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A A o) DA HF DAFEAZ )3 A
2 u$ e B8 UANLE BARAT o|F SFEehe
RE A WABYAA DHske FHVLE (Reactive
oxygen species, ROS)O 2|3t 413le] 2188 2tx ik ol& &
Q325 FolH 713 A 9A A71E Zo] AREAT} 1))
A} E dbo) AAE= superoxide radicalo]tc}, Superoxide radical
& 212 1 A9 ARE o W R sl YA
7M1 78] AX7E GiRA peroxide bondol A 37t
o} hydroxide ©]23} hydroxyl radicale] FAAHTH2). o]&
Akghkg-o) FEAQl FAlol A7} 7HAAL e H2 WAL
2 13 o] Ulo] HAY =8E FATE F o F
28T wolil gltt wehd AHAE o2 Atshikgol 33}
71 218}l superoxide dismutase (EC1.15.1.1.), glutathione per-
oxidase, peroxidase, catalase 53 #2 FAitsl G§4E ALl
2bao] EA4ol thsle] AEE whojgitt

o]5 3 Superoxide dismutase (SOD)= 2HAEA7) 1 /Y] A
212 ol 8% superoxide radical ion (0,7 )& AAH3H= WhS
& 3= G422 A 2 XY superoxide radicald- dispro-
portion ¥H-3-& F3tc] 1 &A4e] AbAof 1 B2l IRsrLs
Ak Ee}. Ak 3502 RS A8k AEE] AU
oA HAHoZ Wete A AAFES 3 AA DAlA
A AR AA W] FAQ] UFolth(10). SOD= B4 A &
Ashe 4t B9 F459 FHel wet Mn-SOD, Fe-SOD, 18]
i CwZn-SOD| 3 FRE 7831 Al SODE 79| tiF&
Mn-SOD ©]#4} Fe-SOD 1 A= d4#A 3oy dexes
CwZn-SODE Zh= 3¢5 Husoidrk2,7.8). 53] F41%F A
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Akl EA) ol &FHa Y T3 AT Steptococcus lactise
Mn-SODE A4Fshetl o] #59] o]#d 43& ol8-st SOD
£ it FAIEY AR o] 851 ITk(12).

SoDe] A} 4kslE AAlEle WA P EAY §-87Fs
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A& Michelson® Monodol] &3l S =2% 39) =31,
AN 24, & 2 98 X7 2 5933, &, 35

278 XBAZAMY PR FEWUAL UTHI0). T A
g 5ol 3ty o= 55 A8 T 49 JeAY o
H3E 93 34F HUHAE 1 o897} Hol SOD XA #
trohgl AR 848 Hole ARAL E4do gaE, 1oy
ol of3 4 BAe] AR ATHEI )TKE). & AT
ok T AES ACE SODS Ak G870 7 BAle=

HE AMESle] 1197} SOD A4k 5 FEslal o2 HE
BIAA € 54 B4 AR A2 AS2 SsoDY ¢ 7t

Mz H Uy
Nz
FMN, hydroxyl amine, Tris base, Tris - HCl, EDTA, sulfanilic
acid, acetic acid, l-naphthyl amine 52 Sigma Chemical Co.

(St. Louis, USA)NA 74392 FMNLS DEAE-cellulose ion
exchange column chromatographyS ©]-8&8}eo F=7} A%k &
S5mM FEE AZ3t] 1 ml A o] WEael Bash ALS-
AT

zFrd
FYAES AT 7oA W 2 22 BE AIRE 91
g & #3 3 2.2 mi polypropylene tubedll Y3l 7)ol wlg] &
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BlE d7E S 1 ml 2 715ke] Y38 homogenizer® 2|
3 F FEAE Hot v £AHoE ssle HeE
FAE T WAEF AEAW TR F5E st
455 B3] A3 MiAZME Alde] A< F2 ZoBell
Wl A](0.5% peptone, 0.1% yeast extract, agar 15g/l, &-330%
50%, pH 7.0) 2 Sea Water Complete Bl X](0.5% Bacto tryp-
tone, 0.3% yeast extract, 0.3% (v/v) glycerol, agar 15g/l, <73
3l 75%, pH 7.0)2 ARt B4E A4 JHEL S
2 1 32 g Bl 54 gt A2 18 ujAd)
AEst T e &5 JhE FAINEE 3 Y7 25°CalA
i & o5 stk
BHFLE AL, e, U, AR, geles d@oll 4
< FHOE FaIH AMElRkE Eislar ok elE Y AiA
Mg} =T AE7) 24 s ARE e ekl
T FAo= F3s9en Beld #5% glycerol 20%
S E el dgste] —70°Cel] BTt

2

Superoxide Dismutase 4t B3 Z{M Q! SASM T £

Agar platedA] A B4 b AFE loopE &F 50mg =
Fato] AEl 713 Tris buffer 25mM Tris * HClL, | mM
sodium EDTA, pH 8.0) 1 mio] @E3CE o7]o) thA] 1mie]
tolueneS 715t 1 B3 vortex® 4olFE ¥ Fo] EelE w7}
A dgEel BrHEth Fo] £2€ ¥ 0.1 mio] FEYF(ELS
Mg 33l 7)ol 1mie] Tris buffer (25 mM Tris - HCL, 1
mM sodium EDTA, 10 uM FMN, 5 mM hydroxyamine, pH 8.0)
£ 71l & 4olE F 25°CelM BFToE WS Hol 25 B
7t x|} Wbg-Eo| Z+Zb I mi 2] naphthyl amine -
(7mM, 42 M acetic acid )3} sulfanilic acid 8- (20 mM,
42M acetic acid )= 7F8t3L 20 £ F spectrophotometer
(Milton-Roy MR-3000, Rochester, USAYE ©]83} 530 nmol|A]
E3EE AL SOD activity=[Agg,, (S2mple)] " -[Assg
(controD] ' AA3IHTE whilAe] AL 280 nmolAY] &
BE 1.08 1 mg/ml 3338 Axkelgct

SoDe| HH|

Late exponential phase®] =83 #FE 0.2 um pore size?|
tangential flow filter (3,500 cm? surface, Amicon Co., Beverly,
USAE o|&3ly 2/2 FFA|F|3 High speed centrifuge
(Vision Science Co., Seoul, Korea)Z 15,000X g3l 4] 20 3t ¥
AEEjsle gAlE FE3IAT 100859 FAE 42 F o
7ol wlg] 4°CE A3ET 900m/2] buffer (SmM phosphate
buffer, 10mM EDTA, pH 7.00Z 7131 4°CollA | AJZbE<t &
B A ARSI E Bk 48] 317) Hate] 2SR
(VCX-500, Sonic and Material, Danbury, USAYE ©] &3t &
Bl &2 dElelA 1 #3 25395 Jslar 1 #3F wRl A7)
€ AL 5 3] 4ES AF FEES Belsha gaE Al
X 28715 AAS] 98k 25,000%golA 30 £ AR

glated A5aE 343kt o] A5 Aol ammonium sulfates
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7kl = 35%%9}F 75% EIT Alelel] AHHE HAES IS5
3taTt ©1F 20mie] 50mM Tris * HCI buffer (pH 8.0)°1 =)
& Econo 10-DG desalting column® 2 ammonium sulfateE- A
715} & o]& DEAE-Sephadex column (2.5 cmX30 cm)ol 713}
I 0.1 M4 0.8M7HA] NaCl T=7ulE /93l 50mM
Tris * HCI buffer (pH 8.0)Z column® §FA1A 5 mi¥ E3 3}
SOD 84=E Ho|z 88 3|43l a2]ojZ} (Amicon stirred
cell, 50 m! capacity, with PM30 membrane filter)3t SmiE &
2314}t ©]5 Sephadex G-200 column (2.5 cmX95 cm)el| 7}
3} columng 0.1 M NaClS ¥ F3F 50mM phosphate buffer
(pH 7.0)2 82X ZHHFlow rate=10"2mi/hr). B4 E3L Ho}
MWCO 30,000 dalton®® Fe|a}ste smiZ FZ3IAL ©|F
High-Q cartridge (Bio-Rad Co., 5ml capacity)ell 7FSI3L 0.1 Mol
A 08 M7HA NaCl F=7HE FAs= 50mM Tris « HCI
buffer (pH 8.0)& columnS 8=A1A 5mid EFsle soD &
AEE Hole 85 35 ¥ tA] A Fsto] smiE F
3Tt

G AEZRE F&aEA HAE st EeE A5 £
71zt T E5F 2,500 o d4FHL s
T 145 TFA 015 F 7P aa8go] 73 d5=
T3 B4467) B328E ©1E F B4d6 OFE B AT ¥A
oz MAsAh Aoz FAd MlTelAe SoDe &
Aol Ao ARl @Yo AR v diFo® AEHT
ol dY¢zo] HAZE G2 2=E {AST 2 o] %4
Ae Aol ESEr) Bob AR E & Ak Byl =
Z50] itk A dHe] e AeE FHFEY. B 39
A wjA] AP 98ke] ZoBell, Sea water complete, 75% sea
water LB ¥i#] 5-& A&t 433t &9 TAF SOD A4S
BAFE growth curve® T8+ Z3} Sea water complete”} 7FF
58 iR 2 YA olE F ik AR ARSIATE dAIE
SWC B AJol| A vieFet A3 uijg 20 AellA] Hofe B84
TE HEoen o] o AR FAFL 35g9o AL
428 Unit/g dry cell ]t} & SODE cell mass?l] We} 1
o] vl#lsle] ZV)sl= Y-S B O™ stationary phased] =&
3l F43] o] wolAle @48 Byt ol met ZaA
ARS- 94Tt T3] Al7)E 7] stationary phaseol|A] 42883}
At

SOD9] &8 #4351 assay WH-E wl-¢ st -4
83 Ao] A& 0 Z superoxide radicalS sk Wiz &
“J¥ superoxide radical®} HA| ¥ES-3le] WA T AEE A3}
= E7o] HR3d| superoxide radical FAAL HIA=
xanthine/xanthine oxidase (1), alkaline dimethyl sulfoxide (2) &
2] uho] ALE-E 1 superoxide radical®} WS35l HAEE 4 )
= EZ 2+ cytochrome C, nitro blue tetrazolium (NBT) So
AMEET) B AFOA = superoxide radical 8448 9151 FMN
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7} EDTAE X183t photochemical reductions AlE-3lHI
superoxide radical®} ¥Hg3l= EAZ = hydroxyamine2- AE3}
At vhg-o] Yl vhee 2t

(1) FMN+EDTA+0,+light—0,"

(2) NH,0OH+0, + H+—NHOH+H,0,

(3) NHOH+0,"—NO, +H,0

92 W-&(1)elA] FMNo| EDTAE ZA} Fojztz o] &3}
F3ehy g9 wkgol| 93] FMNH,E A== o] vk £
Az A sl S g Al luciferase A0l
FMNS &941717] 918 ALS-S= Wis $Y8it3). 18y
frakd 24 AMs Al 449t §HE-St FMNH-4a-hydro-
peroxideZ 43+ § o] hydroperoxide®] £3lo| 2|5t flavin
semiquinone¥} superoxide radicale] A HTHS). o]2A A
superoxide radical®] hydroxyl amine™} ¥F§-8}<] NHOHZ 343
3F31 TRA] nitrite® FAASh=d(BFS- 2, 3) SODT superoxide
radical S A A3} nitrite®] A4S A se) o]B A FHAGE
nitrite= AH3 279N sulfanilic acid®} ¥H3-5ted diazo 3FE
2 A5l o|zlo] YAl naphthyl amine} ¥HE-8}] 530 nmol]
A Al FEXE Bole F24 SFE-S FAsk=H ©] nitrite
o] Ak gL N o} FHTAL Foell A i ARA
of £3] AMgEE F@eldh ¥ 4 21¢A SoD 484
=9 99E B assay W o] 99 wH&(1)ellA] photochemical
reaction®] A2 BJE superoxide anion®] NH,0H®}e] HE-g-&
BAR oz Az EAO)ZE SOD activity (unity[Agy,,,
(sample)] [Aqyy ,, (contro)]' 0. E AHFHT o] W= F3}
A JZA0] ¥ activityZ} 7 A6l 7R curveE HRIT

S FAIT B-446 2] SODS] £ FA= o] TAE YA
E22 3481 ultrasonicator® 45t 4 FaihHozH
E] 35-75% ammonium sulfate precipitation, DEAE-Sephadex A-
25 ion exchange chromatography, Sephadex G-200 gel filtration
chromatography, High-Q anion exchange chromatography 22|31
HPLC-GPCE ©]&38td & 6%, FAE 323 uje] A€
SODE LA} (Table 1).

HPLC-GPC oA #21% 75kDe] 3= $1%]°] soD
peak’} YEREHl AAE SODS] sodium dodecyl sulfate-
polyacrylamide gel electrophoresis A3} 43 kD3 30 kDA 2 7)
9] bandE AT F 0ol (BFe= BASHA 45) & SODE

Table 1. Purification of SOD produced by marine bacterium B446
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43kDF 30kDS EAFE 2= 2 N9 subunitS.Z FAH
heterodimer=. F3 =i}

SAIT B446ollA E2E sSoDe) dubHQ 5A4L 4] 9
T Aol HAuke v £ Hhe 35°CE YERSr 25
°ocol A& 35°Ce HIs) <F 85% Ao AL Hela glof nia
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Fig. 1. Effect of temperature on the SOD activity.
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Fig. 2. Effect of temperature on the SOD stability. Incubation of 0.1 m/
SOD in 1 m! of 50 mM Tris - HCI (pH 8.0) at various temperatures for
24 hr and then assay in standard condition.

Purification step Tota(lnpl);))tem Tote(a.lllgic:)wty Spe(clirf;lii/;i:;l)vlty \;(1;)1)(1 Purification fold
Cell lysis 1235 2262 1.8 100.0 1.0
35-75% ammonium sulfate ppt 994 1940 2.0 85.8 1.1
DEAE-Sephadex 234 980 42 433 23
Sephadex G-200 432 452 10.5 20.0 5.7
High-Q 10.2 217 213 9.6 11.6
HPLC-GPC 23 136 59.1 6.0 323

“SOD activity (unity={A.;, ,, (sample)]'-[A530 nm (control)]™
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A H3A & A9t Be JeE JehdthFig. 1). & pH 8ol
Al gl i g2 aColME 24 A7E B BA9) Ao
A9 glslon} 35°ColME 24 A T A BE 8o AlekR
< B 4 AAUTKFig. 2). = ¥g2] HF pHE pH 82 UERG
o} o7 pHollA e EA AL HEEA0) pH 8ollA U}
it k= 22 pH 6914 HH o= JEhdon pH gllMe
pH 69l ¥ldt oF 85% F=o] &Aoo 24 A7 F HelRIsinh
(Fig. 3, 4).

T&oje] Gako A FeIDe Mg(d] 74-$ 49 4L
Z7H71E AES RYEY Fe(IDE | mM SEoAlE oF7tel
B4 #4E Holx glont 10 mM olME 4unitd] BAL Hol
I e 50 mMeIME 125 Unite] 84S Jehies 5 ¢

5

SOD (Unit)
N w

6 7 8 9 10

pH
Fig. 3. Effect of pH (pH 4-10) on the SOD activity, pH 4 and pH 5 :
Acetate buffer (50 mM), pH 6 and pH 7 : Phosphate buffer (50 mM),
pH 8 and pH 9: Tris - HCI buffer 50 mM), pH 10 : Carbonate buffer
(50 mM).

S o2 [e]
T T T

SOD activity (Unit)

o
\V]
T

Fig. 4. Effect of pH (pH 4-10) on the SOD stability : incubation of
enzyme in buffers of various pH for 24 hr and then exchange the
buffer to 50 mM Tris - HCI (pH 8.0) with Econo 10-DG desalting
column and the remaining activities were assayed in standard
condition.
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TR A F7t 495 Heln o] B HAU) Fe-SODE F
BEAT. 22 SoD w29 AT FAPHEE I} AHEo)
hydrogen peroxided2 & 3H A H hydrogen peroxide’}
Fe(I)¢} 4Hk-3-(Fenton reaction)d}] hydroxide ion¥ hydroxyl
FAstoz  oldA HAE  hydroxyl radicalol
superoxide radical®} WF8-8}4 superoxide radical® hydroxyl
amine®] W&~ A3fste] daHoF SOD ¥hgAe] moldl A
AE B 7FsAE ok Mg(s 84 71 =7t olithe
W ol 1 mMoME A dgo] glor 10 mMolA
323 unit 223 50 mMOIAME 3.8unit 59 FAL HA
ol&d A& Mn(IhH Cu(lDAME FAKHA Heht o1& 2
TEol2-2 SOD HHEe SHAATL A9 I F% o]
chealator?] EDTAS} 9= 2 FEAME chealation FFH.
o HAAF AR 24 dgo] AN 10 mM7ERIE A A4 tial
R FREHE RO} 50 mMol o] FEME My
S BT Fe(ll) ion?] E0]A<] chealator?] 1,10-phenathroline
2 10mMellA 90 %H=e] AATYE AssiHct ols B &
29 cofactorQ! transition ion®] Fe(ID¥ AL Frxsle Az
2 Alggth 28y NaNy= v 233 Asjads ngon
H,0,%} NaCN 94| 10 mMollA EASHES 50% 2R
NaN,= azide ion ZZAFHZX nitrogen radical®] X H,0,=
Fenton ¥h8 & B3l B34% oxygen radical® FAAIA Cw
Zn-SOD$} Fe-SODo)| £0]2]?] &A= 28517 NaCNe Cw/
Zn-SODY cyto-chrom oxidase®] #aA|2 LA glo] B Aujgk
Ze B &29 cofactorE: AEWE 71 o]l Transition
metal jon#e] ¥h3-Ado] ¥)LF v NaFdl] 2siMe 2318 &
A8A0] i F7Fshs A9t JeRdth(Fig. 5).

radical &

AEA ZA} Foll A48 FMNe| 38910l 23k SOD assay 3
2 B A7k 2 SOD &8k olug}l Sop A4S Kol
At B @A) "ol B4 (6,110 & 282

2
ML o

SOD (Unit)

0 10 2 30 40 50 60

Concentration (mm)
---#--NacN—l— NaF —A— H,0, --@-- NaN,

Fig. 5. Effect of potential inhibitors on the activity of SOD (at 1, 10
and 50 mM of NaCN, NaF, H,0,, NaN,).
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ABSTRACT: Screening and Purification of Superoxide Dismutase Producing Marine Bacterium Using
Photochemically Generated Superoxide Ion
Ki Woong Cho (Marine Natural Products Chemistry Lab. Korea Ocean Research and Devel-

opment Institute, Ansan 425-600, Korea)

A marine bacterium producing superoxide dismutase, strain number B446, was screened with nitrite quan-
titation method using hydroxy amine and photochemically generated superoxide ion, and the superoxide dis-
mutase was purified through 35-75% ammonium sulfate precipitation, DEAE-Sephadex A-25 ion exchange
chromatography, Sephadex G-200 gel filtration chromatography, and High-Q anion exchange chromatography

to a yield of 6% and purification fold of 32.3.



