
tase, and has the functions of deoxygenation, acidification and improving protein crosslinking. In order to optimize the
expression strategies of hexose oxidase in Pichia pastoris, different genotype host strains, different gene expression modes
and different gene copy number in transformants were systematically compared. The transformants with different genotypes

were obtained by the newly established three—-step screening method, and their enzyme activities by fermentation were
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compared. The results showed that Mut host with slow methanol metabolism generated higher HOX activity; inducible ex-
pression by methanol was better than constitutive expression by GAP promoter; higher gene copy number of HOX gene
generated higher enzyme activity. Although these factors related to gene expression in P. pasioris had been optimized, the
HOX activity was still in a low level, and the maximum activity produced by KCX56 strain was 4.92x107? U/mL, which
contained six gene copy number. The purification of recombinant HOX showed that there were three recombinant proteins
with the molecular weight of 62, 40 ku and 29 ku, respectively. They should be protoenzyme of hexose oxidase and two
subunits formed by proteolytic cleavage. Among them, the proportion of protoenzyme with low activity was much higher
than other two, which may be one of the reasons for the low fermentation activity by these recombinant strains. The
study of enzymatic characteristics showed that the optimum conditions for the recombinant HOX were 50-60 C and pH
4.0, and it can maintain 50% activity at room temperature (20 °C). Under low temperature (20-60 °C) and acidic condi-
tions (pH 3.0-6.0), HOX activity can be stably maintained, so it is an antioxidant enzyme with good acid resistance,
meaning that HOX is suitable for the preservation and antioxidant application for acidic foods.

Keywords hexose oxidase; Pichia pastoris; food enzymes; natural antioxidant



