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Sphingomonas sp. KS 3012| Superoxide Dismutase HX| % 54

Zay - HAE - HR - 258
CHECHStw HTiofsis DIYEEHS,

RSN i ES i e

#Fe9d B FEEA Bl PAH (polyeyclic aromatic hydrocarbon)5-2 Z ¥4 3= &5 % SOD
(superoxide dismutase) ¥4 o] -2 T Sphingomonas sp. KS 3012] SODEAJ-& <o} 27] 413t Ammonium
sulfate 33, DEAE-Sepharose 22 v}E 2#) 3], Superose-12 A o3} AR vl ET2 5], Uno-Ql o] XY A 2w}
ER9)E o]4-31o] SOD Tl A & A A8} g o). Sphingomonas sp. KS 3012 DEAE-Sepharose I 21} E.712]] 5]
2 3A% A 7129 4 A FEHE 28] M2 GE571A9] SOD 84 & 7/HA I A+ A L2 vegten
B QF o= 2 SOD MIS -5 A A3t = A A) 3 SOD I Mn type R Fe type Escherichia coli SOD$} ¥
23S v u] B4 E(specific activity)7} 59 2 324 Yebgte}. SOD 112] £A-2 SDS-PAGE| M & 23 kDa .2
27 5912 Superose-127 o] 3 F 2 vl ¥ 72| 9] ¥ native AHe] ] FAgF-2 71 kDa o2 A A3 SOD:= 374¢]
2392 FAH] QAo B2 A8 SOD I A pHE7.0 o] AL 20°Cel| A4 A AL W
A =8 SODS] 275 € F I+ 94184 NaN,, H,0,, KCNE o] 4-8 g A L3-E 49 Bglejy NaN,oll gt
] A = o] Mn types] SODH S & F Atk E3F o] HA9] ofv]x 2hde] ofu) At A D-2 Psudomonase ovalis

9 Vibrio cholerac®] SODS} 714 f-A13t4i o)
Key words [J PAH, SOD, Sphingomonas

A2 H A2 Fo)Z(oxygen free radical) E o]HAoZ =}
A o 717 AASRIEES BAse 2E BT ¥R
=2 EAL 7HA 2 Utk o] FAd4kA(reactive oxygen)= ZHE
AEES] o] A A EYgle] BdET)

e E FEF A A Exika e, A Ay
o APl ol BAAHH, HtelelL, o], Uzd 5)S fll
T AAHEY AEZA e} o)EAE AASE 98-S =
EAolt}. spAN #3315, A9, Aol 2Ef
5902 Aakg FAaeE QA0 XHARQ] H3E &

TG AaE ATelA TP BE YA2(53.8%) AxThY)
Zol 21%E AABAL Yon, TUE AEL A4E AR 78
A2 e 58S B3l AUAE dS5ske T Aoz Ha
AT AAE EE3, 3A, dFH 2 T sty
superoxide anion radical (O,7), hydrogen peroxide (H,0,),
hydroxyl radical (OH), singlet oxygen (‘0¥ 2 ¥+3-4do] v
$ 2 02 HEEE AAd HAR] Aasgs ol
th12).

ojgA AP 4= DNAY sugarS T4 3H backbone
< B 94719 radical FAAYVHE-S Fddt] DNAC] &44
F31, AQel| = £4& T, Ado] &4 whow €] {54
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o] 2t}, irgt ehlAo= oxygen speciesst FE A8 o) &
B2g BafsiAL ELAIAIA Tl A HelE 7EA-2Tth12).
aHEE o] HiFE dodle BENLES AT EgHo, =
3, & 5 4% AHS deitky, 2, 3).

ole} Ze b3l FAC did AR W o
superoxide dismutase, catalase, peroxidase 59 A9}
E, vitamin C, glutathione, ubiquinone, urate 53 Z<& ke
EZo] EAEt £22F Rt ok o] FolA
superoxide dismutase (SOD)= B/dAFAZ(Reactive Oxygen
Species, ROS)9] 31421 superoxide anion radical&- 4tA¥-2H0,)
ot IRSIFAH,0,)2 MBATIE 98 e IS 48
AA el F53HA Ae3ke NS AA F= 98
gt

soDe 459 4] metA Fe-SOD, Mn-SOD, CuZn-
SOD, Ni-SOD §2.2 o] Ark®). thi-2e Alde Axd
o]l Fe-SOD, Mn-SODE 7}AIL o] AEAE Wolehs H&S
3} monomeric subunit & 0.5-1.0 g-atom®] Feo|t} Mn ©]2&
ZEA L Uk 3 FU3 subunit®] dimert} tetramerd] TE2E
THAT e ofmlit qgol Ao} dXshs Aoz Kol H
Zol 22 3t AR g 22 FAE ] Jrh13).
T3 Fe-SODS}H Mn-SODE H,0,0 ™3t sensitivityol]l ]3] +
HA3}=1] Fe-SOD= H,0,00 sensitive 32%F Mn-SOD= H,0,
of  orAHolth18). 1#Et  Propionibacterium
Streptococcus mutans, Bacteriodes gingivalis 52 SODE-2 Mn

AA=
vitamin

shermanii,
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ol L} Fe& BT AR 71A 4 Q1L Methanobacterium
bryantii, Nocardia asteroides, Streptomyces sp.2] SODEX Fe©|
v Zng BT 8479 7H ¢ S, oleg type®] SODE
< cambialistic SOD2}FIL gt} ©]% cambialistic SODE SOD
AR F 4R F&o] AR WEe] H0,00 thgt
sensitivity/} TheFstAl UERdT4, 11, 22). CuZn-SODT super-
oxide anion®] MEZZE F3E 5= §l7] Wil AE Yol
periplasm Aol EAYS= superoxide anionS A|ASH7] 23l
A YA A3 & Aoz F4H=T Fe-SODS Mn-SOD
k= opu|i=At A Folut 27T FEBTKS). B3 CuZn-SODE
o3 o] SODE F 7HY A7t & HojleH, cyanidelt
H,001 23l 8] A =t

Ni-SODE 199630l ¥d72] LER1 Streptomyces sp.ZH-E
Y-S E459] 2402 JIA= Ni-SoD7F Ee)EHA 43
Y olu=At I ojux W] olmxib AME,
immunocross-reactivity®ll 4] THE Al 52| SODS}= thath(24).

o418 SODE JHYECIY AP EA 4514 2EH 2
gk A o] B8-S ke Y EAE, E colitt HUA
Aol A sopel| #3 AFE vimd 28] A=o] IR f
F S AEYNA phenanthrene® 22 HE3)4] PAH (polycyclic
aromatic hydrocarbon)y5-& 35 w|AE<2] SODe #3 A+
= A o]Fe] 2 Aol gl Atk PAHES aromatic ringS
o] 7 7 ot thFet FHeE A e BEFERA o]0l
B3HE oA FAHEE B2 49 B84 B MES
A4 5 Ut o] AAAES AASH o= soDbrt B4
o] 22 PAH ¥3] #E2] SODEL 73] & 71x]7} ok

mEA B A /7 L8 EYolA phenanthrenedt 22 @
234 PAHES Halshe VAAEE FolA SOD B/°] 2
TFE5H SODE &5 AAste PAH E3lldF Ao s
ZEd| 2ol tg o] A g9 SODES 548 e}
S = AT

T ¥

E AdLA 770l .99 EYoZRE ] T
39 PAHES ¥3liske HIAEE Folr soD &40 71 ¢
43} Sphigomonas sp. KS 301 w|%S £33 100 mle] TSB
(Tryptic Soy Broth)oll & FEgH F 30°CollA] 24-48 A]7F 200
rpm o2 Fuiek et v § thA] 45 L2 i wi sl
o} vjokE AEEL 10,000 pmollA 1087 94 st 2
© 31 -70°Ce) B#s}).

Xz U Alef

DEAE-Sepharose FF resin®} Superose-12 10/300, HiPrep 16/
10 phenyl (low sub) column (Amersham, USA)E3 Uno Ql
prepacked column (BioRad, USA)2 TY3sle] AREslH o,
columns-& ©]§-3F chromatography= 2571 4°C2 FX5= A
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2-210)| A BioRad A}2] Biologic HR workstatiomrs ©]-8-8}$ct.
284S vwslr] H8ke] ALEEE Mn typed} Fe typed]
E. coli SOD &< Sigma (USA)NA Fi3lef AR5},

B4 3N

g8 MEZE 50 mM potassium phosphate (pH 8.0) SH5-8H,
300 mM NaClol 2 =9]1, French PressE ©]-&3ted 33 zla
et HAFE AHEE 4°ClN 54,000xg2 3AZ A E2et
o] A& 4FNE crude extractZ o231t

Crude extract]l ammonium sulfateS 3] 718} 35%F £
BPA1713L 20,000 pme 2 1587 WA A F5dL
3+ ammonium sulfateZ THA] 75%F EIEHEE A3 7))
of &3 =0l 20,000 rpmol A 1587 ThA] A4l SHch
AEAE AASIL 4 Tilld JHES 20 mM Tris-HCI (pH
8.0) ¢F-8 10 mlOE Z FHo|u T4 el of 4oCollA 18
AZEt dEEAS 33 vHro] 7h F48k] ammonium
sulfateS A AT

5% ammonium sulfate ¥&E<ll th3l] DEAE-Sepharose
ZulEIH T E A28 th DEAE-Sepharose fast flow (2.5
14 cm) resine %315t 1 LY 20 mM Tris-HCl (pH 8.0) £
A0 Z 2 m/min® F52 2 columnS &3] JIA3IA A
Ammonium sulfate’} AAE DHF EZEL 1.5 mimind]
%02 FHg ¥ 1 Lo 5Y 458U E AFREA Yv ol
Ho] 413] AAHEE ZAFA. Ao dd diAE 0-
350 mM NaCl % 7915 2o} 1.2 m/min®] F&22 F 1

E E29A 7 m¥ £33t sop 848 &% M =
< B8ES Bol v HA o]&31ct.

DEAE-Sepharose Z2FEIHAE Fote] & 4zke] SOD
A F-8 59 U3l Phenyl-Sepharose ZLEZrPEIHIE AA|E}
4Tl HiPrep Phenyl-Sepharose column (16x10em)E& 12 M
ammonium sulfate”} T2 20 mM Tris (pH 8.0) FEgdog
283 FE3AAT 20 mM Tris (pH 8.0) $goz EA
3t Zyzhel SOoD EHES9| ammonium sulfateE 12 M = A
A7Vl columndl 0.4 mlimine] F£50 2 AAF T 5 A=
fdog oA EFIUh o] AAAA FEES fractiond 4
mi¥ 283 F soD &4S SAs AL 2okt B Al o)
¥ SODE-2 E5 Phenyl-Sepharose columnol|l Z33shA] ¢
B3 AX HAAANAM EF LHAHJSEZ, ammonium
sulfate F5 IS SHA] Ut

Phenyl-Sepharose ZZFIE 1 HE 3t & SOD FAE-
2 E-E°l 3] Superose-12 10/300 column® 2 A ZvtE 123
E A3t WA 100 mM NaCle] E91%1E 20 mM Tris
(PH 8.0) 584 50 mlCE columnd FE3| FHAZATH
oluf F4-2 0.35 mYmin®-Z FAHIFATE. Phenyl-Sepharose S E
ulE B E 3¢ 2t SOD AR ES ultrafiltration (NOVEX
AH9) viva spin)@ 2 FZ8F3L NaCl glycerole] 2+t 100 mM,
7% SA H71e F columnol) ZAABLTL, equilibration?} FU 3

ZZ7AeE ZEMW fractiond 0.75 ml¥ 3 3FAC}. Solution
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assayS E3} SOD #A4o| £& EEEES ol 20 mM Tris
(pH 8.0) ¢80 2 4ocolA T3t

Superose-12 gel filtration ZZ2rE1 2 S B3| 42 SOD
FAo] o BIEE 3l Uno-Ql ion exchange ZEWHET
B 89850t Uno-Ql column? 20 mM Tris (pH 8.0) ¢
FEdow R FYIAZ F FAT SOD AEE 02mV
min®) FE50 g FAS T TY FFEA0FZ MU 15 ml
©] 20 mM Tris (pH 8.0) $ZFEHoZ A ¢ £ F 15 mi®
0~500 mM NaCl 3= 7HIE Zo] 23 3t Z Bl
SOD solution assay$} SDS-PAGEE F33l 847 =7}
=2 R3S To}l 20 mM Tris (pH 8.0) PE{Yo g T3l
NaCle AAska A31eta 2 E2)818H BA4E 2ARBIAH.

CHUE HEa MI|HS

chlld A3S BSA (Bovine Serum Albumin)S ¥ ©iF
2 0]85} Bradford W (7)ol Wt 595 nmolA EHEEE &
st 3 sttt

B4R GAatct SDS-PAGE (polyacrylamide gel electro-
phoresis)Z H8-S 43 719, AT FAE IS A28
4x A5 98N8 (1 M Tris-HCL; pH 6.8, 3 ml, 70% glycerol
14 ml, SDS 0.3 g, B-mercaptoethanol 0.5 ml, bromo-phenol
blue 100 @} 432 % 100°ColA 5 &3t 71E3te] W43 A3t
At WA H2§ E4F 12% polyacrylamide separating gel™
5% stacking gel& ©]-&3}a] 120 VE 2A1ZF B3t A714ES 4
N

SOD E484 &3

Gel-overlay assay

10% H1¥A polyacrylamide 71952 AAIT & getd 02%
nitroblue tetrazolium (NBT)®] 38 50 mM potassium phosphate
(pH 7.8) S50 g7} ALoA 3083 FH3) &5 FU
T} 71 & 28 mM NN,N'N-tetra-methylethylnedi-amide (TEMED)%}
2.8x10° M riboflavin®] E3E 50 mM potassium phosphate
(pH 7.8) &8940 = & 0D 4 band’} BY W7iA] &
Z Buls FHolF}lth22).

Solution assay

SOD AL 7Pddo g &43l= WO E xanthine/xanthine
oxidase®l 2J3 SOD &A1& cytochrome ¢} NBTE ©j&3l=
= 71R] #o) el cytochrome ¢ reduction assay (16y2 ©]
23le] =45 ARTH NBT reduction assay (20)5 ©|-8-3}ed
25t Aol 25v] UAsith & A A7l W&ol NBT
reduction assay2 ©]-&3}H Tt 100 uM xanthine, 25 pM NBT,
1 mM EDTAS 50 mM potassium phosphate (pH 7.0) $+%-8-%
of Wol whg 24 WETE oi7]ol xanthine oxidases
100 pg FoiFn AP SODE ¥ol vhg &42 0.5ml W
KAk w7k £9E 30°ColA 203 ¥hEAIZ] F 560 nm F3A]
E3E SOD &4& 373313} SoDS] 8732 xanthine oxidase
o <3 NBTY] & 50% JASIES = 1 unit 23z Aot

Sphingomonas®) Superoxide Dismutases 34 2 §4 85

k.

sopg| §4

soDY| EAFE EA37) fls] FAE SODE 12% SDS-
PAGES AA3l1 27|18 21 e EF dAEF Blwslo]
BAZe Assged, o 3gs BAFS @] 95k
MALDI-TOF MSZ o83 £4& 7|2H A da7a0 £43
2]2)3l53ct. Native AEf 2] EAHEE 573817 91314 Superose-
12 gel filtration ZEP}ETIHHE AASAE DA AHE 100
mM NaCl, 20 mM Tris (pH 8.0) &#ZFENHo 2 F< 02 ml/
min® 2 EHFVA columnd 73] FPAZ F FF I
AE, amylase (200 kDa), alchol dehydrogenase (150 kDa),
bovine serum albumin (68 kDa), carbonic anhydrase (29 kDa),
lysozyme (14.4 kDa) (Sigmay? |3+ SODE-S 22} A3t
0.4 ml/fraction® 2 ¥ gtandard graph® I T HAE SOD
B9 A «F-E skt

SODSY] HIFAE (specific activity)S Bl23}7] 3} ¥k &4
o] A2 SOD ¢ Mn 2 Fe type] E coli SOD (Sigmay&
Ztz} 20 ng, 40 ng, 60 ng, 80 ng, 100 ng¥ ¥IL xanthine
oxidase 100 pgZ 2] 30°ColA 2087+ ¥hgAIZ1 £ 560 nmell
A F3xo) HEE S5

SODg| FHFE golry] 93 AAS SODS Mn typed] E.
coli SOD°| SOD #8439 24| £4<% KCN, H,0,, NaN; E+=
EDTAS o8 7} FE2 ¥hg S H7I8Ia 30°CollA 20
E7F 93417 & NBT reduction assay= 78It

SOD A9l HZ pHE Lobir] $3] 50 mM sodium
acetate (pH 5.0) 958, 50 mM 2-[N-Morpholino]-ethanesulfonic
acid (MES)(pH 6.0) €584, 50 mM potassium phosphate (pH
70, 7.8) ¥=&A 50 mM Tris-HCl (pH 8.0) &F&H, 50
mM glycine (pH 9.0, 10.0) €%58H4E& Y1 NBT reduction
assay® 30°Col|lA] 2083t WHg-3F & SOD &4 AR 2H,
dof| 3t HRAAES A Y8+ reagentS#} xanthine
oxidase”} gl W& -Sdo)) A3} SODE ¥ 742} 45°C
A0, 5%, 10%, 155, 308 5 7|2 #4171 ¥ xanthine,
NBT, xanthine oxidase 23 THA] 30°CelA} 20 &3+ ¥E-EA1Z)
% B35 560 nmollA SODY] AL ZAsHTh. =3 £
AAE sope] HZF L& Lopry] 95t 10-60°C7HA] g
8 25| 4} NBT reduction assay2 248 3313t}

=]

By

e

2 =

sope| =+dH|

Wl ¥ Sphingomonas sp. KS 301 TS $83}] French
PressE 0|83l M| ¥ F#&E-8 531 DEAE-Sepharose 27}
Eag9E A gsiad. 4 23859 sop 248 AT 2
7 Fig. 13} 2o tal 7ixe] EAdo] HAHJTY. o] BHES
H¥MA PAGEE 7195 & & gel overlay assay® 3¢ g+
A7} Fig. 28+ 7 EX 3= A-S Rol Sphingomonas sp. KS
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3012 Had M2 o2 o 71X SODES 7HAE AoE
AFRETE &, Solution assay AollA ] 71 EAlo] e B
gel overlay assay’dolA 74 #& &4 wz Jelygton 3
SDS-PAGE®} HuStH S A-9ol®E M2 & =7)9] SOD v
A g4 Os 4ag = ok 3 da) 243 gl 71R)9)
#4958 SOD I I, 11, 1V, velar Hystn 2k AA B4
o] &-3t%thFig. 2). ZF SOD 842 7= EIEL wol &4z
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Fig. 1. SOD activity profile after DEAE-Sepharose chromatography.
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Fig. 2. SDS-PAGE and Gel-overlay assay after DEAE-Sepharose
chromatography. (A) The Coomassie-stained SDS-PAGE. Lane M
indicates molecular weight standard marker (148 kD; phosphorylase
b, 98 kD; bovine serum albumin, 64 kD; glutamate déhydrogenase, 50
kD; alcohol dehydrogenase, 36 kD; carbonic anhydrase, 22 kD;
myoglobin red, 16 kD; lysozyme), and lane ctr indicates the crude
extract. (B) Gel-overlay assay after native PAGE. The numbers
indicate the fraction numbers.
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ammonium sulfate 35-75% X315 58} EE3I1 20 mM Tris
(pH 8.0) FERo 2 2 FAsGh T4 RYES
Phenyl-Sepharose ZZUIEIHHE  HAISFIE0]  Phenyl-
Sepharose columnoll= SOD7} BE A 411 #E3kd solution
assayE F3 SOD o] ¥& ¥ Zol ulrafiltration .2
553} Superose-12 gel filtration ZEZFLE 18 3S AA|5t9TH
(Fig. 3A and 3B). 2} ¥8E 5% solution assay®t gel overlay
assayE AAlet] SOD 840 ¥& 288 YOI 20 mM Tris
(pH 8.0) ¥FEH 0 & 3 FA31 NaClg A|AT F oAl
7tA9] SODES Uno-Ql ion exchange ZEWIE T TS 4A|
SRt

Uno-Q1 ion exchange AZFIEIHT S 4

M A $(Fig. 3C)

solution assay®} SDS-PAGEEZ o]&3}] AAEE zAlS) & 2
T} DEAE-Sepharose A20lE 283 A] 718 733 848 e
= SOD 17} A=A FA¥ SOD M= SDS-PAGE, Hl

/] PAGE ¥ Coomassie staining, ~12]3L HHA PAGE & gel
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Fig. 3. Superose-12 Gel filtration chromatography of the SOD IIL (A)
SOD activity profile. (B) Coomassie-stained SDS-PAGE gel. C: Uno
Q ion-exchange chromatography of SOD IIl. Size markers are same
as those of Fig. 2. Numbers on top of the gel are fraction numbers.
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Fig. 4. Gel electrophoresis of the purified SOD III. (A) 12 % SDS-
PAGE followed by Coomassie staining, (B) 10 % native-PAGE, (C)
gel-overlay assay after 10% native-PAGE. Used molecular weight
markers were bovine setum albumin, ovalbumin, carbonic anhydrase,
soybean trypsin inhibitor, and lysozyme.

overlay assayS HINLB}HCHFig. 4). SOD Il BI¥A) PAGES:
gel overlay assayolAl @Y bandE R0, 3 DEAE-
Sepahrose ZZUFE 183, Phenyl-Sepharose I ZvHE1E]H],
Superose-12 gel filtration ZZFFEE T Aol @Y bandE
B, A3] SDS-PAGERNA ©)F bandE B JTt. webA
SOD IS €3] £+ AAHNGELE & 4 gk 23
SDS-PAGESH HI'8A] PAGEERE ThRE SODEH} 7| Bl
&) B A7} Uno-Ql ion exchange ZZ0LE12]] 49 band F
z2 dhizle] sOD E4-& 7HAe FoE ettt SoD &2
A7) ¢AZS Table 19 A28k}, Superose-12 column® Uno-
QI ion exchange columne AX|HA] SOD M T AZFFS
0.7 mg, B 5 (specific activityy= 25334 units/mg ] 169
v = GA = A

HH & SoDe] Asiets =4

SODS} #4122 12% SDS-PAGEAIA SOD K& 23 kDa® =
Z4 5T} THA] MALDI-TOF MSS o83t 4&3t soD ¥
A 24§ A7 225 kDa® 2 e} SDS-PAGES] A9}

Table 1. Purification of SOD III from Sphingomonas sp. KS 301

Sphingomonas®] Superoxide Dismutases A 2 £ 87
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:
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G
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g
> 10 41
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Enzyme (ng)
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70 [—a=Mns0D

—eo—Fe SOD
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104 /
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g 20 40 60 80 100
Enzyme (ng)

SOD activity (% inhibition)

Fig. 5. Dose-dependent activities of the purified SOD III. (A) Purified
Sphingomonas sp. KS 301 SOD III. (B) E. coli Mn-SOD and Fe-
SOD.

A FAHEE. SODS] EAEEE Yolr 7] Y3t Superose-
12 gel filtration T2r[E 1 HE HAIS T native e} ©] SOD
9] 2718 €1 e XF DA Bu3PE 3 SOD HI=
71 kDal 2 Z4 %o AAE SOD7} HA4g 7)) ooz ofF
o7 BEAHE AL & F UM

Sphingomonas sp. KS 301 @&l #e] A SOD} Mn
2 Fe typed] £ coli SODY TEE B 3tHA 498 5343
3 HlwEgch Fig. 594 & & Axo] B A FA=
SOD 17} E. coli®) SODEED} HIEATr} A Yelgdt. &
SOD III= SH| A= E4do] =4 Jeldrt. Fig 59 ZHZE A

Step Total protein Total activity Specific activity Yield Purification
(mg) (10° units) (unit/mg) (%) (fold)
Crude extract 1860 280.8 150 100 1
DEAE-Sepharose 103.2 1419 1376 50.5 9
Phenyl-Sepharose 25.1 1205 4801 429 32
S-12 gel filtration 2.4 62.4 26000 222 173
Uno-Q chromatography 0.7 18.6 25334 6.6 169

1 unit is defined as 50% inhibition of xanthine oxidase activity at 30°C for 20 min.
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Fig. 6. Heat stability of the purified SOD Il at 45°C.

2 A" soD 1Y) HIEAEE 30,000 UmgE YERThH
o] A¥h= SOD I AAE (Table 1)9} HlwE}IS wio} FAE
L ¢ 4 o} =7 xanthine oxidase®] AL 50% o)A A
= soDY] %L WAL wWe XA AudAt BoldEe
E 4 Ui

A% soD 119] Azt F7tel whE del Uik kPSS dol
Bzl o8] x4 wldBlEA sk 7HE o2 308 53 SOD
B4& SA3HA 45°C o) dollM= soD 84¢] fithr} 45°C
oEH5-E SOD 84S HAEUl 102 F<F preincubation A)7]H
SOD &4Jo] 20% A3t 302l A1E SOD &40l A K
thFig. 6). =3 <9 SOD 425+ 20°CA AoE Yehyt
t}. AA3 SODE Z7] e pHE Zte 9589S A3l
SOD &4< 243 A3 pH 7.0904 71 & 848 B9
WA, pH 6.0 oJslellAle &40 A vehtA] Fster pH
8.0 ol FANME 1 BAdo] FAH 2ATEES & F Aern=z
w9 F2 23 pH BAE 7L & 5 AThET v|AA)).

Table 2. Inhibition of Sphingomonas sp. KS 301 SOD III by NaNj,
H,0,, and KCN

Concentration Relative activity — Inhibition

Inhibitor (mM) %) (%)
None 0 100 0
NaN, 0.5 93 7

1 67 33
10 44 56
H,0, 0.5 100 0
1 100 0
10 96 4
KCN 0.5 96 4
1 100 0
10 100 0
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SOD &%4e| x| 222 &3

UurE o2 H,0,% cyanides CuZn-SODQ] B4& A8t
H,0,%} azidew= Fe-SOD9| &8 At Mn-SODE azided]
o3 &Aool JAPT}. AT cambilalistic SODE-S W4to] th
%sltt, BAF SOD 1= 10 mM NaNolA 56% 24do] =)
HAe}k skAIgF KCNZ H,0,& SOD LI 10% ©]3} 2213
THTable 2). T3 Bl ufAg AMSSE E colie] Mn-SOD2)
7BFo= NaNoll oA &Aool AAHAAT cyanides}t H,0,
o] osixe 2ZA] ool AAF SOD IIIE Mn-SODFHolg =
A& & o AUk =3 AT SoD 1} T4 ool FIFS
Hh= 2] opr 7] 98] $-4 EDTAY FIFL ez HA e
34tk 1| mM EDTA, 5 mM EDTAS ¥k 299 @o| NBT
reduction assayZ SOD €4-& A8 BY FIg ¥4 g+
Aoz Jghyit). tebA o g0l 43e eA A4RE
FA3HA] it

SODS| N-2¢hel ofo| &t MHEEN

Sphingomonas sp. KS 301 #5Z5E £ AAg SODE 7|
ZpelR| A Aol o sled N olu| it E-S B389
t}. B4 ZA3}-E National Center for Biotechnology Information
(NCBD9] Basic Local Alignment Search Tool (BLAST)E ©]-&
3l o2 €eiRl o459 SsoD o=t MEHe] FAIEE
AU EGE W SOD Ie #4138 13709] N2 ofu]=4t Mg
Z o/fe] Nt olelieAl Lo Psudomonas ovalis 2 Vibrio
cholerae®] SODEH 2o} 714 FAFSHATHTable 3).

&

K

SODE &4 E AAske FISHAIE Tt AP Eovt
Y FNAN BHE S F EholH HZoe 245 =3 ¢ 4
W ABAZ A7V &R 54 F dhjolth B dAAe
dEEd PAHSE € F L EXoERH R
Sphingomonas sp. KS 3012] SODE & AASld 1 5 &
olr 12} Btk

Streptococcus pyogenes type 127F AB2¥8l= Mn-SOD= A 9]
o] SODE 7FA| 2L A=dl BI3H(10) Sphingomonas sp. KS 301

Table 3. Comparison of N-terminal amino acid sequence of SOD 11
from Sphingomonas sp. KS 301 with bacterial SODs

N-terminal amino acid sequence

SOD 1II MAFVLPDLPYSXD
Pseudomonas % % %k k% % ¥ % % *
ovalis (Fe) MAFELPPLPYAHD

. * %k kK k Kk k% *
Vibrio cholerae (Fe) MAFELPALPYAKD
Pseudomonas * k. K %k % % *
aeruginosa (Mn) MPHALPPLPYAYD

*homologous amino acid sequence.
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9] SOD AL Yo e Yehtx] ghe v Al &
ZE94 SOD E4de] Ueh7] wiel] sSoD7} MZujel] &g
e AL ¢ & AT ubH o2 Mn-SOD9} Fe-SODE F
Z cytoplasm®l] £A8 CuZn-SODE periplasmel] EA)gct
7.

Sphingomonas sp. KS 301 ©¢ A¥ FZES DEAE-
Sepharose ZZFLE 1 TS A5t SOD BAL ST An
oAl 7R E4do] v o] B85S vEA PAGE A
71852 AAIS & gel overlay assayS §+ 23} Sphingomonas
T2 Hag AE & il 71A9] SODES 7H= AeE A}
839t} E colil 7% 37FA SODE 7FA I UL S aureus®)
73%- 274¢] SODE AT Qe W B subrilis®] 7Z45-l€ 170
] SODTH 7FAITL JTHQ, 14).

AT sODe] EA#e SDS-PAGE, MALDI-TOF, Superose-
12 gel filtration AZPIE LTS A8t B SA3 2
3} SOD M= 27)) o4 o= o|Folx] HEfAel= A ¢ &
21deh. Fe-SODQl 5ol 40 kDa 2719 dimertd 90 kDa =
719 tetramerEE F2 ©|FAX ULl Desulfovibrio gigas®l
79 22 kDa® & 0|50} homodimere]™, Ni-SODR! Sweptomyces
coelicolor®] 7359l 134 kDa9] tetramerZ ©]F31 UTH11,
21, 24). AT O Z bacteria®] SODEY FAHL 18.0-22.0
kDa (23)2.2 olfolx gloem dimere] HElS 7[X3 =),
AT Sphingomonas sp. KS 3012} SOD III= R bacteriad]
SODRET} k7t A1 dimerZ: o]F31 = AL E HQl)

£eg SODEY] THE € ¥ IUE NaN,, H,0,, KCNE ©]
43} inhibitor?] E3E HBgI=d) SOD I+ 10 mM NaN,
o 2JaiA 56% LAEAL™ H,0,2 KONl 2= 10% ¥
o2 AA|EHJE YA O CuzZn-SODY] %% H,0, KCN
o 9J3) AE™ Mn-SOD] 7% NaNol| oJsl A H}. w3t
Fe-SODE H,0,9} NaN,oll 93l JA|==d H,0,01 9§ Fe-
SoD2] 4 IAl= H,0,9 Fe-SOD9] tryptophanet}o] A5 2H-8-
9 AxZE 4R Uri(19). weEbA] AHAIF SODE Mn-typeS. &
BRI 27}A F4& JHAE cambilalisic SODEL 2-&
active sited]] 2714 40| Ajtsly] wlEol @y} vhekst
A YERITH11). Streptomyces sp.2] Ni-SODE] 7§ NaN,o| 2
& AdAPGE Bl UNILQA) Crithidia fasciculata®] Fe-
SODE= H,0,% NaNol| 93l JAlEr}. =gt JAg SOD7} 5
& o) S wh=x] olry] 3 4 EDTAY FFE
=2 9 #9139t 1 mM EDTA, 5 mM EDTAS ¥+H%
oo o] NBT reduction assay® SOD #4-& =33 HY
TS WA g Ao JEith

T3 AAE SoDEY Fol s PSS ZAbEE A
SOD IIF= 45°CHlA B40] 50% FAaHE T,,01 7-88-0% &
o} ol tisf] B2k Sttt ¥l tixFoZ o)8S £ coli
SODE 45°CollA ¢F 1389 T,,2 7KK Aoz Yl 7)
£9] ¢EjX tekgl 259 SODERE 1 EA0] HZ Aoldt
A B EojAd glon Y¥izegs dd bgaiA|nt, 2o
B9 E coli®]l CuZn-SOD (6), Streptomyces®] Ni-SODE-2 &

off oo n b

Sphingomonas®] Superoxide Dismutases ZA] L E4 89

o Ergsitia B ich24). thdet 24 Al SoD
o] A4S A8 B A3}, 20-30°C ARelolA 7 e $4S
Holy 27} Letd4E BAdo] FAsH Baste] 40°C o
A 50%= BolAL, 60°Cellx= 1 BAdo] s YehdA] &
ottt o] s tlZToZ 0|83t E coli SODY 71EY €3
2 SODEH} FAFSIER, Sphingomonas sp2] SODE #4& ¢
& ATt Y-S & 4 vk BAG SOD= pH 7.0004
71 B2 848 7HE 9 $2 HA pH HAE 2= e
2 B3ew o= pH 3~97tX19] pH ¥HE 7HXIE Desulfovibrio
gigas® Fe-SOD (11)9} pH 7~10%] W& 7}RA= Fasciola
hepatica®] CuZn-SOD (15)53} AFo)atA Uk},

PAHES] 299 FF 24 EdolA Relgt Sphingomonass
PAH B0 #3 AT BYAT Sphingomonas TF A7}
X1 = sobdl #HS dA7= AT B APE IS
Sphingomonas sp. KS 3012 7)1&9 €83 AdEde 99 5
7}2¢] SoD AL IR e Aeg yehton, A
SOD [li== Mn type?] SODZE A}ZHt}.

HAtel &

o] I+ 20068Pd = Ttigha iAo AHUog 5
FHAUF

Bt
L
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ABSTRACT : Purification and Characterization of Superoxide Dismutase in Sphingomonas sp. KS 301
Hee Jeong Kang, Jae Hoon Jeong, Ji-Hye Choi, and Seung-Yeol Son'* (Department of
Microbiology, and 'Institute of Basic Sciences, Dankook University, Cheonan 330-714, Repub-

lic of Korea)

Sphingomonas sp. KS 301, which was isolated from oil contaminated soil, was shown to have five different
SODs (SODI, 11, II1, IV, V) which can be separated by DEAE-Sepharose chromatography, and SOD IIT was
finally purified in this study by ammonium sulfate precipitation, DEAE-Sepharose chromatography, Superose
12 gel filtration and Uno-Q1 ion exchange chromatography. The molecular weight of SOD III was 23 kDa as
determined by SDS-PAGE and the apparent molecular weight of the native enzyme was estimated to be approx-
imately 71 kDa by Superose-12 gel filtration chromatography. These data suggest that the purified SOD consists
of at least two subunits. The specific activity of the SOD III was higher than Mn type or Fe type SOD of Escher-
ichia coli by 5 fold. To determine the type of SOD III, inhibitory effects of NaN,, H,0,, and KCN were exam-
ined. 10 mM NaN; was able to inhibit 56% of the SOD III activity, which indicates that this SOD is Mn type.
The optimum pH of the SOD IIT was 7.0 and the optimum temperature was 20°C. N-terminal amino acid
sequence of purified SOD IIT was most similar to those of Psudomonase ovalis and Vibrio cholerae among bac-

teria.



