gh=w815hE] X Al 399 A 55(1996)
Agricultural Chemistry and Biotechnology
Vol. 39, No. S, pp. 349~354(1996)

Zz|H|d U2 Bl Xanthomonas campestris J2Y 2|
Polyvinyl alcohol oxidase Ax| ! MZ

AHE -

>

ooty 281 }\E%f;l—jq.

ZE gk el 2de Zeuld ¢Z(PVA : Polyvinyl alcohol) S 849 2 o|ix|Yo o] g3l
Xanthomonas campestris J2YZ 58 PVA oxidaseS girahe] AAe17] 9&te] PVA7ZL st o= Hybe wf=]
NA FEru ket wjotelS AAlRe)d ¥ AbselS 10 mM phosphate buffer(pH 7.5)= 3 A17] DEAE -cel-
luloseZ SHAA AL 38 x}-g38lo] DEAE-cellulosest Sephadex G-150-8 ©1 €3 Gel filtrationg E-3hd

PVA oxidase® BATHAT

. AA¥ PVA oxidasetr polyacrylamide gel 479502 Tdl== I} om,

SDS-polyacrylamide gel 41719353} Sephadex G-150 column chromagraphyE 8 33 23} 55,000 daltons
o]2ith. PVA oxidase?] 2 pHi 7031 HA &%= 37:C4Th @ ¢HAL 50C 744 70% ©1d] s
UERHRLL, pHoll df gt ek A2 5-11004 Wl b3t F&o) Lo tigh 93 Ag, Hg*, Sn* FolA=
ol 743t A el & Wk, Co, Fe, Zn¥, Pholl A= 50% A%l A Witk whde] Mo, Cue E284S
7 PVA©L tigh 44| PVA oxidase® KmX+& 7.04x 10 ‘mmol/[°]21th.(1996d 8% 5% 45, 19961

94 20¥ Szl

MNE

DER FEA AFEL 1 o) E5t BE S75A
Qo o5 aEA FUISHES 2 FollAM #38i7) of
A Wty Edo] RS ApAIEta glo] ol o] A
o frEHe] 34 29E 7HEAlYIa QUth o)F mEA f+
7] 33HE Foll A Polyvinyl alcohol(PVA)S WHEaAd o]
|4 =AE AE A, AEA 2 73 kA B A
o2 thdof o] &5 3 9lom, o]g PVAE A 34
o frEd 45 FErde] 73 29 dRle] H ¢l

ZY= PVAE W& A7hol) 7 abA| Faliste] ©a
FPoz o83 & v vAEE FeEsld HeFe
PVA AA F7g o]-&3t7] A3l =& v AAE 2ol A4

T2 Pseudomonas sp., Xanthomonas sp.2-
= BAR o Z42Zy Pseudomonas sp. J2We Xan-
thomonas sp. J2YE HH3IGTH 53] o2 FAHo=w
PVAE Eafigted ®9o2 st 5 glgon ojn] v
IE OE o AES T g sl sol X Ttk

n g o3 PVA Faldav Suzuki’® Watana-
be,* ¥ Sakazawa® ¥ Go 93] Bu HUow, 53
Watanabe 52 PVA £3|A] secondary alcohol oxidaseol]
ol HA PVAZY A13te 3, tbA) B-diketone hydrolase]
g0 2 PVAZ} Fsecky Bkt

Xanthomonas sp. J2Y 75 PQQ7F &4 3% &4

ko2 PVAS Haljste] oz Astd 5 Utk
a#u g o] #FE PVA BajaE s At 7HesAs
Bk 2#Ad, B B9 Xanthomonas sp. ]2Y T
o 213k PVA o] thst 7]2te] A& 93 PVA &3
o] A<l PVA AbstaAlol 2H8-3l+= PVA oxidaseE #
Agtal o) BAEH EAS A Xanthomonas
sp. J2Yol 21gk PVA o]l gk 712 A9 7152 v
staatk 3

[e]

b
<

M=

b=
i3

Alek gl 717]

o Aol AE3 DEAE-Cellulose, Polyvinyl-
pyrrolidine(PVP-360), Sephadex G-150< SigmaAl &, F
Aol A28 Cellulose tube(size : 32/16)+= Viskasa#|E A}
83891 em, UV spectrophotometer= Hitachix}9] U-
2000 AH&8}3tt. Sonicatori= Braun Ultrasonic power
Abe] Braun-sonic 2000UE A}-£3H%3 0}

A8 FE W Bix]

B A7) A 5 27 94 d5E BE 2,
&+ Xanthomonas sp. J2Y 075 A3 a1, 5w

5t wjx]Z= PVAuIA|o| Pyrroloquinoline quinone

(PQQ)Z 10 ng/ml ¥7}ske] AHE3HA

tjo ol
s o
e
D

A= © Xanthomonas sp. ]2Y, Polyvinyl alcohol oxidase, Polyvinyl alcohol(PVA)
*

AztA



ey

350 A

HH Q4 EH

Xanthomonas sp. J2YZE PVA vl x|l HE3le] 30°C, 180
rpmol Al 797 RS A& A2 PVA HjR]¢] 10%
(w/w) &3} 30C, 180 rpmellA] 3Y 7L vkt gict,

ELEM EH

PVA oxidase 97}2] 42 Sakazawa™ 52} HE-S AL
£33t} 150 pmol®] phosphate &+%&-& (pH 7.5), 0.25
nmol®] 4-aminoantipyrine(Fluka ), 3.2 umol®} phenol
(Wako pure chemical Co.), 18 Unit®] peroxidase(EC
1.11.1.7 : Sigma chemical Co., Typel), 7122 22.5 mg®)
PVAE #7sla 7)o 249 1.5 miE H7lste] AA71
3mlZb HA Sk 849 w82 30°ColA reciprocal
shaking(603]/3)2 3tHA| 3A|7E & vEgAJH L ofuf
34 ¥l H,0,, 4-aminoantipyrine¥} phenolo] A%HalH A 1}
e 2P EE 500 nme] FFER A3k PVA
oxidase G7}= 147 B¢l 1 pmold] H.O.Z At v
A kS 1 UnitZ A4t

Chzlo] XMt

Bovine serum albumin(Sigma A)-& ZTFEGWAZ AL
gkl Lowry™ T¢ wWgel o8 AFetg e, Column
Chromatography -89 ©#d a2 Hitachirle] U-
2000 spectrophotometers AFE3}e] 280 nmollA] 4%
2 ZAsAh

MlZEE22&l0| PVA oxidase =X

Xanthomonas sp. J2Y 752 AELEZ PVA oxidase?]
S WA Fdde 12,000 rpmo 2 YA 3}
of Az}t vjgals TR 3 ol AAR FAES
0.01 M phosphate $+Z8H 22 A3t & phosphate &5
S0 HErA|A sonicatorE 4°ColA4] 35 kHz, 5 min/miE
TAE gHfste] A2 e & F5HE Ax FHo=

Azt

PVA oxidase?| & x|

Xanthomonas sp. J2Y2] PVA oxidase A= &4 U
PVAete] F&9} FF9 &H4E $3) widdE 50 mM
Phosphate buffer (pH 7.5)% & A]7] DEAE-cellulose
column (2.5%30 em)o] E3}A1Z1 F, 50mM Phosphate
buffer (pH 7.5)2 washing ¥ 0.2M NaCl2 &&A17) &
1S Diaflo PM10 ultrafiltration membrane (MW cut-
off : 10,000)8 %23 Amicon Diaflo System& Al-&3}d
Ar7tA2 719, 5E5F Cellulose tube(size 32/16)%
243 A ke ALE-Ft

F493F 98 A=} 0.01M phosphate buffer(pH 7.5) 2
¥ A1Z) DEAE-Cellulose column(2.5%30 cm)ll E3A]7]
£ 01M, 0.2M, 0.3M NaCl-£4(0.01 M phosphate buff-
er)< 200 m¥ GAEE EFAIZ T ofr)ol) o] &=
EEE Fo} £24¢ cellulose tubedl] 2-& v} PVP-3602.

g

2 10mAE HA g%, 5%k o[E phosphate
buffer2 & A7l Sephadex G-150 column(2.5X60 cm)
o7 A A=2YE SAh

Polyacrylamide gel M7 &

AAE  Fadlel  Polyacrylamide gel
Hames®2} ¥rol ulegh AAjgain) 17195 10 mAR
3A17F Z¢F A X891 57, Coomassie brilliant blue R-2502
ISt R e

SRR

k-2 VNI P S|

AR A0 B AL Sephadex G-150°1 ©l3k
column chromatography(1x 80 cm)-2 ©]-83}] 3}tk i
FHE Ferritin(MW : 450,000), Catalase(MW : 240,000,
Aldolase(MW : 158,000), Bovine serum albumin(MW :
68,000), Hen egg albumin(MW : 45,000), Chymotry-
psinogen A(MW : 25,000)8 A1&-3}5ictk. PVA oxidaseE
T3t subunit®] 59 1 Z7]9] 2ANE Laemmli®h
King?2] ol me}l sodium dodesyl sulfate(SDS)-poly-
acrylamide gel2 #7]9%& AAsHAch 10% polyacryla-
mide gel& ©}-8314 50 volte] A5 HFZ oF 5AIRE Tt A
71953 3 gelS M, BAllsle] Eateg #9l3is]

2 |1y =71 o= 71w

28

A% 9 D3

PVA oxidase2| At
Xanthomonas sp. J2Y 5= Pseudomonas sp. ]2W o
o kAl PVAE E3liste] grdom o] 8s ¢
ekl 12|} Pseudomonas sp. J2W =+ th2l PQQY #H
7YZ Xanthomonas sp. J2Y w5+ TS 2 PVAE
Basle] BAxgoz 23 & YA 2 Xaw-
thomonas sp. J2Y T+ 2 HE PVA oxidase®] Z4& &<l
g & ARk o] Xanthomonas sp. J2Y T+ Fig. 1914
9} 7o} 3¢ Ax uj%kA] o] PVA oxidase 84S e}
uiler AZEERG s Bt & PVA ox-

3.0 0.02
E CSR
S
223¢ E
K] B
8 . 4 o.mfe
< =
=10+ q 2
k3
2 ! ;/ >
o {
[
/
Q0% - : : 0.00

Cuiturs Time {daya)

Fig. 1. PVA oxidase production by Xanthomonas sp. J2Y. (Sym-
bols: O—{], Growth; ®—®, Extracellular enzyme activity;
O—C0, Intracellular enzyme activity).
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Table 1. Summary of purification procedure of PVA oxidase.

Purification Totat Total Specific  Yield Pu-
step protein  activity  activity (%) rification
(mg) (unit)  (unit/mg) fold
Culture broth 750.0 98 0.13 100 1
DEAE- 36.77 38.4 1.04 39.1 8
cellulose (1 st)
DEAE- 8.32 28.8 3.46 29.3 26.6
cellulose (2 nd)
Sephadex G-150 2.9 12.1 4.17 12.3 32
A B
—_’- .
-

Fig. 2. Polyacrylamide gel electrophoresis of purified PVA oxidase.
(A) SDS-polyacrylamide gel Line 1. Purified PVA oxidase Line 2.
standard protein A: Rabbit muscle phosphorylase b (MW 97,400) B:
Bovine serum albumin (MW 66,200) C: Hen egg white ovalbumin
(MW 45,000) D: Bovine carbonic anhydrase (MW31,000) (B) Disc
Polyacrylamide gel in the absence of SDS.
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Fig. 3. Molecular weight determination of PVA oxidase. (A) SDS-po-
lyacrylamide gel electrophoresis A: Rabit muscle phosphorylase b
(MW 97,400) B: Bovine serum albumin (MW 66,200) C: Hen egg
white ovalbumin (MW 45,000) D: Bovine carbonic anhydrase (MW
31,000) E: Soybean trypsin inhibitor (MW 21,500) F: Hen egg white
lysozyme (MW 14,400), (B) Sephadex G-150 Gel filtration chro-
matograpy A: Ferritin (MW 450,000) B: Catalase (MW 240,000) C:
Aldolase (MW 158,000) D: Albumin bovine serum (MW 68,000) E:
Albumin hen egg (MW 45,000) F: Chymotrypsinogen A (MW 25,000).

3} Fig. 29} Fig. 3(A)8F o] Bx}2EE 55,000 daltons© 2 &
o1x]9on] w8k Sephadex G-150 column 2 AZ7]el ©]FF
2apek 245 Fig. 3(B)eh o) A FAFeISAH:

o]2M A A PVA oxidase: monomerZ EMTE & +
At o] Aup= &P Fo| A BIF Pseudomonas sp.
G5Y2] PVA oxidase® 60,000 daltons H o+ thax 2par
Suzuki,® Watanabe® 5o} ® 313k 45,000~50,0002.¢H= ok
42 AA Vet

PVA oxidase EA
PVA oxidase®] H= vkg pH Fig. 43 o] pH 72
ERt T, F A uke &5 Fig, 53 70| 30°Col A 80°C7}

A 9kgAA o B3-S S At 37°ClA &4l 7t



352

(a3
(&)

o

fo.

N

Rolutive Aclivily(%)

n

O

()

W

[¢]]

n

oy

=d

Fig. 4. Optimum pH of the action of PVA oxidase. (Symbols: O—0O,
NaOH-Citrate buffer; @—®, Potassium phosphate buffer; A—A,
Tris-HCI buffer; A—a, NaHCO,-NaOH buffer).
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Fig. 5. Effect of temperature on the activity of PVA oxidase.
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Fig. 6. Effect of pH on the stabiity of PVA oxidase. (Symbols: O—CO,
NaOH-Citrate buffer; @—®, Potassium phosphate buffer; AH—A,
Tris-HCl buffer; A—aA, NaHCO,-NaOH buffer).
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Fig. 7. Effect of temperature on the stability of PVA oxidase.

Table 2. Effects of metal ions on PVA oxidase.

Reagents Tons Relative activity (%)
Buffer None 100
AgNO; Ag” 35
CoCl, Co™ 42
MgSO, Mg** 94
FeSO, Fe** 49
MndCl, Mn** 144
BaCl, Ba®™ 105
HgCl, Hg™ 0
CuS0, Cu* 150
ZnS0O, Zn** 46
CaCl, Ca** 85
Pb(CHLO00), Pb** 58
NiCl; Ni#* 70
SnCl, Sn** 26
NaCO; Na* 108
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Fig. 8. Lineweaver-burk plot for the determination of Km value of
PVA oxidase. Substrate: PVA pH: 7.0 Temperature: 37°C Time: 1 hr.
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Fig. 9. Effect of PQQ on PVA oxidase activity.
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Purification and Properties of the Polyvinyl alcohol oxidase from Xanthomonas campestris J2Y.
Dae-Jun Kwoen and Youl-Lae Jo* (Department of Applied Microbiology, Yeungnam University, Kyongsan 712-

749, Korea)

Abstract : The Polyvinyl alcohol(PVA) oxidase involved in PVA degradation by microorganism has been pu-
rified to homogeneity from culture broth of Xanthomonas campestris J2Y grown in a minimal medium con-
taining PVA as a sole carbon source. The enzyme was purified by DEAE-cellulose chromatograpy and
Sephadex G-150 gel filtration. The purified PVA oxidase was electrophoretically homogeneous both in the ab-
sence and presence of SDS. The molecular weight of the enzyme was estimated to be about 55,000 daltons
by SDS-polyacrylamide gel electrophoresis and Sephadex G-150 gel filtration. The native enzyme existed as a
monomer. The optimal pH and temperature was shown to be pH 7 and 37°C respectively. The activity of en-
zyme was stable below 55°C and between pH range of 5~11. The enzyme activity was significantly inhibited
by metal compounds such as Ag”, Hg?. While, metal ions such as Mn** and Cu* stimulated the reaction. Km

value of the enzyme for PVA was 7.04 X 10 “mmol/!.
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