(rat) Wistar 180-250

2
Hogeboom (1955) ~ Myers  Slater (1957)
medium
L (ice-cold)
refrigerated centrifuge 4°c
2
1 liver homogenate
2 liver homogenate
1 liver homogenate

cervical dislocation
0.25 M sucrose 1 mM EGTA (pH 7.2)
60-70 ml
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homogenize  Heidolph homogenizer type 50203 RZR 2 2-3
liver homogenate 60-80 ml 1

2 liver homogenate

liver homogenate 1 (centrifuge) !

Hitachi High Speed Refrigerated Centrifuge Himac model CR 20B 3 rotor
model RP 18-3 3 16

Liver homogenate
600g (2,500 rpm) 5 min
pellets (unbroken cells, nuclei,
erythrocytes, connective tissue)
Supernatant fluid
| 4,500 (7,000 rpm) 10 min

Pellets (primary mitochondria fiaction)
resuspend pellets with 0.25 M sucrose
and slightly homogenize

1] 13,0009 (8,000 rpm) 10 mm
Pellets (mitochondria)

16 rat liver homogenate
differential centrifugation (Hogeboom, 1955 ; Myer and slater, 1957)
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Pellets 3 2 centrifuge
(microsomes)

Supernatant fluid
0.25 M sucrose

resuspend  0.25 M sucrose 2-3 ml homogenize
mitochondrial suspension
30-60 mg/ml glutamate
+ malate RCI 5-8

osmotic-shocked mitochondria

mitochondrial pellets 3 resuspend
001 M sucrose magnetic
stirrer suspension osmotic-shocked
mitochondria (ice-bath)
3 Incubation medium

Incubation medium
31 Incubation medium

HEPES buffer 40 mM (60 mOsm)
MgCI2 2 mM ( 6 mOsm)
KCl 92 mM (184 mOsm)
(isotonic buffer 250 milliOsmolar) pH Incubation
medium 1.2
32 Incubation medium pH  medium
Incubation medium 31 pH 68,72 76
3.3 Hypotonic incubation medium osmotic-shocked

mitochondria HEPES buffer 40 mM, MgCI22 mM, KCL 295 mM



34 Incubation medium

(monoamine oxidase, MAQ) 0.025 M inorganic phosphate (KHZO,) buffer
pH 7.2

Polarographic oxygen

electrode technique (Sordahl et ., 1971) Gilson
reaction chamber 17 1.8-20 ml 2
(stopper)

reaction chamber
reaction chamber
reaction chamber

Clark oxygen electrode reaction chamber
electrode chamber
0Xygen electrode biological oxygen monitor (YSI model 53)

reaction chamber
reaction chamber
Gilson recorder (Model N2) (recorder pen)
tracing
oxygen-electrode tracing (polarographic tracing, oxygraph tracing)



3

incubate reaction
chamber magnetic stirrer

reaction chamber

chanber (water jacket)
reaction chamber
reaction chamber reaction chamber
31 C
water outlet

- /1

_/ 4
water inlet _——P l OXYGEN ELECTRODE
\ : / P

OXYGRAPH APPARATUS

reaction chamber
stopper |
magnetic stirrer
water jacket

~oconN -

17 incubation chamber
0Xygen electrode
0Xygen tension reaction chamber
oxygraph apparatus (oxygen monitor + recorder)

I nr



3%

chamber 100% saturation
chamber
chamber Clark oxygen electrode electrode 2
Ag/AgClI electrode anode platinum electrode
cathode ( 18) half saturated KCl solution electrode
salt bridge YSI membrane (standard type) electrode
membrane
anode  4AQ ter 0 » AACH + de~
cathode 4H + 4¢” + 02 e > 2HD

CATHODE : platinum electrode

—®  amplifier

ANODE:  Ag/AgCl electrode

18 Clark oxygen electrode Ag/AgCl electrode
anode platinum electrode cathode



2
recorder
chamber

37

polarizing voltage 08 V
amplifier
tracing

monoamine oxidase
monoamine  oxidase

(outer membrane)

amines

R-CHNH2+ 02+ Hz0

monoamine oxidase

incubation medium
phosphate buffer
rotenone

chain  inhibitor
endogenous  substrates
monoamine oxidase

oxidative deamination

*

R-CHO + NH3 + H2) 2

reaction chamber
tyramine
incubation medium respiratory

reaction chamber

amine substrate

monoamine oxidase activity
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(Mitochondrial respiratory states)

ADP+Pi
(1956)

state
1
2

3 (active state)
3u
4 (resting state)
5
6

5.1
(Respiratory Control Index 1RCI)

Chance and William

(coupling)

RCI

uncoupler

Chance and William

Condition
(2
02  ADP
02 ADP
uncoupler
02 Substrate
Substrate

Substrate

excess Cax

ADP/0

(states)
(RCI)
RCI
intact mitochondria
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RCI =
= (slope) tracing
(slope) tracing
oxygraph tracing
state 4 X
RCI = 11ZX = i1
Y2IX Y2
52 ADP/0
ADP/0 nmoles
atoms ATP
(112 (2 ATP
Estabrook (1967)
ADP/0 = nmoles  ADP
atoms
nmoles ADP
ADP '
atoms
oxygraph tracing

9

20

state 3
state 4
state 3
state 4

2 states

ADP

ADP/0

tracing

ATP

state 3

3

state 3

state 3



ADP

State 3

[0,]
s

o 19 oxygraph tracing
XX RCI
0 TIME (min) 5
20 oxygraph tracing
v T
0,=0 ° TIME (min) 5 ADP/0
<2=
A State 4 ADP
e State 3
B8
L Stale 4 2 oxygraph tracing
l}L
Y .

0,=0 9 TIME (min) 5
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atoms state 3= QX
P
P = P
Q = Q
= atoms

reaction mixture !

reaction mixture reaction chamber
reaction mixture

incubation mixture 1 ml (A) reaction mixture

reaction mixture
incubation mixture ml

A = SxPxNxIO atoms o/ml

V100
A = atoms o Iml

= (absorption coefficient)

( 0°C
760 mm
760 mm) 0.02373 37°

P = = 2%
N = 1 =2
Vo= 0°c 1 1

22,400 ml
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" 1ml(A) 37°¢ 444.9 atoms (/!!

5.3

oxygraph tracing 21

state 3=R X atoms o/min

P

R = R

P = P
= atoms reaction mixture

!
atoms
(/ VI g protein

atoms o/ml/min oxygraph tracing 2

state 3=R X atoms o/min
3



R = R
P — P
= atoms
A 5.2
37°¢ A 4449  atoms ( 1o

tracing

0. ATPase activity

ATP

ATP synthase (FOF1ATPase)
ATP + HD S s i

ATPase activity

6.1 H medium
1975)
6.2 Pi
Pi
activity
1 incubate

reaction mixture
reaction mixture centrifuge tube  20%

I ml

43

Iml

oxygraph

ADP, Pi H+

—> ADP + Pi + H+

2
pH meter (Bertina and Slater,

ATP (Weinbach, 1956)

ATP ATPase

trichloroacetic acid
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2 Pi 1
Fiske and Subbarow (1925)
phosphomolybdate complex  Fiske Subbarow reducing
agent 15% sodium bisulfite 97.5 ml 20% sodium sulfite 2.5 ml
1-amino-2-naphthol-4-sulfonic acid 0.25 )

(absorbance) 650
spectrophotometer (Ultrospec 1) ' ° blank
Pi Pi
sample
ATPase activity

L incubation medium 2.63 ml

water bath 31 C
magnetic stirrer
2, mitochondrial suspension 200 pi
3, 1 min ( control
solvent 4 )

4, 0.L M ATP 150 pi 10 min

B, reaction mixture sample Iml centrifuge tube
0% ./ trichloroacetic acid 1 ml

6. centrifuge 4,000 rpm 10 min

. supernatant 1 ml ( blank 1 ml
standard curve ~ Pi 1ml K2HPO,, 0.1, 0.25, 0.50, 1.0, 1.5, 2.0
30 mM ) 0.2 M H25045 ml

8. 25% ammonium molybdate 0.8 ml

9, Fiske Subbarow reducing agent 0.4 ml

10 min



45

10. sample Pi standard
curve P dilution factor ( 3X2=6 Pi

( ; Fiske ) )arow reducing agent 1-amino-
2-naphthol-4-sulfonic acid
Fiske Subbarow reducing agent ! 1 )
1.

mitochondrial suspension

mitochondrial

suspension
Lowty (1951)
Miller (1959)
copper sulfate co-ordinated complex copper
peptide chain
540 spectrophotometer (Ultrospec II)

sample blank
standard curve ' Dbovine serum albumin sample
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L mitochondrial suspension 10 ( 3 ml (1:300)
A
2. A 1 ml alkaline copper reagent
L ml ( blank 1 ml standard curve 1 ml bovine
serum albumin 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 mg/ml A)
. 10 min
3 Folin-Phenol reagent (dilution 1:10)13 ml ”
4, water bath 5 C 10 min
5
6 540
1. ! standard curve
dilution factor ( 3 X 100)
mg /ml

- Alkaline copper reagent
1% ( ./ ) potassium tartrate
0.5 M NaOH
- Folin-phenol reagent (1:10)
Folin-Ciocalteu’s Phenol reagent

1 0.5 % CuS04
10 10% Na”Co.
concentrated

1:10 ( / )
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8.
3
absolute ethanol
pH KOH [1CI
8.1
1 M glutamate + 1 M malate (pH7.2) 10 (il 11 M succinate (pH7.2)
10 pi 102 M NADH 1% NaHC03 10 pi 103 M ADP + 0.6 M Pi
2 pi 10.05M DNP 26 pi L 01 M ATP (pH7.2) 150 pi 101 M
tyramine 2 pi,0.1 M pargyline Lpi, LMDTT 2-3 pi 1bovine serum
albumin 250 mg/ml 20-80 pi 10.001 025 M sucrose, 1 mM EGTA
(pH7.2) 11 M HEPES buffer, 1 M MgCI2 123 M KCL 10.025 M 0.05 M
potassium phosphate (KH2P04) , 0.2 M H2504 5 ml, 0.4 M CaCI2 10 pi,

CU-763-10-01 10 mg/ml| 0.5-10 pi

absolute ethanol
5 mg/ml oligomycin 2 pi

8.2

CU-763-10-01
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I sigma chemical

L-glutamic acid 1 malic acid 1 succinic acid 1 ADP 1 ATP 1 DNP 1
magnesium chloride 1 potassium chloride 1 HEPES buffer 1 EGTA 1 oligomycin 1
potassium dihydrogen phosphate 1 dipotassium hydrogen phosphate 1 tyramine 1
pargyline 1 DTT 1 bovine serum albumin 1 sodium sulfitt 1 sodium bisulfite 1
ammonium molybdate 11-amino-2-naphthol-4-sulfonic acid 1 cupric sulfate 1sodium
hydroxide 1Folin & Ciocalteu’s Phenol reagent 1sodium carbonate 1potassium tartrate,
sucrose lrotenone

E.Merck.Darmastadt ~sulfuric acid 1 hydrochloric acid
absolute ethanol

9.1 Oxygraph tracings
oxygraph tracings
oxygraph tracing

atoms 0/ ml/min

9.2

two-tailed paired student’s L Lost
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