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Abstract — A bacterial strain producing a nucleoside oxidase was isolated from soil and identified
as Flavobacterium meningosepticum by its taxonomical characteristics. The enzyme has been purified
150-fold to electrophoretic homogeniety in an overall yield of 18% from the cell free extract of
the producer. The enzyme catalyzed oxidation of only nucleosides related to both purine and
pyrimidine with very high substrate specificity. The nucleoside oxidase was proved to be a noble
enzyme by stoichiometry that 1 mol adenosine as a substrate was especially oxidized via adenosine
5'-aldehyde to 1 mol adenosine 5'-carboxylic acid with the formation of 2 mol H;O,.
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oJs) 5'-nucleotidase TAIE FA3H= YAHAIGS
Aleke] g 9% 7]2odTe] dkem A B
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AZS AFR-3td ARV sledct vk-E-4-8 M M (aminoanti-
pyrine dye)°. 2 WHIA|7l FFE ditex 1 F
2]§} ¥ HPLCE ¢]4£3} nucleoside oxidase ®F-g-

Al A Hy0,2} adenosine 5'-carboxylic acid& 44
e T5E FHE EEiskeivh

A A2 A2 Bergey's Manual of Systemaic
Bacteriology Vol. 1 ¥ H. Wakabashi®j(14)*l| <3}
A A] 3k

HH ¥

2] Sakaguchi flaskel] 1.0% sucrose, 1.0% Polypep-
ton, 0.1% X,HPO, 005% MgS0,-7H,0, 0.001%
FeCly-6H,0, 0.001% CuSO,-5H,0 # 0.1% 2'-deoxy-
guanosine ZAJ2] pH 7.02] HA|wiA| 180 m/E 2L
Al okst TF 5% AEste] 28T, 130 rpmel| A
SH-E-2leul ok}

FAY 58 A IS

Nucleoside oxidase®] &A4E8A-2 712 adenosine
c2nE 448 HO%¢ FFo2H 24skdrh
1.0 ymol adenosine, 1.5 umol 4-aminoantipyrine, 2.0
umol phenol, 4.5 units peroxidases Z§ 3 40 mM
Tris-sHCl 2+E2dpEH70) 1m/E& #AAHISHOE
A}-8-3}o3 o, HJ-*‘*’H of AAEH S0WE FH7PEIA
37C ol A 587F kg F 05% SDS £ 20miE
A 7Vsted Hbg& ?‘é 3]"‘1‘21 t}S 500 nmell A A=
quinoneimine A9 & AH3gich aishAdd
v FFALuESAA A 187k 1 pmold] H.O.E
AR EE FA42ES 1 unit® 31912 quinoneimine
A el BaE-3A i?‘*(a: 1.32X10* *mol 'em ™ HRE
51 AEA—]E;] H202 p:].}.}g]_oﬂt,}

chil Al o] A E%T: Bradford(15)#ll 2}&F Bio-Rad
protein assay kit5, ¥4 52 E A4+ bovine serum
albuming& A}£-3}sic).

a0 HAH

Step 1. ZEAYO] M| 5TFA 2F 3,000g2
Dyno mill KDL(W. A. Bachofen, Switzerland)E =}
A3 T YAIE2](14,000X g, 308)e] o8 2 A
Llg FRERANCE AME-FIYT)

Step 2. (NH4).S0, &8 | &84 1M potas-
sium 141e] 2k5-8-H(pH 7.0)= ‘ri’hﬁ‘rﬁi pH70=%
Z A3 ice bath Alell A f#ebiekS X3} 30% &
w7kA| Hrbsled 1A17) ok F 14 F-E(14,000 X g,
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0 Basch AEde] FUT o Fe A
sbetol 23} 60% FEolA 1417 ek F QAR
(14,000X g, 30#)sted 9 AHH wi¥AdS 50 mM
QJAts HEgdeo g Lty 10mM 4 S5
g-ollol] tfsld 5~10417}F 7rHe = 33 FA3hsic)

Step 3. DEAE-Sephacel treatment | $4% &4
A-g 10 mM <14k k8o o2 33 stA[7l DEAE-
Sephacel(1,000 mi)ol} A7l 147} 2jx13] wulhs}
o &F-32FX])71 & Buchner funnelol]A] 0.1 M NaCle]
ZgH 10 mM 04kg ko v A sigiv) A}
Z a5l DEAE-Sephacel2 1M NaCle] &% 10
mM Ql4tg e s a4 £23417 F £29
NS A7} Akl F43kdc)

Step 4. DEAE-Sephacel column chromatogra-
phy . ZxtAlol A FA% &48E 10mM 4y
ol 0 & 3 ¥ IA]F] DEAE-Sephacel column(6.5
X 30 cm)ell F2HA17]aL 0~0.8M NaCl A% +
vl 5 ARE3led A7 60mie] £x 2 8FA]F] £
3 A1 5] B2 wol %43 F YM-30 membrane Ami-
con ¥¢od3}71(Amicon Co., US.A)E A183to =
33t

Step B. QO-Sepharose column chromatography
CeE 4SS 10mM <14l 23 8djo e i
3}A1 71 Q-Sepharose column(3.0X40 cm)oll 24|71
% 0~08M NaCl A5z FuE AH8-3le] 2|73
Omie] x5 FEAA F& vEA FHES 7]
of| A2} Zro] FAM FEH3dlgict

Step 6. Phenyl-Sepharose CL-4B column chro-
matography : ActA|2] E4 98 pH 70202 F43}
"4 4 M7H#] NaCls 71§ & 4 M NaClg &&
g 10mM <l4kg ka8 A(pH7.0) 0.2 3’*’3359"‘1?]
phenyl Sepharose CL-4B column(1.7X45 cm)el] %
AAA}, F245 845 4~0M NaCl FAdExw
v = §-SA] 7] 0L BHAde] 2 RS U3 e s

A F5sdu).

Step 7. Hydroxyapatite column chromatogra-
phy . HydroxyapatiteZ 5mM <l4ky 2lEgolo 7
T3] Al A 3 14X50 cm columnel] &£, =33}l
thg A dAlA F5T A LH-E wr’i}r"}ﬁﬁ} o~
400 mM 14t ¢ %M—‘l AAdFe g ARS-s}o]
A7k 15 mie] 5o 2 EXaachddg £34
AT 10mM 24 BEEdeE S shse) o
SH7A] —207T o] A4 Hagstedc),
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Adenosine =22 HE

0.1 mM adenosine 50 wW/2} 0.5 units/m/ F A nuc-
leoside oxidase 20 W& 37C o|4] 2.5, 5.0, 7.5, 15%-7}
-2 11zl & HPLCE. ODS Cosmosil 5Cis column{(4.6
X 10 mm, Nakalai Tesque, Japan)2 A}-8-3}ed 260
nmel| A A =FEF o}

0.9 M&

AaNbE F avlEe 0,%2 05 10 B 1.5 mM
adenosine 8- 1.9 m/¢} 20 units/m/ nucleoside oxi-
dase 0.1 mi-& AH7gF ¥ 30C A& =87(Rank
Brothers, UK Well A 8h-g-A1# £u]% 0,58 A%
skl

H,0.2] B&

aarrgo A A=l H,O,+ 4-aminoantipyrine-
phenol-peroxidase ol 2|3} o}-g-3 o] A Fs}oict
50 mM Tris-HCI(pH 7.0) 450 p/, 0.3% 4-aminoantip-
yrine 100 u, 0.2% phenol 100 W/, 42 units/ml peroxi-
dase 100 W, 5.5 units/m!/ nucleoside oxidase 50 W<}
0~2.0 mM7}z] H,O, 100 W& 7l 37C, 127t
HF2-A)7] F 500 nmoll 4] H,0.0 thdr TFHFAE
z2bAd Ekedch. Nucleoside oxidase-peroxidase ®h-g-7)
o = H,0, £H4g 025 ¥ 0.5mM adenosine %
Ao g Fale] wH-EA7]l F 500nme] FFE= H
55 24, H0, &3z 2ye YA H0.%
S kA st Th

eE g L,

MAEEL| B2 U SF

Nucleoside 5-carboxylic acid®} H,0.& -EA]el
A E= 22 type nucleoside oxidase ¥ AT
z= 0] 2] pucleoside oxidase-peroxidase HF-5-A &
Algsted B 9l wokie|dF oF 11,3003
tjabe. g AA|ske ) Micro cell plateidelf 4] ¥F3-oY
£ HAo WA F5 6095E 1A} AER F
adenosine®] ¥f-%e 9l# &L WEFAE HETE
g JeEhA e dFE 23 ATEd o
HPLCZ o¢])£-3} nucleoside 5'-carboxylic acid&
AA s T4 T-27995 25 AAwstsich

BeldFe] ety gl AAES AR A%
T-2799= F ¥ 23§ o B v doldi
catalase, oxidase %A 2 glucoseE HHEA| 7= A3
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Table 1. Preliminary identification of T-2799 on Lab
M nutrient agar

Gram stain L -
Spores .-
Motility ;-
Colony morphology . round, regular, entiree,
dark, vellow, convex,
smooth, shiny, translucent
single colonies,

2 mm diameter

T Growth L 37C(+), 41T (+), 45C(+)
Catalase .+
Oxidase D+
Fermentative in glucose
O-F medium Do+

Preliminary identification ' Flavobaterium

Table 2. Rapid test tAP-I) of strain T-2799

2 days, 30C 7 days, 30C
NQO; reduction . —  Allantoin D+
Acd from glucose . — Phosphatase —
Arginine dehydrogenase | —  Glycero(PWS)y | —
Urease : +  Indol —
Aesculin . +  DNase .+
Gelatin hydrolysis . +  Tween 807 -
B- galactosidase . +  Starch? L -
Cytochrome oxidase .+
Glucose assimilation D+
Arabinose assimilation —
Mannose assimilation .+
Mannitol asstrmlation D+
N-acetylglucosamine

assimilation D -
Maltose assimilation .+

Gluconate assimilation I
Caprate assimilation —
Adipate assimilation i
Malate assimilation -
Citrate assimilation .+
Phenylacetate assimilation | —

#3 days incubation only

.o Jepd e 24 13} Flavobacterium3 2.8 4%
4= glgl e w(Table 1), vhoF 74 F<F WA Ae]gHA
E ez ve] Flavobactertum meningosepticum S 5.

=

- ¥gdeiTable 2).

F42| A
Flavobacterium meningosepticum 2| cell free ext-
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Table 3. Purification of nucleoside oxidase from Flavobacterium meningosepticum T-2799

Kor. . Appl. Micvobiol. Brotechnol.

Step Total protein Total activity  Specific activity Fold Yield (%)
(mg) (unit) (unit/mg)

Cell free extract 22,100 13,800 0.62 1.0 100
(NH,),S0, Fractionation 11,800 12,100 1.03 1.67 87.7
DEAE-Sephacel (1st) 1,300 11,200 B.87 13.9 81.0
DEAE-Sephacel (2nd) 590 7,630 128 21.6 544
()-Sepharose 250 4,720 18.6 30.3 34.2
Phenyl-Sepharose CL-4B 80 3,650 45,2 729 26.4
Hydroxyapatite 27 2,480 93.4 151 179

Fig. 1. Polyacrylamide gel electrophoresis of the puri-
fied nucleoside oxidase.

The purified enzyme solution containing 20 pg protein
was electrophoresed on 5% polyacrylamide gel at pH
8.9.

*Bromophenol blue

ractE¥ 56 2872 §o|d usax|el oA wih
T2] % hydroxyapatite column chromatographyE
o] 83t ¥ HAE AHAlE 1509, T& 18%=
A7) 5 Ao Fd3tA AA s cKTable 3). A A
A2+ high perft)rmance gel permeation chromato-
graphy®] £%& <A peake} &4 peak?} HAA

Table 4. Substrate specificity of the purified enzyme

Substrate Relative activity (%)

Adenosine 100
Inosine 91
Guanosine 94
Thymidine 98
Urnidine ]8
Cytidime

Adenine

Guanine

Thymine
Uracil

N
—

Cytosine
D-Ribose
2-Deoxy-D-ribose
5'-AMP

5'-GMP

5-CMP

5'-UMP

- B e B o S e S e S o S s T e SR e B o B

o2 dx8g o 5% polyacrylamide gel H71d%
o] 4 ©te bandE WEPYoE2H £E FL v o
MNAYE o T UAcHFE 1.

40 Z7|1A=M

aae 7| dEAE nucleoside, nuclectide ¥ nuc-
leoside®] A 8421 o, H7] 52 YA SR oxidase
M2 HEZ A Table 42} 2}, Pyrimi-
dine#| nucleosideol| B]3l purine# nucleosidecl] tH
&l F2 M-S Hal £ &4F nucleotide, 37}
U choll= A3 A4S JehR] RF2E2H 7AE
o] o] vl$ =2 nucleoside oxidase® HTHE
21} o]#{g 7] A o)A S-nucleotidase2} 7]
nucleotide 2% €] nucleoside S A A 3h= &4, nu-
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Fig. 2. HPLC profiles of the products from adenosine by the nucleoside oxidase.

a: Adenosine, b: Adenosine 5'-carboxylic acid, c¢: Reaction time 2.5 min, d: Reaction time 5.0 min, e: Reaction
time 7.5 min, f: Reaction time 15.0 min. Chromatography conditions are as follows: packing material, ODS Cosmosil
sCig; column size, ®4.6X10 mm; eluent, 0.2 M KH,PO,/MeOH=90:10; flow rate, 1.0 m//min.

cleoside phosphorylase®} 7Ze] nucleoside& < 7] 2}
pentose-1-phosphate & F-sll gl A 49 AL A&
HHslA A4 wbfo g 2y 4 gle Wmut
ofviz}l B Ao Exjel JAzIHA|FE hArE &
2o AL Fuge gy B Fro o]are
DA Z T E=RF 1988139 2. 7% nucleocside oxidase
) 22| 4HEbE-A] H,0.2 Aekd oz Adshs
A2 B Ao} wlmA gl4rl £ol3F peroxi-
dases 7hd3] couplingAr|ZF oz A7 FAE9)
45l 7bsqt N2 $ assay o] 4% 4= qls
e x Alg =)

Nucleoside oxidase2| BF2Y|T

= ase] Wkgr|E 3] 98 Fig 20049}
o] adenosines 7| R g FEAHFSA I ZEE A
e FARENER AHEA4EES ubg X7t ole)
4% ZA¥ adenosine2 HHEZo)| retention time
1.9%2 3= 48k & 3F£438E-9] adenosine
5'-carboxylic acid7}®] 29dA| 2 Ahgtg-S < £ 99
o k4322 adenosine 5'-aldehyde® 3 =]
Uk =g 2§49 2udA AFEuk-3-e) gle] adeno-
sine®] 1a At3tr} wbgZz7|o] 7] kg o gy
-5 X0 ¢3S T+ A= adenosine 5'-aldeh-
yde2] AtsiciA 2 $Z=9ir} CH,OH71E COOH7)
2 AMEA 7]+ fFEA 2l oxidased] BHS-7]73= Isono

"l T T —

. . i 1
) L II =
T T 04 E
I -
et L 5
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) i 403 &
REo e 5
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Fig. 3. Oxygen consumption by the nucleoside oxidase.
a: 50 nmol, b: 100 nmol, ¢; 150 nmol

o B3% Pseudomonas maltophilia®] nucleoside
oxidase(8-14) o] #| choline-$ betain aldehydeE # &
betaine 2. 2. 4}3}A]7]+= choline oxidase(16) =2] 2
Al ¥h-S-3} thiamine-S aldehvde?] AJ4d¢le] thia-
mine acetic acid= A% 434 7]+= thiamine oxi-
dase(17) ¢ 1=bA vkg-o] Rargle] gir),

Nucleoside oxidase YFSA| E5E O, 2k A €l
H.0, &t

- aae] of-§Adel ebA Ak3E HEL-A] o= O,
o] a9t Hy0.o] AL adenosined 7)Ag 3§l
AR Al A gz 2§ 4o vl
T AH e R FHYslux} sl Fig 3-& adeno-
sine-s 50, 100, 150 nmol®] FEZ wk-EA|o] Hr}s}




28

Table 5. Quantitative assay of nucleoside oxidase reaction with 50 nmol adenosine

Ror. J. Appl. Microbiol Biotechnol.

Adenosine consumed O, consumed

e

Adenosine 5'-carboxylic H,O, formed

(nmol) {nmol) acid formed(nmol) (nmol)
50.0 954 48.0 102.0
Base Base
HOH,.C ¢ | OHC g A& 180v, & 18% % Hr|dsHow FUs
K ™ 0 — + H:0, Al At oen] AAAEL 7 g%o]@% ZER=R!
OH OH OH OH A3} nucleosideHE 4H8}A] 7]+ A3 A 9l nucleoside
Base Base oxidaseo] %t} Adenosine$ 7]AZ 3 X FF 4l
OHC ¢ ‘ HOOC 5 2 L = Hesz § ‘-
> E HE3g Ayl B gir

+ 0, + HO —s {,)J + H,0, & A o] A stoichiometry S % &3l 734‘ ar=1
OH OH OH OH mol adenosine-& 57+ A&l adenosine 5'-aldeh-

Fig. 4. Supposed chemical mechanism of nucleoside
oxidase reaction.

A5 o FH 0,8 k& EA|Z 7lo 2 adenosine
o] F% 50 nmole A4 95.4 nmol] 09?} 5 an]E
gdom o] AHekHel A+ adenosine?d] o A
A olgirt. A% Hy0.2 k& 4-aminoantipyrine-
phenol-peroxidase BHg-A|E- o]-8-3}e] 2HA3q} 0~ 200
nmolZ7}A| 2] H,0, E£F7FA o2 e Aekst Az}
adenosine2 &7t nucleoside oxidase-peroxidase
9] coupling BH&-Al<l| 4] 50 nmol2] adenosine AF3}A]
A= H0,8 k2 102 nmol® o] A=Al A
HAA] YR 0 E adenosine ol A58 cH(Ta-
ble 5).

olAtel HIEE £33 df 1mol?l adenosine®]
1 mol®] Q& JMH]?FPQ% Z+zF 1 mole] adenosine 5'-
aldehyde®} H,0,& A&t F7HiEsbE<) adeno-
sine 5'-aldehyde 1 mol-2 O.¢ H,O ZF 1 molel] 2)3)
AbglEled 1 molel H,0.9F #2418 E-¢] adenosine
MAshE Zle s FASAL
wEbA] o] 52 ARl AIZHE nucleoside At
3] HyO 8 A= A2 typeg ¥ nucleoside
oxidase?] WHE-7|7-% Fig 49} o] &3 F U
th,

5'-carboxylic acid &

2 %

Eoko 2 BE] nucleoside oxidase A AFtF%
3L Flavobacterium meningosepiicum ©. =2
gk AAFFF2] cell free extractZE-E

rhﬂh
o of
Ly o

vde® 413} ¥ 1mol adenosine b'-carboxylic acid
74A] 2 AR AERA 7 A EAle] 2mol H0,E
AAAs= A2 typed nucleoside oxidace® 39!
ook ¥ 540 & 1A B3 H,0.5 AA
h b nucleoside®] A4 7 & AEA
A F RIS Aleke] sfdte) &89 P g
== A|AFstedd-

=
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