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ABSTRACT

Several properties of catalases in crude extracts from aerobically
grown photosynthetic bacterium Rhodospirillum rubrum ATCC11170
were examined. Aerobically grown R. rubrum on malic acid as a sole
carbon source contained five different types of catalases, designated
Catl, Cat2, Cat3, Cat4, and Cat5. But anaerobically grown cells
contained only Cat2 and Cat4. Among them, Cat3 and Cat4 exhibited
bifunctional  catalase-peroxidase  activities. The  others were
monofunctional typical catalases. The molecular weights of Catl, Cat2,
Cat3, Cat4, and Catb were 337kDa, 282kDa, 235kDa, ‘188kDa, and
150kDa respectively. In terms of catalase activity, the crude extract of
aerobically grown K. rubrum revealed maximum activity (about 705U -
mg protein ') at late stationary phase, in contrast, the crude extract of
anaerobically grown R. rubrum revealed maximum activity (about
109U - mg protein ) at late logarithmic phase. Catalase in crude
extract showed stability at broad ranges of temperature (30C to 607C),
and pH (6.0 to 10.0). It's Kn value for hydrogen peroxide was about
10mM. R. rubrum was much more resistant to hydrogen peroxide in
the stationary phase than in the exponential phase. Cells of stationary
phase treated with 15mM hydrogen peroxide for lhr showed 3 fold
increase in total catalase activity compared with the untreated cells.
The localizations of catalases in the cell of R. rubrum were
determined. Cat2, Cat3 and Cat4 were located in the cytoplasmic space,
but Catb was located in both cytoplasmic and periplasmic spaces. The
localization of Catl could not be determined by denaturation in the

process. Effect of various substrates as a sole carbon source on the



induction and activity of catalase of R. rubrum was determined.
Different carbon sources exhibited different effects. L-glutamate
induced 80-fold increase in total catalase activity of R. rubrum
compared with malic acid. Interestingly, the sixth band of catalase
activity was detected after nondenaturing PAGE of the crude extract
from R. rubrum cultured on glutamate as a sole carbon source. The
sixth catalase band revealed highest molecular weight among 6

catalase bands of R. rubrum on the native PAGE.



714 AES A RE YEES AHAE 5R 570 WLF
AqUAE A7 A8l NaE He2 o £F AEE i Mady @
oz Fddd FHEiQ 0:- , OH, H:0:9 22 f3) HAE2AES 44
ok Oz & 170 B FH AARE AT Qomg atAh I ARG
FF GiZolu, FE LN HrE HBFoTN YE uolEd
HO;- 3 %2 = 92 ¥4 A4L5s A4 (Halliwell and
Gutteridge, 1986).

Ay 2EY2E e 2Y9 Aa B olye, y -radiation,
near-UV radiation, ozone, peroxide, redox-cycling drugd] &M= &
HE ¢ Qlon, A FFY free-radicalEol BAFY (Imlay et al,
1988). Escherichia colivt Salmonella typhimurium< ©]213F AbstA X~ E
Aol el 2l Wojdta HEA7IE 71FE JHA 3 Yed, oE A
ol e FE9 H0:8 X3t yFol MEo AP &4< 9
T AE FEY HO:E MWL W 13X e Ao v €L o
Z dob & 4 3ot (Demple and Halbrook, 1983). w} &7} A& E. coli
ol superoxideg® A4 IFYES 22 FE2 HYsH UFd =
TEQ BHAES HNYYS W o F ¥ F Ak o F H L7 Fo
= 99 g4 fFEUF FAA Aoz FAUY (Farr et al,
1985).

Catalase= 948 AEZHEH ResHn dr=Hoisgtg. 15482
FEH £2 ¥ catalases MZ FAIG WO A EAM Qe catalaseE
i ThFste, el ME Qe A2 FF9 catalase’t EAEIE F
t} (Hochman and Goldberg, 1991). E. coli (Claiborne et al., 1979;
Claiborne and Fridovich, 1979)¢} Bacillus subtilis (Loewen et al.,



1987a, b), Saccharomyces cerevisiae (Seah et al., 1973a, b)E& ¥ 33 2
< HAEE F 7MA9Y 553 catalaseES JHAR Yd ube),
Neurospora crassa (Jacob et al., 1979), Proteus mirabilis (Jouve et al.,
1983) <& & FH9 catalasenE& AT Aok P mirbilis®t S
cerevisiae 59| catalaset 4709] protoheme X group& 731 Ax 4
7he) 60kDa @HAAE 7HA 2 e T EA/HFY catalase®t FAMEERI S E
coliy N. crassa 59 catalase= @A FAo|v Z7), protoheme %
d Tl ERFY catalase} B Ao]E Holm gt}

E. colit catalase®} peroxidased 7]1%5€ ZAj9) TR dle
Hydroperoxidase I # catalase®] 7|5%& 7FA 2 1+ Hydroperoxidase
Oete ¥ 79 catalaseE 7122 ed o5 47 katG & katEE}
T FHAENE FAHEY (Loewen et al, 1984, 1985a). o] ¥ AAE &
gt 1 5A4E& AR A7 ol8e W AHQ catalase® ofu
o MEUAE B2 AoldE Holx Uth HPI & 8lkDadl 94|
2 FAE tetramer2A F 789 protoheme IX groupS 71 ¢4
Bt3)l (Claiborne and Fridovich, 1979), HPI & 93kDa¢] @9 A& 7A€
hexamer24] heme d-like groupg 7F* 1 At (Loewen and Switala,
1986). 183 o]E& AME Y& AT W&t HPI 9 §A4-& A
H0.8 371e W =5 HPO O &4S MEZ AR 70 Eo7hAY
TCA 329 T A& ol&alM 43E o fFE¥} (Loewen et al,
1985b).

B. subtilis (Loewen and Switala, 1987c), E. coli (Loewen et al.,
1985), 18] 3X N. crassa (Chary and Natvig, 1989)2 X 33l= 992 A E
Ao daiy 4 dAlc @& catalased] ME © & 2HH YAto] Rud
b Ao B subtilistE T FF 553 catalaseE MR n Jed
catalase-12 F7] A5 7oA FAsA LHEE catalaseZA A X

7 AR 71 oAU HoO0l =25 AE W 2 Ao frEse Ao



2 &3 A A (Loewen and Switala, 1987c¢).

S. coelicoloroll 2 %9 Hx0:& Aelatd Fo] A Xoj x)53
A EZE A F e T2 H02 HAPS W 18R P A X
B3] o & dol F& + AT (Roe et al, 1991), o]&j 3 Hg 7|7 u
2 59 H0:& HIPE ' catalase, peroxidase, glutathion
reductase, 18] I glucose-6-phosphate dehydrogenase 52] &Alo] =7}
she Za d#ol A& Ao}z FHam U FFPAH AFQ
Rhodobacter spharoides| A= Hx0:& %] pre-incubation 3tg< o
catalase ¥4°] tAwZ F7@tn RS9 9t (Terzenbach and
Blaut. 1998).

27148 dd F@r1dEdA Aol stsd  BIRYAHT
Rhodospirillum rubrum ATCC 111709] catalaseo] @3 932+ Nadler
s (1986)l SJsted Had vk Qok @) wiFE R rubrum A T )
o] catalase® #1¥ 4 AU, typical catalase®] ¢ pHel Wslo] o
st pH 55-pH 100 714 W& HMYolx #84< Yeghdan 259 @
ol = 50TAA 582t incubationdt QS W 188%9] &Ao] Z7}3tol
Hugdoh 283 2mMo H0.& A% o4 A3 Folx ofd
FFol v Haso Qo

v A438& BFAHMF Rhodospirillum rubrum ATCC 11170914 1}
Elb= catalase®] o8] 712 SA4do) @t ¥ w o)



o. A 2 4y

1. &5 W

L1 &3 % ux

AV &3 T FE  Rhodospirillum rubrum ATCCI11709 2 ®iA| &
Bose & (1962)9] wiA & Al&-3tTt.

i x)e] 24L& o3 gt
D. W. 1LZ KH:POs; 600mg; KoHPO; 900mg; MgSOs - 7TH20, 200mg;
CaCls - 2H20, 75mg; FeSO4 - 7TH20, 11.8mg; "1HF U484 [ D. W. 100mL;
H3BOs;, 280mg; MnSO4 - 4H20,: 210mg; NasMoOy - 2H20, 75mg; ZnSO; -
TH20, 24mg; Cu(NO3): - 2H.0, 4mg ], 1mL; EDTA, 20 mg; biotin, 1548
(NH4)2SQy4, 1.25g.

o7jo] ©A¢<Q DL-malic acid® 3g H71std Hddtr] Aol IN
NaOHE A}&-3lo pH 7002 Z4E3tth

12. 3F € wgzxd

714 WY F5FE 680nmolA OD 0.057} S =% FHEF3t9 100mL
Woalol 715 Ae F wdsog 2000 Lux7t HEE ™3t 30T
A A X uf st

714w Frlugd FAFFE 680nmelA OD 0.057 HES
23 HEFuLYAL 300mL 4zEet2Ad 100mLE ¥ol 30TAA
150rpmo 2 & st



2 2EAe) 73 % uud 3

21. 2549 F&

g AdE 4CAM A& (5000%xg, 108)3t 2 o9&
ImM EDTAZ} /¥ 50mM potassium phosphate buffer (pH6.8)Z Al
H AAH$ ¥ ImM EDTAZ &#¥ 50mM potassium phosphate buffer
(pH 6.8)2 A AE 3} sonication (Bandelin sonoplus HD2070, 60%, 30
% +A) 39 Y. Sonicationd A4S 4ToA AHLAHEZ (10,000xg, 30
B)ste] FANE zaAHoR AHGIAT

22. @ d HF
Bovine serum albuming B E&9#WA=Z ALEstd Lowry & (1951)
o] W& wet AFF3Ach

3. Catalase 84 =3

3.1. Spectrophotometer® o] &3 4 =4

Beers®}t Sizer®] W3 (1952)o] wet xAao] 7]HA HAibstyae
FHAEAEEE 240nmollA FFE9 #AA22A FAAY. £49 1 unite
30CelM 1% F<t 1umoled] A FAE Eolste g4 oz A
A (€240743.6M 'cm ).

O

3.2 A7194 & & o] &3t catalase &<

3.2.1. Nondenaturing PAGE
Davis (1964)9] WS ¥l Ed% 48 AAZ 4 ALS



4%, 3t A 8% = A28t

322 84494

Catalased] &4 d4& Wayne®} Diaz (1986)9] ferricyanide 94
M olg3dY. A9 FES AE FHRTE A A AL 9§ 5
H.0:7F &fr€ $/F 100mLell 2o 10& A& &£5°] FUH. %911"
Hell FHFFE F ad AL 93 2% ferric chloride, 2% potassium
ferricyanide &< ztzt 25rnL”i] Hqe 5 Ao B dMo] & w7}
A light boxold HH3| EEo] F]th. Catalase 84o] Hole x|t
Aesn A QA7 22Moz FAso] SHPME ol o).

Peroxidase2] &4 d42 05mM o-dianisidine® X33l acetate
buffer (pH 559 A& 10% ¢ 92 ¥ H0.8 HF ¥=7F 4mMo]
=2 H7isldol (Caliborne and Fidovich, 1979). A&clA A2t A
b E¢ BESAI7IH o-dianisidines 7] A& o] &8+ peroxidases 2
A W g4 & B

4. Catalase EA ZA}

4.1. 3%7)e @& catalase 843 53

A 57\ 7+ A AAF R, rubrum & 680nmolA OD 0057} S =% HE
st Z7)ulgF F7IwiFS st E7IMGS 44X BH o2 ODE
ZAs 91, P71FS 1242 Ao ODE S dAE Rof 2%
28 THEO] catalase 84S FAH}AH

42, A% AHA
B AL 93t 5%0A 15%7HA] EETHE Fo A S



Y& ¥ standard marker protein® ZEAMEL e Ho HNAE A
ot M71gFo] €4 F marker proteino] & lanee #2tA4 Coomassie
blue @M& AL, ZFEANo] Yt lane catalase P FE}
peroxidase @M F S et 247 Y43 ¥, marker proteins 9 Arti 3
o]5Ael (Relative mobility : Rf)E At&3dtd F &4 (standard curve)
S ZHd 3l catalase bands®] RfghS ti$AlA xS A st
EFGYARZ = urease (545kDa, hexamer; 272kDa, trimer), bovine
serum albumin (132kDa, dimer; 66kDa, monomer)2 A& 3} t}.

43. a9 FAo dF 2529 pHY 9%

Aao] 4o dF 2x9 JEFS Uotr7| Y3t ZF 54 HSF
&AL 20C~80C7HA 10CHA2 Fuljste] ztzte] XA 108
¢ M7 ¥ catalase ¥4 A5 A

axel #gAdol Wi pHO B UokrR7] 9dd  50mM
citrate-phosphate buffer (pH 3.0-6.0), 50mM potassium phosphate
buffer (pH 6.0-7.0), 50mM Tris-HCIl buffer (pH 7.0-9.0), 28] 2 50mM
carbonate buffer (pH 9.0-11.0)2 pH 10992 FH]|3td ZF AN 7)
A& ¥ 30ToAAM 108 5 M@ F catalase 84S SAH s

44, A9 719 WEA
Kn &% 47487 91814 catalase @49 A 1, 2, 5 10, 20,
40, 60mMel H,0.8 Zul@ ¥ £ WSS AT

45. %71 W& H0:0 & R rubrum & BEYH 2A}

H:0.& H8l3 ¥ R rubrum & AEEE ZA340).

DL-Malic acid ¥iX|o| A X 5=7|742] A A3 R rubrum& ODegool A
0057} H =& HFstd 029 1271 & ui71x] wigsidd. o zA& R



rubrum © 3%9 H:0:& OmMeAlA 120mM7EA] a3 3 1A% F<t
g3t Aot 30TCAAM 1A <t AGuiFd R rubrum & 09% NaCl
of ¥g& 343l malic acid agar plated] HZ3tG ) 24X < u)
%% ¥ colony forming units (CFU)& ZA 34t}

46. 473718 HO, H el 93t catalase &4 =3

ODexol A 029 1274A] 23 R rubrumo] H.0.2 5, 10, 15,
20mMZ X F 1A F 30CAA 150rpme 2 e wjgsiet. 1
A G MGE F dAE Rof 2EANE THE catalase 84S
3t ot

47. H:0; Mgl 93¢ catalase 84 A

ODesooll A 0.274A] 2t R, rubrumel H:0:& 100uMo] HE = X
23t ODeyoll Al 1.27F B wj7bx] 28 wigFade. 2724 H0.8
At %S R orubrum$ 12742 WY wi g A 12712 A»@ R
rubrumel| H:0.& 5, 10, 15 20mM=E AHad F 1A1ZF =< 30TCAA
150rpme 2 & wjFett 1A < vigs & dHE Hof 2aAh

H-g s catalase A4S A3

4.8. Catalase®| AX W ¢4

R rubrum ol 3l catalased AIEX W $XE i) 3o
Ames & (1984)9 WHE& A83AY.  Periplasmic  fraction®}
cytoplasmic fraction®. 2 YF7] 93] 25mLe sjgFd S 5000xg2 108
AR #AE 2 F 30mM MgChel &% 10mM Tris (
pH 73)2 AHsgt. A3 FAe 1mLe buffer2 AEHI £
chloroform& 15L& #H73tAth 4TColA 1583 WA g sampledl
ice-cold bufferg& ImL %I 10,000xgolA 1087 A Esdct A4A

_10_



ol & periplasmic fraction® 2 A}&-3t9 1 pelletE& 1mL9 bufferol] A&
&% ¥ sonicationdte] 35000x g A 6083t A& @3t cytoplasmic
fraction©. & A}£-3t4t}.

49. &Aool wat X9 catalase A9 vl B

Sad AEdd 2189 A& Bose 5 (1962)9] wjxolAH gigdo
2 DL-malic acid, sodium pyruvate, sodium succinate, L-sodium
glutamate, sodium acetate, sodium lactate, fructose, ethanol® z}Zt 3%
(w/v)7t F=& #H7lste IN NaOHE pH 7022 =43 ¥ 973ty
ARl T PYS (03% Peptone, 0.3% Yeast extract, 2mM
MgSO4, 2mM CaCly) ¥iA A A #717b2] F 71 St R rubrum & &
29 wjAEE ODepllX 0057} HEE HEF F 37wt
DL-malic acid, sodium pyruvate, sodium succinate, L-sodium glutamate,
fructosedl M &= 33U 2B HYstd FAE RS F ZaLHHE THES
catalase 84 & A3t

A#ol =¥ sodium lactate, sodium acetate, ethanol 5Y 7+ ui<}

gt AAE B F 234AYE ¢HE9] catalase 84S S},

_11_



m. 43 9@ n3x

1. 33718 catalase ¥4

371874 A R rubrum & WIS W, E coli (Loewen et al,
1985b), Psedomonas syringae (Katsuwon and Hutchson, 1992)% 3} u}3t
7R 2 o]l A% ule} total catalase activity?t F7HEE B 7t
AU 2 AR 7] Lo MF ¥ catalase activityE <1 & £}
AR (Fig. 1). 28l FrI&ANA wigAe o AF712 JA72 €
oz u 7tA ¥ & catalase activity® A 71 UAAY (Fig. 2). ©l &
3 Ade IxETE o83t AAste 5714 dAsEs AsAFE
Acinetobacter sp. Strain JC1 DSMol| &3}l catalasedl = 4ol A
271 F71A Al G343 F7k §F oAl ZAste W3} (Shin. et al,
1994)9} dx3ctu B 4 A3, B subtilus (Loewen and Switala, 1987
c), E. coli (Loewen et al., 1985b) 28] 31 N. crassa (Chary and Natvig,
1989)8 X &3 2F nAEd disiH dADAd @& catalased] M2
g 2d ol Bud v oAEY 47 catalased] WIE g
3 Aoz Aztdd. agln s s FUlviGAl Y HvE At
Bole d oA 7|9 7] EFAM ABY & e R rubrumTd
5402 A7sozY. Fig. 134 Fig. 2& vlustd Hoke o J7I4H
ol A catalase activity7} @3] £o15< 2 & F 3, Fig. 3dA <
37] 8744 9 5709 catalase’t A== AE nondenaturing PAGEZ
g & 71 AAT, F718H Y " catalase’t 272 EFAHFS U
F7b AR ol ¥ A2 Hol R rubrume ALxIAFATEY
Arcobacter nitrofigilis®t vFR7FA 2 AbA 9] wFol 93 catalase’} O
gA43tee Ao2 KB (Park and Han, 1997). 18] 1 catalasex 0l
g vgdsE & e FxTde AHEo ¢lA A (Cheng and
Packer, 1981), &7]¥l¥Al 2000 Luxel ¥& RAFHA vigstr] wEol

_12_
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Fig. 1. Cell growth (@) and catalase activity () of crude extracts
from R. rubrum cultured under aerobic condition. Data are the means

of two experiments.
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Fig. 2. Cell growth (@) and catalase activity () of crude extracts
from R. rubrum cultured under anaerobic condition. Data are the

means of two experiments.
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catalase®] g4 ta JFE FA Iy A dc

2. Catalased #A%F #4
71w g R rubrume 5709 catalase® Zt3 ARG, F7)ujd
3 R rubrum< 2709 catalase® Z¥31 ATt 28] 3 peroxidaseo &
AIME 39S 9 catalase 3} 4 band Yol A peroxidased &
Ax ol Yede AS £ F+ AdAUY (Fig. 3). Fig. 13 Fig. 29
catalase activity® H 23S W Ao Z4Ase AN & AnE &
s 3 d32x A8 & + AUk Nondenaturing PAGEZll A
ToW A vwste FAFS 7 A, AR AY v 23S W
Catl2 337kDa, Cat2+ 282kDa, Cat32 235kDa, Cat4w 188kDa 181
Catbe 150kDa® #x#S 21 AU (Fig. 4). dWHQ catalases 2
< 3719 4709 subunitsZ FAH A ExFL 225kDacl A 270kDa
Aol Avt Alde B 1 FFY FAC A H§ ¢ A o
FHoz st A 7HA b & FF catalasedE 1 AE 75 A0
Rom ojo] MAR I Qlth. Proteus mirabilis®] 735 240kDa®] catalase
£ z2'1 3 (Jouve et al., 1983), E. coli®l 745 HPI 2 8l1kDaz7]9
subunit7} 4742 FA o} o™ (Claborne and Fridovich, 1979), HPII
T 93kDa 2719 subunit7t 6702 T4 v EuHo|YH
(Loewen and Switala, 1986). R. rubrum® Cat3v 33ZdA4 Ao
Rhodospseudomonas capsulata7t  7FA11 &  236kDa® catalase-
peroxidase (Hochman and Shemesh, 1987)¢} Fd3 A7]|o|HA
catalase-peroxidase®] A& 2Zt3 919 Rhodospseudomonas capsulata
% A9 FAR Zad Aoz Algd®EY. a8 Catbs Rhodobacter
spharoides®] 150kDaz17]2} catalase-peroxidase (Terzenbach and Blaut,
1998)9F U3+ = 7)ol } typical catalased] SA & zt1 Ao FFPA
AdEE A8 71x9] & catalased 71 v Ro2 HAL

_15-



.y

545kD

< Catl
o272k > @ <+ (Cat?

6 <+ Cat3 : Podi1

<+ Cat4 : Pod2
132kD —» <+ Caths
66kD —+» @

A B C D

Fig. 3. Identification of catalase and peroxidase by nondenaturing
PAGE (5%-15% gradient acrylamide) of the crude extract from R.
rubrum. (A) Markers; urease (545kDa, hexamer: 272kDa, trimer),
bovine serum albumin (132kDa, dimer; 66kDa, monomer) (B) catalase
activity  staining (aerobic culture), (C) catalase activity staining

(anaerobic culture), (D) peroxidase activity staining (o-dianisidine).
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6.0
1
[ 4
Cat1(337kDa)
5.5 1 Cat2(282kDa)
s Cat3(235kDa)
S Cat4(188kDa)
3 Cat5(150kDa)
- ®
3
5.0 1
4
(4
4.5 T ¥ 1 T
0.1 0.2 0.3 0.4 0.5 0.6

Rf

Fig. 4. Determination of molecular weight of catalases (Q) on
nondenaturing PAGE. Electrophoresis was performed on 5% to 15%
gradient polyacrylamide gel as Fig. 3. The protein markers (@); 1,
urease (hexamer, 545kDa); 2, urease (trimer, 272kDa); 3, bovine serum

albumin (dimer, 132kDa); 4, bovine serum albumin (monomer, 66kDa).
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3. 249 Ao dE 259 pHY I

A4 Ao T 29 FFL 30TAM Hdo &Aool Yew
I 60TCAME 50%0°138 84 BHoy 1 o)idolA #Ao] F73)
A4399 (Fig. 5). ©l+ Nadler 5 (1986)9] Z 3o} vlws) E uj
typical catalase® 7% 50CoAMT 73 &A4& By Baso U:,
Aoz %o ZEgE HYA typical catalase®t peroxidase-
catalase’} 49 A+ AE M typical catalasedt UYg WRUT %
NS & F A ZAa9 Aol HE pHY 93-S pH 6.0014 pH
907k Hu g4 60% A:=e B4 UeHAY (Fig. 6). YA
typical catalasew FHHYF pHolA &4 #Ao] Belgn Hugo 3l
I R rubrum 9 73$-9|% typical catalase®l*] pH 5.59]4 pH 10.07}A
FHAE pHoAlM f49 84o] Yepddn Hiso de=d (Nadler et
al, 1986), € A8d9 A typical catalase®} peroxidase-catalase’} 434
A= FeHAN A= typical catalase®t A @R i F& HYe pHel
A EAHE RS 89" U A}

4. 548 71A 9 wgA

Lineweaver-Burk plotE& 243t A3 (Fig. 7), ©] 849 Kne %
10 mM ©°ldt}. Yy¥b¥ o2 typical catalase? A$olt Kngt(40~
80mM)e] ¥ (Hochman and Goldberg, 1991; Loewen and Switala,
1987a, 1987c) HFH || catalase-peroxidaser= Km@t©l 1~10mM (Claiborne
and Fridowich, 1979; Yumoto et al., 1987)2 A AjH o g2 1oiu 47
A ded, o] AEEE £ Ao HLIYWAE typical catalase}
catalase-peroxidase’t A e FERL2HAAM K#tg 7 A
catalase-peroxidase®] Kngtol 7F7bo] Yeld Ro g2 Hol R rubrumol
H0,2 #38d u catalase-peroxidase”} typical catalase®.t} ©] o] 2

£3t= Aog A oA},

_18_
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Fig. 5. Effect of temperature on the catalase activity (@) of crude
extracts from R. rubrum. Crude extracts was incubated for 10 min at
the indicated temperature prior to the initiation of the reaction. Enzyme
activity was assayed in the standard assay solution of different

temperatures as described in Materials and Methods.

_19_



1.0 - /c\
/I’ ]

= _.8/ :
\
g s \
O
g 03 AN
$ \
4
0.0 . r ' .
4 6 8 10
pH

Fig. 6. Effect of pH on the catalase activity of crude extracts from R.
rubrum. Crude extracts was incubated for 10 min at the indicated
temperature prior to the initiation of the reaction. Different buffer
systems were used according to pH ranges; 50mM citrate-phosphate
buffer (@) for pH 3.0-6.0, 50mM potassium phosphate buffer (V) for
pH 6.0-70, 50mM tris-HC] buffer () for pH 7.0-9.0, and 50mM
carbonat buffer (&) for pH 9.0-11.0.
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Fig. 7. Lineweaver-Burk plot of the reaction velocities (4) of the
crude catalase extract from R. rubrum for hydrogen peroxide. The
enzyme assay was performed at various concentrations of hydrogen

peroxide in the standard assay condition as described under Materials

and Methods.
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5. 47719 @& H0:o W& R rubrum 9 HEY

Z7] A7 ZRA7) A R rubrum o Ho0.& =¥z g
¢ ¥ CFUE ZAH3A& 9 smMARAE 27 A$70 A7) 2% u)
<% AEHE BYov FE7 Eold £8 A7 Ao Fo) x7)
AF719 2R 5L AEHS 2A0 (Fig. 8). ol2lg A= E colih
Xanthomonas oryzae pv. oryzaeolXd Hi1¥ Zue UXdE d, E
colilX e A=A 7|elA x47] MEBT heat, hydrogen peroxide,
antibiotics, 281 osmotic stress5ANX 2 AL Bt} (Farr and
Kogoma, 1991)31 H 1% o] 913, Xanthomonas oryzae pv. oryzae. & 73
T A&7 &34 killing oxidative stressol H¥A L RHol:= d, A
A719] MEXEL hydrogen peroxide, organic peroxide, superoxide
generator?| killing &%=l A early log®t min-log phases® A¥XE Bt}
o 4% APAHE Bdvdn BanFo v (Vattanaviboon et al., 1995).
oJRC2 R rubrum% vFR7EX 2 H:0:0 Wate] AR 7)o Fa A
BYE 3% & A

6. 4710l mE Ha0:9 9% catalase ¥4

Z7] 7144 H0.8 =2 A A5 Haax g A
B3 SmMAA LIMAE F718A 1, e FEANME #4o] okF &
T Aol EAY. gy AHAA7|ME ¥ F1E4E AAHoz
catalase activityZ7} F7+at k. H:0:& A 2l3tA] @& o) v3) 5mMe
35 2v) 7t7ke] FrhEtda, 15mMe A ¢ 3u] A& Zstst gt 20mM
o) A 15mMEtHE ZARR R Hesx] e A uwlF 154 F=
Z7Ft Atk (Fig. 9). E coliol A catalase® 3719} oxidative stressol
o]&3td W3 +ed  bifunctional catalase-peroxidase (HPI )&
mid-logarithmic  phase®}  H.0.9 o] 3 FEHAL,  typical
monofunctional catalase (HPII)& A A 7]ol A F7138l3, HyOx0 2 3iA
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Z7V8tA] &=t (Loewen et al., 1985b, Schellhorn and Hassan,
1988) Hxuseo} Aed, R rubrum©l A7) starvationol] 2]3%F
typical catalase®] &4 F7l9} HO, *ael 2§} catalase-peroxidase®)
84 F7F E57F ol FoH A7l H0:0 ¥ A3 HFE Hole
Ao g Alg €Y. Fig. 95 4370 @& H00 A% AEHA M9 F
2o AFRE BY, Nadler 5 (1986)9A BH R rubrum 9 typical
catalaseE 2mM9] HoOx0 @AIZE < AestdS o &0 A=A
et dHA Jded, Fig. 8% Fig. 99 ZAFAE FTHIH4RYE R
rubrumell &A= catalases H:0: W3t s AYAHE zxn AF
& ¢ # Uk |

rr

7. H:0; Aol 9§ catalase 4 L H&Y

Zo %o HyO:u} radical-producing oxidants& A Eol| a3
< o Wojdte DGl AEC] FEH oxidantEol MFAHHF HEHo| A
A "ty Rhodobacter spharoides (Terzenbach and Blaut, 1998)& ¥o|uy
starvation =¥ ethanol& Al 3AE W oxidative stressoll Fol
A ¥ F dve Bt d3 1004Me) H0.2 %ol dAstie o
oA uje] catalase 4ol Fristdtn Bustn ok R rubrumel] 100
M9 H:0.2 AAEFd F Ho0:E& T=HIZ M3ty e o XA
& celld] B3l Hojx 3u) o)A catalase activityE® R It} (Fig.
10. 28l HHEE 5 Jztolx F7MEgE B £ Added ole
Rhodobacter spharoides?l Al Axgd Adste dAFES & + AAH

81 E. coli (Demple et al., 1983)%} B. subtilis (Dowds et al.,
1987)ol M= wl37kA 2 A A2l gk HyO:0 thdF catalase 845 3o 57}
gto] ¥ Eo] 9, Streptomyces coelicolor (Muller) (Lee et al., 1993)
9] FAIR HAEARE & HAEe Ao dAsAT
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Fig. 8. Survival of R. rubrum in early exponential (@) and stationary
growth phase (Q)) after lhr treatment of hydrogen peroxide at the
various concentrations. Data are the means of three experiments (%
SE).
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Fig. 9. Comparison of catalase activities of crude extracts from R.
rubrum of exponential (M) and stationary phases (22). Cells of
different growth phases were treated with hydrogen peroxide of
indicated concentrations for lhr before harvest and activity assay. Data

are the means of three experiments (% SE).
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Fig. 10. Comparison of catalase activities of crude extracts from R.
rubrum grown with (£4) and without (lhydrogen peroxide (100« M)
at the beginning of culture. Cells of each culture were treated with
hydrogen peroxide of indicated concentrations for lhr before harvest

and activity assay. Data are the means of three experiments (*SE).
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8. Catalase®] AXE W 9%

Chloroform& ©]£3}9 periplasmict %3 cytoplasmic¥ %] U=
catalase® ZFAlg A3} Cats’} periplasmici o] A3 AL A&
F7F A A} Catse periplasmicH 23 cytoplasmict £ 25 &A=
RAozZ #Rlo]l Y1, 1 99 Cat2, Cat3, Catd: cytoplasmicH o)
Qs Aol #AHAJY (Fig. 11). 281 Catle periplasmicd
cytoplasmict & EFo|A Ro|x g1 Q=4 chloroform$ ©] §3ld ¥
g3t AR Fo MY RoZ FHHY Catalased HE W YA &
Pseudomonas syringae (Klotz et al., 1992)dX = #1512 J+ed, R
rubrumo|l 2@ FAAH T BEZE 7HE # Qe EHo2 wodd.

(i

9. &4l wel f =¥ catalase A v 2 ¥4

NAEE, 53] AdELS 1 T #70 g H& 2 dA 58
o] BY3t= 2 catalase’t ©aU wet oFstA WY £ e e
ol F83] Ao dA Yol WE catalased FEE RB7] Yt 7] Eu)
ol '&a9¥Y o2 pL-malic acid, fructose, lactate, L-glutamate, succinate,
pyruvate, ethanol, acetate® 3%% Yo uwl Y3 ¥ catalased AL =
A3 A3 L-glutamatedl ] 71 & A4S B Y1, lactate®d acetate,
pyruvatedl A= ¥ #A-HE BAY L-glutamatedl e 7] &8]x] <)
malic acid®t} 808 7}7ke] &Ao] FIHEHAT, B0 ALE 6749
catalase® # & 7 AA<H olASLZ R rubrumE 57 °]39]
catalaseg 1 v RA2E Al dd (Table 1, Fig. 12). olg s A4+
E. coli (Hassan and Fridovich, 1978)9}, Acinetobactor sp. JC1 (Shin et
al, 1994)9] @AYol W& catalased ¥W3te} X =H, E colidlA <
glucose] 93] catalase®] &Alo] A= o2 7}x @A o wat ot
& catalased] A& XAy ¥ 5o Q3 (Hassan and Fridovich,
1978), Acinetobactor sp. JC19] A% XEFE ol&3lyq AZT w= A
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M9 catalase A EHY CO & veEeE o] &3t AT de T 7
9] catalase?tS Aot B sl o} (Shin et al, 1994). Fig. 128
R gade wet v g 49 catalase §HE B & AdG 2
gy 849 ¥sle dIFAAT 7123 catalase®] bande YA
a%F Cat2es EE @4a9dAM fAE €48 299 R rubrume &2
A fat#H Aol wep Fre] thE catalase Alol YElYE Roz A
Zteo.
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Fig. 11. Discontinuous nondenaturing PAGE (8%) of different cell
fractions of R. rubrum showing catalase activity. Lanes A, periplasmic;

B, cytoplasmic fraction.
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Table 1. Effect of various carbon sources on catalase activity of

R. rubrum
Catalase .
i .. Cell yield
Carbon source specific activity
, (ODeso)
(U/mg protein)
Malic acid 25.47 1.328
Fructose 35.66 0.974
Lactate 595.01 0.827
L-Glutamate 2097.85 1.071
Succinate 65.48 0.983
Pyruvate 199.77 1.032
Ethanol 27.23 0.543
Acetate 251.72 0.302
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Fig. 12. Activity staining of catalases after nondenaturing PAGE of
crude extracts from R. rubrum grown on various carbon sources.
Lanes a, malic acid; b, fructose; c, lactate; d, L-glutamate; e, succinate;
f, pyruvate, g, ethanol, h, acetate. R. rubrum, precultured on PYS

medium, was inoculated for main culture on each carbon source.
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2

B33 AT Rhodospirillum rubrum ATCCI11170& Z7)vjgF3dted A
A= catalased] B 7HA E5A4E& 2AIAY R rubrum€ 37)ui gt
AE W 98 Y catalaseE ZIL JE AE #AHA Malic acidE
FAdT SdaYoz A8 UG T AS, 5709 catalase (Catl,
cat2, Cat3, Cat4, Cats)E Z3 AAL, H71MIFE ¥ 2709 catalase
(Cat2, Cat4d) & 3z JUY%. 283 Cat3®t Catde
catalase-peroxidase €4S 1 YA, 2 ¢ Catl, Cat2, Catdhe
typical catalase ¥4& zt1 At} Catl, Cat2, Cat3, Catd 283 Cats
o] Bxtge 4z} 337kDa, 282kDa, 235kDa, 188kDa, 1831 150kDaXtt.
Z71M%E R rubrum =& A7 Hd catalase A4S R
(¢} 705U - mg protein ), F7IMFEHYE W =& AFE7|dAM Hd
catalase 84 2 It (2 109U - mg protein ). E28A39 HH =3
€ 30T, pH 90°102eH, ¥ ¥ &% (30T-60T) pH (6.0-10.0)
oM A3 FHAYE B HiAriE VA2 3 249 Kagtd
of 1I0mME ZASAY. R rubrum A7 W AF7|Eo HJAbsts
Zol e FF AFAHALE Zn YA AL AE 15mMe] F}Aikst
FAE FAL B MRS A HA &S HEE Ry 369
catalase @40} ZF7138 & + AUk Catalase®] AE W HAE FA}
§ B} cytoplamicelE Cat2, Cat3, Cat47} #AQ=HUL, Cathe
cytoplasmic® periplasmic EF oA #2159l Catle ¥ YEehY
2] gt @AYo ot catalase A L-glutamatedl 4] malic acid¥
o 80ue F71E BHIx, ¥ FAH9 6¥MA catalaseE: DT
o HA3AH.
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| #4744 228 48 FAglol NEY AFoz o
ZolZy o9d meyygA WHeE FASRYUG 2T wmy shEof

£ 71740 4ALE Bo} MEF £EL TSR WYY 5T 1y
F BFEYAE FAEFUT AAY Aer AEAYS oj7x o4
9 S med, o4 mAd, 0|88 @Fy, HEE Led, ol

e, ZAA REYAE A=Y 2 $4 9EY $d2 A
oAA 2 Pol HoFA A9F midH 2EA REYAE FAELY

AEAYE Ful ol 4 ol sk o]FH WA, Fujow,
FHom WZom Jeln 2Yd YAYAE FA=HUG 281 A4
b BZAdd AdEdE 9402 AE AAFD ToE Jdom, A
dom 12 sbtoldld e Fnst Ael® AFA nHAAE o
o distd AudEoAE A= Py

34 gol YoiFm, YE wrtch oA £718 FUD FGuhol
AE AYe2 AP WxA ol 2 otk AxA #n e
Acteld FAE (A, A%, @o}, 3F) nweh 22D AAY Al
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