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318} of o} o7 vkt Rps. gelatinosacl X 23)2) A| 22 E ¢ A34 I 2 vlE 159} DEAE-
Sephacel o] & ZY¥A2vle T3] § 3dAL) A2nte 109 E FYB NEAE c ARELE
ALt MY AEFE ¢ A ELE Sephacryl S-3009) 2} 3 H2}3ke] o} 110,000 Dac] 32
SDS-gel A71 %5 <) && E2Fo] ok 52,000 Dao. 24 olgAd oz ¥l FAY N eaZ
c AHEtEEE 2 WS¢ B B AR AEAE B VAR AL RS Km3te 20 1M,
Vmaxzl-2 44 unit/mg prot.o]v] pH 6.42] &AdrS 24 pHe 25°Ce] 23 &8 »ed).
89 AEIE ¢ ALELE 554, 523, 421nmeA o, B, soretFSUE HYw
chromatophores} A1} w}it7kx]2 KCN3} NaN;o] oJsjAe &4 8457 AHE wekz|gt
COS$} antimycin A, myxothiazolel] 9J# |- f4 FAEs AANE Bx o) YL oz
g2z weokstAv =& oz wWgskeEx BF AEAE 5510 AYEAT IYF
ABZE 5512 A BIE ¢ 43pE L) o3 435 et AEDE 5518 7| AR o] g3t Sw)
A B3E ¢ A3 E22 KmZhe 26 uMo] 931 Vmaxzt-2 31 unit/mg prot. 24 o AA}e) A gaE
cg JIAR o)4¥Uu] B} e3e ok} olspre AT Mol I} JRydeoz wjd
Rhodopseudomonas gelatinosa | A TF-o) 28 AAALL AEAE ¢-5510) A BIE be, B
A2 F¥ AAE Lo} b-¥ AEAF ¢ AE ke AANE ALY Tz HEHog ixF
29N Aoz zhg.
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A &A% ¢ AF3LA A(ferrocytochrome c¢:O; oxi-
doreductase, EC 193.1)= v]EEx o} Mz
A& et AbstA ALo|t) o] &A= ferrocytochrome
¢ & ferricytochrome &2 AFEA|7)21 FAlol O,7)
T2 HEe WS Eoligkd) i R neE
sejo} =hE Bste] oAz} Ar)1skebd A 9(proton
electrochemical potential)2 9hg37, o]+ ATP 3
Aol FAIEo R o] &HH15). Rhodopseudomonas
sphaeroides 9] cyt bsq 2 Takamiya 2} Tanaka (19)9)]
s HAEe] AEZE ¢ AFasTae ¥s
3= AR 93 ) Hudig 2F Drews(7)%°] Rps.
capsulara®l ] A b¥ AEIAFLS ALY
B sel A|EAFE ¢ AslaLe] Vs se A
o2 ®ydleds=dl pyridine hemochrome #}o] A
Hedd s q B, soret F57} 2bzE 555, 523, 421
nmol| 4] Bed HPAQ] by AEAFY AHEHS
FoJu} KCN 7} NaN;ol| o] i4: dAx7) &
e ARIF ¢ AStALY 71EE FEle] Ryt
w3t o] A|EAEF ¢ ABA A Rps palustris®] A
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A BAo] AsiE A dvrhe A AlRaE
o= thEA by AEAF ¢ AtEs=ly Wys)
Ak Rps. capsulataol| Al 23R A EFFE ¢ ASlE
A Bxpske] oF 130,000 Da (Sephadex G-1509])
Sjafyolir AskeiAle] EabFe] 247 65000 Dagl
olgFAld Aer HuHg e}

Takamiya®} Tanaka(19)7} Rps. sphaeroidesl) A
AR A EAFE bS61S AEAF ¢ ASlELRY] &
A ot Akl FEabefe] 2bzk 23.000 Da, 19,
000 Da, 6.000 Dao]x zfedAte o] H-=}eko] 45000
Da(sephadex G-100<l &J3} ¥-xleF) o 2 A Rps. cap-
sulata®] A= e zolE vehlirh

ANAEL AXZF ¢ AStEAE 73o] 7184
A EZF el wis] LA E AEAE ¢ 4H3tA
a9 71de gessieh 2 Rl B Al
Rps. viridis(16) Rps. acidophilla, Rhodobacter capsu-
lata(8)oll = A EZLE o7} EAste] g A
Aol 4= ubiquinol & -] A =LZ ute}l photosys-
temell HAE Fod Fi TFe oF HAAEY
HZel M= A E2F ¢ AFSlE A 7|Aga] e}
7]-&% 3bek Rs. tenue Rps. gelatinosa. Re. purpureus,
C vinosumSol+- cyt ¢ 7} &A817] ke Flow
44 dE=d(2) C vinosumolE eyt c-551(Mw.
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15.5kDa)o] EA5t2(21) ©] cyt c-551& & F=
el o, B, soretFFH 7} 72k 551, 523, 418 nmo] 5t
Fo@ A slejd Hog ¥ up 9)r)
Mayer S(14)ell 98| Ecrothiorhodospira halophila
M= FAY ANEAF 551 B9 F5d7} 551,
522, 417 nm(ox. 411 nm)°] 917 Sone 5(17)L Ther-
mophilic bacterium PS;ol| A AAg eyt ¢-5510] A
EIF be il AxpAGA 9] vt Alsla s e
A 716E 3hs A EAE o9 ¥HeEy B skl

FIAMTE Rps. gelatinosaol= A %EAE ¢-55]0]
EA8ka(10). B3P AA=] chromatophoreo] =
AEIZE ¢ ABAERL 2 2] SFe 2y
AAAEE Fshs Aoz 48 A=d(]) 2 o
TelAde B4 #7148 A b 394 A7
Rps. gelatinosa®] AAALA Y F5o) 582 =14}

AEAE ¢ ASELE Ho) AAsl] 1 B4 o
TIL THEA A EAF e-551ate) e A e HHs)
k.
ME W wy
AE 25 L uiY
g B A

4 "714 F3d At Rhodopseudomonas gela-
tinosa ATCC 17013 -& American type culture col-
lection® 2 F-E] §-ok uto} 318t oo} x7(chemo-
trophically growth)o 2 wjoksl7r] 91%1ed 1% Yeast
extract, 0.1% K:HPO,, 0.05% MgSO,, pH 72
AufR] ol carotenoid A& HA8}7] 918le] 50 uM
diphenylamine & H7}star Wle] gle 2718} 4 30
Coll A 21wl wigste] t)4=7) F7]o) =5}sfe] Alga
AHg-3hed el
AEAE c M3E40 HA

71 o2 v okste] SRFRE AHE F 50 ¢ (wet
wt.) & 200 m/2] 50 mM Tris-HC18H2- 9 (pH 7.2)
o ¥ 7)2 2530 244 7)(Ultrasonic Ltd. USA)
& ol &3te] AEE a7l F 10,000X g o 4] 203
A4 (Hitachi model SCR-20BA)3}e] AFSol s
Falrk o714 dolAl AE-E ohA] A E-2] 7|(So-
rbal Model OTD75B, TFT 50.38 rotor)& o] &3}
145,000 X g+ 2417 f14ld-elste) Al 3y
A=kl chromatophore® ¢tk % chromato-
phore¥ 1% Triton X-1000] #&% Tris-HCl £
£ (pH 72)l fetstod 12087 F=gA 2o]5
3L 130.000X gol| A 120874 4 ¥-2]8kd chromato-
phoreotell 4 F%&x] wlAgighla folg olgic)
o714 deial =b Agt oAl g8 0.1% Triton
X-100°] 3235 Tris-HCI skE8ol(pH 7.2)0 8 ul
2] 3 =o)R cytochrome c-agarose 34 col-
umn{l.6 cm X 10 cm)oll F¢]&kglct. RXAEE ¢o
23 A EL 100 m/2 0-80 mM NaCl A
FTE 71E7E Aol 9As £E47 S0mie)
200 mM NaClZ columnel] dolgls ozl 4

KOR. JOUR. MICROBIOL

ZA1zeh YA} cytochrome ¢ H#HA A FZobe 79 o
& st B8RS} AP A Jehd 2y 2
oA X (amicon, PM-10)& o) 43} 23 % 0]
% Triton X-1000) £3H€] 50 mM Tris-HCl $h3=g.01
(pH 72) detstn 22 5802 nje] wy
#3131 cytochrome c-agarose column (1.6X 10 cm)
of Fste] ¥t 04ml9) $52 458k} A&
AF oo A3 9Ae 100 m/e) 0-100 mM KCl
Tx 7175 £EAH 2 columnel ‘dolglE
HAL 200 mM KCIZ 24244 B35 52 m/4
grol #-A13kgle}. o)} cytochrome c-agarose &
PPETHEE sto] e ELARE thA] 2ojnpw)
A5 olg3te] T3 =93¢ A7) & 0.1% Triton
X-100°] £§ % 50 mM Tris-HCl(pH 7.2) $3&o}
©.2 v|2] H&=e]x DEAE-Sephacel column(l.6
cm X 10 cm)ell % 08 m/9) Hx 8 Fglsle] x)
of A¥H AAEL 0-300mM KCl AAEn 7)¢
7|2 4E8te] B 43 miA 332 uighh
A|EE ¢-5519 HA|

AEAE ¢-5519 A= Kangst Choi(10)e] 1
HE o]83le] CM-Cellulose °]-&wst =zgnje 7
=], DEAE-Sephacel ©]&i3t Z&njg a3,
Sephacryl s-200 gel ]2} ZZolE 23 5] SP-SPW
column$ o] 83 & o ARelE T8 9L 4g)
A ARelr a9 E o] &3le] Ak}
AETE ¢ A3lEA0 EME 22X

0.5% tween-80, 25mM KCI. 75mM choline
chloride”} E3%*] gJi= 50 mM potassium phos-
phate $3-8<(pH 6.8)9ll sodium dithionitesl] 2}3|
€ AEZE B HEFE oF 20uM o)A F
7hstel 25Cela] 1¥2b WG T AR ARz
¢ ASALE sisted AbEE AEFE cE 550 nm
ol o] Fqx 7FAaE 9o Emmssonm = [9(4) = F-E
Al Absks .
=Xtz 23

AAE A EAF ¢ AFStE 4] Abd Abef o] Foale)
22 50 mM KCI1#} 0.1% Triron X-100-8 £3Hs)w
Sl 50mM Tris-HCl 2H-4-9(pH, 7.2)8 H¥d
sephacryl s-300 gel ol3} A Rvle71e)3(1.8X46
cm) & o]g-stelrh wlAa)E blue dextrang o]
&3lo] FAstdr EE BB AURE Sigma Co.9)
cytochorme c(Mw. 12,400 Da), carbonic anhydrase
(Mw. 29,000 Da). bovine serum albumin{Mw. 66,
000 Da), yeast alcohol dehydrogenase(Mw. 150,
000), potato p-amylase(Mw. 200,000 Da)S o]4-3}
33e)
7 EpiY

SDS-polyacrylamide gel #7]%%& Laemmli
(12)8] & o] &-3ke] 12.5%2] slab gel& wHEo] s}
439 L subunit FAHF =S 913 FEchiag
< Sigma Co.9] lysozyme(14.300 Da). Blactoglo-
bulin(18.400 Da), trypsinogen(24,000 Da), pepsin
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Fig. 1. Flution profile of 1st affinity chromatography
{A). 2nd affinity chromatography(B), and DEAE-
sephace! ion exchange chromatography(C) for
purtfication of cytochrome ¢ oxidase from Rps.
gelatinosa.

( """ : A4I(.. — A

¢ oxidase )

. activity of cytochrome

(34,700 Da), albumin(from egg ovalbumin, 45.000
Da), albumin(from bovine plasma, 66,000 Da)%
AHEE ) s Al Heke WEE Lowry W(13)S
o] 43lol EF wWMAZE bovine serum albu-
ming AHS-3RgTh

2 % nF

b=

AEZE ¢ AM3lEAo| HA|

Bill 5(3)5} Azzi 5(1)°) v|EZEgjo}e] A EaE
¢ ASELE HA 7] glste AR A EIE
A3y F2eiE gy S S8s] 2 AFe A
AlEAE ¢ AFEL 7]5S e BiE A
Az Wy e Z ol g3l A AR prEEE==eo}
Al ME AJEFRE cofl X EIE ¢ A a4 A EIE
be, BEA, A EAE ¢l So] Z3slo] wix] 1A 9
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Fig. 2. SDS-polyacrylamide gel electrophoresis(12.5%)
of purified cytochrome ¢ oxidase from Rps.
gelatinosa. Rane R, A and B are samples from
reference, fraction 26, and 27 of DEAE-
Sephacel chromatography.

Azeteaegsgte] 28448 Ad A EAE ¢ 4
stasw Aaskdo ().

2 A matrixE4  agaroseE o]-8-8}3
yeast?] A|EZE cE disulfide 2ol o3 A=
cytochrome c-agarose X 3HA4 32| 5 o]&3lgl
B el A v whe skl Al Eo] A\ ERE e
A slolan, FrbAlY] AEAE ¢ A zEeie
2= g gk oh49] DEAE-Sephacel o] &w3 =
ZolE 228 Aol w24 X EIE ¢ ASIERAS
o AA7) 7hechFig. 1. 2). FAAAE 2oksiy
Table 1.3} 73 34.6%%) &2 2998 AA % 4
E2E ¢ AFshd A9 ¥] B4 = 41,52 unit/mg prot.
%ict
X &3

Sephacryl s-300° 2Jgt F-x}=k& <F 110,000 Da
(Fig. 3)0)3 SDS-polyaccrylamide gel %17]°3%of
olgt Baleke oF 52000 Dao) itk Fig. 4). ¢)o}zke
AT Euf Rps. gelatinosa®) A EAE ¢ A3
subunit ¥32}eko] 52,000 Dagl oleksd 7o o
A}k Hudig®t Drew (7)7} Rps. capsulatas} ) #
A gk b-8 A EFE c4H8FE 2] Sephadex G-1509]
ofgk Fxjgke] 130.000 Da 2.2 (subunit 65,000
Du®] ol=A) & w7 ANEAF ¢ 43EL Hoke
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Table 1. The purification steps of cytochrome ¢ oxidase from chemotrophically grown Rhodopseudomonas gelati-

nosa.
Total Total Cyt. co oxidase Sp. Purification Recovery
Step protein activity activity fold (%)
(mg) (units) (U/myg)
Crude 1,460 2,038 1.39 1 100
extract
Crude 545 1.700 312 22 834
chromatophore
Ist affinity 95 1.530 1577 113 75.1
chromatography
2nd affinity 43 1310 30.40 219 64.2
chromatography
DEAE-Sepacel 17 706 41.52 299 34.6
chromatography
5
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Fig. 3. Determination of native molecular weight of
cytochrome ¢ oxidase of Rps. gelatinosa by
Sephacry! $-300 gel permeation
chromatography.
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Fig. 4. Determination of molecular weight of
cytochrome ¢ oxidase of Rps. gelatinosa by
SDS-polyacrylamide gel electrophoresis(12.5
%).

incubation Time {min.)

Fig. 5. Effect of temperature on the stability of cytoch-
rome ¢ oxidase of Rps. gelatinosa.

oF7t £ B-2}eFS 7hR]ar Q)AL Rps. sphaeroides®] cyt
b-561-2 Sephadex G-100e] 23+ H-=zleko] 45000
Dao]al 23kD. 19 kDa, 28|31 6kDa(20)3l )7} =)
Subunit® FAH 9l3 B #Fel e AEAF
¢ AbBbE A Huis Al 2R FAEkg sRla 9ok
A5 pH ¥ 3 2

A AEA2E ¢ ABEEA9] potasium phos-
phate $H-g-olofl 4] EAMES 3 pH & 6484
Rps. capsulata®] ZZ pH 85(7) oH= 2 zjo)&
Holil 9l 98¢ Rps. sphaeroides®) A% A|EAE
c AbstE A #8498 7hEl eyt b-5619) #HA ph 6.0
(202} w]eaboivt, Rk A EAE ¢ ALY ub
A Xy 25Co A 71 Ee SR E Holow
HAE AL 4Co] Haslolw 24 A 7+Fe| <F 50
%o BAEZF AT Arn 2xe) v)$ BolHs}
3L 40T A3z 24170 B Hola] A9 v &

AxE go] HEKFig 5).
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Table 2. The inhibition effect of KCN and NaNs on the
actvity cytochrome ¢ oxidase.

Relative  Activity
(%)
Concentration (uM)
KCN NaN;

None 100 100

0.5 78 96

1.0 52 92

5.0 31 64

10.0 16 40

50.0 — 18

17/Unit/mg prot,

=01 Q o1 02 03

t/7(eyte] , pMm™

Fig. 6. Km and Vmax of cytochrome ¢ oxidase purified

from Rps. gelatinosa by using horse heart cyto-
chrome ¢ as a substrate.

Xafnel A&t

Rps. sphaeioides®] AP AEIZE ¢ i3tE L
238 717 eyt b-561 KCN # NaN;$} NH-OH¢4|
oA A A& W COet Adtste Ao
HalEs e H 1) 1(20), antimycinel] 93]
e BAEE AA Wt Rps. capsulata®) b-3
AEFE ¢ ABtEARE 1.5 uM2] KCNel| 93 50%,
10 uM 2] NaN;oll 2]8) 50% AT Ao A3
wo) COel o= Asl =) et ¥ough vt
SItH7). B #3ellA A" AEaE ¢ AFdasrE
Rps. capsulata®] b-3 A|EZE ¢ AMEA A4S 7o)
KCN3} NaN:ol| 9jsli M= g4do] AHsE ukghz|w)
(Table 2) CO¢} A|&=E bel 3ol A&l
antimycin A8} myxothiazolel] &Jaj) A= 3] A 3=
Bz okoitidata not shown). ¢lv A EIE o=
COell 23} A&E wed b-3 AeaF ¢ AlslE
e COo o8 AHalg Wage EAjo] glomg
Rps. gelatinosa®] A)E3%E ¢ A3lAEALE b-8 AE
AF ¢ AElEA Urle g Az
Kmztat Vmaxgt

2 159 AEZE ¢ AHEE 49 Km3tF Vmax
e Al A|E=AE o(Sigma type 11-8)E 71A 2
o] &5t &d 20 M3} 44 U/mg protein©. 24 (Fig.
6) Km3t2 Rps. sphaeroides(20)2] Kmzk(14 yM)B.c}
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Fig. 7. Km and Vimax of cytochrome ¢ oxidase purified
from Rps. gelatinosa by using cytochrome c-
557 as a substrate.

02 422
ws
(8]
z
«
(]
@
o 0
hi¢ 554
@ 523 °
« i

ol 1

400 500 600

WAVELENGTH , nm

Fig. 8. The sodiurn dithionite reduced spectrurmn of pu-
rified cytochrome coxidase of Rps. gelatinosa.

A3l Vmax<= Rps. sphaeroides(7T)3HVmax=120 U/
mg protein) 2o} 82 zA Yeblc) £33 Rps. gela-
tinosa®] AlEFE ¢-551% 71AR o]4-3-&u] Km
W2 26 uMe) 3L Vmaxghe 31 unit/mg protein e
2 Aol AEIE oF /)AE o) gdew Ho}
237 wkeHFig 7).
el AHER

AEZF ¢ APBRE A &A1& M) Rps. sphaeroi-
des b-5612] FYspectrum-& o, 8, soret F5oh7}t
Zb7} 561, 530, 428 nm(20)0) 3 Rps. capsulata®] b-
d AREIE ¢ AstELe) B3] AHERL g 8 so-
retFFH 7L 22h 555, 523, 421 nm(7)d B 73
ol A AAR AlezaE ¢ AstELE 554, 521, 424
nmellA] a, B, sorct )7} NI EE Rps. capsu-
lata®] b-3 A E:1E ¢ A3tE 29 3kg] Ao =iw
ul=slodtiFig. 8).
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AIEFE c-551119 w2y

71422 A3 Rps. gelatinosad 7444 AE
AF ¢-5513 A EFF ¢ Asha ool uESA S =
A}87] YEle] A B AE 5518 Na,$,0, & o] &3]
Y4713 o1E2) NarS:0.3 AAZ = <F 4unit2)
b-# AEAF ¢ ABELE Mo A AJras
c-5518] Frizb A)7ke] Hslel we) YA 7tage
Hodok olohite Antz 2B X EIE 5510 &
Foll o A A el A A E2E ¢ AFSFE Lo
s Fg38 T 7|28 288 Ao gz
stet dgo2 ks S84 9AS alkaline
pyridine hemochrome ¥PH(18)e] ol&] 3shs1-4k3}
Ato] 2 EGE J& A3 Yo7 wlit 71eA
chil A folle e} miat sl R A EFE ¢-55]0)
EANEE A 5 oz TR S Y A)A 4
EFE ¢ Absta A} whS A7) A3} 550 nmel 4] F
F=7E A2 TS Bovh 2§ A EAE 8 JAds
o] &8h= WiEe A wlw3 BN HFe
TR ARG o} T Fof o A Gy mE
FTEOLEARIE o F 3 VAR o] &5}=1|(9,22)
2 FFeAMe AJEZE c-5510] AEIE 9} e
7eg Fheder Q7

ol 4t & AR Hu) Rps gelatinosa?) A}
AL Fe3t ARG} 350 93 MapA
A B UMEA ARZE -5510] AJEFE bel
B3R e AxE ke 7)15S 8l A|EAE .-
5518 ohA] # 3 AxpAD Aol 4= Bacterio-
chlorophyll’” 2 3.Fo] 2§t Mg F o)1=
AMEAE ¢ ABLEAE AAE HGd sloz g
ek wgh 53 dy o wioksld b-3 Az
c ALV Y AEAE 5512 HH AAE
ol O.ofl Mg #HF Al 4] chromatophore
S T A Ve B £ Aoew
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ABSTRACT: Purification and Characterization of Cytochrome ¢ Oxidase from Photosynthetic
Bacterium, Rhodopseudomonas gelatinosa.

Kang, Dae-Gil and Won-Ki Choi(Dcpartment of Chemistry, College of Natural
Science. Chonnam National University. Kwangju. Korea. 500-757)

Cytochrome ¢ oxidase from chemotrophically grown Rps. gelutinosa was purified by cyto-
chrome ¢ affinity chromatography and DEAE-Sephacel ion exchange chromatography. The
molecular weight of the cytochrome ¢ oxidase was approximately 110.000 Da by sephacryl
$-300 gel chromatography and approximately 52,000 Da by SDS-gel electrophoresis, respecti-
vely. Therefore, cytochrome ¢ oxidase of Rps. gelatinosa seems to be dimer. The cytochrome
¢ oxidasc was very sensitive to temperature. It's Km and Vmax were 20 4M and 44 unit/mg
protein for horse heart cytochrome ¢ as a substrate, respectively. and its optimum pH and
temperature were 6.4 and 25C. respectively. The absorption peaks of the reduced cytochrome
¢ oxidase showed at 554 nm. 523 nm. and 422 nm. The activity of cytochrome ¢ oxidase
was inhibited by KCN, and NaN;, but not by CO, antimycin A, and myxothiazol. The
cytochrome ¢-551 was produced cither in phototrophically or chemotrophically grown Rps.
gelatinosa. The reduced cytochrome ¢-551 was oxidized by b-type cytochrome ¢ oxidase from
Rps. gelatinosa. Km and Vmax of cytochrome ¢ oxidase was 26 4M and 31 unit/mg protein
for cytochrome ¢-551 as a substrate, respectively. Therefore, the electron transfer chain of
chemotrophically grown Rps. gelatinosa seems 10 be ubiquincl cytochrome bc; complex
—cytochrome c-551—b-type cytochrome ¢ oxidase—0..
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