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Table 1 Stimulating effect of pyruvate on malate oxidation in lung worm mitochondria

Concentration of

Rate of respiration

substrates (mM) #M Oz/min. Respiratory
control ratio
pyruvate malate state 3 state 4
0 4.0 17.6 6.0 2.9
0.2 4.0 20.3 5.9 3.4
2.0 4.0 28.0 6.3 4.4
8.0 4.0 25.1 6.0 4.2
10.0 4.0 26.0 b.2 5.0
succinate
0 4.0 50.0 15.0 3.3

The reaction system contained 0.3 M mannitol, 10 mM KCI, 10 mM K-phosphate buffer solution,

pH 7.2, 2.5mM MgCls, 0.2mM EDTA and substrates as indicated above.
was 1.88mg/ml, and the total volume was 2.5 ml.

Mitochondrial protein
As a phosphate acceptor 254 M ADP or 203

¢#M ADP was used at state 3 respiration. Temperature of the reaction was 25°C.
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L =
5 min
Time
Fig. 1 Polarographic traces showing the effects

of KCN

(A) : the reaction system contained 0.3 M man-
nitol, 10 mM KCI, 10 mM K-phosphate bu-
ffer solution, pH 7.2, 2.5 mM MgCls, 0.2
mM EDTA and 4 mM succinate as a respir-
atory substrate. 0.2 ml mitochondrial suspen-
sion was added and the total volume was
2.5ml

(B) : the reaction system was the same as A,
except 4 mM malate and 2 mM pyruvate as
respiratory substrates, and 0.3 ml mitochon-
drial suspension were used. Temperature of
the reaction was 25°C. When KCN was
absent, traces are shown by broken lines.

bhaXoicy o (+erEvER) 2EELELTO
state 4 PERIZIE L A EERICHET SR, anrBE
HE L L TIZFDHEEIX70~80 % T—¥# Antimycin A
AREZHEONR 2 FRT L Ebhd. Thid Antimycin
A% 4y/ml THEMUTLEETH S, state 3 FERIZT
HELbREALEREREEENSBOLONS.

(iii) Amytal (Na #) 1% 3.2mM DEE T Fig. 31
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Table 2 Summary of the inhibition of mitochondrial respiration by various
inhibitors of the electron transport system

Inhibition (%)

Substrate Respiration 5 -
Amytal 3.2 mM A‘(‘)“IZ"S;C/QIA KCN 0.4 mM

- state 4 76 >90
R state 3 90 >90
state 4 >90 >90
WS TR state 3 >90 >90

- W ® M, M. (S}:alare +Pyruvate

i Succinate M Malate + Pyruvate i

2

ArtimycinA 7
2T/ml

80 uM 0,

~
wr, gr

MO
Anfimycin A ™
027 /nl

Smin.

Tire
Fig. 2 Polarographic traces showing the effects
of Antimycin A

The reaction system was the same as shown in
Fig. 1. (A): 4mM succinate as a respiratory
substrate, and 239 M ADP as a phosphate acce-
ptor. (B): 4mM malate and 2 mM pyruvate as
respiratory substrates, and 359 M ADP as a ph-
osphate acceptor. When Antimycin A was ab-
sent, traces are shown by broken lines.
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1% state 3, state 4 FEWE & QITPHEZRTD, 2 s
ZHEL L TiX state 4 FEROEZE X 72 £, bFhic
state 3 FEIROFENTED b B I\BE /2.
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mycin A REEMESEE BRE, BB b= F
V7 ICREFUT 2 BT EERBH T B0 &2
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Fig. 3 Polarograghic traces showing the effects
of Amytal

The reaction system was the same as shown in
Fig. 1. (A): 4mM succinate as a respiratory
substrate, and 287 xM ADP as a phosphate acce-
ptor. (B): 4mM malate and 2 mM pyruvate as-
respiratory substrates, and 359 M ADP as a ph-
osphate acceptor. When Amytal was absent, tra-
ces are shown by broken line.
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7o % OB OFREE R state 3 MR L V2R Kk T b 3.
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(3) V vEB{LRIER OFE

ANFYNVTT =V 13104 M order ® #EET Fig.
6ICRBNA X 9ic, MEEL LIT state 4 FEIRICRE
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RV rva@g(+er eV eREE LgEXany
BEREBLLEHAELIIKRTHD, RHIE TS50 %HEE
WE (L)X 5X104M Th Y, #%H TiEIX104M T
b3, £, TOREERIL 2, 4-DNP TRKENS.
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Fig. 4 Polarographic traces showing the effects
of 2,4-DNP.
The reaction system was the same as shown in Fig.
1. (A): 4mM succinate as a respiratory substr-
ate and 239 pM ADP as a phosphate acceptor.
(B): 4mM malate and 2mM pyruvate as respi-
ratory substrates, and 359 pM ADP as a phosp-
hate acceptor.

(A)

80 4M 0z

5nmin,

Tine
Fig. 5 Polarographic traces showing the effects
of 2,4-DNP in the presence and absence
of phosphate
(A) : the reaction system contained 0.3 M man-
nitol, 10 mM KCI, 10 mM Tris-HCl buffer
solution, pH 7.2, 2.5 mM MgCls, 0.2 mM
EDTA, and 4 mM succinate as a respiratory
substrate. Mitochondrial suspension 0.2 ml
and total volume 2.5 ml.
(B) : 4mM K-phosphate buffer solution, pH 7.2,
was used as a source of phosphate.
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Mt._ Succinate

Malate +Pyruvate
NP
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Hexy\gumiiine/
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Hexylguanidine
& BEXI0™M

80 40,

Hexylgaridine ™"
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Tive
Fig. 6 Polarographic traces showing the effects
of hexylguanidine.
The reaction system was the same as shown in
Fig. 1. (A): 4mM succinate as a respiratory
substrate, and 192 M ADP as a phosphate acce-
ptor. (B): 4mM malate and 2mM pyruvate as
respiratory substrates, and 192 pM ADP as a phos-
phate acceptor.

50'0 (m;[)

50 50 0 S0@W)

Fig. 7 Microspectroscopic observation of mitoc-
hondria

(A): lung worm mitochondria, (B): rat liver

mitochondria. Small amount of Na:S:0s was added

to the mitochondrial suspension. Determinations

were carried out at room temperature.
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STUDIES ON THE OXIDATIVE PHOSPHORYLATION IN MITOCHONDRIA
FROM SWINE LUNG WORMS, METASTRONGYLUS ELONGATUS

—EFFECTS OF INHIBITORS AND THE DETERMINATION
OF CYTOCHROMES IN MITOCHONDRIA BY
THE SPECTROSCOPIC METHOD—

HikaARU OZAWA & MAasAasHI SATO

(Department of Chemical Pharmacology, Tohoku University
School of Medicine, Sendai, Japan)

1. Effects of inhibitors on the oxidative phosphorylation of lung worm mitochondria were
studied, and the following results were obtained.

i) When malate and pyruvate were used as substrates, 4xX107¢ M KCN, 0.2 7/ml Antimycin
A, and 3.2 mM Amytal inhibited the mitochondrial respiration at state 4 as well as at state 3,
suggesting that they effected the electron transport chains respectively. With succinate as a
substrate, on the other hand, Amytal did not inhibite the mitochondrial respiration at state 4,
and moreover, the inhibition by 47/ml Antimycin A was not complete, suggesting that the
electron was partially transported through some Antimycin A insensitive routes.

i) 4x105M 2,4-DNP, and 4x106¢M CCP released the mitochondrial respiration at
state 4, and uncoupled the phosphorylation. Their actions did not depend upon the presence of
phosphate.

iii) H;xylguanidine inhibited the mitochondrial respiration at state 3, but not at state 4.
Iso value was 5X107+M with malate and pyruvate as substrates, and 9x1074M with succinate
as a substrate, suggesting its effect on site 1. of phosphorylation.

2. Spectroscopic method of lung worm mitochondria led to the following results.

Absorption bands at about 550 my of cytochrome ¢ and at about 560 my of cytochrome b
were observed, but that at about 605 my of cytochrome a was not. However, in the place of
the absorption band of cytochrome a, a new band was observed at a rather much shorter wave
length, 590-600 myz.
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