576,311,347 : 545,825 : 545.38
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Mitochondria O K75 & BEEIC B 5 FKIX €D
energy transducing mechanism & BAER L CHEEEL
S UTRED, HCHIaA x5 v — R#HIE
BEOHEIEZONFICHNG 2R EBRETD
V), mitochondria DBEFEREE HEDT, in-
tact 75 mitochondria O T RV F —RFCBEAEL T
WL LSER SNBFRER DTN 5. FEREM
Rzt g 3 = p v F—REETSE LR 5—
DO FH:E LT, mitochondria 23R T B RN E % oxy-
metric ICHIE LB LMIBSRILEERRI 2 L L biT, T
hoBENBICE 12 OT/RENS nitochondria
REEABID pyridine nucleotide DR LE T KT
mitochondria DHELZLE RBIKRHHETSC L
ARAHZDEBEBMFETIC LK L. K
TRFELTCODEBIROWTERL, 7 v MFX
D4¥8E L 7- mitochondria TR ONABRENE,
pyridine nucleotids D B{LBJT, HEL(LD=HFD
BRITONTERS.

EEOBB

AEBAFIGEDICEET 5BRIRBRIDOKL, B
b, mitochondria B\ iEEHERSICRIREER
B4 RIET 5 oxymeter &, mitochondria D swelling-
shrinkage & LTSN T 3BHEENMRAED 2
D 90° Y% FH % E K O mitochondria NiESE! py-
ridine nucleotide BR{LBILERIE T 5 RIHIEE
DEFLDERINTVE (H1, 2),

. ¥ A—-%&— (oxymeter)

oxymeter {3 HHRKEZEERD KXB I /0—X¥
27 LDOEGEHALEBIC LA R~F0 s 53749 7
Wit >TrER L, B, BERR3DmERA
KO=HEEHKA 57 AL D15 light pass lem, 75
2ml @ cell hi EizALBHEEAL, BEEE

iz —0.6V & LRSI+~ TREKRED K27
Cell IR 3 IR —ER U LEICZNEN 2
DINRE DS, EEOHNTH AL VEERESE
BELEA LGOI PERNO DI ER, X

REO—>DRI3 KC- BXIBIC KD A m A VEE
el s, —D>ORBIRMYRAED I2DMOE=—
WETRIEAC R b v iCERE Ui, SRETEFE
BRI OB FRATIEEHET (0% ER) EHERL

T
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k
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D.C. omp.

Fig. 1. Autline of the apparatus.

tang. lamp: tangsten lamp, monochrometer: Prism
monochromator, H: half mirror, 650mu: 650mg
filter, 1P22: photomultiplier, D. C. amp.: D.C.
amplifier, recorder: autorecorder, stabilizer: sta-
bilizer, Hg lamp source: mercury lamp source, Hg:
mercury lamp, 7-54: Corning No.7-54: or Hitachi
365 mu fifter, 3-73: Corning No. 3-73 filter, grat-
ting M. M.: grating monochromator, 1P21: photo-
multiplire, Pt: rotating platinum electrode, motor:
synchronous motor, C.H. cell: caromel half cell,
oxymeter: oxymeter constructed dy the method of
Hagihara?,
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Fig.2. Photographs of the apparatus.

fo. XK} cell DAL —TED iRBICIRT 5Kkl
BHARA 1. 2D &SI UTIES L7z oxymeter
a7 BEET 25° OGTIER 5 » FIF mito-
chondria 1 mg EH YD 10 MOz/min DEEHEEE %
il Warburg = / #— # —DJIEf & 121 —FK L
foflE 7z 54T N A2, X cell WIRTFERHE £ No
#H 2T CHU: & 304 HEE A R TL M E Rz LR -
RAAZINTRRF D 7R 1W0mp atoms RITFT, 10

Fig. 3. Photograph of a cell for polarographie,
90° light scattering and fluorometer.

ALAO SRR THRAT 2BRIC L 28
2RI EALEHMC AN T, WEZOM
BHREEZERICLS O EIBIZRAUBICREL .

2. 90° AYEER

"1, 2R3, K EBEELE 04
VI RFUTRT )V Z %) Jat—2—CTHE
L 650mp DY4R% cell iciliX, ZoXexil 90°
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K 41C5754 650mp D7 1 v X —%if % py-
ridine nucleotide D25 (440~445mp) E5ELIC
B %, K 5ICRTHRSEEE S ORERME
1P22 It TN LEREhESIC THEm, HAEsR
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Fig. 4. Typical transmittance curve of filter
for registration of 90° light scattering at

650 mu.
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Fig. 5. Typical r lative response curve of
photomultiplier 1P22 for registration of
90° light scattering at 650 mpu.
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a7 B

30 40 50 80
WET WEIGHT (mg)

Fig. 6. Relation between the optical density at
520 mp and wet weight of mitochondria in equal
protein contents. Rat liver mitochondria (0.5g
ticsue equivalent) were added to 50ml of
0.15M KCl-0.02M Tris-HCL buffer (pH 7.4)
containing Na-oleate ranging from 0.001 to
0.005 per cent and were incubated at 25° for
40 minutes, The changes of optical adsorbancy
after incubation at 520 mp were m -asured using
1.0cm cell. The mitochondria were collected
by centrifugation and wet weight were deter-
mined.

{ERR OB KBSk (60 ER) 1T THLEk, 650 mpe
ek B 90° KBTI EFARICTRT L DL LT,

It D #% {8 TR &N 5 mitochondria @ swelling-
shrinkage AL 520mp O BOLEEIC £ 5 T PR A
A% 520mp D90° KBETRENS ZNETE
IZSEFTL, M6, TICRT < 650mp TRENS
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Fig. 7. Relation between the changes of opticil
absorption at 520mu and changes of 90° light
scattering at 650 mp of mitochondria. Mito-
chondria Wwere incubated in 2ml of 0.05M
sucrose, 40puM EDTA, 20mM KCl, 20mM
K-phosphate buffer (pH 7.4) at 24°.

90° J¢-l% LD ffl3 mitochondria PI 7 /KE D (L%
FTbDEEZONE., (JE, T D% mitochondria
&% 3mg protein/ml AKX 53 90° N IKFLM &
R BE I BEARMIBA R S B A9,

3 HWESAER

A Y v OB O A SBRAN SR O K EUT 2L
PE L, [8ITRTMETILFAIERD Corning
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Fig. 8. Typical transmittance curve of filter
Corning No. 7-54 for excluding visual radia-
tion above 410mu.
tion light.

Tt was used for excita-

7-54 (9863) & A3 BV BIFEFRD 365mu 7 4 IV
2—icTEELT 365mp OIHREHENLEL,

650mu DOIEBFITHEELIEA L cell [T, Cell A
@ mitochondria @ pyridine nucleotide DF&Y 544
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e M45mp ICRKRBAART. 20T CoBNE
#B % 7z%, Corning 3—73 (3389) (X 9) i Tt
KA %, BT Farrand Optical Co. INC.
D grating moncchromator [ TAHIEL 445mpe D%
KDBEZTICH N, cDX R LTHS N
% K10 I R 450mp FEIIC B b B RREE

8

]
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Fig. 9. Typical trancmittance curve cf filter
Corning No. 3-73 for excluding ultraviolet ra-
diation above 410mu. It was placed befor
grating mirror monochromator to climinate
direct primary ecatter and possible ¢econd order
ultraviolet transmission above 430 mu.

RELATIVE RESFONSE

ARBITRARY UNIT

200 300 %00 500 800 700 200
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Fig. 10. Typical relative responce curve of pho-
tomultiplier 1P21 for registration of fluores-
cence light.

Z OB FIEEE 1P21 TZHL, EREMEc
THEMUREERTE O SRE TS EPR-2T &
T Lk, RE>TTDEBEI LD 365mu ThHHE
M7 pyridine nucleotide |3 440~445mu DN
A5 LS O ST UIC 440~450 mu D%
BIFE 3k 5. Parrand BXSIEEFH I L DRAIE X
117z mitochondria @ pyridine nucleotide D4 - & A
EBEERALUTAEIN N T UAKEE DK
BELHEMID TR, A5, Parrand BECEFO
cell | ETIEIGMPEEEBA LA H & 3 I8 4 34
ATEHRERL, M¥EREIsw/ v7v7OX%E
Corning 7-54 T T AI#X% B4 %, grating mono-
chromator iIT T, cell M5 H 342 Corning
3-73 I TN AE PR & B DS Z B L, B
grating monochromator |2 T4, XEE 1P21 |
TN L RETH T HED IR ELHRET EPR-2T &Y
CTERE L e, DK IIFERE DBILHNSE
Bic7 v XY 438 L7 mitochondria #0.5mg

protein A 0.1 M sucrose 3ml iz L, Ehidt
% 360mu & L"C mitochondria P§ pyridine nucleo-
tide DA% DHT 5 & K11 O i1 445~450my
ICRRENA & D 420~620mp DILVEIEERT.

MimC D, 410mp PIF DRIENEDFEHHIL T,
X, 450mu % SN L BhigobZ 2214 L 21
K12ic 7k, 330~340mu DX THEDLL
BINS B AREO FEML Corning 7-54 TRAIT
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Fig. 11. Fluorescence emission spectrum of reduced
pyridine nucleotides of rat liver mitochondria
suspended in the medium of 0.1M sucrose,
20mM KCI, 5mM Tris-HCl buffer (pH 7.4),
50#M EDTA, 1mM MgClz, 3mM K-phosphate
buffer (pH 7.4) and 3mM Na-succinate. The
curve was obtained by excitation at 365mp
using Farrand fluorometer.
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Fig. 12. Excitation spectrum of reduced pyridine
nucleotide fluorescence of rat liver mitochondria
in the medium as described in Fig. 10. The
curve was obtained by registration at 450 mu
using Farrand fluorometer.
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Wit 3. Hib, T DHLEERICIAN T mitochondria
@ pyridine nucleotide (I BIFEYED MBEL D FHEE
S ETTERNAOREL RTELEL A TEHS, R
TEDRBICDVT 365 mp A BhENEE LIcEA K
131t RTINL 1F & A E Farrand BN EETE

RELATIVE FLUORESOENOCE INTENSITY
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Fig. 13. Fluorescence emission spectum of reduced
"pyridine nucleotides of rat liver mitochondria
in the medium as described in Fig. 10. Curve
was obtained by excitation at 365mpu using the
apparatus constructed by *he authors.

FE—DI e B 5 C Eliskic, ¢ DEABNE
DRI F T AL 4M0~450mp (T BA T F M F—
B iz, RO TERICY DT &I 440~455mp
TR} 4, R4 & Mo mitochondria
%FA—DO R ic BB L, Farrand L5
B UREDBEINBIC L VE—DORG%EITH L
¥, %@ pyridine nucleotide D EE{VIRIC % 8 L
Higd 5 & K1 om 2L 2On#HRREE L,
ABEE T 74 B pyridine nucleotide D BRI
A% BIE R 5 EH S PicisDf, (ZCTHE
BE~NXIEMFND 360 mp DWIRIT X 5 quenching
TH5B)

VI EDOEMNSHEFEDHEREIT L D pyridine nucleotide
DEIE 90° FEELE FIRpiC Zo D ER TRIEH
3k A TTEEMEASRE S5 08, SEESHE % RFHCRIE
L, B4« DOXEL2ABLTEZOHEES5L K15
IR TI 90° KB EIC IE 360mu D B2k £
pyridine nucleotide D&YX 2 BHET, X,
650mp @D 90° YeEELAY#RIE pyridine nucleotide
OB A LEELBEVC LSS ODONRETEZ
n%h pyridin: nucleotide R T¥ 90° N % Fks
CRIE LB ¢ MBS P S, '

Constructed apparatus

et

Forrand F. M

RELATIVE FLUDRESCENCE INTERSITY

TIME  (MIN)

Tig. 14. Comparison of curves of fluorescence
intensity of pyridine nucleotides in rat liver
mitochondria obtained by using fluorometers of
Farrand and the constructed apparatus. Mito-
chondria were suspended in the medium as
described in Fig. 10 except K-phosphate and
Na succinate. Added reagents were 3mM K-
phosphate, 3 mM Na-succinate and 100 M ade-
nosine-diphosphate (ADP).
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Fig 15. Fffect of excitation light or fluorescence
emission light on the 90° ligh scattering at
650mp and 650 mu light for 90° light scatter-
ing on the fluorescence emission ligh .

AEREERA LAE L-REBRO—F

AT C 2R~ #2 Hogeboom DEED THBEINT
% w I JF mitochondria % 0.1M sucrose, 20 mM KCl,
5mM Tris-HOl buffer (pH 7.4), 50uM EDTA,
1mM MgClp J: N33 cell YD incubation mixture
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Fig. 16. Simultaneous measurement of oxidation-
reduction of pyridine nucleotides, respiration
state and 90° light scattering st 650 mp in rat
liver mitochondria in the medjum of 0.1M
sucrose, 20mM XCl, 5mM Tris-HCl buffer
(pH 7.4), 50pzM EDTA and 1mM MgClo at
25°. Arrows show an addition of substance.
Uppertrace refer to the oxygen concentration
in the medium, middletrace to the 90° light
scattering at 650mg and undertrace to the
fluorescence intensity of pyridine nucleotides.
The time moves from left to right and down-
ward deflections indicate oxygen consumption,
swelling and oxidation of pyridine nucleotides.

BT AL, M1 R§I ARFRICE B

5 pyridine nucleotide DTk W B P 1L A
REND. 1414 3mM D K-phosphate (pH 7.4)
ZRMTBEBENEESELICIBIINL, pyridine
nucleotide DKL BRL & HEIIW B 0 ISR At
RINSG, HIZ14RIC 3mM O Na-succinate %

m™ind 5 &, BKiZ Chance's state 46 L1711,

pyridine nucleotide 3L {BErxh, RN
EARENT 5. Bic 14, 100uM O adenosine-
diphosphate (ADP) % N9 5 &, M Chance's
state 36) & 730 DE X FH AT BE (respiratory control
index) 3.7 A/R &1 pyridine nucleotide |3 ¥4
e b &4, mitochondria ZHET 2. Tinxh
7= ADP 238824l X 11 adenosine triphosphate (ATP)
IT1E D state 4 (T JF 5 & pyridine nuclectide | B
VETLTINhEESBREICES. CDI54 pyridine
nucleotide DMLIZ ADP N T M) TEBICERL
Eh B0 state 3 IHHHT O —EDV~LL LR
BILShTREICBITIN BHEAERL, state 41T
135 LR ICAMIIBTLERT. RICCDLS1E%E
T CER LR L (oxidative phosphorylation) @
$tim A E %) (uncoupler) TH 5 Na-oleate (0.16 mM)
ZIRINT 3 & uncoupling T & 720 HEIRIZ MEEL X

1, pyridine nucleotide |3 ¥k L { Be{LiREEL 72D,
FEREIAURE (shrinkage) SREE~NEZ{LT 5,

Pl £ ®1in % mitochondria P IC 35 1} % pyridine
nucleotide DEHRIT T TIC Chance —JRICL V<KD
ULBIE ST T 3%, ARBZHEATAC LI
D Chance 5 DHHIT, X5IT 90° XHFlicks
mitochondria FEEEDZE L RICERE K B K H i
1207z, AHNCORU =EOHEE ~ REERT 3
7%, Lehninger? J U¥ Slater —J&8 D phosphoryla-
tion sequence & &1 % TR DBk 7S phosphorylation
sequence Z IR UL EOBERICERENZ 5.

Aox+Bred <5 Ared+Box creoeercerieianes (€Y
Ared+ME = Ared—ME rerreeeeeeeeerenne 2
Ared—ME 4+ Cox = Aox~ME+Cred ---(3)
Aox~ ME+Pi = Aox+P~ME -----+e-- @
P ME = ME~P - ooeeemrirerrmenineceennes (5)
ME~P+ADP % ATP+ME ---eeeeeer (6)
Aox~ME+ & — Aox+ @-M+E---:- )
P~ME+ @& - P+ @-M+E--eceeeeeeee 9
BME B4 Weereererererernsmsnssnsenannns (8)

4 A, B, C IETLERORETYHEERL,
ME | coupling enzyme %75%, X @ld uncoupler
%750, M+E {3 loosely {C uncoupling L 72 mito-
chondria (D coupling enzyme %, Pi (3L R
4, T D sepuence (3F, 4 HifE 4 D uncoupler { ion
transport L B4 AKBRERPS FHLISDTH
5.

4, K161CR L =B R A ¢ D sequence {€H
THHHTEZ B L steady stste ~D Pi DRINICE
$,72 % pyridine nucleotide DEM{LiIZ, Fi FRINiC&E
L1 YOI HOBREHEE DS SIS il < AFRT
BoENEEERCL LICEME LD 2 0HEELS
Q) ROoRE L Eic (4 Ko ehigns s
Litk 3. X state 4 ITBOTIIFEROBEA, BL
1) XORHEHNEDT () ~ (4) ATEBEN
fo A O AKIC X D succinate H» & pyridine
nucleotide ~~ (D reversal electron transport® {C X %
DT, hEFTLT O Rk (°P~ME) O
K3 mitochondria @ swelling %L 3" 29100,
State 3 I &) 5 pyridine nucleotide DER{LILIFER
DXL AL 2L, EERLE (D ROK
B DR (6) RDORIGDH DK ISEREHF N3 &
BEIN, &5 ADP ic&k D P~ME O % &
72 U mitochondria {% shrinkage %’:ﬁ'\"j‘ KRLCOD
B4, RO ADP BOMBILICLD state 4 1T/
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B2 5T pyridine nucleotide ASMILENL B8
T (@) ~ (6) RDRIED (1) K&V W 50Hic
75 %723 reversal electron transport AsHEKT 57z
HEEZONS, CHICRWT R EMSERDL
mitochondria (3§ O swelling 9 5. X 5 IiC un-
coupler OFMITE b3 F-M O (7)(8) AT
FRI3EHK I P~ME DRI SETI O
UED . xVF—A2FH L TREINS succinate 7»
& pyridine nucleotide ~\(D reversal electron trans-
port {Z5R XN 9" pyridine nucleotide (3 —HHic
{LIRAEAN &SRS K S—E L NP L OB ERIC
1S 154, X, P~ME ORI FEEENIC b shrinkage
ELTHRDONALHIKIE A,

Proml AEOEBELERT S EICTXD
mitochondria D¥AE & JLAERFE « DA EED S EIEH
F B ENHSBITENT.

=

Ealax & v ¥F —RAROREE R T 5 —
E LTI ANF—EREBREDIE T3 5 mitochondria
DFEREE HBED BR%E T 572, mitochondria
DELEWE L pyridine nucleotide O BR{LETL KT
90° JEIKTLIC & ZTEREZE (L& ERHCIE 113k 5 35
ZAMELI.

S5 @D mitochondria 1€ K % BEHTE B T 3R
K+ %R L REEBED FERICHIENT 7 2 D K
(Cell) ZHAN, ZDHICAEKRASERE bDR~
305574y 7k AHEZE LD,
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of the products of succinate-linked reduction

An apparatus for simultaneous measurement of 90° light scattering,
pyridine nucleotide fluorescence and oxygen consumption
of mitochondria

By

Kozo Utsumi,

Goki Yamamato

Hiroyuki Urakami

(Department of Biochemistry, Cancer Institute of Okayama University Medical School, Okayama, Japan)

and

Keiko Nishikaze

(Department of Pathology, Okayama University Medical School)

An apparatus for simultaneous measurement of 90° light scattering, pyridine nucleotide
fluorescence and oxygen consumption of mitochondria was designed and constructed for the pur-
pose to study the mitochondrial structure and function.

Oxygen consumption was measured by rotating platinum eleotrode by the modification of
Hagihara's method, attached in the cell of the apparatus.

Mitochondrial swelling and shrinkage were measured by 90° light scattering at 650 mee.
The monochrome light was made by plism monochromator and was led to the cell of the appa-
ratus. Scattered light of 650 mu at 90° was filtered through the filter trasmitting 650my,
excluding visual and ultra-violet radiati-n under 600 mg. Then the scattered light was regi-
stered by photomultiplier tube 1P22 which is a good choice for measurement of the light near
red end of spectrum.

Relative reduced pyridine nucleotide concentration was measured by fluorometry. Fluoro-
meter was constructed as follow: For excitation, a bright light at 365mg line of marcury
lamp was isolated from other bright light by passing through the Hitachi interference filter
(365 my) or Corning No. 7—54 (9863) which transmits ultraviolet light and excludes visual
radiation above 410my and was led to the cell by half mirror at a position of light path
between the monochromator for 90° light scattering and the cell. The fluorescence light wa3
passed through the filter of Corning No. 3—73 (3389) which transmits visual radiation at ap-
proximately 440mp. Then the fluorescence intensity in the spectral interval set by the gra-
ting monochromator was registered by photomultiplier 1P21 which has good signal-to-noise ratio,
and is suitable for measurements of compounds that fluoresence between 350 and 650 my.

The scattered light at 650 mu was not affected by excitation light and fluorescence light,
and fluorescence intensity was not by scattered light at 650 mgs.

The simultaneous measurements of the oxidation-reduction of pjridine nucleotides, the
respiration states ant the change of 90° light scattering is given as an example of the per-
formance of the present apparatus.




