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334 Al Rhodospirillum rubrum S1o] 23 A&
Catalase-Peroxidase?] & AA 9 EA 39

Aol olg8!, Y ooyl

’ o

AFddn Adzstast Yga!, vzt Fal

371802 wiekdt F3HA AT Rhodospirillum rubrum S1L 5 7FA) 9] catalaseZ A A
o & AUk 2 F peroxidase?] 715 = F Aol ZtE catalase-peroxidase(Cat—3)2 &
Ast 2 54§ ZAEA T B2 A A € catalase-peroxidase ] & & catalase’} 1.6% 1)
peroxidasse7} 51% Fo™, AA w7l 46809 142 Z713F EAE AL 4 YP=d, cata-
lase2 T} peroxidase®] HAwi7t o =otoh pHoll thd 932 catalase24d-2 pH6 A, pero-
xidase® 4 & pH5NA 7} =4 Jebdth 250 g 93-S catalase®} peroxidase T4 o]
R 30T A 3o 84E Hols Aoz yElgton, 2% th3 HAo AFAHL 50T
ol A catalase?} peroxidase®t} o <AL & F YU BEAHA Y catalase-peroxidasei]
f71& o4 2 10mM 3-amino-1,24-triazole s A3 23}, F 7))ol )&} catalased] BRL 79
%, peroxidase?] B4 85% 712 AAEE & F Ao, 10mM 3-amino-1,2,4-triazolesl] o
72t ase ML adE FAHT AU AEH QA hemedW A F4 59 A2 LA
NaCN, NaN;, NH,0HE s=¥=2 A2]3 Z3, NaCN¢ 739 catalasex 8.72x 107° Me9] &
Eoll 4, peroxidasex 5.1 x 107% Mol ¥ o)A, NaN,ol A catalasel= 4.2 x 10”7 M, peroxidase
£ 32x 1077 M, NH,OHol M & catalase?] -9 & 2.0 x 1077 M, peroxidased] 29 = 25x 1077
M FxolA JAHA oY, o]F AHAH S catalaseZ A 7} peroxidaseFA-E S Ao A3 sHe
Aoz vyt

k13
O

o o

R

I. 4] =2 cal(OH )& A3 DNA, RNA, ©¢uizs

MEE 3714 BBl Aotrted flolA AAEEE 22N E BE M Aede
€ ¢0E 5 giolAy, g2 A MEL] £S5 2Y3e T AE xH A
ol Al BkgAdo] 2 superoxide anion(O,") FAE doz £ QuhFridovich, 1978 ;
oju} AtE4A(H,0,) =+ hydroxyl radi- Farr et al, 1991 ; Boehme et al, 1976 ;

Key words | Catalase-peroxidase, Photosythetic bacterium, Rhodospirillum rubrum S1
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Brown et al, 1981). _teJu} AlE+ o} sl
g4 AdaEe W 54 wolrlzn v
43 Bo713E ZHAA Jo. A4 W
o] 7] 2ol & catalase, peroxidase, superoxide
dismutase g ol &3y, v G4 wojr| 3}
0 2+ glutathion(GSH)3} thioredoxin$ 9]
gl tH(Meister and Anderson, 1983).
Catalase= oj A oA 5 Ed o]l27]
74 A B A SHA EA Y, Y Fozy
B f2ldr dFEogd 13 HEZREH
229 catalse= A2 A3 ghdo] A=
of £a3t= catalasew Wl-$- thF3iy, st
o] ArgAtel 8 FH catalase’} EA
3}71%= %th(Hochman and Goldberg, 1991).
G 7A oA E oAt W@ catalase-pe-
roxidase = catalase®} peroxidaseZ A& %A
of 7}A= a4% AP H catalased}= Ut
g EA4E% 7R Y Hochman and Gold-
berg, 1991). =& TZzH o2 AFH I cata-
lase?t= T2 7] wjFo Aelslstd HAd
RojM e zto]7h gledl, pH 6~89 F&
HAHAAN 24 E Yl g, 259 §7] &)
of Wast, MEAQ catalase AH3A|QL 3-
amino-1,2 4-triazoleo)] 23] A sjurx] ¢gr=1}
3 3t H(Claiborne et al, 1979 ; Goldberg
et al, 1989; Yumoto et al, 1990; Shin et al,
1994). Catalase-peroxidasec] W3 AFE
Rhodopseudomonas capsulata (Hochman and
Shemesh, 1987), Escherichia coli (Claiborne
and Fridovich, 1979), Bacillus strearothermo-
philus (Loprasert et al, 1989), Chlorobium
(Hochman and Goldberg, 1991), Klebsiella
pneumoniae (Hochman and Goldberg, 1991),

Halobacterium  halobium  (Brown-Peterson
and Salin, 1993), Mycobacterium smegmatis
(Marcinkeviciene et al, 1995), Streptomyces
sp.(Youn et al, 1995), Deinococcus radiophilus
(Lee et al, 1995), Synechocystis PCC 6803 (
Gunther et al, 1999) 5 o] v EqA &
FEEn 43stA SAdol #HEEHIA. o
ot 2ol A vAgEgA F71A] o] A
2 & catalase’7} EA5= Aoz AdeiA
2 tHLowen et al, 1987). 1g\} ojAE S
gt iAbsE A B Ui 22 HeAS
s B w 271X 2o catalase =
o8 FHE 7KL S 7Hedel Ao
vl-5-2 334 Mg Rhodospiritlum rubrum
#e) §5o weh W4 Fegolt B
M EFoz 4T 4 slon, Fo) gix
21R zAGNE waol o8 4P &
A Oelze et al, 1976; Olsen ef al, 1968;
Uffen et al, 1970; van Niel et al, 1941). ©]
g gdd dAarsg S ZhA e 3
Mo A2l catalase-peroxidasec) th3gt A
T Rhodopseudomonas capsulata (Hochman
and Shemesh, 1987)¢]oll B 1% v} o},
2 A8 3713 2y A 433 Rhodo-
spirillum rubrum Sloll Z 3} catalase-pe-
roxidaseE FE& A8t 2712 548 =

Absh L.

flo

II. A5 2 9y

1. 25 ¥ ez
Rhodospirillumn rubrum ATCC 11170(51)
S 30T, gadlA 297 Bose 5(1962)2) )
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o9

Aol B/ Mo e Aguleer & A WAL
$7 oAl 3UF FAxEVow MY F B
49 $4 FF2 AHgsHAh

2. X L0 FE

W7l 7199 RS BFALE
712 4 TolA 6000 xgZ 3087 A ¥l
sld AHFE I F 50 mM potassium
phosphate buffer(pH 6.8)Z 3~43] A # 3}
Aot 38 & =& 734 7]1( Bandelin
sonopuls HD2070)E o] &3t Al Zt}.
S8 Fe gl 4ol A 147 B2 10,000
xg2 dAEes ¥ FAAE s =
aioog s

3. Catalase-Peroxidase2| £2 HH|

ZAALY S
et YARAY F AAAL wol O
Hejste] AAE
2] & ¥ o] AHAEL 50 mM potassium
phosphate buffer(pH 6.8)o} &3 A+ F&
fFgAoF 12417 F FHE F th4
st FAHAE ZBAGAd AMER
Abg-atd T AAMEsted e ALY S
DEAE-cellulose o] & w3l 2ol i3 (2
5X30cm, 30mL/hr, 5mL/fraction, 50mM po-

25% ammonium sulfateE 3

70% ammonium sulfate &

tassium phosphate buffer, pH 6.8), Sephadex
G-200 A o2 FZobE 12f3(1X90cm, 10
mL/hr, 2mL/fraction, 50mM potassium phos-
phate buffer, pH 6.8). Phenyl-Sepharose CL-
4B A=2olE 325X 10cm, 20mL/hr, 2
mL/fraction, 10mM potassium phosphate bu-
ffer, pH 6.8)2. 2 B & =3 g}

&
e

Z:_':j X2k

-]
|

Hy

P

M A o] §Heke bovine serum albuming
o 7‘a'§ A+g3te]  Lowry(1951)H &
A 3t9 1, Column fraction?] B9 A ¥
280nmoll X o] FFr=2 FFHAT

fa
SN Iu

rir m

=
=
5 &40 PME EX

Catalase?] &42 H,0,9 ®sZAAz
EE 240nmol A9 3 AR 4%
g Ao £ie ¥4 9= 185
1umol®] H,0,(c240=436 M 'cm )& &3}
e 49 %S 1 umitz 9 Y
(Beers and Sizer, 1952).

Peroxidase®] ¥4 o—dianisidines 7]
A2 AHg3te] 460nmo A9 F3E FItR
FHEE AASIY. 49 4G E 1
B %9l 1umol®l ¢— dianisidine(g460= 11,300
M7 lem HE W@8A7E 49 23S 1
unit® 2| 3t HCaliborne and Fridovich,
1979).

Non-denaturing gel A}ol] 4 9] catalase®] &
AP ferricyanideE o] &3 Wayned}
Diaz(1986)2] el wz} g3 3L, pero-
xidase2] AP ML o—dianisidineS ©o]&
3} Caliborne and Fidovich(1979)2] o
e} Ao

6. Ea°| g Tof cist pHet 252 AE

pHoll thdt 4&2 pH 3~12 Ale] 2] app-
roximate universal buffer(0.2M boric acid9}
0.05M citric acid 722} 2 0.1M trisodium or-
thophosphate)& 199 tZFo 3 FH)3ld
BB A3 catalase-peroxidased] & Ao 7]
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lase-peroxidase

09} catalase(Cat-3)

IA) oL
3718 ZHANM WA R rubrum S19]
T8} YT T 25~70% am-

monium sulfateE * 2]} thw

cata-

[e]
18 553

AL Y, 4204 catalase B4} peroxi-
dase 4E& 22} 240nmo} 460nmol| 4] o)
B W3tz Z2FSYYL 220 e s
= 30~80CTtN A 10CHE o2 Aaue AZE +
< T HH uhg 28 zAEYgT,
220l o &4 A Ao ztzio) 24Tt DEAE-cellulose €0l 23 I 2olE
XA 1412 S X2 s F catalase % 1249, Sephadex G-200 @ o 7} AZolE
‘3 7} peroxidase®] ¥4& z+z} 24 40nm <} 460 23], Phenyl-Sepharose 2444 A3 83
nmo A9 FFE Wsla 233} EvtEIYE S8 A 529 BAo)
e ¥YE FolM REYAEYY. &
7. 720 RHET iE MMS ot Lo BHo] 2o RS Fho BHEHL
3-amino-1,2,4-triazole-2 50mM potassium o]&3t] AAYstYon, wat A 7N9EL 4
phosphate buffer(pH 6.8)o 10mMo] H g & T Fol BHINL o Ysp= band &
U F, AP A4 A8 B¥a 1027 HAsATE ol9 Zo] Mo m2nE
de&olA BBE ¥, catalase ot peroxidase & AP o2 RS catalased) peroxi-
8E FAHAY. §7)8vd Q3 ams dase®] & catalase® 16% 123 pero-
H4AlE, ethanol, chloroforme 10:5:30 2 xidase= 51% Qom, Az vl 5= (purification
AN F, A 2oA 108 59 vortexdtdd fold)7} 4.6u19} 148§ 2 =718 448 03
2t2t catalase A7} peroxidase 2] B3AL mgs ¥& F AAEd(Table 1), catalase .
247t 240nme} 460nmo 9] Fdw Wi w o} peroxidase®] vl 47} o FUc} o] g
3349 A vGAe 2oty 9E st
& AWAS BF A= swEe TERAE ANEE A MY 3 849
TH| 3t sodium cyanide, sodium azide, hyd- B o B & A shyo @Y band
roxylamines 2tz A4 A5 9} o] 227 (catalase-peroxidase)& AL % A A cHFig.
ZA33td EFIZHS D.
g 7.
ELEYo 3 pHe 25 Wa
PH 30~127}X] pH¥ =& wslaA 84
T EAME B A 2R HAE 749 ca
talase-peroxidaseoll 4 % 17.9] catalase® 4.2
PH 6.0°1 A1 peroxidase= pH 5.00) 4] H 19
. o

3}22\]7} 3 gﬂ o
7_&]-/«]310;1*] 50% 91*“ x
23 g 33

aag

37)
S A% UL g 4+

=R
ZAA WA R yubrum S1e

2
570 9] catalase(Cat-1, Cat-2, Cat-3, Cat 4, Cat-

¥4& P AHFig 24). Catalase A4 o]
PH 50~7.04t0lo 4 50% o]4S Uehps

SICERY

A
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Table 1. Partial purification of a catalase-peroxidase from Rhodospirilium rubrum S1

Catalase Peroxidase
Total

Total Specific Total Specific
protein . Purification  Yield Purification Yield

activity activity activity activity
(mg) (n-fold) (%) (n-fold) (%)

) (U/mg) (v (U/mg)
Crude extract 84 37,626 448 1 100 11,798 141 10 100
Qg’l‘fg;g?zig";o%) 37 22,592 611 14 60 8,606 233 16 729
DEAE-cellulose 20 19,768 988 22 53 5,512 276 2 46.7
Sephadex G-200 1.5 2,486 1,657 3.7 6.6 2,168 1,446 10 18.4
Phenyl-Sepharose 03 640 2,067 4.6 1.6 596 1987 14 51

f«catalase —peroxidase

Fig. 1. 7.5% polyacrylamide electrophoresis of the partially purified catalase-peroxidase from Rhodo-
spirillum rubrum S1 at each purification step.
Catalase activity staining (a, crude extract; b, DEAE-cellulose; ¢, Sephadex G-200; d, Phenyl-
Sepharose CL-4B), Peroxidase activity staining (e, Phenyl-Sepharose CL-4B)

HhH ol peroxidase &4 & pH 5~60A4 =& coli®] HP [-2(Claiborne and Fridovich,1979)
84& BYoh =3 catalase 47} peroxi- + pH 7.5, Klebsiella pneumoniae= pH 6.3

(Hochman and Goldberg, 1991), Rps. capsu-

242 25 F& UM AR
2 lata= peroxidatic activity= pH 5.0~5.3¢] 3

249 YD Ao ok pry

o] ¥ A catalase 52 B4 o] W& pHel
&l 2o AL Bolu, & HRFEA
pHE B9 E

=

catalase-peroxidase ¢

catalatic avtivity= pH 6.0~65 (Hochman
and Shemesh, 1987), Streptomyces cyaneus=
pH 8.0 (Mliki and Zimmermann, 1992), Halo-
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bacterium halobium(Brown-peterson and Sa-
lin, 1993)-& catalase?! 2% £ ¥ pH
6.0~75, peroxidase?) ZA$¢ %
5~80, oA Uedes Fd Zol R rub-
rum S191AM = 53 pHolAM #Ao] =4
TP Aoz Ko} ol Ao|7t AP A
catalase®}+= T} & catalase-peroxidased] &3
o2 Aztdd

AagAd g3 JHL2EE 30C~80T7}
A 10cHger FAHF Ax RERFAE
g4
peroxidase®] &Alo] F5 30CoA Hi9
BA4L Ho HH2Er) 0TRS¢ F
2 cHFig. 2B), =3 &% W3lo] & Fio
RAEE 30CTHRT 40TAA Aol Ego
o, catalaseZ A& 40THE-E 60T71 =] 273t
A A 8ls] 2 A9 peroxidased] AL 40T
HE 2=b7] 2 38}E o] catalase activity”} pe-
roxidase activity2 o} 2x9] ¢ A S

=

catalase-peroxidaseo] 4]  catalase 2]

120

100

oo
<

Activity (%)
I3
o

40

20

3 4 5 6 7 8 9101112

pH

d F UG o] & A& Deinococcus ra-
diophilus(Lee et al, 1995)21 749 50Co] 4l
A, Halobacterium halobium<) 735 40T
of 43 ZAgc AP} {FAFSHA,
Escherichia coli (Hochman and Shemesh, 19
87), Bactlius strearothermophilus (Loprasert et
al, 1989), Chlorobium (Hochman and Gold-
berg, 1991), Klebsiella pneumoniae (Hochman
and Goldberg, 1991), Mycobacterium smegma-
tis (Marcinkeviciene et al, 1995), Streptomy-
ces sp.(Youn et al, 1995), Synechocystis PCC
6803 (Gunther et al., 1999)cll A @& ¥+ ca-
talse-peroxidase] 3¢ 2xof T7relA
S3tck= A9} 2ol R rubrum S12] cata-
lase-peroxidase® 2o 973 5AS B
ol AU, EF o] Ao HH2EI A
T 2x9 30 To #F-Ho] AU S FZ3H
L=

120

Activity (%)
—

<] o]
e o 8

'
=]

[
=]

R R |
20 30 40 50 60 70 80

(V]

Temp.(C)

Fig. 2. Effect of pH(A) and temperature(B) on catalace or peroxidase activity of the partially purified
catalase-peroxidase from Rhodospirillum rubrum S1.

— ® — catalase activity

o - peroxidase activity
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3. 54 Mol it MalixiSe] g
W2 A5 catalase-peroxidaseo] A& A
Q) catalase®] Y& A 3te Aoz ¢
Z1 10mM 3-amino-1,2,4-triazoleS #2]3 2
o, AF7A ¥ EZF catalase-peroxi-
dase(Hochman and Shemesh, 1987; Brown-
Peterson and Salin, 1993)o] A ¢} o}37t=l2
Ao 7} Aol adE FAHIL YA
T A A catalase} = T E  catalase-pe-
roxidase®] o] HQl R 7Iguheo] st w3t

AL 7HAL AA=H, catalase®] A4S 79

%, peroxidases™ &4-2 85% 71| A A A
t}(Table 2). 9o A= Rhodopseudomonas
capsulata (Hochman and Shemesh, 1987),
Klebsiella pneumoniae (Hochman and Gold-
berg, 1991), Escherichia coli (Hochman and
Shemesh, 1987), Halobacterium halobium
(Brown-Peterson and Salin, 1993), Dernococ-
cus radiophilus(Lee et al, 1995)o] A R
catalase-peroxidase?] §47= XS &

F AR

Table 2. Effect of chemical inhibitors on catalase or peroxidase activity of the partially purified cata-

lase-peroxidase from Rhodospirillum rubrum S1

Chemical inhibitors

Catalase activity(%)

Peroxidase activity(%)

None
3-Amino-1,2,4-triazole®

Organic solvent®

100
89
15

a : The enzyme solution was incubated in 10mM 3-amino-1,2,4-triazole for 20min.

b . The enzyme solution was mixed with organic solvents to give a final composition of enzyme solution:

ethanol:chloroform = 10:5:3, and then vortexed for 20min at room temperature.

229l hemetHd 459 AHIA=
st2} 2 NaCN, NaN, NH,0HE s5#g
v gt o 2 4 catalase®} peroxidase 4]
zhzhel st FESAE 18 F,

848 50% AAMEE FEE 73y cHFig3).
NaCN?9) 7% catalase: 8.72 x 10 °® M9
¥ 5ol A, peroxidase™ 51~ 10 ® M| ¥ &

N fy

ol A, NaN;oll A catalase:= 4.2 x 1077 M, pe-
roxidase 3.2 x 10 ' M, NH,OH A+ ca-
talaseql 29+ 2.0x 1077 M, peroxidase$!
AeE 25%x10 7 M FEAAN JAHHAL
o, o]5 A& A SO catalase A3 peroxi-
dase@Z 4 & T2l Asistes Aoz JER
t}(Table 3).
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Fig 3. Effect of heme protein inhibitors on catalase or peroxidase activity of the partially purified ca-
talase-peroxidase from Rhodospirillum rubrum S1. The enzyme activity was assayed with concen-
trations of NaCN, NaN; and NH,OH.

— @ — catalase activity 0 --- peroxidase activity

Table 3. Effect of metal inhibitors on catalase or peroxidase activity of partially purified catalase-pe-
roxidase from Rhodospirillum rubrum S1

Metal inhibitor concentration(M) requred for

Metal inhibitor 90% inhibition of the enzyme activity

Catalase activity Peroxidase activity

NaCN 8.7x 1078

51x107°
NaN, 42x1077 32x1077
NH,OH 20x1077 25x1077

ol21¥ A= Deinococcus radiophilus(Lee
et al, 1995) A= 8.1 x 107°M cyanide, 2.9
x 10"™M azide, 2.7 x 10°M hydroxylamine,
Halobacterium halobium(Brown-peterson and
Salin, 1993)] A catalase$! 4% 5x10°7 M
KCN, 6.7 x 107'M NaN;, peroxidasedl 2 <
3x1077 M KCN, NaN, 5504 o3t}

B FASHY T4 v g3 24 4

< Rhodopseudomonas capsulatasl A cata-

laseq] 73¢- 22 x 107°M cyanide, 15 x 10
M azide, 215X 10 °M hydroxylamine, peroxi-
dase?! 749 2.2 x 107°M cyanide, 15 x 10" ‘M
azide, 215 % 10 °M hydroxylamine 5% o]
AgctE 2o Hochman and Shemesh, 19
87)9k 2to] Y & Holi 9= o] catalase-
peroxidase’t FZAHOZ WA R o
Heme |0 w2} sjo]7} Yels 2o
A2
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Partial Purification and Characterization of a Catalase-Peroxidase
from the Photosynthetic Bacterium Rhodospirillum rubrum S1

Young-Mi Kim!, Dong-Heon Lee!, Hyung-Yeel Kahng!? and Duck-Chul Oh'?
Department of biology', College of Natural science, and Research Institute for Basic Sciences', Cheju
National University, Jeju 690-756, Korea

ABSTRACT

Five different catalases have been already found in the aerobically grown photosynthetic bac-
terium Rhodospirillum rubrum S1. Among them, a bifunctional catalase-peroxidase, designated
Cat-3 was partially purified and characterized. The enzyme was purified through four steps in
16% vyield for catalatic activity and 5.1% vyield for peroxidatic activity. On the basis of catalatic
activity, the protein purification increased nearly 4.6-fold, whereas for peroxidatic activity, an
approximately 14-fold purification was achieved. The optimum pHs of the catalatic and peroxi-
datic activities were 6 and 5, respectively, and the optimum temperature for both activities was
30C. The catalatic activity of the enzyme maintained at 50C for 1h was more stably than pero-
xidatic activity. The catalatic and peroxidatic activities were inhibited about 79% and 85% by
exposure to organic solvent(ethanol/chloroform), respectively. Both enzymatic activities were not
neally inhibited by 10mM 3-amino-1,2,4-triazole. Fifty percent enzyme inhibition of the catalatic
activity was reached with 2.0 x 10”7 M, hydroxylamine, 4.2 x 10" M azide and 8.7x 10 ¢ M
cyanide, and that of the peroxidatic activity was obtained with 2.5 x 107 M hydroxylamine, 3.2
x 1077 M azide and 5.1 x 10" ® M cyanide.

Key words : Cataiase-peroxidase, Photosynthetic bacterium, Rhodospirtlium rubrum S1,
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