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FEBRDOT IV —HERRICOV T O FHEE, o
S HERA AT & iz v T @ Chin et al.
(1954), Rathbone(1955), Seidman et al. (1961), X
&5 (1961), KFE(1963) 7z & DHERHIF b B I BT
T, hoFERIZOCTOMRIZIZEALERY S L,
T HRRIIE R E B D B U B LR O K E T
FEBRTHSDZ L%, JRITAR (1961) REH B (1964) 13
Wk LIens, ZoRfih OBy ) R L OB R
TRME d L DRHEDOFER ORI BT, B Y VERMkic o
VWTOHMRIZINETIZEAL 2 ~ 3 DEEHIW O
CRON, TEREBHTIELDTZLVERER»S, K
BAECFH R D RREC LD TH 5.

—7J5, Chance et al. (1955) 25ER{bH Y L ER{L DAEIHIZ
MFREMIC X 5 HEZEA L TR, #E0aES Rz D
FHEIC L 2 ) VERLORFZE % < BESh T
5. 2T, SEEELITEEHI VLR T O
LBy ) C b DA BREBIRIC L 5 HETRA, Ko
MERFEREOD S b2 v R Y 7TORME TR 7. F
DFER, BRI X )V IRER R CERS L FhEE
BLENTERLDT, SHIRZDES5 I LTE NS
b R) T OMRECETORM EMA . E2MiE
M R 7R EEEYO I b F) 7REEE TCA
FAITNVDERA L AN—HEL LT, BECEZTD
Kb, BN VELETROBRED2 ~3OWEE
LN LD T, 20RO VTHET S,

RRMHB LUHE

1. FBRbR
7S AA T EES AL, BAE%OM

HOFE LT T # Ofins b FAT & IR L TERBREC
BHLEY, BRI VERELL. MEFEOHLZBOHL,
Fe4712 0.9 % NaCl #53 X O Rk © ekt 8Ic it
L. BRIEREWT0.21M~ry=r—, 0.07TM -
Zu—Xx, 0.1mM EDTA #&teigic pH FAEH O
EEEICTL2DFHImM b)Y 2— (B FaxvrF
M-TI)AFVEEREIERLETHS.

2. FEBRFHh

FTEMBDO T b RY 7o FHfLZ, Table 1z 7%
FTIBR TIT o723, TAUTFIIKIFE 1961) 1T X 5 F4H)
BIOMBICBIT B ba v R 7OFMECEL LD
Th5H. BEZMBCTHEIOE, TH LB Lt
AR, AFERE10g 4 20ml o F@EE ML, &
blizw LichED &R e & bic 58 1045 LT 1 4y
S >&E 3 HHMEBRL 21T o7z, ZOMHME T 4 F
—+¥ 10,000 P.U.N. (1,000P.UN &Y 7y o
I 1mg OIfEICHY) Zinx, EEHICX5HELE LR
BT 2T 3. AR wTF 4 F—ERX T VS VEAD
Nagarse ZH\ T35, X HEEED 10 fFEicn
X0 CHEE Nz -0b®R 15T 7 v ORE
FrAF—izhiF, TablelizHbhd Xdic, Bikic
L7z o CELSHE 21727, REBEICE k&l
10g. %49 1ml OFREE MxcbOx Rppe Lz
B, ZOBEORETREI P a v RITE UV A2EDR
1349 18 mg protein/ml L7z 0, HEEHHO T o FIFH
D OULEIC S AUEH Yo DB TH 5. B LD
BEX T T 0°C~4°C DDIRIR T T{TH>TVv 5.
3. FRILWY VERILOWIE

FSRIH A MIARRYERT O H DM ERRIELERE PO
—100 # % VW THIE L7=. P/O Hix Chance et al.
(1955) » FHikic Lic A>T HEE L. ADP Na %
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Table 1 Preparation of lung worm
mitochondria

Female worms
|
Wash with 0.9 % NaCl

Wash with iksolation medium

+ Isolation medium 10 ml/5g worms
Grind strongly with carborundum 3 min.
30 min. 0°C
+ Isolation medium 40 ml/5g worms

Proteinase treatment

Homogenize weakly 1 min.

Centrifuge

1,0|00 g 7 min.

Supernatant Sediments

|
1o,|000 g

Supernatant

7 min.

Sediments
‘ Wash with isolation medium

10,000 g 7 min.
|

|

Supernatant Sediments

+ Isolation medium
1ml/5¢g or 10g worms

Mitochondrial suspension

* Isolation medium contains 0.21 M mannitol,
0.07 M sucrose, 0.1 mM EDTA, and 1 mM
Tris (hydroxymethyl) aminomethane.

Sigma # (HHEE 96 %) Db D EFHV, 260 mp OWIEIT
XV EDPEL BIE LA, FFRFEENT Bock et
al. (1956) DEIZFKES iz, KISHEOMEIE, 0.3M~ v~
= k=, 10mM KCl, 2.5mM MgCl:, 10 mM K-pho-
sphate buffer pH 7.2 £7213 7.4, 0.2mM EDTA % &
LR, EBRIREEX 25°C L Lz, KIRED OBE
EesE BT Chance er al. (1955) 127 BV EKIZE LD
DL LT240pM O L L7z, HEB X OBLEANZ TR
RV, W OYAX KOH < HfiL T vz, Jif
I PRIV TOF AN EORE, VVET VT
IVEEREL LY . — Ly MECXORR, REORE
X AERRL OICT—F VB 21T 5 FEkic Lz
Btz

EHRER
1. Bl bz v RY 7o

Time (min)

Fig. 1 Time course of respiration of lung
worm mitochondria

(A) mitochondria obtained by proteinase trea-

tment, (B) mitochondria obteined by mecha-

nical treatment only.

The reaction system contained 0.3M man-
nitol, 10 mM K-phosphate buffer solution, pH
7.4, 2.5mM MgCl;, 0.2mM EDTA and 3.5
mM succinate as respiratory substrate. Mitoc-
hondria: 0.2ml and total volume 2.5 ml. At
arrows, 154 M ADP was added successively.
R.R.: rate of respiration(zM Og/min.), tem-
perature, 25°C.

1) FESRALEE L S LEHE o g

FEREROL ST, ThO THEOBE CEREAL DD
Fa Y RY T OSEEERAT D 7o DI ITERAVBE RO H T ik
ARGy #Ex, ME7 w7 4 FT—EQHEEIToR. TT
ICREFAIRIZ LA ba vy Y 7o #iliX, Hatefi er
al. (1961) DM =2, /MK S (1962) » HelLa HifgIZ D
T® Nagarse & H\7284<°, Ohnishi et al. (1964)
DEERHCOCTH # Y 2 Y {E{LEER AV e EVR 5
hTw3. Fig. 1 X7 #flih O BROBRORICE S
SHEL, SHICHIE v T 4« F—Y X SRR E D
PRALEEE BRI b2 FY 7O, ansiE
HEEELTo BRI v BLD BfE RL2bDTH
5. TibbE BRERGEE 2T, —H R
BEROZ T (BED), i3 s bIcBFuE 2 0tH L THE
I ba vy R T (AR THS. WEL b 7B
LRIFFICERFEEEPBD BN S, ADP Fhick v v
VERGICETS O BRI (State 3 LFRT) 23AH B,
ADP HEET 5 LHUL & DO 5 IERK (State 4 L FR
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Fig. 2 Effect of pH on the respiration of lung
worm mitochondria

The reaction system was the same as Fig. 1.
The pH was adjusted with 10 mM K-phosph-
ate buffer solution and measured by glass-
electrode. 3.5 mM succinate as substrate ; mito-
chondria, 0.92mg protein/ml reaction med.,
(A) respiration in the presence of ADP (148
#M), (B) respiration wherein ADP was ex-
pended, (C) respiratory control ratio. Each
value above was obtained at the 2 nd cycle of
ADP addition.

) b ED. ZoMo iR ADP B L mEHEED
I, ¥7#bb ADP/O lex P/O bk L, %7z ADP
AN O A7 IR L ADP {0 WD B\ IR R
DHEMRFHERR.C) L LTERDbT. (A), (B)ME
EHEET 5L, PO K, RC. fERIZELTELVAER
TERD b2, MR RR) ZABOHIIBEL
DL K40 % bE<, BERUEIZXD, FHEI bR
V7 DWEPEL DT eRabhb.

2) WiEo pH

fEsk, D pH 12>\ T D#katiz KOH < Na-
HCOs Oifinofliic Tris 25 2 Fv 72 5285 5
2, AEEMEOD, FH1mM Tris #3HF S €/
& (¥ pH 8.9) T ZEITo%. TORED LD TIX
Table 1 {2773 CALUEE 24T % 1F #BRREERRE O pH
KA pH 6.8 L7n V), KEFFESLMITES T LS
TZ5.

Table 2 Effect of serum albumin on mitochon-
drial respiration

Rate of respiration Respiratory /O
#M Og/min. control ratio

State 3  State 4

(A) control 24.9 9.6 246 L=ty
0.05% S.A. 32.0 5.6 BT 2.1
(B) control 25.3 5.6 4.5 D,
0.05% S.A. 26.7 5.3 5.0 1.9

The reaction system was the same as Fig. 1.
(A) Mitochondria isolated with isolation me-
dium containing 0.1 mM Tris (hydroxymethyl)
aminomethane, (B)Mitochondria isolated with
isolation medium containing 1 mM Tris.

S.A. : bovine serum albumin (fraction V). 184
#M ADP was added. The values above were
obtained at 3 rd cycle of ADP addition.

Table 3 Oxidative phosphorylation in lung worm
mitochondria with various substrates

Substrate  Rate of respiration Respiratory P/O
(3.5 mM) mymolOz/mg prot.  control

/min. ratio

State 3 State 4

succinate 35.1 8.8 4.0 19
malate 13.6 3.6 3.8 2.9
a-KG 138 3.6 3.7 2.8
pyruvate:malate 9.9 4.0 2.5 2.8
citrate 6.1 2.5 2.4 3.0
glutamate 5.5 2.8 2.0 2.8

The reaction system was the same as Fig. 1
except pH 7.2 was adopted. Mitochondria,
0.73 mg protein/ml reaction med. with succin-
ate as substrate; 1.46 mg protein/ml reaction
med. with other substrates. 169 M ADP was
added. The values above were obtained at 3 rd
cycle of ADP addition.

TVTIREEH LI ba v FY 7ok EET
BDITHMTHBZ &% Cooper et al. (1960) R/ vk i
(1962) 2345 LTV 528, HriciRturED pH 0y,
TVTINCEBI bar R 7 oOEEREE»REE
RAAH7eDNS Table 2 KRT FRTHS. KGKEPTT
 0.05 %Il 7 V7 I ALELF 1757z %ISR % HlE
LTw5s. ABD0.1mM Tris 28F L7 (ca.
pH 7.1z X 258D pHIEKFTOKRKEWI ba v R
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TEBCTRETNVT I VOHREFICH LS LL, KITHE
WHE%E R.C)DOEAEBRKE . —F 1mM Tris #%
Zx(ca. pH 8.9)Ffu; > pH KT X i@ e SMr < (pH
6.8) ICfR7ch B E03, BEcALhE X YT, ARC
HLTT7AT I vofREbEVRDLATT AT I v
HERMTHENE RC. ME5N3. 2B, HBhRok
5ic ADP {IOEZ Lic R.C. ® FH LT <
1%, TNT I UHRIOBIZ & F ORREE IR0 AN H5E
LTHET 5.

2. FEMiBI Fa v Ry 7 oM

1) ADP & MR o HEhn

BEHBIOI Fa R TOMEL VL LS LFER
FT5RELT, ADP 2 X Bk % £ Y RTZ LIk
FEIRO FML T HERSHIF b5, Fig. 1 Tk
WTHBND X 5T, FIXIXAFICR W THERF D ADP
wEED R.C. 2.9 Th Y, JHK ADP Ko EEK &
LbicERBERL, F4EEIIIT 4.0 L FOHEMTN
5B LY. Z DEFE ADP #INEOMNR +bb
State 3 DMEEFEOHME D &, LA ADP {HEHD
D5V T /b State 4 OIEWRMNERKAT5 2
LItk bnTHB. —F, = R.C. o%dhL P/O
HoBIz ol b 2 BRI bk, a7
USoREECBCT S, VU@ o b7V EVER
ZOWT AR 2R 2GE S B/,

2) MERIEMEE pH

anyipEERELE LT, pH 5.7~pH7.9 ® &ifHic >
T, pH & WRIGFHETRE DRAGR &2 A~ 7o RAS Fig. 21
REND. FEMEE 10 mM K-phosphate buffer iz %
v, pH ORIEIZ T 7 2 BRI X >7z. ADP {iinEo
MERY pH 7.2 THRKE R+ 2%, MRIGAEIRIZ LA
pH 6.9 THEKL 75, pHS.5HETIZI ha v FY 7
DEEPBE S NIz, fR, TPHERSE S o 72 e ek
LEZBNDM, ZO pH OIS L MERIEMEDZ
B L xR P/O Hudf 1.8~2.1 @ i o fE% R
L7z, 753, Fig. 2 Offiix ADP {2 [6] H o HIE#E
BeHEALELDOTHS.

3) FEEOMEHLBbY ) LR

TCA ¥ A 7 VvOREH L RBELIVOTZEOMD 2 ~ 3
DOFEBIZOWT Rt EITo 7, Table 3 DX 5T,
ZOREICEZDVARL YL, a~IiE, ) rI®, o
o NITNVENVEE, VY VR 7T VR SVE S VERE
FEL LTI Y VEMEEITV S 22 Ladsfore. B
A UEERELE L LTIZIE L A EEREATED b T,
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FEVECVBEBEE LT AEAICILOEDNY I
sparker & L THW7223, HL»ZZ 0 MEDFMC X
D MR DR3BS b

4)  [HER O

by v b REHREER L LT, 2,4-DNP,
Antimycin A, KCN oW Ta~7fgz EEL L TZ
D 7=, Antimycin A 0.6 y/ml % 103 M KCN
ZiE L A EsERic ADP JSINRE O 2% /s> ADP iH
DD B\ IR & LI RERRBD bz, —F, 2,4-
DNP 10+4M Iz X ¥, i &8s o fifhs ADP 5§
EoREIZ b b THESh:.

£ B

it o> FERIE S T O BRbRY Y Vi o TR,
Chin et al.(1954), Rathbone (1955), K% 5 (1961) D
WMENRD BH, WHHFFIC B TREE M AIEIE DT
ERBETHSD, By VBB d->TLEbY
THMFETHAILREZBRELLTVS. p25RREIE
Wi 5 DI R AN ISR DOV R & b EZ bR
B, —77, WHFHFO X 5 ICHBERICE-ERRE D 04k
BEMHEO LIV ba vy FY 7ToORMORESICIZZ &
LEZONS., FITEELIFCHEELOERL D
Y, ESNREIL LA LABEEOH I P2 RV T
ik X052 &L AH, ZDOEHR intactness
OFFE L U ORI (R.C) ICE TV TR B
FMz iz, FOFEHE, Fig. 1, Table 2 OfERICRT X
5T, EETYOI Fa v R 7iEowTOREOFHR
BICHEL - E 7 v T« T —¥ % % Table 1 1Z/R
TERT, UEoSRRsLLMESEHGZ Lemo
2. W7 w7 4 T—EBESHHO LB Hela #i
anbnI by KY 7o S fERAVy6 T w3
2, MR X 2 e HFEXIG RS, FRITEEE R L
T3 LEZLNDZLDICHLTHERIEALESZ
LRI HIREEECLDORH S, LrLERRT R
F 4 F—EAROHEERIC L E L0, HEVIET NV
TIVRELNDB LS Z VA BEOWEICHET S5
BV TIRIRED & 2 AHMEICHET Lic v

pH L ZoMWgiEHE, Fig. 2 tabhd Xdic, =
NIEEEREEL UTHE I bay Y 7 b b ik
WA TAZ EBEE SR, 20X 5 R,
EVEVBRERE L LBEECRESHEI VYOI by
FY 7T b+ Tlc Aldridge(1957) 2 X D& &
hTw5. pH OZE ki & b7 5 MRS IR EE D



EENZ b b1 P/O Hid Kk 1.8~2.1 OFiFHDHAS
BohlcZ iE, TVT I vOBREEZIIRT VIS
o HBHEV F a2 FY 7iRBVWTTS P/O R
i EwZ L Y, SEIOERIZEVT P/O A
—i%ic EAREIC B2 ERERR B HE s bV ED
T, WELOHIR, FliEEKPrbEdiate O O
BYRRFICPERBONS AR RERBZI LB ERLS

EX2Y AR Y517 (04

S>FiZ, ZOBEI P FYTORERKEELLT
ADP T XM%< Y iRFZ & i FEEREIE S EA- L
TWLHBERHT OIS, 20X RBEKIELEY X
YOI b FY7TRAEALNT, b T 2 Hela
BizovwTabnsDATH 5. Hela HIfgITRBWTIiX
RS (1662) 13, THEHEEMEO—>DRMEL LTHR
EBELTYER, FEmE LTERRBETICARTS T
ZIFBROL S BBV THLI DX KBERADN
BAFERECLORDH B, Ll Hela MiAOHA
LBREY, BRI bav) RriBTiRa 7 BIE%
2t 5% lag #72<, R C. ®FLHix P/O tho LH &
DIFTLTWAV. 2D RC D LAIT State 3 i
B AMELD EFH XV b State 4 OFERAMET LTV <
ZLRFBRLTY SR LHART S, ARREOI b K
U 7 OEERE = RV X — (LA OERBRICERES b
BT LW, KECHERASEO I WHEELES>THLD
BT b EXBNED, 0.05%7 N7 I v A Es
WTHZDX ) RERPREREERA TSI EN6HLTL
bZhBEEE bEZEL OV, TS HITEED
BRitaLEET5.

FRILBIC OV TORBETIE, BECEXD 55 TCA
FAINDEAVASA—PEALZVBDI L, LrbHE
SMEIC REEY T % PO hofAsAbhiz. 7z,
CVEVBEREL LTRDED Y VITBORMBE D
PR EFHEINT 5 LRBEINZI LD, BiohE
(1950) D#EICH B & H iz, itz Tk TCA %1
IR EFELRFERK L LTHEELTRY, Lrblh
COBNIBFEERN T RNV —ARA L LTEER
MEZEDTVB I LRRBINDS. ZDOZ LIZMHEEHA
e+ 28I L & 50, KCN, Antimycin A X2 D
I bz FY 7D State 3, State 4 DIRFEDIER 21 &
MEERCHEL, EFEEROHEELZRL, 2,4-DNP
IR BT 52 b Y VBMERDOFE T R VX —H
ROKBEERITY T LB EZL DL D, THFNED
(1963) DIEDN X Hic, MimI b=y Y 7RESEY

DENCHEU LI EbD THRELLEFEERERLT
WwWELDLEZLND, THMBICKERNTY VERLR
O FELCOVTIE, R iz T#HEShTVY3X)
2, IR ORI ORIES 2~ 7 BRI X 55, 2,4-DNP
OWEEIZ X 5 ) VERMLOBEEE OAIR L L1 Sh T,
X b IABEOEANCK T BHEEZBRFEE L TV IR VBLR
TIRARHTH 5.

ke zmA Ly, Wk T Seidman et al.
(1961), KA (1963) DHFEITH 5 X O IfFRMI R T F v
¥ —AERRR & S BRI LIRS, ki o> T
I RELLEFEERCEL S ) VLRSS EE
BIFAVF—ERRERLTCSLDLHERALTELE
Z2hEvbotEZLNRS.

'

1) FHRRIYOI ha Ry 7oAz owT2
~30REEMNZ 2R, 1mM FY 2-(k ReFxy
AFV)-T I AZ vEBETHHBROMRPIRE AV,
BB L L LI 7 e T 4 T — BB GRS 5
T LIz k) HICE IR E R TI ha v R T
BELNDZ L.

2) TordiLTELNMBEI b= FY 7K
DX O MEEETHZ LS L.

) BRI b= v RY 7 OGRS X ORI ERE
X, a~sEBREE L LT, 208E pH & HEREEIC
Y 5.

i) OMREELLT, a~s@, VoI, ar b
NELVER, CNVEVER, 7T U, SAFIVEBERC
TELH Y VEMEERTA, A rBERELE LIRS
2% OMRIEMEIIR KR TH 5.

i) EEHMOI ha v FY T ERAD, ADP LX
IR % < VRT T kic X Y FRIRFREISRIT ERE L,
Z oM P/O LTS, EiT State 4 TR
B ORPCRET 5.

iv) 1038 M KCN, 0.6 7/ml Antimycin A [&fifift 2
Fa2> FY 7® State 3, State 4 DOIEFE L LT iEE
A EFERIHEL, ¥7z, 10*M 2, 4-DNP (XK O f#
KEATS.

Fikfrxsicyy, BERECHETZEZRCMUEH
ST HB SISO 2 Lo BB O H 2 ICEHOE
rRLET

FHLESE, HMEAAFEBEEES (BM40
£, BR) KBV TRHRLL.
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STUDIES ON THE OXIDATIVE PHOSPHORYLATION IN MITOCHONDRIA
FROM SWINE LUNG WORMS, METASTRONGYLUS ELONGATUS

— ON THE PREPARATION OF MITOCHONDRIA AND
CHARACTERISTICS OF THEM —

HIikARU OZAWA & MasasHI SATO

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

1) Several experiments on the preparative procedure of mitochondria from swine lung
worms have been carried out. The enzymatic treatment with a bacterial proteinase gave favour-
able mitochondria, which showed respiratory control property.

2) The following conclusions were obtained by the studies with these mitochondria.

(1) These mitochondria showed the maximal respiratory activity at about pH 7.0 with
succinate as substrate.

(2) Succinate, malate, a-ketoglutarate, pyruvate, citrate, and glutamate were useful as
substrate for the oxidative phosphorylation. Above all, they showed the maximal respiratory
activity with succinate as substrate.

(3) Comparing with mitochondria from higher animals, the repetition of the respiration
of lung worm mitochondria with ADP raised their respiratory control ratio progressively. Ho-
wever, this increase of the ratio did not always parallel with P/O ratio, but it resulted mainly
from the decrease of the respiration wherein ADP was expended.

(4) Both 10-*M KCN and 0.6 y/ml antimycin A inhibited almost completely the respiration
of lung worm mitochondria at State 3 as well as at State 4, and uncoupling was observed by
10~*M 2,4-DNP.
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