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Fig. 1-1. Effects of cycloheximide and chloramphenicol
on increases in cytochrome ¢ oxidase and succinate dehydro-
genase activities during aging of slices. About 40 slices
were incubated for 1 h in 500 ml of 1 mM phosphate buffer,
PH 6.5, containing cycloheximide (lO-5 M) or chloramphenicol
(6 x 10-3 M) at room temperature with continuous stirring.
Control was run with the buffer containing no antibiotics.
Crude mitochondrial fractions were assayed for cytochrome c

oxidase (A) and succinate dehydrogenase (B) activities.
(0) Control, (O) cycloheximide, (A) chloramphenicol.
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b@ﬁcer ( WA 87T 9 g w FRY) pH75 . 50Mm v 7
) T REGL o

Cvrochrome ¢ oxidase NABERLE. W F o & T

n B IE I 0 ~ 4 °C TIT » F,

/1

2 F v 7°1—DOC 1t 4 % 8 & Ac :
) TRE®ER 0 TR 0. KU t 5 % DocC &

B R BE 1 M B d K 035 mg/mg proein &
95 4 21t naz . 30000g7T | BPAAE L [,
B35 [ SCEZ % Tris-acetate buffer (< #E3% L . 7
DI ha R TIBEEERN F o FAE T L
o = OREEU I . K ¢ DOC & & 7 T B
B olm &L K0.76% ¢ 18 32421290200,
SN EZ4FlW B e ISR L iR 80.000 g
CliFMEL .. S Bon-LFesE&En. of
% (*%) Triton X=100 & & L Tm‘s-acemte buffer & B
B L = .

A T v 70 2—"% 1 DEAE- cellulose 71 7 4 77

| S R

O 7774 -0 259 7217185 AT %

e . B U > T 01 % Triton X-100 & & & Tris-acetate
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b&ﬁ‘er ¢ FABT4AC L T H v [ DEAE-cellulose (
DE-52 . Whatman #t ) o 771 5 4 ( [ 5§ x 5 cm) I
DA FEo > ON T & EOT% Tricon¥-100 ¢ 01 m KU
t &1 Tvis-acetate buffer ¢ 3\ . X 0 1% 01 %
Triton X-100 &£ 0.3 m KU ¢ & L 3547k ‘(’ ‘cytochrome
¢ oxidase & M L Iz,

A F v 7o 3—'# 2 @ DEAE-cellulose #1 = 4. 7

QX b2 77 « - ¢ AT v 722 v48s AN &
MEn SE R ¥ D4R D 01% Triton X-100 %
BT Tris-acetate buffer ¢ % R L - 41%. Hi t >
T 0.1% TriconX-100 & BT $E/8 R ¢ F 18740 L T &
W\ I: DEAE-cellulose ©) 77 5 L (15 x 4 em) 13 D

Tlko F 7. 0/12Zm KUY 01% Triton X-100% & L
FRM8T R T 7 T LB R . ST 04mKA £ 0.1 %
Triton X-100 & &~ REA872 T cytochrome ¢ oxidase %
S S

ATy 7°4—fEoE: 21 57 v 703 T 485
TS s READAR % B3R v 20 % cholate & . %
TALBEE . 0% RIFka . 2 4 135 & 5
L T2o 80,0009 TI10ARAE & L - 45, £ F L




24

REFo B R 10 % TvitonX-100 & . B < Tz %58
B ad3sn gaFko . 01 % ¢ IJ b 4 HIT oz f:‘o'??c
&~ % swing rotor ( B L RPS-50 ) T 80,0009 T {0
ABAZE L. &5 N AL e Lo F v &8
n B ¥ 01% Triton X-100 & & € Tris-acetate buffer I<

Bz L =,

Z 5 v 7°5—> 3 ABEE GlesE v L F 1
e . X F 74 RS N SRR Y s AR
RKEZH@eE i1t s ) I o KXER L E., L5 v

~

7°4 TAE LN EFER ELS ~20% (Whyy 3 IBE
B H G ( MaEAE10mle. ¥ 3 BBER T 01mKU

0.1 % Triton X-100 ¢ Tris-acetate buffer & B & )
N EIFIT O AL e % N 4%, Hirachi RPS-40T

rotor i & ) 30,000 rpm (/0,000 ) % 1Z 83 RAE

L. ERBERANE B . —20°% 3 7213 - 30 °C
Z\‘/{%@‘LT:O
TWo O T T T4 ., BEEMES (FFE

Yl 2 5y 704 ) & . 01 % TriconX-100 ¥ 0.1 m
KU & &L pH75 0 10 .m Tris-acetate buffer T #i]
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o, FAIICL T B Sepharose 6B ( Pharméaz/:ia
Fine Chemical %= ) ® 71 F & ( 1.56 x T0em) 13 N &
Bl— o kMBI 2 & - T BAL 2o ,@ﬂiﬁg 2
ml 5 = ANBL L cytochrome ¢ oxidase SEHE v F Y
A EEBE L.

2o KB E AGE . AERE o M3l d I- 1
{&Zﬁ%ﬂ%@im BIE 0 T2 0 IS0 Martin ¥ Ames 0 73
BIE DY s ABREHOBECELIT 2 T 5~
20% (WA n Y 3 AERE FJEe E 1B Y B o g
B 0. 50,000 rpm ( 180,0009 ) T O #3RA &
oL Tre RKEMBELHIEAE Y L T ’cata/ase ( 4
FTE247A.01.3s ) E A WL > o3 ¥EHI T 0
% Triton X-100 . 01m KU & & ¥ 10mm Tris -
acetate ( pH 75 ) & &T o

)~ g E = L RE TR o BE Cytochrome
¢ oxidasel!BEME N HIE T AW AT bt ) > g8
Se iR EEE L . ) LA H R 02%
DOC vt 1 om EDTA & B U 10mM Tric-acetare buffer
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CBESE L < 10 mg/md £ L T . 20kHe T 30 %A
NEEE R MLEEE 2 W4T, T-4%. 10.0004 304
e L. 35 KL :FB4e ) > IsE =+
WRESB R Y L TAEEH L =

BE R SE M 0 CBIE . Cyrochrome ¢ oxidase » 3% IE
. 25°C kv T. ERE cytochrome ¢ 0 550
nm T O PRILE N EREFETE E BIE T 3 0 o
I NIEELR. Y R HE L RBBEIESE .
A A IS . Tmd M Y £9260 w9 o ') > & & T AR
B N phosphatidylcholine = ¥ I #E3% 7 r 11 0 Bl e
e L . X o - W E R E B 1T N N FR R
CBFE 03wl v L =, BlE R T B AREE 033
mg [md 0 ¥ 7 % cytochrome ¢ . 0.05 % Trviton X-100
¢ pHT70n 15mm phosphate buffer n & Fx 3. H W
-3 7 7 cytochrome ¢ 0 SB/E 13 550 nm T 0 R ¥,
oo #7051 U 5 4B T 5 d. & TritonX-100
phosphate buffer N B E F & wWpHT . % g% &
CHRAWTEE At Z@ElpHe BIE L T2 45 2.
LN rZBlr ZELTAWE LD T HD,
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EEEIE L B T TRAENBLEA 2 iy
B iE 0 BE E ‘%%fm&*ﬁ%‘ﬁ%&(smm Co)
= &) EBETL . 1 B 1 umel o L]
Cytochmme 3 @;&A’Q 7 fb’ 05 % & & cytochmme c
oxidase n 1 B LT EZF L o

catalase N SETEVNT . 240 am 12 B 1T B H0; 0
B E Ny RBIE T 18 ) BEE L.

MATIE B3, 9 2 1° 7 B \3 trichloroacetic acid
CELT € 4. BSAEAREL L. Lowy 50

( 64
FR T BB L (2o BF W I Tricon X-100 #° & F
nT W2 tBe 1 d %{QM# E T 5., >N & FhC

[ O X . Dulley # Grieve N JSE IV R &
PI< SDSER & 702 BB E 1°05% £ T4 B &
21 L Tz,

N R E v L B ({i%@ﬁiﬁﬁi%ﬂf’ I<
B3N 3 T Chenbn AiETEBLTE,

Cytochrome ¢ oxidase N 8%4c™ & & i 7 #
NORWL X ~° /77 N IL1T. H L3568 83040k kE
ﬁﬁTx:gv BlE Lo AL BREIT I NE
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(&9 ;
W ook AR KL . Esoz-630 . F 16.5 & L T . s\Kton

éﬁﬁpﬁﬁzx N7 b L 6071 nm & 603 mm T N
g EED S HAL -

Polyacrylamide h- . & 2v:AK&n. 01% SDS £ &
murea NAF{L F T N polyacrylamide 7 I & Zv A
#n % . Swank % Munkresn 71 5 12 J 5 T 4T » ko
S AEI . AT ELNAWLT NI L7 En
¥ E 0 HEE A 'i‘ﬂ(ft;i REBE & 0 18 AT .
Weber & Oshorm N AZE & ) t A BERE 07 B v =
¢ ERE S N T v b, TR E T acrylamide &
% T 10% . acrylamide € bisacrylamide n & & rc 13
0:17 3132010 g bHhd 212 L1z (7T o
B L BEICY — v B e d T 8 L b g
101 C BIEE B WIB &3 LBy . — A
RIGE 0/ V1B A I BEA U T L T 9 > o7 8.
NETEnE 1 L F v ) o KL E 2 % SDS . 2 %

2 - mercaptoethanol t 2 m uvea & & T Bk ¥ T
37°C T 1 BFRAl. F R YT70°C T 2 BBRAM > x
AN = b L AR 2 mA/tube T#TIS BT AR B, Bk
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1L o SKEN1& T L & Coomassie brilliant blue T
k2 L. 5 % methanol— 7 % acetic acid T AL B L
[ 7% Toyo Densitorol 11 & 1) K& 565 nm' T N ez
Wieg - » B8R Lo T ENARIMEE LT
catalase ( 60.000) . ovalbumin ( 45,000) .
alcohol dehydrogenase ( 41,000 ) . myoglobin (
17.200 ) . cytochrome ¢ ( 12,300 ) H & ¥

myoglobin ¢ Br (N /D BEFE 17 ( 14,900 . 8.270
420 . 2,550) & B v [ o
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[ Cytochrome‘ ¢ oxidase o B4 ]

Cytochmm’e < oxidase 13 . 04 mg/mg proteinyX F
NBE O DOC T 3 Bhes N T 1 mKUL b
| mg/mg protein sX £ o DOC 1< & » T . 13131700
Zn Mo 5 AFAI AT (B2-1 ). — 7

0.4 mg/fmgprotein WA T oo DOCIT & » T 8] BfL =
N> 9> 178~ E 3. T L 3K )T EBE
ADT0% 15 Y T2 3 o Succinate dehydrogenase ¥
cytod’)romé b-ct complex 13 > NT0% o F T B F
. 2 No nBEE%RIKECER L T cyrochrome ¢ oxidase
MHEIK 38 < FEB L STV ERAKMEE £ > T 1N 3 <
A /AN NI AN

DOC It & 2 al Ao B10 3 1 m A2 & o KCL
TAIA W eh- o 3T, DOC o IX ) IS Trizon
XK-100& A/ § 3 = ¢t 75T % 3 5° . cholate & A
WS B IR L LEBET H - T L 30~40%

7) cytochrome < oxidase n¢ 8] BBAC T W\ 3 (2 § =7 7§
77\ 7 T: o
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[V’cytochmme c oxidase o) ¥ % ]

AL R THEEASN T L 7 BT %
hot T A B R EE R 0 SRR B
W30 . AGEE: FEIRE 1< BACT 3 B,
0T ABTHEALE AR A ] IXFE Y LR,
31 . BEHFZE n cytochrome ¢ oxidase § % & &
pHEIA T T 5 3 sy RIS T W T T
DEAE-cellulose R & 24 4 + R 7 a < k73
T4 - EH2EEE L TR . e M
ERTREIENE L 43Py LT . 5% 1842
NBEA I U Al E B 2T KL T2 . BN o 5
BT L 7. ABE R =+ 3 2K ) THE& A »
SRIAAE K B I N T, BILE T4 % B -
foe X7 v 7250 > s EMERE G OiE T . 8
AT LN T B BETIEE T X A EBRS N
LAEZnT Hd> 0. 01 ) n bEEEWNT-, 2!

/1

891 3. FFFEN) o cytochrome ¢ oxidase &
AN X EEFE nBER S B L T T EAED AR
CKEEl T 3 3 2 v EAS B X Td . =,



32

($F @& E )

BRE N FERE ¢ I&E17 2 BEIT . 2 T
vy 724 N FRFa iz 2 LT Sépharose 6B 77 5 LN 7
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G- E ot o e R THEWN AR G
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N9 L7 H o B YLE T 3 fa"100%1-gmart N

% £ E1E 1 EBFHMIFIE <L 3 KRB K NI
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WMﬁuu#wat\Mﬁ%wmi~mc—
70 L to 3B W KSHEMIITN% RE L LY

HFEEA - 71T 9 > N7 Y onke - T — 2L
Lo L2oL . BB > T 1T E2-3BnJ 2
L G @t EERISENT v 7 B BRE S NS
NT. FKEEODAL aRE. ) IFESES
W 7= FEXREDINT IHBIE .
Y3 XBREREEENT AT v 725 0 LT AFE
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LB 02 [ ,

R T AHMARES 0 REERE < 7
Bk EnE ' AW 30 FEEE N A 1 L
I3 ERBEEFIR N e T L. KEA M
Be T L i NS 7o k. K TEEE & Tricon
X-100 08 K X AR AN & /2R L T W 3 Tt b t B
b b o |

K ENnFERE S KR RENZFT ¥ INT E b
) o AN A aRBE o A ANT I tLEME
niB i t BEL I, ATy 7053 T n AR
Eld 2 AR N BERMSr 3 1319 T b
200 FlEM L ko AT . FARIES 2 AW T 0 17
A a9 e 9 71 = v ~ R, B4 EcEE
MRMER « BRER . I o < YEtEr SBRE o B AR <
SW T FEEIL 0 AR TN 3 .

r\

( cyrochrome < oxidase o 47 B A 5 8 4% B ]
25 v 724 0 BEFEIESaE . 04 % Tridon X-100 &
BUL s 3 BRE GEeE « 17 & ') catalase & 18 IR
t L T SCREBAEL 2 K O 3 ¢ . Sow 48 6.31 #° 48
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S N ( B2-20) 0 33 ABRE 'ﬁmaﬁ.«: <
s AT BATEEG . EBEEC T > 07 F ko

> AEE 3 < B @ 50 E L N FERAL ) » 1B A
;Tﬂ%’l ‘(h;‘bt SR T W B, LN L. RS
S0 s Mo emae B2 7504910070
5. > N A& 3 BEL cytochrome ¢ oxidase o 43 & ML
T\ 3o |

LIRS B 2 ~° 7 b W & SLE L -
(®2-4 ) o BEACE. 1B~ . 607 nm IT &-0f
W & . 42] am (X -oRUTE E AR L T:e — 5.
B T T - ORI 60T am 1L b 1) . r-oR
BT 438 am (5 b 5 M -0 TR RUL 2 AT 7
b 517 am AT AT 1T &5 3 T 1§ sz 19 .
b%b<ﬁﬂ&uzsﬁt.\,bhzo E 7R BRAc
T NAEZANYT R G, 4U3am ¥ 601 wm |2 K LT
B R L (®2-48) o 2S5 Z~N7 kL
TOFIET L T . FERAE Suc T cytochrome b
C, @3B 2N T N

AT v 75ntEhEEfmEe N6 & BE . &
Lo BULZ AT b 0S5 12.4 ool fmg protein
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oy & A

n N IR ’%\%\3 #7018 ~ 0.21 ﬂmol'//mg protein

Th>» Tz T. «A&%\gg
AIAEEI #6045 1K KER. T W I:

AT v 705 0 BFEFE 5T
Hhiz ) 10ugn ') > & & L T

Yy

BT Y >AgYaknton ¢ h

CHEE B EIEI25% (W) I8

I 5 1T, Sepharose EB & H W

S VEEENHF E EBIE L &
g Lo 7 W RAEE| W SER
I8 e 82 04B 5 nrd s T
v R 2N T. SER AEATR B
BEN 1 Wb, &igizy
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X100 K6 BEZ < E o' » [ 1) .
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RAOBEIBT s Ta Wbt AL 602 .
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£ L . 78
L . A5 %8 L 1%
O A B RE L W

 Triton X-100 oY
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;3‘ 79 \v\ .,;(;77 % ﬁ\\
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BB 2.4 /nfma//mg protein) & . 01 2% SDS & 3 m
urea & & T 10 % polyacrylamide 7" 1L T & &, Sk &1 L
FAER T H 26 BV S >0 ke- 7 v B 5 .
Nt FEE R 25BN MEE w AR 0 o5 1&
B 7 3¢ . 33000 (1I). 33500 (LI). 26,000
(m) . 200000 (W) ¥ L T 5700 (V) T & » [T,
AT v 724 OFEEBESE A W T L B RER
TIBS NTce CNEER TS, 7 v 4 EN
cytochrome ¢ oxidase 3 b 14 < b t BS54 n 7 70 2
= v b '(“/Tﬁ'-ﬁ‘xli‘{/\'(\\:)tf?‘]%ffi,f:o R
57’@@*7741: v b B OLECI o 0 T T AT
Ltwrduway, @don X > KT ax o FE»
NI v 5 G M IS L KoL ELBR L
T Coomassie brilliant plue TR < SE B 3 N 1 v 3
. ZNINT Ky AER AT =y b
ERB AT DEREMEL D Do

I 5 (T SKEas.n L & Coomassie  brilliant
blue TR B L [:45. BN > K 0 440 nm T O B
LE ewex T 3. Ko Rn. Voldr o
~L R o R ©2-6B) . &N L K N 565m
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’t-mﬂ&\t/%li A7 2 440 am T mU&%_/?;m v £
Z2-L « ™ L o, X > L. V Jd cytochrome ¢
NAB 1z v kst .. N> k1, T 397 >N
789 n H 09 A 3 BSA = pvalbumin n AR 1T I
T A E . CRELEF L E AL ¥ ERL
LY T % ¥ . cytochrome ¢ N X * K b BARIT .
R KMy Vowmite BLT W 32d 2 IKEE
SN T M N O K HBRIE T Hh 30 I8 7L
1. WNE B b > o Cyrochrome ¢ 13 A 4 ¢ &
TRy L 7T+ 4 1T - T ILEEASIT & 5 £
g A% L T\ 3 0. SDSE B TBRF K
FULUT LCERAEOREASL AIKEE AR T W 3,
Cytochrome < oxidase ® ¥/~ 1 3. AN & & ¥ 7
gL N 7TEHNrREARESL T WD N ERE T
B\ 9°. SDS ¢ urea dt BL BFRF T L BE N
e ) Ao 70 5 D AR E - nAEEE R T oL
WOERE D IO L&Y S, AHE N
R X T LV E&Ekd tn T d UL B L[,
LT . BTG IMEETERE T W WIT et
~ORER AT 7=y PID XV AL LR
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AL T W3 BTEEREE T L T 2% ¥ XB LT,

(g5 EE & - &3 T potassium phosphate « KU &
otv‘l/‘ Tw‘tonq)(- 100 o B2 )

R OEE P SENE . e | ECER T p phos-
phate buffer o BE & 30.m¥ £ 13 T 3 Y . &
ZVARTFT LECE2-TA) o = A0 4 T > 58E
K& BEVETHDI>N P E. KW EARMWMT D 2
r 1o d ’)/T%‘%;fr!, Im (@ 2-7B) o A 2\3 . HiE
T 20% I8T33 5 10 X E phosphate & 1< W
K o SBET. B2 30mm. 10 mm t H o> T . 50
mm phosphate buffer n 4 A > 727& J 0.12 . 10 mM
n KU % & L 15mm phosphate buffer » ¢ 1 \d
0OTLETH IN 3, L Iiors T A7 > ®E
BT AARSER TN T T 3 050 B KU 0
A% nE2rgw,. Ko BE &05mE L &
e . SEMEEERY LB ET 3 DOCH
NILBERIF). BBREET AL S NG p

7&0

Cytochrome ¢ oxidase N T Bfc X FEAE So n &
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MAIE n BHE W 3 Tritonx-00 & . 0§ ) » A E
R EEL 2>t 0SS A - [ (E28 ),
0.3% () D Triton X100 1 & » T HEHME 1T 50% A& F
LEo 3. GEE N TriconX-100 3 - 1 t %
MEERARIMET > V) v J <. %L
1. SO REEIR ITEE Tt hHh > T .

(B5& n ) > FEE F RKAE £ pHARE £ ]

K& L‘ T‘: cytochrome ¢ oxidase 3 . pHTZOIT &
WT L. ) L ARE Sk & - T 3B
FIEMTI AT (B 2-9 ) > 036 AT

RBHIEETTB AL L T W B KL S
BA L 2 &8 BEoRLI N3, ) EeEHEC
HEIE EFNBIRE &+ 3 L. phosphatidylcholine
( PC)Y r phosphatidylethanolamine (PE ) o P 1< K
FUATENS NTED > o F <. 1) Y AEHE
I Tween 801K S » T Ex*H 2485 > ¢t Hn
2T E2-101 B v sd 2 1T 05% o Tween
80370 % 3 TEAREMEE BAZ T & <o Triton
X-100 ¢ Tween 803 W TN VAEA 4 ¥ £ R&°6
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AT P 3. WA GHEBEAAAE L b. %%
I E BT E 3IERE Lo 2 LBl g
(< Td » T2 o | |

& 2-11 13 . ,hé}*%m ) CREE N BET 3 A
1 F T 0. cyt&chmme < oxidase’ 5Nt n pH KI5
MEEMREILEAER P 2. PC "B BT 3%
sl AT ERE o n LT L. KENY
Dt T t. BEpHIT0~T5 0 EEHIL b > [
/AR 'PE»'&%/JUL LAl 1d pH6EST . F K ¥
MIF BN IEL )20% & 00> <. — A HE &
IO BEBRSEMEE 1) SR ’é')vn,mx 00 % B3 TS
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HRE. o PC BAfsmmL T E T o s [k
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cytochrome ¢ oxidase 13 . Wi B »n t » ( £
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C Cytochrome ¢ oxidaset £ ¥ @B n PE %)
7 < NnHEEEE . BIERE 1IITT 2EME0
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TACEAEL CEIIT nm )& raS>Nns, %
1T . VY X A4 E cytochrome ¢ oxidase t:'v LY
 t . Avrhenius 7°0 v F £ £ 3 2 r W\ 4F Y =
NHEE e il L Fo S 32 F )T 2 8FHr
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MY 7 nighBd 20~25%C T I hm i) & &L
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Table 2-I. Purification of sweet potato cytochrome c oxidase

Fraction Total Total Recovery Specific Purification
protein activity activity
mg units % units/mg ~-fold
protein
Submitochondrial 144 466 100 3.24 1
particlesi
Deoxycholate 11.5 292 62.7 25.4 7.8
extract
First DEAE-cellulose 3.70 337 72.3 91.1 28.1
eluate
Second DEAE-cellulose 2.14 289 62.0 135 41.7
eluate
(NH4)2SO4 fraction 1.46 214 45.9 147 45.4

2The particles were prepared from 3.2 kg of sweet potato root
stored at approximately =-80°C until used.

tissue and



Table 2-II. Absorbance of polyacrylamide gel

stained with Coomassie brilliant blue at

565 nm and 440 nm

Absorbance at

440
Protein band 565 nm 440 nm
(Bygs)  (Byy0) a3
Cytochrome ¢ oxidase
Subunit I 0.560 0.022 0.04
Subunit II 0.860 0.036 0.04
Subunit III 0.100 0.016 0.16
Subunit IV 0.204 0.015 0.07
Subunit V 0.400 0.060 0.15
Bovine serum albumin 2.92 0.110 0.04
Ovalbumin 2.00 0.080 0.04
Cytochrome ¢ 2.22 0.356 0.16

(48
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Table 2-III. Subunits structure of cytochrome c oxidase from different sources

Origin Number B =3
o Gel of Molecular weights of subunits (x 10 °) Reference
system subunits
Sweet potato ' This
1 SDS~-urea 5 39.0 33.5 26.0 20.0 5.7 study
Pea
2 SDS-urea 5 39.0 33.0 28.5 16.2 8.0 - 6.0 76
Beef heart
3 SDS-urea 7 35.3 25.2 21.0 16.2 12.2 6.7 3.4 77
4 SDS—-urea 7 44.6 23.5 22.7 16.9 9.4 7.6 4.3 78
5 SDS~urea 8 37.0 26.0 21.0 18.0 15.5 13.5 10.0 4.5 28
6 SDS 6 47.5 20.4 14.5 14.5 13.0 11.0 29
Rat liver
7 SDS-urea 7 34.0 26.8 23.7 17.0 12.5 9.5 3.6 79
8.1 5.4 4.7
8 sDS 12 43.0 27.0 25.7 16.2 10.7 9.1 8.1 5.0 3.9 80
Xenopus laevis
9 SDsS 6 44.0 33.0 23.0 17.0 12.0 9.5 32
Hammerhead shark
10 SDS 7 34.0 23.0 20.0 17.5 13.0 10.0 6.0 81
Dog fish .
11 SDS 7 35.1 23.1 21.3 17.9 11.6 8.75 4.6 81

Locusta migratoria
12 SDS 7 38.0 24.0 19.0 14.5 12.5 10.0 8.0 33
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Origin Number _3 Ref
No. Gel of Molecular weights of subunits (x 10 °) ererence
* system subunits

Saccharomyces cerevisiae
13 SDS 7 40.0 27.3 25.0 13.8 13.0 10.2 9.5 21
14 SDS 7 42.4 34.1 24.7 1l4.6 14.6 12.3 10.6 29
Neurospora crassa
15 SDs 7 41.0 28.5 21.0 16.0 14.0 11.5 10.0 24
16 SDS 36.0 28.0 20.0 14.0 13.0 11.0 8.0 25
Candida utilis
17 sDs 6 49.0 32.0 28.0 20.0 13.5 8.0 26
Botryodiplodia theobromae

41.0 19.0 14.8 12.8 11.5 9.3 82

18 SDS 7

28.0
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Fig. 2-1. Solubilization of cytochrome c oxidase from
submitochondrial particles from sweet potato root tissue with
various concentrations of deoxycholate. The submitochondrial
particle suspension at a protein concentration of 3 mg/ml was
treated with the indicated concentrations of deoxycholate in
the presence of 1.0 M KCl. After centrifugation at 80,000g
for 1 h, the supernatant and precipitate were assayed for
protein content and enzyme activity. (O) Cytochrome ¢ oxidase
activity in the supernatant, (e) protein in the supernatant,

(4) protein in the precipitate.
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Fig. 2-2. Sepharose 6B column chromatography of a purified
enzyme preparation. Enzyme solution (1.5 ml; 0.6 mg of protein/
ml) from step 4 was placed on a Sepharose 6B column (1.56 x 70
cm) and then eluted as described under Materials and Methods.
Fractions (2 ml) were collected and assayed for cytochrome c

oxidase activity (0O) and protein content (e).
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Fig. 2-3. Sucrose density gradient centrifugation of
cytochrome ¢ oxidase. (A), A mixture of the enzyme prepara-
tion from Step 4 (0.06 mg) and catalase (0.4 mg) in 10 mM
Tris-acetate buffer, pH 7.5, containing 0.1% Triton X-100
was applied to a 5-ml linear sucrose density gradient.

O: Cytochrome c oxidase activity, O: catalase activity.
(B), The enzyme solution from Step 4 (0.12 mg) was centri-
fuged as described under Materials and Methods, except that
the total volume of the sucrose density gradient was 5 ml.

O: Cytochrome ¢ oxidase activity, @: protein content.
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Fig. 2-4. Absorption spectra of sweet potato cytochrome
c oxidase. The enzyme solution from Step 5 was diluted to
make a concentration of 0.4 mg of protein per ml with 50 mM
Tris-acetate buffer, pH 7.5, containing 0.1% Triton X-100
and 0.1 M KCl. (A), Spectra of the air-oxidized (----- )
and sodium dithionite-reduced forms (

) of the enzyme.
(B), Difference spectrum (dithionite-reduced minus air-
oxidized).
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Fig. 2-5. (A) SDS-urea polyacrylamide gel electro-
phoresis of cytochrome ¢ oxidase subunits. The enzyme
solution from Step 5 was treated with the SDS-urea solution
as described under Materials and Methods. A 10% acrylamide
gel (acrylamide : bisacrylamide = 10 : 1) was used.

(B) Relative electrophoretic mobilities of cytochrome
¢ oxidase subunits and standard proteins. Catalase
(60,000), ovalbumin (45,000), alcohol dehydrogenase
(41,300) , myoglobin (17,200), cytochrome ¢ (12,300), and
cyanogen bromide cleavage products of myoglobin (I, 8270;
II, 6420; III, 2550) and cytochrome ¢ (r1x, 2780) were used
as molecular weight markers. The apparent molecular
weights of the subunits are: I, 39,000; II, 33,500; III,

26,000; 1V, 20,000; and Vv, 5700.
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Fig. 2-6. SDS-urea polyacrylamide gel electrophoresis
of cytochrome c oxidase subunits. The gel was stained with
Coomassie brilliant blue and scanned at 565 nm (A) and

440 nm (B).
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Fig. 2-7. (&) Effect of potassium phosphate on

cytochrome ¢ oxidase activity.

Step 4 was used.

The enzyme preparation from

The enzyme activity was assayed at pH 7.5

in the presence of phosphatidylcholine micelles (6.6 ug P/

assay cuvette)

and in the absence of Triton X-100.

(B) Effect of KCl on cytochrome c¢ oxidase activity.

The enzyme preparation from Step 4 was used.

The enzyme

activity was assayed in 15 mM potassium phosphate buffer,
pH 7.5, containing phosphatidylcholine micelles (6.6 ug P/

assay cuvette) and no Triton X-100.
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Fig. 2-8. Inhibition of cytochrome ¢ oxidase activity
by Triton X-100. The enzyme preparation from Step 4 was
used, and the activity was assayed in 15 mM potassium
phosphate buffer, pH 7.5, containing phosphatidylcholine

micelles (6.6 ug P/assay cuvette).
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Fig. 2-9. Stimulation of cytochrome c oxidase activity
by phospholipids. An aliquot of the enzyme solution from
Step 4 was added to the assay medium, pH 7.0, containing the
indicated amounts of phospholipid micelles. The activity is
expressed as the percentage of the enzyme activity relative
to that with egg yolk phosphatidylcholine at a concentration
of 6.6 ug P/assay cuvette. O: Egg yolk phosphatidylcholine,

O: soybean phosphatidylcholine, a: phosphatidylethanolamine.
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Fig. 2-10. Stimulation of cytochrome c oxidase activity
by Tween 80. An aliquot of the enzyme solution from Step 4
was added to the assay medium, pH 7.0, containing 0.05%
Triton X-100 and the indicated amounts of Tween 80. The
activity is expressed as the percentage of the enzyme

activity relative to that with egg yolk phosphatidylcholine.
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Fig. 2-11. pH dependency of cytochrome ¢ oxidase
activity in the presence of different kinds of phospholipids.
The enzyme activity was assayed in 15 mM potassium phosphate
buffer containing 0.05% Triton X-100 and sufficient amounts
of phospholipids. The activity is expressed as the percen-
tage of activity at a given pH relative to that at pH 7.0
with egg yolk phosphatidylcholine. O: Egg yolk phosphatidyl-
choline (6.6 ug P/assay cuvette), O: soybean phosphatidyl-
choline (9.7 ug P/assay cuvette), A: phosphatidylethanolamine
(6.9 ng P/assay cuvette).
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Fig. 2-12. Arrhenius plots of cytochrome ¢ oxidase
activity in sweet potato mitochondria. O, the activity in
mitochondria from intact root tissue: @, the activity in
mitochondria from root tissue-slices (3 mm in thickness)
aged for 2 days at 29°C after slicing (wounded tissue):

O, the activity in leaf mitochondria. The arrow indicates

the transition temperature and the figure, the activation

energy (kcal/mol).
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Fig. 2-13. Arrhenius plot of cytochrome ¢ oxidase

activity in potato tuber mitochondria.
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Fig. 2-14. Arrhenius plots of the activity of
purified cytochrome c oxidase from sweet potato root tissue.
The activity was assayed in the presence of egg yolk
phosphatidylcholine (0O), soybean phosphatidylcholine (O) or

both soybean phosphatidylcholine and bovine serum albumin (a).
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Fig. 2-15. Arrhenius plots of the activity of
purified cytochrome c oxidase from sweet potato root tissue.
The enzyme activity was assayed in the presence of DPPC (a),

DMPC (O) or no exogenous phospholipids (O).
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Fig. 2-17.
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Ml and M2 are the matrix
side domains and C is the

cytoplasmic domain.

Hypothetical models of bovine heart cytochrome c

oxidase. C, cytoplasmic side; M, matrix side.
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Percent polar amino acids in cytochrome

c oxidase and selected subunits.

Whole Subunit Reference
complex I 'uII ’III

Bovine heart 39.7 35.5 44.7 39.9 31

S. cerevisiae 39.2 34.7 42.1 — 93

N. crassa 38.5 32.5 40.1 35.8 24
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W Iz,



103

SDS ¥ & & 1 \\ polyacrylamide T 4 Z 7 B.R G
(I136) €137)
713 . Davis X Ornstein n AE KA > T 47 >
o MBEFIL T T % acrylamide € 0.375m Trrs-HU
(pH89) & & & . SBRET W13 25% acrylamide &
0.063 m Tris-HO® (pHb6.7) €T .. T L1 Af

D 2mA A ERCKRILE

Phenyl- Sepharose 1 7 & 7 B I b 705 7 4 ?-.
AN I F 3 L KN Y o 5 EAB LK Swl
B3I Ny T e 78 % %o BEKIKENEL
d - (48T 5 RN I phenyl-Sepharose (
CL-4-B . Pharmacia Fine Chemical A+ ) & B \ <
’7(:1"?’ NR T T 4 — E4T o T2 . ¥ & Tris-acetate
buffer ( 50mM . pH 7.5) T F Bilc L T H \ 1= 7
T 12 x 2 em ) IS Bl Ao BBAER < T L T
AL = Supl &0 . 20md » Tris-acetate puffer
ERL B o LI 1 % sodium cholate & B L & M7
2 20md . % L T 2 2% Tricon X-100 & /& L A7
SAEAR LT 7 SN T B ESBER T, A
€22 md T oOMBLL . BAREIESC WA L0 K




104

fum/ﬁ‘@:t:vx\z/%*}ﬁbf:o

BBg . = F3>KYTIig b7 07
B REX. %ﬁ#%@mK;?%ta. =iy v I4=xE
BAE S BEEL 2 R 3 RKROUTIRL B 72
NS N FEEFRLILT-. * 0 BRI
;T . 16BXBA A4 > % 2 N - kL E/MBE R
SOFPRAEERE AB L S b T > K 0 T & B L
o Plyclar AT & B L EZBF R M E &~ &2
- FLULUER1%. 30097 4 0B oo T 4B S5 3
£ 5F % Sephadex G-25 i L . FaE Y EH E A E
Foh S v FEE s EEEHELEC < 9T
32 KT & BBE-FAE L

B oWz b3d > kY 7 100ul (250 ~ So0ug)
£ . [PH1-leucine 10 uG ( 182 Cofmmol ) & & L R o
R N Wgoode L= o RO 0.25 m mamicol .
G0 mm KL« 30am Mgz . [mmEGTA . 10mM succinate,

[

25 uM amino acid mixture ( leucine & BR < 2 «  Emm phosphate
buffer (pH7.20 . 10 mM Tricine buffer CpH 7.2 0 . Zmm
ATP £ 2mmGTP & FX 5 . = N B R & 25°C



tos
BB LB OSA > F 2N - kL E . 40618
R 213 20 mm leucine ¥ 0.5m sucrose & A L 7;}5_
acetatce bufférwé 2 B mL . BEweid )k
TN YT EMALS T E. 3 E A L%, B
EWMIE L L TS Fd k)T REES E Y
L Ke =Wk 02MKWR ¥ 2 % Tricon X-100 7 & %
fc L8 & L . 300003 1 BF PE] o BT 18 2
FEE o2 B EAMME Y X« ) T -
r Lo m%‘ﬁi‘ﬁi‘@ﬁﬁe%iﬁfyzoﬂgmz\ 4°c T 18
RE L. iq8By L. IRMEA N I >
hO - wmFefAmLEL N REHLE. B
7w G 3 EECE L S T - O (NN T S R[]
FELE . Bl. BEEREE. fEATHR Y R iC IT .
?2?3'%‘3/&&51@& 13 74 -F 7 L - 7 fLi & L

X N M DM AE., BFEEEME . ORULEA N 7
b ANaaRE. ILINTEABBEIS ZE
t Bl U AETA LE. 3 3 #ERE H GLEC
tE2F L BARAT H D.




106

(1B s o 458 L T- cytochrome ¢ oxidase
ntE®l
CHC AL RS 5 AEE B E D 0 oo
chrome ¢ oxidasemiﬁ/ri J . REFER L BT L T op
H 2 BRAt£7248 < BT 35 (v v < /4 28
N WRAE12 N BT EBAEEIZE n B i & U . 18
AT 2 T 3 BAL B D) . X IR IR
Bl bl o (. BEMMBAE T AR o iR
ErafBn Lot Bl— T h D0k MEEL
<o BN S L 3 TEInAEITL )
2B > % a N - F L EABBIME»L A
BEEHEELE. D32 KBS AD L > I<.
7=y PRAKGERE L T, I ~TV o 5SHN
T 7L PSR T W, BT 7=
S EANE St 13 ITB LT H o
3. L1 JBREBHBELIEN N CEERE <
SN T L AN HLSATED o (F3-3) . <
S, BEET, BiIcE F S w2 B 9L



107

ﬁ«°7htbztt’,?iuﬁbfé<réﬂ;t--bv E (
Mz 4 568), 3 . BAEM 2 & 459 L - s
RS K 2 1T \HVOuchter/anyé'\ Fikic§ % Bz
LB AL 4T+ F o WT AL BIERG | Ao
MERRE AZ A% L . A \ 1K @A L BE T a7 E o
Bl TH D> &R LE(EE). 2 Koo
ke R o KT L T /BB I Ky T
N cytochmme ¢ oxidase \3 IEAELHEN t N v F
— T h B NI A, |

A

[ in vivoREBE I E T 28545 9 > 17 8 n B
BRI B 1< DR - leucine & 5 2 T2 BF . cyzo-
chrome ¢ oxidase n &7 722 = v b 11T 7 N WL L
RY ) B2mBLY) 23 n %0 B & Ml L E.
[(3H]- leucine & F 2 [< /B E RSy o = }F 2 > F
VT L BBEEL . 1 % TviconXx-10013d ) A EEE E
I Fh L Fe Z NI EAN. B W TR
& STRZ & SDS-urea polyacrylamide 71 & 2y K&
g RBEREEH3I-4 AL YT
M1 . I . I (213 CL%H)-leucine v BL 1) i F T



108

| /AN TVY,NV lf 135‘6%\,&“%«“ L9y X 2 T W
W s I, 67%%“5"ﬁlxr—m N A N SR AN
wsnr'7,/\7'ﬁﬂ‘77% MER S W [z, =
{/\ncytochrome; oxidase t Bl /% & % 6m /ANR S
ﬂ‘iaﬂmt: b[ﬁﬁl%bo
| (3 r)‘ . chloramphenicol 3 [ \J cycloheximide
CRLEE L - REAKIS L3H] ~fucine E 5 L [- o A
U“(/\f/%/\*:vai‘)ﬂhb“‘h‘éhm P/ R
Chioramphénico/mf%/%‘la\ E{] -1 40658 L o N
5d D RBERE NG BANT NT WL Boh Rk,
Cycloheximide f B &3 . B T KT v Tt . B
ool it W 7 IKBRE X I3 - T v 3 19‘»
LRI 1\ o BERET MET 4T > T VL .
Lt oo <. @1 IR T W FER (ARG
BE N T 7212 =v F TBBELSK I NI
td W) v . wrazZy bV e TV IMBEB T
TRAZER AR I KW 5 I T3 Wdlvr v 5 :
N2ERER S . N e VisMMILEaktn t 0 ¢
ho > cHegL <o Y722y I . I. 1
3. BEME sz g o s Fa > K 7R

—
-
ll'



109

(i T:} AR TN W V3. M AR A K
ﬁﬁfﬁlm CoZ 0T . HIBRAMF [ F 70 - b LT
WEIEHE L TN 200 hbso 0 JEEL .
Aon FTBEME & FESE T 5 = b i L T oo B B & 47
2 [z o

[ Cyrochrome ¢ oxidasePEliB 7 > 1° 7 ﬁ%i[mma@
S e

I & £8 H BE R 0 o #8R0 p@E 2 4T v . 2
N B L I N : [/ NI I S S NI L7712 N7 -
B L . BB LI BRIt BB
MEETCHEILEL 2 5. 2 k3> ki) 7TH
ir v or 1 BRBR T SOBRARE AV AN L 1= ( & BE)
INREAE 2 T b S BEARE AT T . 19 <Lt
WEFRRE RV T 3 ¥2 0 cytochrome < oxidase F T
3 >N BEERN D7 > 17 BTHIEL LD
LTI N, X T, 2 kT K7
oW T I RMMeTrE N 2 - 1L [=.

[ Supl@ 7 n £ 9 ]



110

FEEE AR T 3 842 cytochrome ¢
oxidase \d = F 12 2 KN 1) T RE 3 < %5858 L 1 &
DL ETETEBE A REEMEF L 5 T A H

i W3 - 0" R ITIE, % T . BEE
ABNIBCIEN -4 i . =2 3K ) 708

4 / N 7 ¥4 Ey cytochrome ¢ oxidase & ) £ o ¥
Jo ST\ @A (Supl) v . ABAE ¢ [ 42
R 98< FB 1 8BA L T 1 3 g N 7 B oo Edr
( Supl? AT e E3-I "t o 587
<« R B N & cytochrome ¢ oxidase 3B 'rja 7 Sup I
K EWL S NI o

31T 13 Sup I & 4" » cytochrome < oxidase:
1 t'/& N Qé}‘% I -2 v T, éz‘&fﬁ%&‘m%ﬁf’rém ¢% B
EIE RLELN Ch B . BREGIE. A A
A% L TY > 7 EAeREIT. 15 75 HE EA
Ni12400%PEE T 2 B EIIML T\ k. A 4 a
CEME T 13 3 EATL L. Asadhll)
NiEME 3 &< — E B 20 units/nmol of heme &2 ) &
N LEe 20 Y \T. B vt IEAEeHEB
P3N T aSupl KT A 8 BRELEAY

YY)



111

n A %?:T'fi %) cytochrome ¢ oxidase 315 = L T \ I
NI U EEGRL T B %L 7. 1% & ) 5.1<
FH5HMEWEmMIT . B5R Y > Y7 8 8 B oot
REBENT R DD oC o EeRT AT,

SNE L RN AET FESLL I o Cytochrome ¢
oxidase 1X71 T 5 LA & M & 3 [ 7 M5B #EB n
SupLBLz-1i 0 A U ABER N 7 & P B BT T ER
St RECTELE SDS-urea polyacrylamide H L
NG F )T L (® 350, @&
K e 9 - L K 575 EviI <. lgb n 9
71z v hrCABEE~I s TVETNnEY 7
= v FNEEFRE T % b5, & I:. Coomassie blue
KRS DFREB/E/S Vv o¥lETL T . &Y 72
vy b MEITET B 3. BFEF Y t Bl L T
h 5. /BERA T cytochrome ¢ oxidase o 7 772
v b N e VBN ZEIEFETD LN D
I R oW D 2Tt YA T. >0 EERIS
A 2 Suwpld . [ELEEET T 1003 . 15 B LA
T Js0g nEALEICIH Y T 3BT HDH, o3

AZBEFE L 3 F )T o Suplic 3. ABE



112

En 59 21z 5 i AsL8 N 2 6 & A3
AU QR TR A /N N S 2 G o

[ SupT @4~ £ B ] |
VSuP‘}‘It: '3 A‘y‘)*é"r:“’-_ﬁ—i cytochrbme € oxidase X &HAH
Gak772=y o EA: bR 3 ¢Ln
TAZAT WH LV YA e -2

AN Supl 12 W T ML O,

Aﬁ.&?‘ﬁ_m 7" 5 N Supl (I cytochrome ¢ oxidase &
MEFBLUBZALTES T, ABEAIDMMT 5 F
TR 5 5 AN 20 e TITHEL B> o (F&3-1
hdvrEz3-6). L L. = 7 B 4]\ cyrochrome
¢ oxidase (<1 T 5 WM-r RAC L . Bjb JELA
BT R ARE RO L ( @ 3-7B) » % L T .
CNHIREERRT . BEBECIIL UK T KT
AR L AL T N -, = o BREE T B B
Bodn k. REBVLESEsrQE R ) . S
ng s a2 RYyYTEESL BEs nE, B
WIURRER . R R UM Tt T
CREA L TWDA T DI EE IS DL s



113

FEEE AT 5 OBEABRE L 59 L T < g
bt By . BRI FeAT H 5,
Supl Balrp o7 EBAERL - BA 1 =~ E T B
ST A Y B SN b B . AR
TEEER ¢ 2R T 5 9 >0 7 B >0 1 pE g
AT VN T2 WT AL €4 . S o nta B
3. p < it MEBEHE,, Supl 1T 13 3EH MR
cytochrome ¢ oxidase £ \d B 1 > . Itk ¢ R R
1527 >N 7890527535 Eqrl 1w s,
X2 T 2T 2 N7 B p cytochrome ¢ oxidase
NERLBE BT 712 = v b 0 BTEAT h 3 7
REfEt ho2YB2Z . 209 > /¥ 7 B e JEE
FX=9 > /8 7HEL S S T A

I SRS D Supl BB L 3 HEVL B 4] Br E
KT &8BEE 3-8 Kk L. e 1 0
MRBERAEMNEN Y - vt . B LT 77 £
FERIRLE, 37T. 2 Supl &2 N3
g N 7B KBRS . cyrochrome < oxidase X
B drdxng /03I hn b,
¥ LT . X-7 7 B cytochrome < oxidase t



11 4

BlUX 2S5 3EWX AL ) L3505 IEEEM>
‘tﬁitho@m%%m7%7>aym
WS E A A L £ o 1d X- 7 > 17 8 kL
LEF m\c,.%ihh 2. 1 BEN L. TR
I3 [ g > /e 7 %13 cytochrome ¢ oxidase M
B¢\ 19 st R E T NS,

3. Supl p X-9 > 19 7 BT . EA& k4%
AN EDP LR D ICHPY LTt AR
N (E3-9), BiiaErsnds iz, mik
¢t N Bk E T 3RS TR AR B L /B
Z A Supliza e <y . Lot IAAMANS
M5 2. tIETIZ 6685 BE 2238 | T M5 & RAH n
Supl @+ 13 - > ) L BB AT T X
g N IN 7 Em%/y)ﬁ-}_ﬁm'&u< Td » T v A =
A/ NN (S

( X-9 > 127 "B n phenyl- Sepharose 11 7 4 7 O
kT 774 -]

Supl k@3 N2 X-9 > ,v7 BEniEB &M
T5BHIC. 272N 7 U R HE ¢



15

Mo B3-1000 . AEARMA Supl & 4 0
phenyl- Sepharose 71 7 A 7 O F 7 % 7 4 - 0
SR ETLELD T H D5, 1 % sodium cholate I<
o UBRIN T 5 G 07 E e s
RAL URBSE /A LE (@2-11A D,
2 % TeitonX-100 15 d > T BB SR 59 o joo
gkg‘ B v Cn 2 '?m@.\/ﬂ\l'/}i\f?‘f’\ffo B &
Mo R oW A N7 kL BBy cytochrome
b & i MEBR SN T2 o Supl FAED 17 & 3 I 3
cytochrome ¢ oxidase :EFME 13 C B4 1= B W3 A
o BIHFICL T BEERIo BTN Z L. 2%
Triton X-100 12 & > T 0 BB 3 35 ¢\ 5 4 &
g/f-/’fﬁo NnE&EE FE oy . o x-9 L7 Big . &
Y& cytochrome ¢ oxidase % cytochrome bc, complex
SOt ERKMErZIZ - E 2L 6 N 5.,

TS R ABASAIIBIND X-9 07 By

R v L T % cyrochrome < oxidase ¥ 16 17
v E 3NN BE S 2 LTEEND T
FERMETRRTE 33710 ke HHEOEE
LB T L F 20T @ﬁ?ﬁ{ & & L Ik T cyro-



116

chrome ¢ oxidase ¢ o BE 1< 0 RE K% & 77 B L 7
(well 1€ welld) » BAR L T . A &4 ik
e nmz 0°C ¢ 1 BRI RRK T ¢ KEASRE R
EFA L NN Cwell2 ) NI 02 5.0 fin
X E I E,e n oo, 'EF} BRC TJ SO BRE T AZ AX O
NI > e b L. X-921°7 8 n" cytochrome
coxidase t ERMARLGILR © H - [ I 5 1F. 8
R LEEER ARSI AT QT ¢ 5. L o
> T 2 DE&RE 05t X-9 > N7 8T cyeo-
chrome ¢ 'oxidase v FRE AT ERFEE E L - T W
5 ¢ AT N,

. X-9 > 7 @ 0 AE B B 67 15 immunoglobulin £
BE S 103 T LLEBLOSNED T, T
O - LBRF LITT 3 RIAARMNEH . -9
N7 E (ARG ) 3. X d Y cytochrome ¢ oxidase
Wiz 0 HCEE e Az L. 1 > b0 - L&
He Pl TELAVEB LT > - ( ABS) .,

(X~ > W7 BnnlHE. v ¥ AT E ]
X-97 > INT7 B8 . 35 FEEMA I



1177

PEAE - cellulosen 7 47 0 T b 735 7 4 - (:vJ
DHEE L & D> L. BREUE R TS R
a7 5> o % 1 T. phenyl-Sepharose 7 o 4 %
O <X b7 7 74 - T8 NT- A g f- & polyacryl-
amide 7T 4 X 7 B ANKEu IR 0 T . KEign T
L&, KECFT M E LY EE I N
Tt R ILIAR EREAT > . WLy 6 &
EMRZHAREI o o7 Ep by RIS LT,
XNEER 2. RKRELETIL 2 ®E 12 §3 1114
LEe Mo nE 7o 078 R0 F gk ic i
L T BABR T SCIFER S A2 L. - s X-9 o v
TEHTH A 08AS 7 ¢ o> 5o

SN X-F >N T ENHERMA e L T n T REAE
CMREIT AL T . YN T Kndle 38
LRDD D L NEEZTCHhD. TN HIT L T4
AR NHKEn L ) pEES N X-7 207 B
NI > K2, 6 177) B L. = & SDS-urea
polyacrylamide 'L B 2 2KEn 1< 77 ] = o % n %5 &
KM EEE N T I C LBR L = ([ D3-12) o X%
gL NTEYeF L ISELnn. 1A L



118

TLMATEND G ) RIE Ty A RS R TH
21 e TN TITNIL. R X-79 ‘//\"’74?6’\/?}‘%"
g eBIlET 5 Kb Laemmlin A &1 d b
SDS pa/yacry/am;‘de e, & SVokEne 47 - o A
TENIEFE L LTACE T LN T AL k-7
ST B BlARI. T4 L T7E AKETR DT
Rign 7 > 7 B R >R T MY L. 20
R JH3-Und D Th) . X-92 7 Ban
AT Ba 57000 C HBR T AT,

7\

LBEE=S F2 > K VDTIRE DY o7 EEMN
1B EER Y o BBEL < a2 > k)7 d
39 N 7T ERMKESNHEF T ( KR3-1L) o invitro
BRI E S LK) TAET L 7 Eaes
Jo # cytochrome < oxidase n MMM 1T & 5 TESRELL <o
:hﬁ“’t“mv7“_1:-wrz~-&>ﬁ>mv\£/ffﬁ17
eI Ly Foe. I b2 K D)T R

fll

g L e 7 B i 1K cytochrome < oxdase o E B
lm . = hd K DTy 27T EBKERDN
éﬂé-l, T\ 5 s t%ﬁﬁ-mu’( [z o



(114

Table 3-I. Fractionation of submitochondrial particles

into Sup I and Sup II

Fraction Protein Cytochrome Heme a

c oxidase

mg units nmol
Submitochondrial
16.6 82.0 n.d, **
particles*
Sup I 8.28 0.94 0
Sup II 2.63 : 87.5 5.38

* The submitochondrial particles were prepared from

500 g of intact tissue. ** n.d., not determined.
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Table 3-II. Changes in cytochrome c oxidase activity and

heme a content in Sup I during aging of slices

Time after Cytochrome Protein Heme a Specific
slicing - ¢ oxidase activity
h units g nmol units/nmol

of heme a

0 22.5 0.581 1.13 19.9
15 18.1 0.544 0.81 22.3
24 32.2 0.891 1.61 20.0
40 45.0 1.20 2.15 20.9

Each sample was prepared from 200 g of root tissue.
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Table 3-III. In vitro protein synthesis

by isolated sweet potato mitochondria

Fraction Radioactivity
incorporated
dpm
Mitochondrial membrane 281,000
2% Triton X-100 extract 173,000
Immunoprecipitate by
7,120
antiserum
Immunoprecipitate by 56

control serum
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Fig. 3-2. SDS-urea polyacrylamide gel electrophoresis
of cytgchrome c oxidase from intact (A) or wounded tissue (B).
The enzyme preparations used were of purification step 5;
namely preparations after sucrose density gradient centri-

fugation.
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Fig. 3-3. Sucrose density gradient centrifugation of
cytochrome ¢ oxidase from wounded (A} or intact tissue (B).
O, Cytochrome ¢ oxidase activity expressed as decrease in
absorbance at 550 nm per min per ml of fraction. 0O, Catalase
activity expressed as decrease in absorbance at 240 nm per

min per ml of fraction.
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Fig. 3-4. 1Identification of cytochrome ¢ oxidase
polypeptides synthesized during aging of slices. Purified
mitochondrial fraction from [3H}—leucine labeled slices was
treated with 0.06% (w/v) deoxycholate containing 1 M KCl and
centrifuged at 80,000 g for 1 h. The pellet was extracted
with 1% Triton X-100 containing 0.2 M KCl, and the extract
was treated with an optimal amount of immunoglobulin.

The precipitate was dissolved in a solution containing SDS,
urea andvmercaptoethanol and subjected to gel electro-
phoresis as described under Materials and Methods in Chapter
2. The Roman numerals mark position of the subunits of

purified enzyme.
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Fig. 3-5. SDS-urea polyacrylamide gel electrophoresis
of immunoprecipitates of Sup II fractions from 100 g of intact
tissue (A) and 50 g of wounded tissue aged for 24 h (B).
To each Sup II fraction (1 ml) was added 0.15 ml of immuno-
globulin G fraction (10 mg/ml) and 1 ml of 20 mM Tris-acetate
buffer, pH 7.5, containing 0.7% NaCl and 0.01% NaN3. After
incubation at 4°C for 24 h the mixture was centrifuged at
3000 rpm for 30 min. The pellet was washed three times with
20 mM Tris-acetate buffer, pH 7.5, containing 0.7% NaCl, 0.01%
NaN, and 0.1% Triton X-100. The resulting pellet was

3
subjected to SDS-urea polyacrylamide gel electrophoresis.
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Fig. 3-6. Absorption spectra of the air-oxidized (---)
and sodium dithionite-reduced forms (——) of Sup I fraction

(0.66 mg/ml) prepared from intact tissue-mitochondria.
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Fig. 3-7. Ouchterlony double immunodiffusion tests of
Sup I from intact tissue. The plates were prepared with
0.8% agar in 20 mM Tris-acetate buffer, pH 7.5, containing
0.7% NaCl, 0.4% Triton X-100 and 0.01% NaN3. Each well was
filled with 15 pul of a sample. After incubation for 40 h
the plates were washed and then stained with Coomassie
brilliant blue R. (A) Center well; immunoglobulin to cyto-
chrome ¢ oxidase: wells 1, 2, 3 and 4; 12, 6, 1.5 and 0.8 ng
of purified cytochrome c oxidase, respectively. (B) Center
well; immunoglobulin to cytochrome ¢ oxidase: well 1;
purified cytochrome c oxidase (6 ug): wells 2 and 3; the
Sup I (22 ug): well 4; submitochondrial particles treated

with 2% Triton X-100.
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Fig. 3-8. Sucrose density gradient centrifugation of
Sup I. Sup I (0.5 ml) and purified cytochrome ¢ oxidase (0.5
ml) from intact tissue were separately loaded on 5-ml linear
sucrose density gradients from 5 to 20% containing 0.1% Triton
X-100 and 0.1 M KCl. After centrifugation at 40,000 rpm
(115,000 g) for 14 h at 4°C, fractions were assayed for protein
content (O) in the case of the Sup I and for cytochrome ¢
oxidase activity (0) in the case of purified cytochrome ¢
oxidase. +: Protein forming precipitin lines against anti-

cytochrome ¢ oxidase was detected by immunodiffusion tests

with fractions from the Sup I.
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Fig. 3-9. Ouchterlony double immunodiffusion tests of
Sup I prepared from tissue slices aged for various periods.
The plate was prepared as given in Fig. 3-7. Center well;
immunoglobulin to cytochrome c oxidase: wells 1, 2 and 3;
Sup I prepared from tissue slices (1 g) incubated for 0, 40

and 66 h, respectively.
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Fig. 3-10. Phenyl-Sepharose column chromatography of

Sup I fraction from intact tissue. The Sup I fraction (40
ml) was dialyzed against 50 mM Tris-acetate buffer, pH 7.5,

and applied to a phenyl-Sepharose column (1.2 x 2 cm).
The column was washed with 20 ml of the same buffer contain-

ing 1% sodium cholate, and then with 45 ml of the buffer

containing 2% Triton X-100. Each fraction (2.2 ml) was

assayed for cytochrome ¢ oxidase activity and protein content,

and subjected to immunodiffusion test. +: fractions forming

a precipitin line with anti-cytochrome ¢ oxidase immuno-

globulin.
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Fig. 3-11. Ouchterlony double immunodiffusion tests of
"A" fraction. The plates were prepared as described under
Materials and Methods. Each well was filled with 15 ul of a
sample. (A) Well 1, "A" fraction; well 2, purified cyto-
chrome c oxidase; well 3, immunoglobulin to cytochrome ¢
oxidase. (B) Antibody to cytochrome c oxidase was mixed
with purified enzyme (5 pg) or with "A" fraction (30 pg
protein) and then incubated for 1 h at 0°C. The mixture was
applied into well 1 (antibody plus purified enzyme) or well
2 (antibody plus "A" fraction). Well 3, antibody with neither
purified enzyme nor "A" fraction; well 4, purified enzyme.
After incubation for 24 h. These plates were washed and

stained with Coomassie brilliant blue.
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Fig. 3-12. Immunoelectrophoresis of fraction "A".
Fraction "A" was first subjected to electrophoresis on a 7.5%
polyacrylamide gel, then the gel was cut lengthwise into two.
The half of the gel (a) was placed on 0.8% agar plate along
the groove (b) at intervals of 2 mm, which was filled with
antibody to cytochrome c oxidase. The agar plate contained
0.7% NaCl, 0.4% Triton X-100, 0.01% NaN3 and 20 mM Tris-acetate,
pH 7.5. The plate was incubated at 25°C for 40 h and then

stained with Coomassie brilliant blue after washing.
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Fig. 3-13. SDS-urea polyacrylamide gel electrophoresis
of X-protein and cytochrome c oxidase. Electrophoresis was
carried out as described under Materials and Methods.

(a) The main protein band was cut out from polyacrylamide gel
after electrophoresis of fraction "A" on the gel and staining
with Coomassie brilliant blue, and then subjected to SDS-urea
polyacrylamide gel electrophoresis. (b) Purified sweet potato

cytochrome ¢ oxidase (30 pg).
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Fig. 3-14. Determination of the molecular weight of
X-protein. Electrophoresis was carried out by the Laemmli's
method (see Materials and Methods). Bovine serum albumin,

catalase, ovalbumin and aldolase were used as molecular

weight markers.
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