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ABSTRACT

Cytochrome-c-oxidase in mitochondria membrane is one of the most important factors for energy generation in the
cell. Aswell asit is electron transfer enzyme, it is also heavily related to the apoptosis and other pathologic conditions.
Meanwhile, porin is aprotein located in inner and outer membranes of mitochondria, which is assumed to be functionally
correlated with cytochrome-c-oxidase. It functions as forming electron transfer chain and conveying ATP. Therefore,
using the immune-microscopy, It compared the distribution of cytochrome-c-oxidase and porin to figure out the
formation and changes on cytochrome-c-oxidase in mitochondrial cristae.

The sarcroplasm of cardic muscle tissue has many mitochondria. They are classified into two groups: the mitochondria
with many cytochrome-c-oxidase and the mitochondria with only porins. The mitochondria with porins had few
cytochrome-c-oxidases in their membrane; in contrast, the other mitochondria with rich cytochrome-c-oxidase had few
porins in their walls. In addition, according to the location of the tissue in bovine heart, distribution of those kind of
mitochondria had been clearly separated. As aresult, it could be assumed that immature mitochondria has many porins to
transfer the protein materials from sarcroplasm through the porins, and they made cytochrome-c-oxidase until it is
enough, and then they decreased the porin and maintained minimum number of the porin.
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Mitochondria= R AN Z oA =] (ATP)=S A3}
E Axar|tes o= detes FAE W detelx o

*o] -8 20079 FYAT oA FHA Aol 2Jste] o] Folz 8

YAl el Hefdhs AR A g e] xSt Sl
Wt Ex3l= AR DA EA S| = Cytochrome complex
19l NADH-ubiquinone reductase2} Cytochrome complex Il
¢l Sucsinate-ubiquinone reductase, Cytochrome complex 111
¢l Ubiquinone-Cytochrome-c-reductase, Cytochrome com-
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plex IV¢l Cytochrome-c-oxidase 12] 32 Cytochrome com-
plex V&l ATPaseEo] glth. 75 3o COX (cytochrome
aa,, cytochrome |V, cytochrome-c-oxidase)x= mitochondria
7} Qlaks} Hbgell 27t of|UX] 5 HAAIA W Abie}l 4
A AFAA BS FAATIE dhgel A3 aiw
aHA i

COX (cytochrome complex 1V, cytochrome-c-oxidase)+
mitochondria®] A3} FAlel AR 3FFo] A Lo
$]¢} mitochondriaz} Z£3¥ ZAMZ FAAll] A FA
2 10%57-2) A 4%r$) 7} mitochondria £2+2] porin %t
W 5=2E 53te] mitochondria] & #-RbE| o] wj2he] by
A 2GS o) 7o) AANYATLT T} How ¢
o} (Jamal, 2005). Porin g -2 M| Aol A 4%l mito-
chondria &A% 2] 4Ath9]E-S mitochondria W2 A
71 4L == COX 59 aashie A& x4s)
T ATPZ mitochondria2 2E] AHZEA=Z o] FA7= 7%
o] ¢l= 7Aooz Ad#A glv} (Konstantinova et al., 1995;
Jamal, 2005).

B ATEAL TAFTLE FedT e
o] W& mitochondriaz} #¥3}31 mitochondria W
COX &av} st oheF EAlshs Aoz duix 9)
ZZ o] ATP 2 Fefe] u}g} mitochondria W=t2] CO
Z7)el= Aoz d#A ¢lok(Kim & Jung, 1990).
2326l mitochondriadl) = COX7} A<EHd 2 7862 &
IWo] sulEl= Aoz woE ul gloh(Kim et a., 1987).
3] Lol = mitochondria W =te] COXe] ZA<&x Ads A=
AAAL B, of, A, TR 5 Al AF g
B 37} )9k (Hanson et a., 2002). o)== A 3zo]Aka} %
5 COX7} Mz Ae]dAtel 714 aA] fedsla glemz
COXe| Azt vx 9 AEe A3l 722 742 1
4 Z93)ch 53] COX9| #3t ¥Ap7-2E vigto= 3t o
B4 27 BEAE A2 FaFel= et ol
3t AT 1= mu|Ekg ok

wEhA] o] AFel|A HARA S o]§
28w 7 & AHgske] A2 =3¢ mitochondriac] A]
COX subunit 1€} porin st o] Bz 2 FQlsle] Atz o3t
A& ofetr izt s1glem, mitochondria v 2ol Az g7)
¢l COX subunit112] Als} A= 2 Bxel W3}
Feasl A sk
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AHERe £ (P 340N AEE B4 (Bostav

rus coreanae) 34 4 5ulel e} 54 kA 5vle] 2R E]
ATE AFshs AT F9e Aol & adEd 4
3 1lcm Z ol A2 2cmXx2cmXx 2cmzE Aeksle] Al
Yol ALgsheiet

okl AMe-® e =S A= mouse anti-
Porin 31HL (Ab2) mAb (Clabiochem 529534) 2} mouse anti-
Complex 1V subunit Il mAb (Mitoscience MS) = A}-&-5}91c}-

)51} A = FITC (alexad88 invitrogen A21131) goat anti-
mouse 1gG,,¢} Texas Red (alexab94 invitrogen A21145) goat
anti-mouse 19G,, 5 ]2} 3 FxA] A= AHg-3llet

et 9l gen) dEE 43 224 05emx 1l

%ZZ& 1% paraformaldehyde £ 24
A7t 314, ethanol 2 &3} a1 paraffine = Zwjsle] 2.0
um 2AAAL A2k Az s 93 23
e AExAS 1% paraformaldehyde?} 1% glutaralde-
hyde 123]llof] 2A17F A 3143} 31 2% osmium tetroxide 173
Aoz 2A17F & 1A 3}, ethanol & €H=3}ed Lowicryl
HM 20 &&oie| xuj3l of-& Reichert-Jung ultramicrotome
©2 60nm 2P A S Alxbete] 2A|Flo g Alg-slglth

=)

A z2gt 228l LElo] =2 xyleneo & paraffing |7
&ta FAS #1A, 0.01 M sodium citrate buffer (pH 6.0)

o]l 0.1% triton100, 0.05% tween20E- #7}3F 8- 3} peroxi-
dase block g-2 2 0.02M tris buffer (pH 8.2)¢] *]2] 3}l }.
gbzg oo xz]d =23l mouse anti-Porin 31HL
(Ab2) mAb3} mouse anti-Complex 1V subunit Il mAbZS 1:
10002 3143 3|4 o] WAz AxFA el WA
71 =282 DAKO Envision*¢] polymer-HRP anti-
mouse (K4006)<l] 4F-2-A]7]32 DAB (3,3-diaminobenzidine
tetrahydrochloride)el] x&]s}x2 hematoxylinel] <3 &}e]
LeicaDM2000 Z3t&in] 7 o 2 Fasleih

r

Azt 22k Eete]l =5 xylenec 2 paraffing A7
star 34348 A, 0.01 M sodium citrate buffer (pH 6.0)
o]l 0.1% triton100, 0.05% tween20=S *7}3F 813} peroxi-
dase block §-<% 2 0.02M tris buffer (pH 8.2)¢1 x&]5}93 )
b8 oMo x|l z2]3)%e] mouse anti-Porin 31HL (Ab2)
mAb2} mouse anti-Complex IV subunit II mAb<S- phosphate
buffere} 1:1,0000 2 A sle] vr-2AF ol dx}akAo] HF
271 %2134¢92 FITC goat anti- mouse 19G,,¢} Texas
Red goat anti-mouse 1gG,, S phosphate buffere} 1:1,0002.
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2 3|43k gl Wdnks A]7]3 DAPI (4,6-diamidino-2-
phenylindole, dihydrocloride, invitrogen, D21490)ef] <3443}
o] LeicaDM2000%] 33 n|7d o =2 39}

4) MAbsA0| 2 2E Mtk

Nickel gridel] ®-2H%] Z=nbd -2 1% periodic acidel] x]2]
&}31, phosphate buffer2. |23} o} 5% normal goat serum
7} 5% Bovine Serum Albumin, 0.1% Cold Water Fish Skin
o] #7}%l phosphate buffers Ah-g-3te] v]So]A] uk-3-& <
A 8}sd . mouse anti-Porin 31HL (Ab2) mAb$} mouse anti-
Complex 1V subunit 1| mAbE phosphate buffere} 1:1002
= 3Mste] Qb Pl 27t Wk A7), A
2 Goat anti-mouse IgG+IgM gold particle (10 nm)=S- phos-
phate buffere]] 1:200.2 3]X3}e] ul-2A]7]l & phosphate
buffere} ZF42 M=l 125l A 8= uranyl acetate
¢} lead citrate®. o] F<q M s}o] Zeiss EM109 K} u] A o
2 Ao

osw

o
=y

37} mitochondria @ A EA47)HE0] E3HE o]
e (Fig. 1). & o] COX subunit Il (cyto-
chrome-c-oxidase, complex 1V) &4l o3t <+Z-= 3}
A2 ure-A]7] 2 peroxidase TA|3HA| 2 *]E]3t & DAB
o] g3t whAuke- o 7 st As} ZPAF Aol &
o] R ¥3}= mitochondriaslA] COX subunit I1& ©}&k
0—5]._,_ 9\)\‘30] _‘d—o]ﬂo‘hﬂ_ /\1" 117‘4 p=i=s "ziﬂ;d
mitochondriac] A COX subunit [1E &-§3t1 9= A& o}
U], Zx%] H9d| u}g} mitochondrias-e] z+z+ Ale] s}
COX subunit 112 &-§31= Aoz FAE o (Fig. 1).
AlZe] 2 o (muscle fascicles)2- 42 244 o
weg FAE A 2 (muscle fiber, muscle cell)= 233
o] COX subunit Il 3Ajo]] Hl-2o] vJeht= COX subunit Il
=2 o}gF 831> mitochondriaZ} EE3= ZA=x9} COX
subunit 11 8}A¢] dsked ¥FLo] gAY} COX &A= =3
3}lA] o= mitochondriaz} 223l ZAMz= FEHEYE
(Fig. 2. 2944 P52 FHE 244 5 2HEEL
Aoy mHel A m|tochondr|a7} LA Aol T3 ow

ZA19] 3ot

,: oftt mlru

el o] 4 £E5-2 mitochondriaz} A3l = 2t
=+ (Fig. 2).
AlgzA1e] 2w 221896 COX subunit |l 3=

Ll
SN A ZUASEo] MAH Abe] Ao Fxs
mitochondriat= Z¥A¢-2] wldz J=ks] Bxspe, 2y
A o 2 mitochondria 2% Y =7} =2 X2 mitochondria

b 2R G 19 B2 A, 2
ErAEH Rxals sz #F
g}guq COX subunit Il 84 uh-g-o] m|ef3t ZA 252
COX subunit Il &axkAo] £3}=]%x] 9kS mitochondria
7} EA s Aoz #59(Fig. 3).

Az o] S 2ol porin <ol H3 AE
WA T FHEAGAE o) AE A7) e DAPo]
Aejste] QAR oz AAT A} porin o] E3Ha
mitochondriaZ} &A)8}= ZH 252 Taxasred &F o=
Qlate] Aalg el A} (Fig. 4). 24 E71¢Atelo] DAPI
o] BFL3) o] HMoz B FRSHA A= Aol FF
= oot A frAbelell REshs W porinwhilo] x3hsl
mitochondria= 22 F3kA-8 Yeld 1 glor} porin s
o] Mo oz FEshe AEE ¥ FHAL vehy
o] porin = o] ¢fx EAE A 4 Sk wEkA ¥
Fu]7 el A porin S o] EAsls FEA A 20
A7y A 2 H ik (Fig. 4).

Fig. 4¢} 3t 3FdxA2le] COX subunit I shlle] gk
FA 5 w-EA 713 FITC 332 A A5 o2k A7 o
& DAPIs] Helste] @yn|zios a8 A3} COX
subunit 11 g o] Z3+= mitochondriaz} )8} A %
Te ATCYBUgon e Show vehln, S40z
vehls ZHZ 7FAAtelo]= DAPIO] ukSE 3o A

oz FAFT(Fig. 5). COX subunit I o] 22 gko
2 B3¥3= mitochondria® Z3sl= ZA|ZE52 A9
vl2-o] FAAFZA] ¢ki=t} COX subunit Il sH¥-S- F&sl=
mitochondriaz} BZ3}1 QA] = ZAZ S = 9]
do] Foe FATe] TAZY EA4E FU T 4 AU
o} Fig. 40| A & F3kal o 2 Taxasredel] HE-S-%l 2-9]of
+= COX subunit I15t¥e]] ®A]® FITC &3uk-go] vyeht
A b o= BAelch uhwe] Fig. o141 porin g o]
FEEA] A A Zell= COX subunit Il hill & o =
&3}= mitochondriaz} 23l Aoz A=) (Fig.
5).
il 22 ghAj el COX
FAle] A1)
Z} FITC¢} Taxasred
% WAL o porin <hy °l -%—-w F3 YA
YehE= ZA 2ol COX subunit || shfe] = 330
A= g v, porin Sl e] Fa4 o] vpehie ZA el
COX subunit 11 k9] 543 3to] ehi Hloz s
o] porin ©H-&- Egsl= ZAEL} COX subunit I -8
ERHEE DA} A% Jelsi T4 sige GAD
- I9iEH(Fig 6). 2 Azl 4 93 T 3
Fol F25o] w3 PFos vehis porin skt
COX subunit || ©+-& ZAJo] £3}sl31 ¢)= mitochondria
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7} Fxae A E7E EAEE Aoz S 12y
g re] ZMZEL porin s o] FR3pH, COX subunit
Il ghlo] BZ3l31 COX subunit || sH¥ o] FX3sPH porin
chif o] wlepst 7l o 7 ElF i} (Fig. 6).
ATz o] Foiw 22816l porin T A S
7]a1 peroxidase ZA| g4 7} Hk-g-¥ H-9]o] DABE A
2 P& o ZAHFE] Mdsl Ale] Z3Ael poring %
3= mitochondriaz} A4 -] wid o J=te] Fxs)
o, B2 o=z mitochondria #2 W=7l & B9
mitochondriaz} 2949} vehs] vdd ez I2= 9
o Porin ©h-& 231812 ok TAH Zell = v Fo] E
3l ZAHE2] EAE Fd ¢ N @A poring
Z33}7 §-8-3F mitochondriaz} Ex 3= A X} porin
< "3l 3 mitochondriaZ}t 23 A EEC]
TETE AT 5 A= (Fig. 7).
=
[}

] 2] 8)9]ell COX subunit 11 H4] 3}

5
ALz

COX subunit Il g8 £ 3&3l= mitochondriaz} QA%
o] wid3} J=ks] Bxap, 22 o2 mitochondria 2%
W=7} &2 391 mitochondriaz} Z4Af-9F &3]
A% ez AL COX subunit 11 wh) Z3+3}#] oF
<+ Az = G52 o] Fxdle] A ZO| EAE T
Q1&g 4= 9lsdch. wheba] COX subunit Il shil-g- 3317 §
-8+ mitochondria7} ®23}= ZA| =} COX subunit Il g+
Y-S w|of3hA -3 mitochondriaz} #-23h= ZAH| 25
FTETE AT 5 A= (Fig. 8).
AlZx218] Foiw 218l porin T )2 wk-S-A]
I FFEAFAE vkl A Aoz JAPS
W 298G F9 o cristaer} wetalA] 92 mitochondria
o FFYA7} EA|F o] poring Z3Fsl= mitochondriaz}t
LU Abelel]l EE3e Aoz FAFS T2y cris
tae7} =3t mitochondriasl = 324l Ake] ®A)7} ohi n)
ofalA #AE Heoz FAESIT(Fig. 9) ubHel AZLx%
o] Fo zA|gkde] COX subunit Il & x5 vk
7|2 AFEAA S w3l HxMEu] oz A
2G5 F94l cristaer} sk mitochondriadl] 33
A7} #A]F o] COX subunit || g8 =3} mitochon-
driaz} T4 F Abelol] 23 7oz IHAET 18
1} cristae7} SR ¢S mitochondriaoll = U A1)
A7} o4 w]opshAl mA1E oz #AE e (Fig. 10).

4

to >

£

o )

Mitochondriat= A2 ATPoU RS A 5= Al Z27)

oz Uutel cristaes] HAALA EAS 25te] ATP
7 A=, F€ ATPE= 9ol E23h= porin Thi o
°)3}ed mitochondria®] 7| Ao M HEAZ o] SHE o=
o422 9lo} (Konstantinova et al., 1995). ATP §HAlol] Zods}
= AAAGAEAE Fo] COX (cytochrome-c-oxidase):=
ATP §Adol| A= S48} 71840 AkAg A3l &
< YA = 542 G 9lot ulebA] mitochondriar}
P =] 7|%5S 435}H cristagel]|= COX (cytochrome-c-
oxidase) &A7} M} EA)3hH, cristagel|A] COX7} A&
A} 719 mitochondria o] A} 2 9lsle] T8 3le] StEE=
o=z d8x g} (Kim et al., 1987; Jung & Kim, 1990).
(Vik et al., 1981)o] 2Jspd COXe] Bx}A FAl 13Z27/9]
A2 FAE] Stk o] whilA A Ee] fAA &
9o 3270 4the] $- A= mitochondria 7)ol &4
4L 73 glon, yrA] 10579 a9 A =
Aze] dllof] §A74 UL 2 9y Aoz dEA o
(Huttemann et al., 2003). =3k o] 5 A% E2 1 7|%50]
N2 2y Adelstn] AL Ak9]el & cardiolipin®] 3 Age
2 ARG HAANAN S 3t 2 e 7] = gk (Sed-
lak et al., 2006).

o] AlglellA

>
rd

Z2] 2] mitochondriacl] COX whul o] 3}
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ks agly gRAdez R,
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of AzaAe] ZAES TYAE COX Eiv} 944
1

= mitochondria®- 33t ZHI 27} FE8ka 5+ & &
ok upEt ATx2e ATPE v&F 873l & 4
23 ATPE 2780 b Wl 227t 325 2
o2 AAE .

Mitochondria®] COX w=h]ale] o] 1eloe =z o|Ate] L}
Eptd Az o] AAde] BrbsEteR 2AM| 29 V)
%] 7)% Astz Aoz o]e]xt} (Hanson et a., 2002;
Persichini et d., 2005; Shivaa et al., 2005). o] & AH o=
deds A= Mz COXThizle] AL ¥ T,
A1 AM Fol] COXTHYA o] Ak 5 F7)EHAY To] =
Aoz odelxl AH o]t} COX whix-e mitochondriacl A
T 7] Bhekst Aoz e Qlo. Persichini et al.
(2005)o oJzld M=EW EAYAR PAEHE AL
(nitric oxide NO)2} COX7} 715 3- oz AT o] gl= A
£ #9] 43 zAeA NO synthases(NOS) w2 o] Zx]
3le] COX dst=|o] AAlAtel] Feigh-E F 3t v} 9ok
Prabu et al. (2006)2 =7]9] AlAe|A AbARZo= o3t

3
>
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TALA £4 e 9 COX whujalo] Tz 3%

248 4 9t o] glow, Leeet . (2005) S 49|
7F z=] || A glycogen H A= COX subunit [2] A3} A3
o) Y= Aow wud vl gk o TRk Tl 9

o

T COX shi e ZA|zel = Bhopdt Pejz vhehd o
FAolgl= AMAle] x| mitochondria®] COX
o) 43} Bamel] A FHAo] AR AN Ho) P}
3z

o F A77} o] FojA 3 9lek

o] A¥ejA] COX subunit Il Thag Fw3}7A
mitochondriaz} #-3x238}= ZA| =<2} COX subunit Il 5+
u| ks -3 mitochondriaz} #2383 M 2E5e] FE
S Feld 4 9lgleh COX subunit Il sh 3§17 ko
TH ZA = 2] Fo] Fxdle] THE EAE el
g gdem, ZHAG F9o) cristaer} 3 mitochon-
driacl] &= x}7} A= e] COX subunit I gH& =3t}
£ mitochondriaz} ZUAf- Abelel] Exsls Loz #F
H ot a8y cristaer} WEElA] ¢k mitochondriacl] =
w)ekslR| et F9lx} #X)7)F #AE o] COX subunit |1 5
Zlo] mitochondria®] cristagel] F=2 Ex3l1 7| = A
3 Bxsls o A7EYTh 2UAS F900 cristaer}
wslx] ok mitochondriadl 3291x7} ZA]=e] porin
£3+5}= mitochondriaz} 2944 AJolol] E=sl= 7
o2 #HAFH 28 cristae} W28 mitochondriasl =
WA LAk S wI) Y Ao 2o
porin A2 cristaer} FAIE|A] -2 mitochondriacl A
7| Aol = -‘1_—_—.56}1]‘3} cristae”} WH=slH mitochondria £
of F= ¥ Row A7 utebA porin B
mitochondria’} 341 d dj= A =& A] mitochondria 7]&
o o]27)7}A] veFstAl H-2 a8k mitochondriazt 4343}
W e gilde] AEE 7 U3 porin s o] mitochon-
dria 2]2}el] SHA o] F23h= o7 AbgH T} o] porin
chifo] COX &AC] Awhg] whfals $ulsle] cristagel]
COX &a2% JFAANA v DH%:'—%_’— 295y 93n7}
mitochondria £]2}el] Zafste] A
Aoz Az+E)

Pianaet a. (2005)¢) 2]&}H COXh-2 13%7-9
Foll =AM Z2] DNAe| 2J3te] fr=xe] e 1
AcHe]= mitochondria €)=k porin ke 2]3}e] mito-
chondria 7|2l 2 9= HA Wwke] A3t FAle COX &
FehiA 2 PAs= Aoz B g vt 9} =3 poring
sletel ion B=g HA4ske] COX w5 Atelse]
wk olug} mitochondria |2 §945E B4 E22 93
< AT 4 Sle PR B39 v gl (Planaaet a,
2005). =3+ mitochondria £]2}e]] porin == VDAC (vol-
tage-dependent anion-selective channel)o]gtxz =izl il
A AR EASE Lol e AHAon FHATIE o

| & Ho
Moi

rulo

[¢F

)

&5 efsb, porinA el o3 FaE Lol B AAE
o] AAALA &A=z ALHE 7oz dwx 0= (Col-
ombini, 1979). Porin chil A& &7, 58 A& o|=2% d
2ol AdQTAN BAHE Aoz wud ¥ g
(Linden et a., 1982; De Pinto et al., 1989; Heins et a., 1994,
Abrecht et al., 2000). Porin ©hi A & w|EFZc2]o}2] 9|10l
e AT EF)FNZ 4T Qe Az geld 9)
o Agke] o)Fsh s Az A gleh(Scheinetal,
1976). Porin =hi Al o] Hqke]E2 A 9)7F OmVell 717k9] A
= porine] Hde] I Alefol A succinate, malate, ATP
o} 22 Al Bake] ks AARE efo]2o] AlE)]
ez A A e A= de Aoz o
2] )t} (Rostovtseva & Colombini, 1997).

o] Aol M= porin hj3} COX =i e] A ¢} COX <
i 2] ‘53*3?% W 3te|| porin 2] Q3-E oelr 7| 9|3t
ZxA9] 3ebd z2]3)le)| porin shel o gk A S ub
$A7)3 vémx]z‘me o|Zpakg A7) & DAPIS] A
2)sle] B Psn| Aoz HIs Az _,,]_ porin whi o] Z 3%l
mitochondriaz} Z&A)3= ZHEE2 Taxasred dFo=
Qste] A% ek 24 Aol ADPlo] g
3k djo] Ajow BFHsA EAjshs o] WA gl o

Z9AFAeloll EEshs W porin ghe] £3kE mito-
chondriat= #h-2> 53 vfephl 3z gl.ov} porin T o] %
< oz REae IHEe 531 FEAE deide
porin ghje] oFd EAE BT 4 glgick wleb YA
n17 BFeA] porin o] EAjshs FEAAY A EES
AL #es #2 Hgis $UT Pz COX
subunit |1 chijel] w8k 3431 w1713 FITC 3 Fax) 3}
A% AALE A2 e DAR) Aelsiel Y3dnige
2 3 Az} COX subunit [ s o] sz3+%l mitochon-
dria EAjshs TAZES FITC Yuhgom e =4
oz vehie, 4oz vehle ZAZ spdAeds
DAPIe] ¥1-e-% o] YA oz 3w g} COX subunit Il
chillo] A2 oo g Rx3}= mitochondrias =33l &
AZELS A9 whge] FHAFA ddgtort theel el
FAow BAT) TAZY EAE U & 4 9deh ¥
L F3AMo =z Taxasrede] vF-S-E H Qo= COX subunit
Il shlol] 345 FITC Yaikgo] ehin] o Zow 2
A== kel porin who] AEA] A= TAElE
OX subunit I ©+-g- o}gF Z3&3}= mitochondriaz} 232
3l 7oz HAF T A3 £2]8dl] porin whY
22 A9} COX subunit Il =h ©ZE A5 E3ste
BAO WA B Zhzke] HEE oldaAe] =AY
FITCS} Taxasreds 3 Wh-&-A| Zi—% @ porin Thi o] FAL
g F3A 3FE el 2A Zell= COX subunit Il &
o) 54 o] WAL Porin S oz F3H4o] 1}

q

il

Al A=

rﬂ

Nl

Q
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R 24zl
e ez #AFe] porin PH% 233 A
COX subunit Il sH] & 23+3l=
FHS Qe F 5 AU DB ZAZeE 34 F3
3 33 Pgo] F¥He] xwty PFoz vehir
porin shl =} COX subunit I shY-& EAJol] =33}
mitochondriaz} ¥-23}= ZA| EFJ} EAs= Hoz Fely
Qe et e SAEE2 porin who] s,
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FIGURE LEGENDS

Fig. 1. Light microscopical observation of the bovine cardiac muscle cross section region colorized with cytochrome-c-oxidase monoclonal
antibody reaction (x 200). It observed muscular fiber subunit which was compose of Several myofibril, sacroplasm and nucleus. Some
mitochondria of myofibril space observed that distribution of cytochrome-c-oxidase (arrow). Scale Bar=1pum.

Fig. 2. Light microscopical observation of the bovine cardiac muscle cross section region colorized with cytochrome-c-oxidase monoclonal
antibody reaction ( x 1,000). It observed mitochondria of sacroplasm which was composed of myofibril, sacroplasm and nucleus colorized with
cytochrome-c-oxidase monoclona antibody reaction and it was not colorized. Colorization a mitochondria of sacroplasm with cytochrome-c-
oxidase monoclonal antibody reaction form mitochondria and muscular fiber (COXM). On the other hand not Colorization at muscular tissue
observed that muscular cell made up only myofibril (none COXM). Scale Bar=1pm.

Fig. 3. Light microscopical observation of the bovine cardiac muscle longitudinal section region colorized with cytochrome-c-oxidase
monoclonal antibody reaction (x 1,000). It observed muscular tissue which was compose of Several myofibril, sacroplasm and nucleus with
cytochrome-c-oxidase monoclonal antibody reaction on longitudinal section region abundance of mitochondria. Scale Bar=1pum.

Fig. 4. Fluorescence microscopical observation of the bovine cardiac muscle cross section region labeled with porin monoclonal antibody
reaction ( x 400, Taxas red). It observed that longitudinal section region of myofibril react abundance of mitochondria with porin monoclonal
antibody (porinM). Scale Bar=1pum.

Fig. 5. Fluorescence microscopical observation of the bovine cardiac muscle cross section region labeled with cytochrome-c-oxidase
monoclonal antibody reaction (x 400, FITC). It observed that between myofibril react mitochondria of sacroplasm with cytochrome-c-oxidase
monoclonal antibody (COXM). Scale Bar=1pum.

Fig. 6. Fluorescence microscopical observation of the bovine cardiac muscle cross section region labeled with cytochrome-c-oxidase and porin
monoclonal antibody reaction at the florescence merged images ( x 400, FITC and Taxas red). It observed that between myofibril react
mitochondria of sacroplasm with cytochrome-c-oxidase monoclonal antibody (green color, COXM) and abundance of mitochondria with porin
monoclonal antibody (red color, Porin M). Scale Bar=1pm.

Fig. 7. Light microscopical observation of the bovine cardiac muscle longitudinal section region colorized with porin monoclonal antibody
reaction ( x 400). It observed muscular fiber subunit which was compose of Several myofibril, sacroplasm and nucleus. Some mitochondria of
myofibril space observed that distribution of porin. Scale Bar=1pum.

Fig. 8. Light microscopical observation of the bovine cardiac muscle longitudinal section region colorized with cytochrome-c-oxidase
monoclona antibody reaction (x 400). It observed muscular fiber subunit which was compose of several myofibril, sacroplasm and nucleus.
Mitochondria of muscular tissue disticgush including of cytochrome-c-oxidase and not including of that. Scale Bar=1pum.

Fig. 9. Transmission Electron Microscopical observation of the bovine cardiac muscle longitudinal section region labeled gold particle with
porin monoclonal antibody reaction ( x 20,000). It observed that a numbers mitochondria of between myofibril include porin. Scale Bar=1um.
Fig. 10. Transmission Electron Microscopical observation of the bovine cardiac muscle longitudina section region labeled gold particle with
cytochrome-c-oxidase monoclonal antibody reaction (x 20,000). It observed that mitochondrial cristae of between myofibril include a numbers
cytochrome-c-oxidase. Scale Bar=1um.
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