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], Wi R BT Marker( H 4% Takara 23 A);
PURTERE . B SURON IR e . iR s . 5 S
#% R-250. TEMED (¥#[E Fluka A +l); SDS (£
Amersco 23 Al ) SEI T B 3 o0 B dr 4l
1.2 FEBE

UVv2102 540 0] Do St B 3 Ot Je il (1)1
A BRS AD); pB-10 45 % 2 2 11 (2 [# Sartorius 23 7] );
THZ-82 AUKIEIE IR AR % (LL I3 4 3mSR AR 25
A RAF);, PREEAARS . O E ERE
I HL 9K { (36 [ Bio-Rad ZA#]); Eppendorf 5804R
15 2 R B DML (T ) Eppendorf 23 /) ); Tecan infinite
200 Z YJREMFAR Y (it Tecan A7),

1.3  Bacillus sp CAMT22370 4%, XL
# B4 RAEEE M

Bacillus sp CAMT22370 415 H A1V, ff
T A SLIG %, I L NaCl & 3% 5k
30°CH5FE 48 h AT RIG AL, Fh T353R NaCl % &
3% H M LB AR I3, 35°CF 150 r/min 5555 48 h
VERFhF R, RIS o AR 35g. ok
FER10 g 2 200 10 g.CaCl, 0.5 g, 7£47K 1 000 mL,
200 mL #5355 T 500 mL =), 121°CKE 20 min
R BERGEFRIE, BRI 6% AR AR RIS A e 57
3, 28°CF 200 r/min 1537 72 h, K45 S 8 000 r/min
B0 5 min WA FISTRAHERR, FHRER R A A AL
Wbl 3 ST e Y NS v W
14 B

1.4.1 BRI HE:MT

S X AT S Ty 1, B— 2 PR B il
T, TEVKUE 0 OB I A 550 B A0 ) [ A R e
B — UM B B 2 30% I FIBE, VKIAHEE 4 h, SR)5
T 4°CF, 12 000 r/min &.0> 20 min 4355 —MUTTE
Y145, 10T BB R B (1 A R ATl 4R (0 kS A 4%
LLMBRIRE T LIS E 50%IFEE, REELE T E O
1325 A5y, dRSIUEE 50%~70%F1 70%~90%1f
FUEEGTVELL 57, B B — HUTVE W 50 IV e — e AR
LAY 50 mmol/L AU BEIREE 2% ik (PBS, pH 7.0)1, i
MR 6 J5 I HL R 1 o A s MRS o, DA AR B4y
V18 R P SO R 2 ST Tt 9% ) %o T e 1
YRR ERATHIZR
1.42 DEAE-SFERBE FRBEN

2 W U852 36757 122, 20 mmol/L .pH 7.0 i) PBS

2% h Tl DEAE-2F 4 2 B 1 58 A (2.5%50 cm,
50 mL), HUS mL EhATBEE MRS EEY 15 mg)
TNEET B FAcHuAt:, PBS ZZ P 78 0 iAt (29 200 mL),
PL 1.0 mol/L NaCl &M A #&, 20 mmol/L. pH 7.0
() PBS ZZ P B W, A5 B WCRHABEIRA & i
FHRA, TR NaCl S22 vk ik B ok B AT TR,
HAE N 4 mL/min, Agg Kl IR, WA B 0%
I e e 45 (A 7 T i 10 000Da), % 5 W] —
FH PV B i I A g Ve ) R A AL S ), WA B
UG PRI A R VR Ry i — 25 Sl R i
1.4.3 Sephadex G-75 B/ UE B HT

Z IS 7L, H 20 mmol/L. pH 6.0
() PBS 2% M “E-Af Sephadex G-75 BEfEH:, B b —34
WSO 1Y e TG 2 VR 4 R S mL(29 S mg B EE N
Oy TIEENTBIRE S, PBS bR L, W E N
1 mL/min, WCH & HEIF BB S, W RF &
P 32 0 A A S A TS O, R T v
I AR Al
144 BHBAELES5HSFRENE

K 12%57 B IS . 5% 4 i) SDS-PAGE Hi Tk K
MAifb s R AL, Z5AtiER A0 T REy) 2
Wi H bR SR Y 737 I i, SDS-PAGE # /2
72 BOSCHR[LAVRE R 43 o AE 5 AR R S B
B2 ERE(BEFL 20 pL), SR Bio-Rad fE B ik A vk
7 L H VK BB I ATIRZY 0.5 em AbSS R YK, R
S AR L 80V, 43 B 100V, HLIKEE R L2
BT 2 K, K 20 s, SRA% SRk
XF B AT e A SR, 3 B U o ARG 43 B b
HEFE 1 R A5 LogMr 22 [a] A 5 sk H
1.5 Bacillus sp. CAMT22370 &% &#2 &

AL Bl 64 R AE

1.5.1 BERERHBREE

%M Ozyilmaz 552565 2%, 23 91F 15, 20,
25, 30, 35, 40, 45 C T 4 25 5 A AL 07 11,
2 SR E X A A R AT S ) R, AR A S 4
ORI 06 Sy h 4k, TR R B oy 3 T bk I
ORI 2 h, D PRI A A WA A ARk,
DA K6 F1 Ak Ry %o R, Pl e A TR R s AR Y A
XoF TG, DAAR G TE o R A TR, 42 ol A A A
PRt AR e Mt £k o
1.5.2 B& pH 5 pH e

ZMSCHR[22-23], 4l FECH] pH ok 3.5.4.0.4.5.
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50, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0 (YL nh
WL, SRJEHE 50 pL B S 200 uL 22 npis iR A,
30°CAR 30 min & I 7 2 W A AL B IO ), 5%
pH X 4 5 i S AL BTG 1 s, 2] pH-BEETG 42,
o AP AL BeiE pH, FBTFEERQSCT)T
BUCE 2 h, SRJE UREE Gl pH, I AR A Bl TS
71, VARG X pH FERE, 214125 Sk EEr) pH 2
AEPEIZE
1.5.3 &R EERE SRS R

TE A M AL Y R pH AR F T, 2 IR IR
Pl gs gy vk, KRS A &R TR, )R
B IE N 10 mmol/L, FZIRMCE 2 h J5 I % it
W, VARG JE BT 1 FE S Xt iR, 5 2 45 Fh 4
iR ] 2 AR A T T A S
1.5.4 HEHALEES =S50 E

Z WA IS2 5651, 7E 50 mmol/L, pH 7.0
(1) PBS 2% ths 0 Hh 43 S e il — 2R 990 AN [ ik 3 1% ) 2
PRI (0~2%), B ESIRYMe BE 5 SO 3 B 1Y) 06 2R o iR
P& S KR R ] Lineweaver-Burk SUEEE B 1251 2
KET P A Km 1 Vmax.

1.6 it o#r
BB 3 Wl SE4ME, R S EEPRvE
BTN, GIHFAKE K A SPSS 13.0 AR Y o

2 ZREH

2.1 Bacillus sp. CAMT22370 # &4 &4k
B ey 4 B shAk

2.1.1 HEEE LIS BT

HY T 25 1 T0AG 2 43 S JEE IR JIT 4 H nf 19 A [
BT AN R 2 1 T L A B 5 A5 L RO ], DLTE RS BT
T pH A5 8 FoR AR, ko iRk i
W pHAE, ARRHR AT B B b . R
WHRZ A BOE AR Z A 1, AR A ALY &
SRR TR ARG, A VA 4 KL it 9RO ) 2 4t A A A R Ak
fitg, EREJENT 200, FH A A R e R B AT T
Iy BEEL T, ZERILAE 1,

M 1 RTRUAE Y, R R P R 0T A DTV £ Bl
FEBAIMIERE, 16 T0% M EERT LT St AE ik
s, At SR R R 5 2% i B B AL A D) G
o B PR R B T A /N 30% 0, T A
WESAACRETE S B, 2400 R0 gk S mi, UivE
R 750 R SR A TG ) I A R e R R A R T 3
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Fig. I Curve of ammonium sulfate precipitation of glucose
oxidase from Bacillus sp. CAMT22370

IKF 70% B, AT E LB A T . i,
AR BRI B M I 30%~70% 0204y, B O AR DT
RPASRE A o T AR A7 B34, AR B o 3R K
A RBE TS B8 % T i g ) A T L R R R M A
DUVERCR I N TE IR 2R, A S50 v vy i 0% 3 43 B Th 78
TREREM AN 30%~70%2 [], &A% e w4 25 b
AL EE 11 93 1 K A T RE R J iy v fap A T Hh 2K
T 5 EERFHEPIRA 90% 1 I 57 R 43T
TERME A KEER TR G, For s aifb b 4
WA ALBEAE L, AL AT X P
2.1.2 HEWEEILE DEAE-AHRE TFRHEN
IR HT I WSO 2 i B ML T/ i 50 mmol/L
pH 7.0 i) PBS VR T, TEAHRIAY 22 vl rh it 4735
HrBiER, BaCl il i #r = IR G SO,™, 0.45 pm A
JE L 8 5 51T DEAE-£F 4 2 A 28T, 45580 2.
& 2 0 LAE Y, 455 DEAE-£T4E % 5 135 # )2
Mralsr it 4R AL ), B IS ERER A P12 40 BEAC IR
AIEE, HAEVERRI B DR T ok, P3 A1 P4 415315 1%
WA, #%0 A A LR ) REEPE P2 b, ¥
DEAE-£F 4 Z A Z ML 211 P2 28 1 450 4 T L
M 2 mL, ¥E4T Sephadex G-75 it g2, LU
50 mmol/L . pH 7.0 PBS ZZ i 1.0 mL/min {H & PEH,
10 5% Apgo nim (T AN A M S AT ), S5 R DL 2b.
& 2b ATLLE Y, 4 DEAE-£14E K 5 13 alifbm
i) P2 % 1 1E Sephadex G-75 B3 43 i Pa il Pb
PIANEH G, TS A e IO = 2282 h7E Pb 4k 3l
1t Z AR, i Bacillus sp. CAMT22370 %1
FULRELEAL T 2.12 %, BERIGTSE 32.37%, G JIik
F] 8.47 U/mg, difbifife a5 1.
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Fig. 2 Purification of glucose oxidase from Bacillus sp. CAMT22370 by (a) DEAE-cellulose chromato graphy and (b) mole-

cular sieve chromatography

% 1 Bacillus sp. CAMT22370 B EHES LEER S B Lk
Tab. 1

Purification procedures of glucose oxidase from Bacillus sp. CAMT22370

4lifb b B MEH/mg J=REANG) Fei% J1/(Uimg)  EH O /% alifb A gk
HE il 72.3 289.5 4.00 100.00 1.00
B R B UL 52.7 254.8 4.83 72.89 1.21
DEAE-£[ 4 & 35.7 219.7 6.15 49.38 1.54
Sephadex G-75 23.4 198.2 8.47 32.37 2.12

2.1.3 HEBEABAELES5STFRENE

W R VR R e R AT VR 4 WV . DEAE-2F4E %
BT A H U 4R Sephadex G-75 BEIRAEJZHT Pb 4
43147 SDS-PAGE Hijk, 453 LK 4.

MK 3 FTLUAE Y, IR 2 00 IR B b I DT TE 5
A 24 1, 4 DEAE-ZF4E 5 5 T30 i) 22

KDa M

1 2 3
66.4 S
. o

443 —
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20.1

Kl 3 Bacillus sp. CAMT22370 %575 b F AL B 4l fL i 72
VKB
Fig. 3 Purification profiles of glucose oxidase from Bacillus
sp. CAMT22370
M. BB T HE; 1. MEREHEITRST; 2. DEAE-LF 4R Z
Hrife 4 ; 3. Sephadex G-75 2 HHe 4 MK
M. molecular weight of marker proteins; 1. concentration solution
purified by salting-out of ammonium sulfate; 2. concentration solu-

tion purified by DEAE-cellulose chromatography; concentration
solution purified by Sephadex G-75 chromatography

FE— 80, #E—4 %8 Sephadex G-75 BEHEZ BT
J&, ¥ Pb ALy, & BLHA —S& M, Koy
T e MR R RIESTA, B FREME
Rf [EH X AR KN LogM=—2.27R+5.14(R*=0.9938),
FRAE AT B Z 1 4l Ak J5 A 7 280 B SR AL 40 7 T o
68.72 kDa, 5 R [ i E H1-9b #%
SALEGS TR 94.1 kDa A[Fl, {H 5% F BhaE o0
i A A A B AL LA 66.5 kDa [ JE R F A Al A
FEYIARTRL, SR AT REE TR ORI W], LR
(A A AN B 56 e B A AP e AN TR o

2.2 Bacillus sp. CAMT22370 #] & #& &4t

Bl ) RAE
221 HEEEACEE RS R E X ERE

1E 20 mmol/L .pH 7.0 PBS Z& i, 43T 15,
20, 25, 30, 35, 40, 45°C {52 75 % b A Ak B G
T3, 25 5 B X AR A AL S ) 05, 2R
JEE PG M e, [RIA7E A FRBE N CE 2h J5 FRRT
o A Yk B A I G, DA R IR AT G (A A XTI, 2
L A X T Ty ik, S5 R ILIE 4.

& 4 7T LIE H, Bacillus sp. CAMT22370 7%
Wl 4 A il X I B2 ) B 1 5 L A il S B — B,
R BRI S AR, S R
JIFFUR TR, 33X R BT AR Ry 2R A Ak R 10 5 4 A
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Fig. 4 The optimal temperature and its stability at different

temperature of glucose oxidases from Bacillus sp.
CAMT22370

J5 . Bacillus sp. CAMT22370 7 %5 4 48 14 il 55 35 A 11
WA 30°C, ZJa G T e, IR R Mo
T, 7E 30°CLAFT, BEAXHEME T 4ERE7E 95%LU I,
A 2455 F 30°C B s IR 4R e T B, 45°C ORI 2 h 1
NBEE T5%IEAT, SRR WFIR R, A TR 0K BT P-4 4
WAL B AR e M 2%, WIRIR N AT R R4 Y
ST E . AR S [ BRI VR R R A A —
MRAR S FT & Pseudomonas migulae GOD2, #Jj%%
PESTF W, I TR R T 7 A 2 B AR A RS AE IR AR R
AA BRI, 20 CRHEILIS i, 10°CHE
AT LA 55 e ) S, (R RO MR A2, BE A IR E T
o T TG TV R ARG, 60 CAREE 1 h WS SEA TS . AHF
FELE TS A0 R SE W IE ST AL, T 43 B8 1) T 40 P
A0 AU X A A I IR A TS ), S
Tl 2 0 A e AR A il ) 2 M T 5 i A TR PR
FNATEZE R, Bacillus sp. CAMT22370 74444k
it 5 A ARG A, PR TE B R IR R
N o T, AR 255 T Bacillus sp.
CAMT22370 #ij % #f S8 LX) T 5 1R R V2 e O i o
PSR, 25538 Bacillus sp. CAMT22370
] 2 A AN AN RE A AL B Lk X R AR, T HL X
O A, BB sbk L IR R 2k BRI 4 S
bRl RAr R FEE P I, DL S5 RS
B Bacillus sp. CAMT22370 %% A AL BELE & 5
AR A B T AE R AN B
2.2.2 HEEEERE pH X pH RREH

ST 3.5, 4.0, 45, 5.0, 55, 6.0, 6.5, 7.0,
7.5, 7.8 SR oP W E R R SR EERTE ), HER

.S ]
il e e
4100

495

ARG F1/%

175
470
465

'S Bacillus sp. CAMT22370 7 %) bl & AL B0 pH K
SE T
Fig. 5 The optimum pH and its stability at different pH of
glucose oxidases from Bacillus sp. CAMT22370

pH X 5 285 4 S Ak Bl 05 1k AR e R g, 25 AR D
K s,

HIIE 5 AT LA, B pH 28 (b Aciuek, Hofmid
pH 7 6.0, 7E5.0 LR 1 7.0 LA b i il 1 TG A%, L
e et 2RI, 76 pH 4.5 LI Nk 7.5 LA LB i
TR e P R [, 24 pH k5] 9.0 B LA 25 35%.
FEdad pH Mty i 5 BAEE F P IRIE R Pe-
nicillium notatum 75 B T 7= 45 %5 A 52 (L B 505 pH 6.5
MR, (H5 6 RSP8I ) Pseudomonas migulae
GOD2 %M E LB (HidE pH7.0) AR, SACkfA
DR T 53 125 10 4 2 W AR A il A A A 1 T ) 2
LR pH SRR, 1] BE R B AR ISR O Y
R 285 K K A T Al B 45 e 1 R i SR 4k T A,
e pH 5.0~7.0 BFEGEE A9 G ek AR, g | R A
feiE 1R B, BAR R A REE— 2D Y
2.2.3 £BE T Bacillus sp. CAMT22370 %&b

SR IE R

S IECH] 10 mmol/L %) NaCl, KCl, MnCl,,
ZnCl,. FeCly, FeSO,. MgCL i, W B 5 A 7] 4
JE B U SR BUR M, FIRBCE 2 h JE00E FEE,
LRI 4 J& 55 F I FE S o X IR, A 5 Fh 4w B
T A R A AR RS 0 g, A5 R ILE 6.

& 6 A LLAE Y, TEZUKEE N 10 mmol/L B, 4
Ja B b 2 A A R AL TS A — R, Ca®t
I Mn*" g B 8 (4 BORE VE T, Na ™ Fl Zn® 7 2 G 38
VEFH, B A7 A AR BE RO VR, KO Mg® 4
B 1 JEATCRE MR, 1T Fe®™ |, Fed "Ml Cu® R 1% A7 PH
(I o s G TR, e DL Ca™ S s
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Fig. 6 Influence of metal ions on glucose oxidase activity
from Bacillus sp. CAMT22370

UL, 5 Sk BEOAT 0 o 2 W Ak Bl T T 4R
30%~40%, {H 3K 3t 5 PIHE Y £ B Ca® Al Mn®* Xf
Penicillium amagasakiense 5 5% 1 %5 Wi A ML BTG 11 %
ARTCH M, 15 G RE Y AUE R HW2203 4§
A AT R PR A R IR, R AT BB TE T
2.2.4 Bacillus sp. CAMT22370 # % ¥ S LEF30H
E PN E

£ 50 mmol/L. pH6.0 K PBS 2% iz ik i fic il
0~2% 1) ] 2 WIS MR, 75 SISk B2 5 o iy 3 5 22 [
I F o IR EE, AR R TS, g
FIOK G R G2X, ARE 5 RE AT DATH5 S A 2
WAL ) B KN Vmax AR ERH 2 Km, 45
HILE 7,

0301

3=0.0041x+0.0373
0.25F R™=0.9982

0.20

0.15

1/V/(umol/L.min)
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7 Bacillus sp. CAMT22370 # % b S Ak il WU # pth 28
Fig. 7 Lineweaver-Burk plot of glucose oxidases from
Bacillus sp. CAMT22370

HIEL 7 ARHEADLE A A S X AT B )
Vmax 4 26.85 pmol/(L-min), #:ihE: H1-9b Ff =445
FEEL 21.88 pwmol/(L-min) 5 K2 I 38 B i i 2,
MK T &% Penicillium sp. CBS 120262 %5 L
35.71 pmol/(L-min)®", %t Km AT, Bacillus sp.
CAMT22370 #ijZiHHE LRGN 109.26 mmol/L, BB KT
T8 Penicillium sp. CBS 120262 7 % B S AL it 1)
18.4 mmol/L FIBfhE H1-9b Y 30.69 mmol/L, T
Vmax Hl Km & XA AL, ZARIGEVEAITA Bacillus sp.
CAMT22370 Jry™= i A e AL B X i A B 1) S R i P
i 2 A 7 B A A R AR, 4 mT i — 2B i
PR P A R T I 3 D

3 &

it A4l f# Bacillus sp. CAMT22370 #j %]
WEALRE AL T 2.12 £, BBTGAR% 32.37%, iG]
iK% 8.47 U/mg, 43 Wit 50 kDa. =<4t
2 W M il A5 35 VL BBE S 30°C, B3 30 °C il TR R [,
45°CIRIE 2 h 3% IR 3 75% 2047 %) pH 7284k 4%
MU, Hoddd pH K 6.0, 78 5 LAUF A7 DL i il % R
FEFEAR, 9.0 A FEAHI K 35%; JCHLER T Ca* Al Mn**
A WA AR, Na™F1 Zn® A B0 s 1
KA Mg %t i 16 S A TG00, 1 Fe®*, Fe¥™ Al Cu®*
X il A ) A B VR TR B SR B D) 2 A i A
R 1 30 )22 5 8L Vmax i 26.85 mmol/(L-min)Tfi
Km {5 109.26 mmol/L, T ri5 &tk a Eid A b
il WL 4 MR IR A AL TG P, A7 B A A BE A A0 AR
AT IR A, RS Tz BRI A pH s,
T it 750 00 ) o R 9 E— 2 B T R R A

S ik
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Abstract: At previous study, a marine strain Bacillus sp. CAMT22370 with high activity of glucose oxidase was

screened and in this research the purification and characterization of glucose oxidase were conducted with
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ion-exchange and gel filtration chromatography. The result showed that the glucose oxidase was purified 2.12 fold
with the recovery yield of 32.37%, the specific enzyme activity of 8.47 U/mg and molecular weight of 50 kDa.
Furthermore, the characterization of glucose oxidase from Bacillus sp. CAMT22370 indicated that desirable cata-
lyzing ability was observed at low temperature with the optimal temperature at 30°C and the activity sharply de-
creased when the temperature was above 30°C. Especially, 25% of the GOD activity lost when the enzyme was
maintained at temperature of 45°C for 2h. The optimal pH for catalyzing was found at 6.0 and the activity dropped
rapidly when the pH value was below 5.0 or above 7.0 and the activity loss of 35% was observed at pH of 9.0. The
metal ions of Ca”and Mn®" obviously enhanced the enzyme activity and the evident inhibition on activity was ob-
served by metal ions of Fe’", Fe’" and Cu®". In addition, Na" and Zn*" slightly enhanced the activity while the ions
of K" and Mg®" had no effect on the enzyme activity. The dynamics of Vmax and Km were 26.85umol/(L-min) and
109.26 umol/(L-min), respectively. This research demonstrated that there was evident difference in enzymatic
characteristics between Bacillus sp. CAMT22370 and the reported data and set a preliminary base for developing

and utilizing this glucose oxidase.
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