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High-resolution structural analysis of mitochondrial supercomplex and ATP
synthase involved in ATP synthesis
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Mitochondrial respiratory complex I, 11l and IV organized into super complex
convert energy from a series of electron transfer into a proton electrochemical gradient, harvested
by complex V for synthesis of ATP. The structure and functions of the super complex and each
respiratory complex, purified from bovine heart to retain their original structure and functions,

were compared. In all crystals reported to date, bovine complex IV exists as a dimer. Based on the
structural and functional comparison of the monomer and dimer, we propose that the monomer is the
activated form. Two cardiolipins are located at the interface region in the super complex. The
visible resonance Raman spectra of purified reactive super complex and mixture of its individual
components enabled us to discuss the detailed active site structures, but no detectable differences
were observed. This indicates that the formation of a super complex did not markedly change the

structure or electronic state of heme.

ATP



B X C—19, F—19—1, Z2—19 (Jtm

1. WFZERRAA S A DY 5

S hay RY THBEICHEETAESR T (NADH = B/ VEbisckesd) . #Am (5 ~7
2 A bey BEWE) . BEMKRIV (F F7 v ABRER) DEBECfE-TCTa brE2I har R
U T NIEDONRID B M~ REENGIE L 7 e b DERBEAR AR T D, FO T o b OEE
KELEFIH L FF-ATP &aEHE (EAKRV) 28 ATP 28K L TW5, Zh b3 fRs rLx—
PEAICBWTCIHERICEEREE ZH - TND2D, Hx OFBESERO X S SEETCH
KT REGEIRAT M T ot AR L, I, IVIZE T L ~L O REEENRE SN TE TV, Fxld
ETOBEEERD 2 WL XL 3 Wtk i b 21TV, FCTHHEEIRIV 2 BIRD X Mk sa SR I
DV, BB TR TS ST D IS 2 b E % 1. 8 ARl E CHE 2 i 12 S < S
FERE DRI 2 B D TE 72, L L, ATP A 1T O AV IT Bk R ST Ic L 54
RREE N R R SN2, BEOFRA L~ OSEHEEITMIA S Tuniauy,
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HERL, I, IVIZI b= R U TIEFACHIK éhf;ﬁﬁlﬁ*ﬁa_fﬁpéﬁ?ﬁ RER L T
5, EOXIITHAEMEMNL THEIEL TWANEMIIT 572012, BEAIKROE T-HRERL 7SR
Hrod7e S, 2016 4EI2 A AN MRBEDOREE DS HA S 7z (Wu %\ Cell)o LU, MHEEHZRT
LAV T CE D LAMZIEE > TV, ATV VLI Far RU T o HBEER<
BEAEEREERT 2 5 EEZML LT, ZOBEARITEARL ., #HARIX 2, HaKvVeE oy
X/ 0Qo) 60 TEFHATEY, %bﬁmAcﬁm & v KON J&3z P D NADH fbid i 2o~ L
oo ZOKREZRE LTOBEAMEL X, BT~ B K A2 EERMEZAIEE LT
(Shinzawa-Itoh K., et.al. J. Biol Chem 2016), Fex1x7 v E R EIEEAZ2EH LEAE
IVEF R7 0k e L OIRBILICRII L. 2 A SHREECOMEED b & DI OR LAk 2
B 5732 L7~ (Shimada S., Shinzawa—-Itoh K. et. al. EMBO J. 2017).
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HEN., ZoELEH W 2 kocksieit (Jiko C., et. a]. Flife. 2015) <°. LMNG(lauryl
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et.al. Structure. 2015), RSN /=EEFRIL, SEMLULZDOEEE A I~ A 21 ﬂﬁé
sz = RFF LT,
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HEEHR L, 2oBRIN7TEGEREAWTESIKT, 0L, V)b 2 2 8EAROME &L HE
BV OEEO XM mEE D ATP SRR OMAMAZ BT 5, BEAEIEL, VX h=rn
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BAY 72— REIZLDEREETIT O,



4. BFIERA

(1) BEAR

BEAIKRE BEAKZHBRT 2EEER T, EHIR 11T 0 2 8k, EERIVEEREZ T VL
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DOFER, BEEOHTNEWELEZ /R L2 &b, HERT TEHER) T¢hv ., 2 BRIEEHEL
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BEAER, BT 28858 ZEAET  HERIIO 2 &K : ARV EERZBEASIED
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RO BT, OB TIERO LN T2 EHEERV O 2 BRI HER ST,

EI P RITIEBTS, BEKRNICHT I EFEEETHLT Frab ¢ Lavx /v
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BHERDIZEZAH, avTa R TIIOEMIC R C16:1-C16:1 DOEIEEZ RS>k A7
7FIONEH =T I (PE) NIEFIZEWEETEE TV,

vauvaunNxzI hary R THEITESEV O 2 BRICE D IEFITEIZITY 272Eh T
W5, Tauda URTORME T Z D ATP ORVERO BWMESIT., BESEKEER T2 &k
< PR BEAE AR N EEERROTR BN 28 < . ARAFIE MR IEMERF I X VB b S vy v
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U5 (Shimada S., et.al. Biochim Biophys Acta Bioenerg. 2018)
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2 bary RYTRNOEEAER (1,111, V) OFHEMER L ERTHRT 2 FiEamsce LT
F & ®7-(Shimada S., et.al. Protein Expr Purif. 2018).

7a b OFAELT D F, 5by ORI 2 B L. RS D sub—complex DFHHELEDHFEST
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A Ui b 2R Ao N i 250 T E L o 72,
ANE B D A EAFRERL L. ARV CaIEE LT ¥ 3L LT 22 MA X2 U 7O
TN—7 & OIFERFFE TR EN., xR %1T->7- (Urbani A., et.al. Nat Commun. 2019),
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