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ABSTRACT

Five different catalases were produced from the aerobically grown
photosynthetic bacterium Rhodospirillum rubrum S1. Among them, two
were catalase-peroxidases. One catalase-peroxidase which was produced
more than the other was partially purified and characterized. The partially
purified enzyme showed the peak at 411 nm. The enzyme showed
peroxidatic activity with o -dianisidine, pyrogallole and diaminobenzidine as
substrate but not with ascorbate and guaiacol. The optimum pHs of the
catalatic and peroxidatic activities were 6 and 5, respectively. The optimum
temperatures for both acivities were same, 30C. The enzyme showed that
the catalatic activity is more stable than peroxidatic activity with 50C heat
treatment for 1 hour. The catalatic and peroxidatic activities were inhibited
about 79% and 85% by exposure to organic solvent(ethanol/chloloform),
respectively. Both enzymatic activities were not neally inhibited by 10 mM
3-amino-1,2,4-triazole. By treatment with 2 mM and 4 mM H:20: the
catalatic activity was stable with 2 mM but unstable with 4 mM H20», and
the peroxidatic activity is stable with both concentration. 50% enzyme
inhibition of the catalatic activity was reached with 2.0X107 M,
hydroxylamine, 4.2X107 M azide and 8.7X10™® M cyanide, and that of the
peroxidatic activity was obtained with 2.5X10” M hydroxylamine, 3.2X107
M azide and 5.1X10° M cyanide.



1.4

r

Axe 34 Q8o Aoprl=dl §loiAe d ,HA s&oAg, Y E
B AMelA u-gAe] & superoxide anion(Qz)e)v} FHAHEE(H202) T+
hydroxyl radical(OH )& AAls« DNA, RNA, 99AF3 ug3tezy 4
HolE AN AY AREES F2APL B AT At AXY FIE
2dste F AE x4Ad A8 222 4 Y (Fridovich, 1978 ; Farr et
al., 1991 ; Boehme et al., 1976 ; Brown et al., 1981). L&y} XL o] ¥
A A2Ee AEe £2A o7 Fs) v E2A Por %S JIAZ A EL
A wo]7] o= catalase, catalase-peroxidase, peroxidase 1¥]il superoxide
dismutasese] Z4e] dow, wELH Wo]7]Fe2E  glutathione(GSHF
thioredoxing®] ¢lv}. ©] 29 % glutathione peroxidase, glutathione reductase,
thiol transferase, DT-diaphorase®} Z% repair E4£5o] oz 9}
(Meister and Anderson, 1983).

Catalaset= H20:8& 028} H,O0E Eeldte EL2A MAANN F - A5 of
2774A FPAT AEANA A= GG FoEFE YU AF=H s
vd 2 SA4¢ ¥y 9We pH WHAEH 5-10.5)444 R4S 7Aw,
3-amino-1,2,4-triazoled] & A=z f-7]-&vll(ethanol/chloroform)dl= 4%
< MAYged £ AFYEERE £29 catalase™ HE FAF i) P E
o4 & catalsex ¥i§ ¥ S I glLen, e ME e o F
2] catalase’} 4871 H(Hochman and Goldberg, 1991).

THAB7AA] Gz Y|P E|A B 29 catalase-peroxidase(hydroperoxidase)
£ catalase$} peroxidase¥@AE FAlYl 7HA= EEA AYHA catalaset= B
EA & 7A 2 9vH(Hochman and Goldberg, 1991). &4-& pH 6-8¢ F& 4
ol A ehtny, 259 f7)8vlel W2, 3-amino-1,2,4-triazoled] ¢]# A
#kzx] ¢kedx g Claiborne et al., 1979a ; Goldberg et al., 1989 ;
Yumoto et al., 1999 ; Shin et al., 1994). Escherichia coli*lA = catalase$}
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peroxidase?] 71%¥& FAlY 7}xl= Hydroperoxidase I (HP I)3 catalase] 7]
+%& 712+ Hydroperoxidase II( HP M@= ¥ FH9 catalase® 7}AZ $)
o, o1& 242 kat G} kat Egte #4428 $4= 0] HPIS $4-L =)
o H:0:% 7% W fFE=e HPHY $A-2 M7} AA74 E7}A4 TCA
3Re] FAAELS oldeA AARAYT o H-EZ9v, glucosez]o|A catalases}
peroxidase?] f=e} W& R cHLoewen et al., 1984 a,b; Lowen et al.,
1985; Hassan and Fridovich, 1978). °|9]|¥ £{AAF Halobacterium
halobivmZ 3¢ Az ez e g% 54 &3 HE5+ mesohalic catalase®}
2% %9 catalase-peroxidased] "|¥ EA S B3 (Brown-Peterson and Salin,
1995)84 &2y, Streptomyces sp.“lA+ catalase-peroxidase®] spectral®A 9
A2)A 715 A Bd gt (Hong et al, 1995).

Catalase—peroxidase(hydroperoxidase)?) F2AA i Kis d+te
Rhodopseudomonas capsulata B103} E. coli K109 B39 w7}l 9len
(Nadler et al., 1986), B¥AdM @42 W A7 Rhodobacter sphaervides
(Terzenbach and Blaut, 1998), Rhodopseudomonas capsulata ( Hochman and
Shemesh, 1987), Rhdobacter capsulatus (Hochman et al., 1992)54 R3s
%<}

£ ARL 37 Adv AdE71H AR ASe] el FgAAT
Rhodospirillum rubrum ATCC 11170(S1)°] AA 3= ¥7}x] catalase-peroxidase
ZA o -diadisidine® 71424 A3} & FEAAEGDL 2 B4 A¥ R



n. As 2 44

1. & 9 M FxA

Rhodospirillum rubrum ATCC 11170(S1)& 30T, ¢4 297 Bose
et al.(1962) MR HA Z71H 2z ANFEF A AR A oA 397 F4d
ZALR WY F & Ade TN FFE A4S

Bose et al.(1962)¢8] 7| &z AL g3 .

D.W. 1 L9 KH:PQ,s 600 mg; K:HPQOs, 900 mg; MgSO4 - 7H20, 200 mg;
CaCl; : 2H20, 75 mg; FeSOs -+ TH:0, 11.8 mg; v|2¥94449(D.W,, 100 mL;
H3;BOs, 280 mg; MnSQ4 - 4H20, 210 mg; Na:MoO, - 2H20, 75 mg; ZnS0, -
7H20, 24 mg; Cu(NO3)2 - 2H20, 4 mg), 1 mL; EDTA, 20 mg; biotin, 15 ug;
(NH4)SO4, 1.25 mg.o7]o) 2922 3 g malate® 3 7}35ic.

W7l Frlde) wddg 4 TAlA 13,000 rpm2R 3087 W48 5o
NZFE& 448 F 50 mM potassium phosphate buffer( pH 6.8)2 3 - 48 A
¥ 4. #3138 F& 2% #47]( Bandelin sonopuls HD2070)& o] &3«
S Azt Hld FL A 4 ToAH 1A FL 15,000 rpme 2 B4 E
F ARG E S5 xRLY 2T dg
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3. &9 84 &3

Catalase 84< 10 mM H:0.& X #¥% 50 mM potassium phosphate
buffer (pH 6.8)° A3 E2ARE W3, 240 nmel A9 FAE FL=2 §4
E§ AAE B0 4 99 1¥ 9 1 7 mol®] H:0x(e 240= 43.6 M
en )& B FE T2 FE 1 unitE: Y34} (Beers and Sizer, 1952).

Peroxidase® A & 50 mM acetate buffer( pH 5.5)°] %< 0.5 mM
0 -dianisidine® 7|A2 F3, A3Pe K&A8E Y& ¥ 4 oM H0.§ A7}
3te] 460 nmelA el FFE FVIE BAEE AAsgd. 544 A 1¥
$4¢ 1 p mol® o —dianisidine(s 460= 11,300 M 'ecn )& WA= e &
£ 1 unitE A9 3l (Caliborne and Fridovich, 1979a).

4. B2 AL

Mini-PROTEINI system(Bio-Rad, U.S.A.)& °l4%4d 7.5% non-
denaturing polyacrylamide slab gel’d*jA A7 dF5& 925

Catalase 9% & Wayned} Diaz(1986)2] ferricyanide G4W-g o] 4-#4%
. A& FFTE FA A 93 o, 74 100 mLe] 30% H0-% 100 p L
Hq o) 23 10¥ FUd v $9& vHI FHFE @ AR PYE o
¥, 2% ferric chloride, 2% potassium ferricyanide- £ & 2z} 25 mlL4 #&
¥, light boxolA AA3 EFo] Fvl. CatalaseBA LS Mol AT M)z
A At 25822 A= o] F4YHe] o] FojAv},

Peroxidase 444 < @ 05 mM o -dianisidine® X #3  acetate
buffer( pH 5.5)°] A& 10% %o 92 ¥ H:0:F HF FE7} 4 mMo] HEH
A 7t#t 4 (Caliborne and Fidovich, 1979a). 429X H 3 Az WA
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0 -dianisidine® 7] 2 o] 43 peroxidasex 2.9z ¥ ¥4 o& Hdd. @
40 mM pyrogallol& E &3+ sodium potassium phosphate buffer( pH 6.0)
o A 108 F B2 F H0.E HF 571 7.4 mMo] HEF FHrlsigld
(Loprasert et al., 1988). A2d]4 &g Azt #-E-A7]9 pyrogallold 71 E o]
48 peroxidase®™ 24 g 2B,

5. iz A}

d9iale] 4L hovine serum albuming EFIHAZT AE31e Lowry(
1951 g ez EAsdd. S84 A9 F Fg9 997 FE= 280 nmel
o) FFEE FAUD

6. Catalase-Peroxidase®] & A A

EFLH) 25% ammonium sulfate® Al VPLAUY F A4 =
o} ©}Al 70% ammonium sulfate® *2]do] HYPE T F o] JAEE 50
mM potassium phosphate buffer(pH 6.8)c} &#jA17A FYd S¢FLYo 2 1243
¢ RAE ¥ A 2489 A4 E AAGA Y AE2 A4,

50 mM potassium phosphate buffer(pH 6.8)2 v]2] HY3RA3)
DEAE-cellulose column (2.5X30 cn)o] & A RE 93, 300 mLe T &3
Sdez HMHF F 0-0.5 M NaCle] ¥8%¥ 50 mM potassium phosphate
buffer( pH 6.8)¢] 4A3¥E 71¥7]|2 $3A3cl. FESHEE 30 mL/hrolX, 5
mL4 28 dgq. 2 FYEL 280 nme) HANH @9Ae] FJFEE FA3}Y
I, F &2 Ao & 25-5571219 YL o] A ALIAY ARE A



&4t

50 mM potassium phosphate buffer( pH 6.8)22 njg] g3l
Sephadex G-200 column (1X90 cn)o] A|RE ¢gx $Y £4o2 L&Az
42455 10 mL/hrelX, 2 mLY #9 dgd. Z $YEL 280 nme] ¥R
A Sdel FREE RN, ALY F 30-4074A9) FYSE -EHHAY
ARE AHE3g

0.5 M ammonium sulfate?} £%% 10 mM potassium phosphate buffer(
pH 6.8).2.% v]2] Y% 3] A7) Phenyl-Sepharose CL-4B colunm (2.5X10 cm)sl] A E§
93, 40 mLe] FL4d9 R WA 4249 0.5 - 0 M ammonium sulfate?} ¥3¥
10 mM potassium phosphate buffer(pH 6.8)& YA ¥FE 7] 8712 £&XNA}.
$EHE<T 20 mL/hrel 2, 2 mLY ¥8 39 2 852 280 nme 934
el EREE SR, A2RAE A d¥ F 5de) 4] 2L YIS
F3He e A&

2 AAY i FF5AE <7 H%9 UV/Visible Spectro-
photometer(Phamacia Biotech)Z &% & &4 39 }.

8. &9 Ao A pH, 5, ZYI H0:9 48 =4

B9 A4 W¥ pHY S depir] 93 50 mM
citrate-phosphate buffer(pH 3.0-7.0), 50 mM Tris-HCl buffer(pH 8.0-9.0),
50 mM carbonate buffer(pH 10.0-11.0)& pH 1942 Z¥) 3 (Shin et al.,
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1994) zE 23} BEAAT Az gz 71AE Y32, F2A catalaseBAA 3}
peroxidase® 4 & A%t 49 A W pHY 93-S Lolir] 4
oj¥] pH buffers] Z=E 29 BEAAF catalase-peroxidase® WI L4 1
A Fok B F ARE AF 39 catalase$} peroxidase¥A & &4 3%}

& A A 229 4%E ANV A#H T B 84 P84S
30-80 TZA 10 TAHLR FH|Eed, TR REAAT  catalase-
peroxidase® P, catalase@ A3} peroxidase@ A& &34t  TL2EA 9
d3 H3A pHE =437 98950 mM potassium phosphate(pH 6.8)%}
acetate buffer(pH 5.5)& Fv|ste] 2R Lo} RE2YAT A RS Yl 30-60 T
747 10 TTHLE LEFE AR 1AZFY BEF F A=E APy
catalase?} peroxidase®#4-& &43l3]d.

o] A T H0:8] 9% A3 93t FERAAT E2AEE
10, 20, 30, 40, 50 mM H20:9] s X)X catalase¥4d 3} peroxidaseBA & &4
3glch &) Hz0:0 Y HAEE A Y8 =E 29 REAANT 2N
2& 2 mM H:0:% 4 mM He00 1A3F <t RAsAA 1024 AHE 293
o catalase®} peroxidase®A & &3¢

9. BE AAT §e 7)AE)A T4

7.5% nondenaturing polyacrylamide slab geldojlA AV % & 9% o
% 713224 o-dianisidine, pyrogallol, guaiacol, diaminobenzidine, ascorbate&
ol 43le] FAAME H3Pd. Guaiacol® 15 mM sodium phosphate buffer
(pH 6.0)1 %41 0.1 mM guaiacols A Fo] 10¥4x d2F HF¥Es} 1
mM=E A H:0:& $°] 9439}, Diaminobenzidine® ¥4 A& 50 mM
potassium phosphate buffer(pH 6.8), 50 mLe] ¥2F HE%¥57} 5 mM HA
Hz0:& $o] 1087 w5 3ld $H42 A LF diaminobenzidines ¥o] 943



s} (Clare et al., 1984).

10. 84 A4 g AsjAe] 43}

& AHASe d¥L FEHE Fv# sodium cyanide, sodium azide,
hydroxylamine$ 27t E& A& 4o 287 43AA ¥ (AL FAH9 X
TIHE FAF22H 50 % 94 F5E T

3-Amino-1,2,4-triazole& 50 mM potassium phosphate buffer(pH 6.8)
4 10 mMe] S55 ¥ dd 4FRe] 2 ASE 93T 1087 A2494 2
it ¥ catalase$} peroxidase¥4& S 9.

71 4vo) i QAFL RAA R, ethanol, chloroforms 10:5:32.% E{HA)
A F, A&994 107 E9F vortexste] 948 F 2327} catalased) peroxidas®
e &A% 4



m. 34 ¢ 33

1. Catalase¥} peroxidasee] ¢8 %4

3714 =Ae2 WIe R rubrum S194 3E3F¢ 2H2YE AV T
B9 A7 Fig. 13 o] 5714 catalase(catalase 1, catalase 2, catalase 3,
catalase 4, catalase 5)band7} el 2wl catalase 35 4= pyrogallold 7|2 =2
A48 peroxidase?] 71%°] 9193 (peroxidasel, 2), catalase 3 o -dianisidin%.
1A 2N A48k, detA Catalase 37 43 catalase-peroxidase® T 5
9.2 (Fig.1), H halobium3 D. radiophilus$3 3°] ¥ 719 catalase-peroxidas
& 713 199 (Brown-Peterson and Salin, 1993; Lee and Lee,1995).

2. ZRANe] FL28A T pH, TE, 22 Ha0:¢] 4%

pH 3-11742] pH¥ =& W3 A A catalase¥@A& A48 £ d3 25294
AMe pH 5-107174 W& WHHAA & 4% EPd(Fig. 2). °)= M
luteus(Nadler et al., 1986), R. sphaeroides(Detlef and Michael, 1998)% ) A ¢}
B3¥ catalase®] 5433 A HP2n, FL2 HHNAH €& Role FEYAY
catalase—peroxidase¥@ A F= ik Aozl gle] RELNNAE AYAH
catalase?] 53 & 7[R Q& ALz A8¥d. 7 pH buffers]s AT F94
IAT F ELFAS 4 A pH 6-11 HHlAH 50%0]44e] Aol Felsl
o} pHel W& ¢ Ao wi$ 2 A2 A UG (Fig. 3).

E2AC AT 52 Qg SAY FH HAHLEE 30 TR e,
50 T 7AAE 50%0]12 BAE Rolvt I o] FRHEE oA (Fig. 4), FE44

_10_



Ea alase é
atalase

4 Peroxidase 1

Catal 3 »
atalase 4 Peroxidase 2

Catalase 4 »

Catalase 5 »

Fig. 1 Activity staining of catalase and peroxidase after
non-denaturing PAGE(7.5% acrylamide) of crude enzyme extracts
from Rhodospirillum rubrum S1.

Lane a, Catalatic activity staining

Lane b, Peroxidatic activity staining(pyrogallol)

Lane ¢, Peroxidatic activity staining(o -dianisidine)
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Fig. 2 Effect of pH on the catalatic activity of the crude
enzyme extracts from Rhodospirillum rubrum S1.
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Fig. 3 Effect of pH on the stability of crude enzyme
extracts from Rhodospirillum rubrum S1. The crude
enzyme extracts with different buffer solutions were

incubated at various pHs at 30 °C for 1 hour and residual
catalatic activities were determined.

—8&— citrate—phosphate buffer
- - - - Tris—HC] buffer

—&— carbonate buffer



3 catalase-peroxidase®A 3 zpo]7} slddel ZREEZAE ZF 25404 1/ F
AL AP I} 40 TARAE 70%°149) Aol ol AT 2L ol FHEE
#Ao] F73 FL¥E ¢ & dAcH(Fig. 5).

ZEZ2NE 2 mMF 4 mM H:0:04 1A2F 5 £49) d3E =A% 2
3 Al wWstgel dAT YIS FAH] AAFL B 2r(Fig. 6), 2 mMeIA
e] kA A& M. luteus(Nadler et al., 1986)% sk}

3. TEEYCA AHAY =3}

Fig. 7e0l4 HXo] EF 29N AT, HoOp, #7189 L Z uread AT
g FAGNE F3d 2AY FAE catalaseB A AAE #7149 8 M urea
o A who] ¥Ao] FA3e] catalase 29} catalase 484 o] elyd}. Peroxidase
JAE 7189 E AAPE W S 48] HAsg2n 8 M wreaM?] A
d+ ®Ao] =F elytdl. ol Acinetobacter sp.olA #7189 AAF A4
Tt Y A cat2e] VAol 24P A A {9 HSin ef al., 1994).

HAEE Byste e AANEL zHiHoT s 25-70% ammonium
sulfateE e F AL 4& 12420F¢ F4 ¥ °|§ A*E DEAE-cellulose
ol =¥ ZZcETNHNE FY#Hsct. NaCl FEFHE o) &3t RLFE &
#4743 25 100709 8% 95 & A2, catalased} peroxidase®4] o]
20-308g o)A @A FAHAN(Fig. 8) o F 7}1AFA o] & 30-507tA12] ¥+§
% #3Y Sephadex G-200 2 o3 IA=stEIHAF As82 Agdsich
Sephadex (:-200 A ot aAZstEIHs] 7T A3 6308 £H& dsiev

_14_
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Fig. 4 Effect of temperature on the catalatic activity of the
crude enzyme extracts from Rhodospirillum rubrum S1.



Catalatic Activity (%)

120
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40

20

O I\ L
30 40 50 60
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Fig. 5 Thermostability of catalatic activity of crude
enzyme extracts from Rhodospirillum rubrum S1. The
enzyme solution was incubated for 1 hour at various
temperatures. The assay was carried out in 50 mM
potassium posphate buffer( pH 6.8).
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Fig. 6 Effect of HyO5 on the catalatic activity of crude
enzyme extracts from KRhodospirillum rubrum S1.

——CO—— 2 mM HgOg ——

4 mM HzOg



abcdef g hii

(A)
abcdef g hi]

(B)

Fig. 7 Effect of AT, H202, urea and ethanol/chloroform on
the catalatic and peroxidatic activities of crude enzyme
extracts from Rhodospirillurmn rubrum S1.

Catalatic activity staining(A) and peroxidatic activity
staining(B) after non-denaturing PAGE(7.5% polyacrylamide )
of crude enzyme extracts.

Lanes a, not treated; b, 10 mM AT; ¢, 20 mM AT; d, 10 mM AT and 10

mM Hz03 e, 10 mM Hz02 f, 20 mM H202 g, 2 M urea; h, 4 M urea; i, 8
M urea; j, ethanol and chloroform
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(Fig. 9 A719%5E %39 A3 bandE® HFUso 30-4074x9) #+Y&
Phenyl-Sepharose &44 A&2z4 a=zrleadve] A8 A4 0.5-0
M (NH4):S04 FE7UE o] &3t £E2A FH =277 A9 S 74
A B¥ catalased} peroxidase¥Ado) vepytew], #A4e] 714 &4 vehi= 1074
8 #3& 4% & d9AHFig. 10). A A9 22T E FYE A3}
catalase®} peroxidase@Ado]l Al L& FHolM rielyts=dH, ©]Z& Rps.
capsulata (Hochman and Shemesh, 1987)14 223 439 Z4E ¢ 5 %
t}. olst Feo] AdAe IErlEIAPHLE FE AT catalass)
peroxidase?] 4+&-& catalases 1.6% 133l peroxidases= 5.1%% o, A W
< (purification fold)7} 4.6W$} 14M|2 F71 ELAE 0.3 mgs 4&+ & A4
}(Table 1). 28X catalase® v} peroxidase?] A w47t o] Eslow oA
vl @Ae] RelETAHE $Pe 92 BE ALY ARE 75% 2 AV|GF
F HAG98E 319 #d T A shte] dY band(catalase-peroxidase)§ &
T 29 (Fig.11).

5. 49 #3454

F529EQ S AHE HF. catalase-peroxidaser 411 nmelA Hdle) F
Z5E 7HA< heme 99 AYE & F 9929 (Fig.12), Rps. capsulatas 403
nm, Strepiomyces sp.~ 407 nm, Deinococcus radiophilus< 405 nms2 2 o}
2= Z}o]7t 9149} (Hochman and Shemesh, 1987; Youn et al, 1995; Lee and
Lee, 1995).

6. E48A4¢ ¥ pH, X, 222 H.009 9%

_19_
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Fig. 8 Anion exchange chromatography of dialyzed
ammonium sulfate precipitate of crude enzyme solution on
DEAE—cellulose column,

Dialyzed ammonium sulfate precipitate(25—70%) enzyme
solution was loaded on a column (2.5x30 cm) equilibrated
with 50 mM potassium phosphate buffer( pH 6.8) and then
eluted with equilibration buffer of 0—0.5 M NaCl in 50 mM
potassium phosphate buffer( pH 6.8), at a flow rate of 30
mL/hr. Fraction size was 5 mL/fraction.
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Fig. 9 Gel filtration chromatography of partially purified catalase—
peroxidase obtained from DEAE—cellulose ¢olumn

on Sephadex G—200 column. Enzyme solution was loaded on

a column(1x90 cm) equlibrated with 50 mM potassium phosphate buffer(
pH 6.8) and then eluted with equilibration buffer, at a flow rate of 10
mL/hr. Fraction size 2 mL/fraction.
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Fig. 10 Hydrophobic chromatography of partially purified
catalase—peroxidase obtained from Sephadex G—200
chromatography on Phenyl—Sepharose CL—4B,

Partially purified enzyme solution was loaded on a column (2.5x10
cm) equilibrated with 0.5 M ammonium sulfate in

10 mM potassium phosphate buffer (pH 6.8). The column

was washed with 50 mL of the equalilbration buffer and

then enzyme solution was eluted with 10 mM potassium phosphate
buffer (pH 6.8) of linear gradient of 0.5 M ammonium sulfate (
0.5—0 M) ,at flow rate of 20 mL/hr. Fraction size was 2
mL/fraction.
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Table 1. Partial purification of catalase-peroxidase from Rhodospirillum rabrum S1

Catalase

Peroxidase

Total
protein Total Specific Purification Yield

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

Total Specific Purification Yield
activity activity
(u) {(U/mg) (n—fold) (%)

Crude extract

Ammonium
sulfate(25-70%)

DEAE-cellulose

Sephadex G-200

Phenyl-Sepharose
CL-4B

84 37626 448 1 100
37 22592 611 1.4 60
20 197638 988 2.2 53
1.5 2486 1657 3.7 6.6
0.3 640 2067 4.6 1.6

11798 141 1.0 100
8606 233 1.6 72.9
5512 276 2 46.7
2168 1446 10 18.4

596 1987 14 5.1




Catalase—Peroxidase

Fig. 11 7.5% polyacrylamide electrophoresis of the
partially purified catalase-peroxidase from Rhodospirillum
rubrum S1 at each purification step.

Catalatic activity staining(Lane a, crude enzyme extract; Lane
b, DEAE-cellulose; Lane ¢, Sephadex G-200; Lane d, Phenyl-
Sepharose CL-4B)

Peroxidatic activity staining( Lane e, Phenyl-Sepharose CL-4B)
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Fig. 12 Absorption spectrum of partially purified
catalase-peroxidase from Rhodospirillum rubrum S1
It shows a peak at 411 nm.
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BE D catalase-peroxidaseB S pH 3914 1174A pHE W3IAA
ZA3 & 43}, catalaseB AL pH 614 peroxidase®A-& pH 594 714 E74
vebitd. Catalase@Adol pH 5%¥ 73214 50% °ld& veile @dd,
peroxidase@ 4 €& pH 5%€ 6% 294 =L AL EY9d(Fig. 13). d& HNITE
A+ H pHE EY Rps. capsulata’d ¥ peroxidase¥A-E pH 5-5.394 713
#3249 catalase®A 2 pH 6-6.594 ¥ A& vehdcy Busgen, R
capsulatus’] $ peroxidase: pH 7|4 catalase-peroxidase& pH 5.5904 1%
Aol 7FAEA Jebdey B w3 g ci(Hochman and Goldberg, 1991; Hochman
et al., 1992), Klebsielln pneurmnonige= pH 6.3, Streptomyces cyaneus? S+
pH 8.09 4, H, halobium< pH 6-7.5%14 I3 E. coli¥] HP I-&+< pH 7.54
A catalase-peroxidase®@4l¢] 714 ¥4 vebdelx ¥ 3899 Hochman and
Shemesh, 1987; Mliki and Zimmermann, 1992; Brown-peterson and Salin,
1993; Claiborne and Fridovich,1979). ¢]¥ Z$-8} ko] R. rubrum Sle|A %
54 pHYH AT 4] EA FAY ZA2Z Hol o Alolr} AYHQY
catalase®}+= ©}& catalase-peroxidased] =EA2eR  Addd. RLEHAY
catalase-peroxidaser] 88 pH 3-117}A12] Z pH bufferdl 1A7+%<F 23§ «}
+ 4% 43 I pH 5-10744] 50%°13¢ |AE Bglon 3] pH 794
743 A=A Ydelgd(Fig. 14).

H-5AA Y catalase-peroxidases]4] ELEA] AT g 258 23¢
A catalse@ A7 peroxidase@ o] ZF 30 TolA F e AL Holw= He
E veht HALE7 30 vde € 4 A4 (Fig. 15). Rps. capsulatas) A 44
5]+ catalase-peroxidase( Hochman and Shemesh, 1987)F u)&3}4 & A
ZEF vhA7AE R rubrum S19l4 catalase-peroxidase ®A] LX) %z}
< HRoFQrl. 2EW3e] o Bl IAEE BI] §#H BEAANRY
catalase-peroxidaseX] & 30-50 T7A9 &Xo] Ao 142 ¥ A& &
A% A catalase$}t peroxidaseB Aol 5 40 TolA 92w, catalaseA 2
40 Tol¥Z 60 TR LtatA M= AA ¢ peroxidased] ¥A-L 40 ToO|F=
ZA7] A s el catalase’} peroxidase®t ©] kAFE ¢ 4+ 9192 (Fig.
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16), K. pneumoniae| A ®4e] A3 vehixl gEde Rises dE&23oid
(Goldberg and Hochman, 1989).

BEA A catalase-peroxidases] 4] catalase®A-& 2 mM H0zel M & 14
et BAe] Z w3 glo) AW Ve RYAT 4 mM H044 € 208 ¥
B Ayl &A4o] Asise] EAT YyAE EAcKFig. 17). Peroxidase®A &
ZE LN A%} vh@7IA 2 2 mM, 4 mM H:0:04 25 E 9%E A g€
AY Y& B3 (Fig. 18). Fig. 195 #Ze] 10-50 mM7A] H:0:5 =8 @34
A catalase®}t peroxidase@ & &4 2 catalase@ A2 $HREA A F71
&t} R. capsulata$} R. spaeroides®|X catalase 547 4A#E ¢ & A2
o, peroxidase® A& F713Hc17)k 30 mM Hz0:z00 o224 HH I §A4o] €A
R. capsulata]X 2] peroxidase®AF wt&  Apel7}  slglcH(Hochman and
Shemesh, 1987; Detlef and Michael, 1998).

7. E28 V]2 S|4

RREAA% catalase-peroxidaser= peroxidase?]| I E2H  o-dianisidine,
pyrogallol, Z¥]5. diaminobenzidine2 ©]-% 8% 2%} guaiacol, ascorbatex °]-§
32 gki=dl(Table 2), °)= Rps. capsulata®l X 9] peroxidases] 7] %A 3}
ot} (Hochman and Shemesh, 1987). ol#lol % B. fragilis®] peroxidases
pyrogallold) A2, Synecoccus PCC 7942% o -dianisidines} pyrogallol® 713
24 ol4ag 2w guaiacol® ascorbatet o]43tA =¥ R 35 o (Rocha
and Smith, 1995; Michinori et al., 1996) ¥ 4% R, rubrum S1& W%
peroxidase® H|£¥ A9} 3}o] peroxidaser WA 714 S o]bYce AL
¢ F A
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Fig. 13 Effect of pH on the catalatic and peroxidatic
activities of the partially purified catalase—

peroxidase
from Rhodospirillum rubrum S1.
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Fig. 14 Effefct of pH on the stability of partially purified
catalase—peroxidase from Rhodospirillum rubrum S1. The
enzyme with different buffer

solution was incubated at various pHs at 30 °C for 1 hour
and residual catalatic activity was determined.

—&— citrate—phosphate buffer(pH3.0—7.0)
- - 4 - - Tris—HCI buffer(pH7.0—9.0)
——A— carbonate buffer(pH9.0—-11.0)
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Fig. 15 Effect of temperature on the catalatic
and peroxidatic activities of the partially purified
catalase—peroxidase from Rhodospirillu rubrum S1.

—&— catalatic activity - - O - - peroxidatic activity



Activity (%)

120

100

80

60

4OT

20 |

O L 1
30 40 50 60

Temperature ( °C )

Fig. 16 Termostability on the catalatic and
peroxidatic activities of the partially purified
catalase—peroxidase from Rhodospirillum rubrum
S1. The enzyme solution was incubated lhour at
various temperatures.
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Fig. 17 Effect of Hy;O5 on the catalatic activity of partially

purified catalase—peroxidase from Rhodospirillum rubrum
SI.
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Fig. 18 Effect of HyO5 on the peroxidatic activity of

the partially purified catalase—peroxidase from
Rhodospirillum rubrum S1.
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Fig. 19 Effect of H;0; concentrations on the catalatic and

peroxidatic activities of the partially purified catalase—
peroxidase from Rhodospirillum rubrum S1.
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Table 2 Peroxidatic activities of the partially purified
catalase-peroxidase from Rhodospirillum rubrum S1 on
various substrates

Peroxidatic activity

Electron donors

o -Dianisidine +
Pyrogallol +
Guaiacol -
Diaminobenzidine +
Ascorbate -
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B2 A4 AP AHASe] 2

Fig. 203 Ze] EARA A AHAE9 %<& Ed NH0HINA =
catalased! 2§ 2.0X107 M, peroxidase?l A$+ 2.5X107 MS peroxidaseZ}
Y #& FEAA 50%9A=EE AE 4 & 94 NaNsel A+ catalases 4.2X
107 M, peroxidase¥> 3.2X107 M2 catalase7t o ¥& ¥EA 50% A7}
o] %e] FA2n, NaCNe] A& catalaset= 8.72X10° M2 ¥ E 4|4, peroxidase:
51X107° M ¥X)4 A5 o] catalase’} peroxidase®vl o EL FE oA
50%9 A7} St o] F ANAMEL catalase@ A3} peroxidaseBA-& FAlol A
#Had HE 8 A5 A& EFE 2 2v(Table 3A), hemed8d F2Ee
A A7 & AFY ELE) vlE clxe FEAA 9AEE E4-9d4

REBAAY catalase-peroxidase®] 10 mM 3-amino-1,2,4~triazoled 3 3)
¥ A, 25744 28 2 catalase-peroxidase (Hochman and Shemesh,
1987; Brown-Peterson and Salin, 1993)9)4 g} v} 3V}A| 2 & 4e] 74 fAe] 1
H2 FA=E2 9lgdet. £ A3 FH catalases}= } & catalase-peroxidase®] A}
ol F & A UFEE JIAZ YU, catalased] AL 21%,
peroxidasex= #$AL& 15%BE doldgdeH(Table 3B). 19 ZHAAE Rps.
capsulata, K. pneumoniae, E. coli, Mycobacterium smegmatis(Hochman and
Goldberg, 1991; Hochman and Shemesh, 1987; Marcinkeviciene et al., 1995)
o4 HFF catalase-peroxidase?] SAFAE AL & F U}
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Fig. 20 Effect of heme protein inhibitors on the catalatic and
peroxidatic activities of the partially purified catalase-
peroxidase from Rhodospirillum rubrum S1. The enzyme was
assayed with concentrations of NaCN, NaN; and NH2OH.
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Table 3 The effect of inhibitors on the catalatic and
peroxidatic activities of the partially purified catalase-
peroxidase from Rhodospirillum rubrum S1

A. The effect of metal inhibitors on the catalatic—peroxidatic activities of
the partially purified catalase-peroxidase from Rhodospirillum rubrum S1

Metal inhibitor concentration(M) requred for
50% inhibition of the enzyme activity

Metal inhibitor

Catalatic Peroxidatic

activity activity
NaCN 8.7X10™" 5.1X10™®
NaN3 4.2X10"' 3.2x10°°
NH0H 2.0x10° 2.5X10°'

B. The effect of chemical inhibitors on enzyme activities

) o Catalatic Peroxidatic
Chemical inhibitors . .
activity (%) activity (%)
None 100 100
3-Amino-1,2,4-triazole® 91 89
Organic solvent” 21 15
a + The enzyme solution was incubated in 10mM 3-amino-1,2,4-triazole for
10min.
b : The enzyme solution was mixed with organic solvents to give a final
composition of enzyme solution: ethanol: chlroform = 10:5:3, and then vortexed for

10min at room temperature .
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)42z Wt FRAME Rhodospirillum rubrum ATCC 11170(S1)&
za2NE AVYF( 75% PAGE)IY fA444E ¥ A dA 7iA9
catalase’} A< 4 § ddv. T F F 7MA & peroxidased] 7] FE FA 4
7}Al & catalase-peroxidasesich. ¥EAF AR o] Ao F3 29EHL 411 nm
o4 HIEF JelYen, o -dianisidine, pyrogallol, diaminobenzidine¥& 713@
2 A83192v ascorbate, guaiacol$ 7]AR A}-§-3A] 9= peroxidaseAl &
7H1A 2 gigdd}. o] EHA¢] catalasse®] #HA pHe 60929 peroxidase®] H 3
pHE 59« HFLEE F 7I1A] 2484 ¥ 30 ¢4, 30 ¢, 40 © 29
50 CAA 1A ¢ 2N BF § DI catalase®A - 50%°]1F Folol 4l
21} peroxidase®A-2 30 T, 40 v 50%°]4d delddd. #7]-8wi(
ethanol/chlroform) #2]A¢]& catalase®4d 2 79%, peroxidase®4-& 85% A
#A=4lc}. 10 mM9) 3-amino-1,2,4-triazol Al F 713 FAo] BF A¢g
Qe ¥ sl HoOzd) 8 AL catalase@A 2 2 mMoAiAe A4
21 4 mMeM = ELAE AL, peroxidaseR# A€ F71A 5 EN4A4 kA E
4r}. Hydroxylamine, azide, cyanide?] 50%9Y#&E+< catalase®] A%
hydroxylamine 2.0 X 107 M, azidet® 4.2X 107 M 222 cyanidet 8.7
X 10° Me)929 peroxidaset hydroxylamine€ 2.5 X107 M, azidet 3.2
X 107 232 cyanide¥ 5.1X107°%)4ld.
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