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MeTagopa nAekTpoviwv Kal OGEIBWTIKA PWAPOPUAIWON

Nwg oge1dwvouv Tta kutTapa Ta NADH kai [FADH,] kal peTaTpETTouv TO
AVOaYWYIKO TOug SUVAUIKG oTNn XNHIKNA evépyela Tou ATP;

»Evw 10 ATP 110U TTapAyeTal 0TN YAUKOAUGHN Kal TOV KUKAO TOU TPIKAPPBOEUAI-
KOU 0E£0C gival TO ATTOTEAEOUA QUOPOPUAIWONG O€ ETTITTEOO UTTOOTPWHATOC, N
ecaptwuevn atmtd NADH ouvBeon tou ATP gival To atroTEAEOUA TNG OEEIDWITI-
KRS pwo@opuliwong (oxidative phosphorylation).

»HAeKTPOVIO aTTOBNKEUPEVA OTN HopPn avnyuEvwyY ouvEVuuwy, NADH n
[FADH,], di€pxovTal y€oa atrd pia TTePITTAOKN Kal KAAG opyavwuévn aAuaida
TTPWTEIVWV Kal OUVEVCUUWY, TNV aTTOKOAOUUEVN aAUCIdA HETAPOPAG
nAekTpoviwyv (electron-transport chain), karaAryovrag oto O, (HopIaKO
0guYyOVO0), TOV TEAIKO DEKTN NAEKTPOVIWV.

» 21NV TTopEia TG METAPOPAG NAEKTPOVIWY dnuioupyeiTal yia Babuidwon
OUYKEVTPWONG TTPWTOVIWV JETACU TWV dUO TTAEUPWV TG ECWTEPIKNG
MITOXOVOPIaKNG HEMPBPAVNG. Eival auth n evépyela TNG BaBuidwong ouyKEVTPW-
OonNG TTPWTOVIWV TToU WBEei TN auvBeon ATP.



-
[ToU AapBavel Xwpa N HETAPOPA NAEKTPOVIWVY KAl N OCEIOWTIKI)

PWO@OPUAIWCON OTO KUTTOPO,;

O1 d1adIKagieC TNG METAPOPAG NAEKTPOVIWYV Kal TNG OCEIDWTIKAG QuOPOPUAIWOoNG

OXETICOVTAI JE TIG MEUPPAVEC.

e 2TQ TTPOKOPUWTIKA KUTTAPA TTOU OUVRBwg atroteAouvTal aTro £va Jovadiko
KUTTOPIKO OIQUEPIOUA OI DIEPYATIEC AUTEG DIEKTTEPAIWVOVTAI OTNV TTAACUATIKN
MeUBpavn.

* 270 EUKOPUWTIKA KUTTOPA TTPAYMATOTTOIOUVTAI OTA MITOXOVOPIA KOl CUYKEKPIPEVO
OTNV ECWTEPIKI TOUC JEUPBPAvVN.

Eival nuiautévopa opyavidia, pe
AKPOAOQIES duvaTtdTNTA AUTOAVATIAPAYWYNS TA
AlGpEPAVIKOG XWPOS  oTr0j GUVUTTIAPXOUV OE IO
| OUMBIWTIKI OXEON ME TO KUTTAPO.

[MepiExouv 10 OIKO Toug DNA Kail
TTPWKAPUWTIKOU TUTTOU PIBOCW-
MaTa.

EEWTEPLKN
HERBPavN
EowTepikn
HEMBPavN



Opyavwaon JITOXoVOPIOKOU YOVIOIWNATOC

To avBpwTTIVO HITOXOVOPIOKO
DNA aTtroteAcital atmo 16.569
bp 1ToU KWdIKOTTOIET 13
TTPWTEIVEC TNG AVOTTIVEUOTI-
KRS aAucidag, Kabwg Kal Ta
MIKPA Kal JEYAAa pIBocwI-
K& RNA kal apketd tRNA
WOTE VA UTTOPOUV va UETO-
@padovTtal OAa Ta KwOIKOVIA.

Ouwe Ta pIToxovopla TTEPIE-
XOUV ETTIONG KOl QPKETEG
TTPWTEIVEC, Ol OTTOIEC KWOIKO-
TTOIOUVTAl ATTO TO TTUPNVIKO
DNA.

(15,257)

Complex|
Complex|ll
Complex IV
ATP synthase
Transfer RNA

LHON
(3,460)

Ribosomal RNA
Control region of DNA

0000000

LHON
(11,778)

MERRF
(8,344)




ATP "I*:Y'I‘:thase Outer membrane
. (FoF1) Freely permeable to
Cristae e small molecules and ions

.\, Inner membrane
./ Impermeable to most
j \! small molecules and ions,
| including H*
Contains:
Respiratory electron
carriers (Complexes |-1V)
-ADP-ATP translocase
““ -ATP synthase (FF,)
% -Other membrane
\ transporters

Matrix

Contains:

-Pyruvate

dehydrogenase

complex

o -Citric acid

41l cycle enzymes

1}/ -Fattyacid

: B-oxidation

' enzymes

- «Amino acid

Ribosomes /' ! oxidation
enzymes

+DNA, ribosomes

Porin channels
-Many other enzymes
-ATP, ADP, P, Mg?*, Ca?*, K*

-Many soluble metabolic
intermediates

XApaKTNPIOTIKA TNG

E0WTEPIKNC MITOXOVOPIAKNG

HEUBPAvVNG

ATtroteAeital atrd 80% TTpWTEIVES Kal
20% MitTidia (KUpla kapOdIoAITTivN,
PWoPATUOUAOXOAIVN KOl AKOPEDTA
AITTIOIA) KAl avTATTOKPIVETAI OTN YEVIKN
QoM TWV PEUBPAVWV.

To KUPIO OUCTATIKO TWV TTPWTEIVWV
gival Ta evCUMIKA GUUTTAOKQA TNG
QVATTIVEUOTIKAG aAuaidac.

2T0 EOWTEPIKO TUAMA TNG ECWTEPIKNG
MEUPBPAVNG TTapATNPOUVTAI OXNUATIOUOI
TTou ovouadlovTtal Kouia, Ta oTroia
ATTOTEAOUV TUAUO TOU CUMTTAOKOU V.

H umapgn akepiag pepBpavng (N
KUoTIOiwV) gival TrpoUTTé8eon yia TNV
ATTOONKEUON TNG EVEPYEIQC.



oxidized form reduced form
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NAD*

» O1 avnyuéveg popeeg Twv ouvevCuuwyv NADH kai FADH, tmou oxnuariovrai
(Kata TN YAUKOAUON, TNV OCEidwan TwV NITTApwWV 0CEWV, TOV KUKAO TOU
KITPIKOU 0CE0C, KATT.) €ival yopla TTAOUCIO O€ EVEPYEIQ, ETTEIDN TTEPIEXOUV EVO
Ceuyapl NAEKTPOVIWV TO OTTOIO £XEI UWNAO DUVANIKO UETAPOPAG.

» Ortav Ta NAEKTPOVIA QUTA PETAPEPOVTAI OTO HOPIAKO OCUYOVO TTPOKEIMEVOU VA
ETTAVOCEIdOWOOUV, £va TTOOO QUTAC TNG EVEPYEIAC XPNOIUOTTOIEITAI VIO TN
ouvleon Tou ATP.
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HAEKTPOVIO UYPNANC EVEPYEIOC: OUVAUIKO avaywyncg
Kal JETABOAN EAEUOEPNC EVEPYEIDC.

Katd tTnv ogeIdwTIK ¢uwa@opUAiwon, TO QUVANIKO PETA-
@opag nAekTpoviwv Tou NADH n tou FADH, yetarpemeral
0€ OQUVAMIKO METAPOPAC TOU AVOPYAVOU QWO POPIKOU TOU
ATP.

H yEtpnon Tou OUVANIKOU JETAPOPAC TOU avOPYyavou
PWO@OPIKOU gival NON yvwaTn kai divetal atmo 10 AG,’
TNG UdpPOAuaNnG Tou ATP.

H avTtioToixn £kgpaon yia 10 QUVAMIKO METAPOPAGS
NAEKTPOVIOU €ival TO TTPOTUTTIO DUVAMIKO avaywyng &,
TTOU ATTOTEAEI TO METPO TNG TAONG TWV XNMIKWY JOopiwyv va
avaxBouv 1 va o¢eidwbouv.

YwnAo &, gival OnAwWTIKO 1I0xUpnNg Taong avaywyng



Ta TTPOTUTTA QUVANIKA avaywynS METPOUVTAI JE AVTIOPATEIC NUICTOIXEIWVY

‘Eva nuioToixeio atroteAeital amrd dIGAupa ue ouyKeVTPWOEIG 1M aTTO AP@OTEPES TIG OZEIDWMEVES Kal TIG
AVNYMEVEG HOPYEG TNG OUTIAG, TNG OTTOIAG METPOUNE TO QUVANIKO avaywyng (TTou ovoudletal odgidoavayw-

YIKO CeUyO0G) Kal atro £va attAd NAeKTPODIO.

To nUICTOIXEIO TOU BEIYMATOG CUVOEETAI IE TO NMICTOIXEIO AVAPOPAS HECW PIAC AywyIUNG YEQUPAG KAl
éva euaiocdnTo TTOTEVOIOUETPO (BOATOUETPO) OUVOEEI TO DUO NAEKTPODIA, £TO1 WOTE VA PTTOPEI va JETPNOEI TO

METACU TOUG NAEKTPIKO OUVANIKO (TAON).

To nuioToixeio avagopdg trepiExel 1M H* og 1coppotria pe agpio H, o€ trieon 1 atm kai £xe1 auBaipeTa
QAVTIOTOIXIOTEI JE OuvVaUIKO avaywyng 0,0 V, otroTe To dUVAIKO TTOU KATAYPAPEI TO TTOVTECIOUETPO
QVTIOTOIXEI OTO TTPOTUTTO OUVANIKO avaywyns TOu 0CeIdavaywyIikou (EUyoug.

() Ai1favodn — axretardeiidn

-0,197V
m Potentiometer
|
Pon Pon

NAEKTPOVI®V NAEKTPOVIWV

A10avodn

aketaddetidn

Aeiyna: Avapopa
axetaAdelidn / H* /1atm H,
a16avoin

Av n pon nAekTpoviwv PETAEU TwV NAEKTPOdIWY KATEUBUVE-
Tal aTTd TO NPICTOIXEIO TOU DEIYUATOG KAl TTPOG TO OTOIXEIO
ava@opdg, TOTE TO SUVANIKO avaywyng Bewpeital apvnTiKO
010TI aTO NUICTOIXEIO deiyuaTog aupPaivel oEeidwan.

B) Doupapikd —*> NAEKTPIKO
+0,031V

NAERTPOVI®DV

Pon
NAEKTPOVI®V

— +
Doupapikod HZ 2@
v v
Aegiypa: Avagpopa
POUNapIKo / HY /1 atm H,

NAEKTPIKO

Av n pon nAekTpoviwy PETALU TwV NAEKTPOBIWY KaTEUBUVETAI
TTPOG TO NMICTOIXEIO TOU dEiypaTog, TOTE, GUPBaivel auBopunTa
avaywyr Tou NUIOTOIXEIOU TOU BEIYUATOG, KAl TO OUVAMIKO
avaywyngs Bewpeital BeTIKO.



Mpotuma Suvapka avaywyng pepIkwy avtidpaoswv.

0&s10WTIKO Avaywyiko n E'p (V)
HAektpiko + CO, a-KetoyAoutapiko 2 - 0,67
0&ko Aketardelidn 2 - 0,60
Peppedotivn (ofe1dwpévn) Peppedotivn (avnypévn) 1 - 0,43
2 H* H, 2 - 0,42
NADP* NADPH + H* 2 - 0,32
Amoiko (ofg1dwpévo) Amoiko (avnypévo) 2 - 0,29
[Aoutabeio (oe1dwpévo) [Aoutafeio (avnypévo) 2 -0,23
AketaAdeidn A1BavoAn 2 -0,20
MupooTtapuAiko [aAakTIKO 2 -0,19
Poupapiko HAektpiko 2 0,03
Kutoxpwpa b (+3) Kutoxpwpa b (+2) 1 0,07
AeiidpoaokopBiko AokopBiko 2 0,08
OuBikivovn (o&a1dwpévn) OuBikivovn (avnypévn) 2 0,10
Kutoxpwpa ¢ (+3) Kutoxpwpa ¢ (+2) 1 0,22
Fe (+3) Fe (+2) 1 0,77

2yucioon. Iy eival o mpotuno duvautko ofetdoavaynyne (pH 7, 25°C) kur # gival
0 apOudc Tov puetapeponevoy nisktpoviov. To £y avaeépetal 6T LEPIKN EVTi-
OPUGT] OTAC:

OLZedoTikd + ¢ —— avayomylKo



[Tw¢ xpnolyoTtrolouvTal Ta QUVAUIKA avaywyng yia Tov
UTTOAOYIOHO TWV PETABOAWY EAEUBEPNC EVEPYEIQC OTIC

0¢EI00AVAYWYIKEC AVTIOPACEIC;

H petaBoAn TnS TpoTUTING £AEUBEPNC evEpyelag AG®” OXETi-
eTal JE TNV aAAQyn TOU TTPOTUTIOU QUVAMIKOU avaywyng
AE.’, oUPNPWVA PE TNV ECiICWON:

AG°'= -nFAE,

Ormou 1o n avtutpoowrneVeL TOV aplOUo Twv peTadpepOpevVwWY nAektpoviwy, F
glval n otaBepad Faraday (23,06 kcal/mol - Vot) , kat AE," ivar n dtadopa ota

SUVAHLKA avaywyn ¢ LETEL SOTN Kat SEKTN.
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[160N eveEpPYEIQ ATTEAEUBEPWVETAI E TV AvVAYWYN

Tou O, atmo 1o NADH;

O1 avTioTOIXEC NMIAVTIOPACEIC Eival:
20, +2H* + 26¢ — H,0 E,=+082V
NADH —— NAD* + H* + 2e- E,=+032V

[TpooBETovTaC TNV avTidpaaon () oTnv (a) EXOUUE:
%2 O, + NADH + H*— H,O + NAD* AE" =+1,14V

EtTropévwe pe Baon tov tutmto AG®°'= -n'‘FAEO’

AG°'= -2-23,06 kcal/mol - Volt - 1,14 Volt
AG°'= -52.6 kcal/mol



H tToodtnTa TV 52,6 kcal/mol tTou atreAeuBepwveTal pe
TNV emmavoceidwan tou NADH atrd 10 yoplakd ocuyovo
gival onuavtikn, 0edopevou ot To AG® ' TNC UdPOAUCNG TOU
ATP egivar: -7,3 kcal/mol.

2TNV avatrveuoTikn aAuaida To NADH dev avTidopd
atreuBeiag pe 1o O,, aAAG HEOW PIaG OEIPAG EVOI-
AUMECWV METAPOPEWYV TWV NAEKTPOVIWYV (PAaBivec,
EVWOEIC O10NPOU TTOU OEV £XOUV aiun, oulIKivovn,
KUTOXPWMATA K.A.) €TO1I WOTE TO OUVOAO TwV - 52,6
kcal/mol 1TTou atreAeuBepwvovTtal va KAaTaveUETAl O€
«TTAKETA» NAEKTPOXNMIKNC EVEPYEIAC UE TN HOPPN
YPOMMIKA HETABAAAOUEVNC KAIONC TTPWTOVIWY, N
OTTOIx UE TN OEIPA TNC XPNOCIUOTIOIEITAI VIO TN
ouvBeon Tou ATP.



_____________________________________________________________________
[Tw¢ ekppAaleTal TTOOOTIKA N EVEPYEIQ TTOU ATTO0N-
KEUETAI OE MIA KAION OUYKEVTPWONG TTPWTOVIWY,

AG =2,302R T log (C,/C,) + Z F AV

OTtrou C, ka1 C, N OUyKEVTPWAN TNG HETAPEPOPEVNG OUCIAG ATTO TN MIa
TTAEUPA TNG MEUPBPAVNG 0TNV AAAN, Z TO NAEKTPIKO POPTIO TNG
METAPEPOPEVNG ouaiag kal AV n dia@opd duvauikoUu JETACU Twv dUOo
TTAEUPWV TNC MEMPBPAVNC.

Aedopévou 0TI UTTO OUVABEIC OUVBNKEG YIA TNV ECWTEPIKNA MITOXOVOPIOKNA
MEUBPAvVN TOo pH TNG €CWTEPIKNAG TTAEUPAG €ival KATA 1,4 novadeg xapnAoTePO
aTTO EKEIVO TNG eOWTEPIKNG (dNA. log (C,/C,) =1,4) ka1 n dlagopd dUVANIKOU
gival 0,14 V, n petaoAr Tng eAeUBepnC eveépyelag uttoAoyileTal oTa 5,2
kcal/mol.

ETTOpEVWG, KABE TTPWTOVIO TTOU PETAPEPETAI ATTO TNV MITO-
XOVvOpPIaKN MATPA OTOV JIAMEUPBPAVIKO XWPOo XpelaleTal 5,2
kcal/mol eAelBepnc evépyeiag.



H oceidwaon Twv avnydEVWY ouveVCUUWY Kal N puwo@opuAiwon
Tou ADP ¢gival ouleuydEVEC JE MIA KAION TTPWTOVIWY KATA UAKOC

TNG ECWTEPIKNG MITOXOVOPIAKNC MEMBPAVNG.

» H katd o1adio peTapopd Twv
NAEKTPOVIWY aTTO Ta avnyMEva
ouvEvCUuNa TTPOG TO OPIAKO
O,, OIOPECOU TWV POPEWV TNG
AVATIVEUOTIKNAG aAugidag,
odnyei 0TN YETAKIVNON TTPWTO-
Viwv £Cw aTTO TO MITOXOVOPIO PE
OUVETTEIQ TN dnMIoupYia VoG
duvauikou Baduidwong H* otn
MITOXOVOpPIaKN MEMBPAVN.

» To ATP ouvrTiBetal kabBwg Ta
TTPWTOVIA PEOUV TTICW OTN
MITOXOVOpPIaKK MATPA, dIauEooU
TOU €VCUMIKOU CUUTTAEYMOATOG
TNG ouvBaong Tou ATP.
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2XNMA TS PONG TWV NAEKTPOVIWY OIAUECOU TWV QPOPEWV TWV
O1aPOPWYV 0EEIDOAVAYWYIKWY CUCTNUATWY VIO TNV OCEidwan
Tou NADH.

Me Bdon 1a TTPOTUTTA AVAYWYIKA OUVAUIKA TWV NUIAVTIOPACEWV
TWV JETAPOPEWYV NAEKTPOVIWY TNG AVATIVEUOTIKAC aAUCidac.

Redox reaction (half-reaction) E'°(V)
2HY + 2e- —> H2 —0.414
NAD* + H* + 2e- —— NADH —0.320
NADP* + H' + 2e- —— NADPH —0.324
NADH dehydrogenase (FMN) + 2H" + 2e~ —— NADH dehydrogenase (FMNH,) —0.30
Ubiquinone + 2H" + 2e~ —— ubiquinol 0.045
Cytochrome b (Fe3**) + e —— cytochrome b (Fe?") 0.077
Cytochrome ¢, (Fe**) + e —— cytochrome ¢, (Fe?*) 0.22
Cytochrome c (Fe3*) + e —— cytochrome c (Fe?*) 0.254
Cytochrome a (Fe3*) + e —— cytochrome a (Fe?") 0.29
Cytochrome a, (Fe3*) + e~ ——> cytochrome a, (Fe?*) 0.35
10, + 2H* + 2 — H,0 0.8166 Y

NADH —— Q —> Cyt b —> Cyt ¢; —> Cyt ¢ —> Cyt (a + a;) —> O,



Treatment with digitonin

A .' -’ .':. :*'.IT:Q Q. g osmotl( rupture

.‘_—J.v'

i R _ [l ‘e J' 9
- Inner - &
R membrane , &7
3 fragments l ir' @
Outer membrane QQ
fragments ||| /{
. IV ”ag{
discarded ATP
synthase
7

Solubilization with detergent
followed by ion-exchange chromatography

Poor o e

I I n IV ATP synthase

i[ | _ i
a.. I‘ ..
iL-. /ii b J
N\ N\ N\
NADH Q Suc- Q Q Cytc Cytc O, ATP ADP
cinate +

Reactions catalyzed by isolated Pi

fractions in vitro

ATTONOVWON Kal SlIaXwWPICHOGC
TWV AEITOUPYIKWY CUPTTIAOKWV
TNG AVATIVEUOTIKNG aAuaidac.

APXIKG aTTOPAKPUVETAI N ECWTEPIKN
MITOXOVOPIOKK MEMBPAvVN UE
KATEPYOOIa YE TO ATTOPPUTTAVTIKO
dlyITovivn Kal N E0WTEPIKN HEPNBPAVN
dlappnyvuEeTal yE OCHWON ME XPHon
UTTGTOVOU JIOAUUATOG.

Ta BpavopaTa TToU TTPOKUTTTOUV
OlaAuovTal atraAd o€ Eva OeUTEPO
ATTOPPUTTAVTIKO KAl TO MEIYHA
UTTORBAAAETAI O€ XpwuaTOYpaPia
AvTaAAQYNAG 1I0VTWY, JEOW TNG OTTOIAG
dlaxwpidovtal Ta dIAPOPETIKA
ouputrAoka (I €wg V) Tng
QVATTIVEUOTIKAG aAuCidac.




H aAugida PJETAPOPAC NAEKTPOVIWY ATTOTEAEITAI ATTO TECOEPA
OUMTTAOKQ TTOU TTEPIAQUBAVOUV APKETA DIAPOPETIKA HOPIOKA £idN.

1.

PAaBotTpwTeiveg TTOU TTEPIEXOUV IoXUPA deopeupéva FMN 3 FAD w¢
TTPOCBETIKEC OPJADEC KAl UTTOPEI VO CUPMETEXOUV O€ YEYOVOTA PETAPOPAC
EVOC Il OUO NAEKTPOViwV.

2uvevCupo Q  oufikivovn (CoQ i UQ),TTou PTTOPET VO CUUMETEXEI O€
AVTIOPAOCEIC HETAPOPAC EVOC 1] DUO NAEKTPOVIWV.

Aid@popa KUTOXpWHATA (TTPWTEIVEC TTOU TTEPIEXOUV TTPOCBETIKEC ONADEC
aiuNgG, TTOU AEITOUPYOUV PETAPEPOVTAC NAEKTPOVIA), KAl TTEPIAANBAVOUY Ta
KUToXpwpaTta b, ¢, ¢4, a, Kal a;. Ta KUToXpwpaTa gival TTapAayovTeG
METAPOPAC EVOC NAEKTPOVIOU OTOUC OTTOIOUG O OidNPOC TNG AiuNng
uetaTpéTTeTal atmd Fe2* og Fe3* kal 1o avTifeTo.

‘Evag aplBuog Tpwrelivwy Bgiou o1drpou (iron—sulfur proteins), rou

OUMMETEXOUV OE NETAPOPEC EVOC NAEKTPOVIOU OTIC OTTOIEC OUVAVTAUE TIC
KaTaoTtdoeic Fe?* kal Fe3* .

AeOUEUPEVOC O€ TTPWTEIVN XOAKOC, MIa BEon HETAPOPAC EVOC NAEKTPOVIOU
TToU aAAnAopueTaTpétreTal yeTau Cu* kal Cu?*.



TWEG E, kal E yla Tig
OUVIOTWOEC TNG
LTOXOVOPLOKAG
aAvoidag petadopag
NAEKTPOVIWV.

OL TLUEC TTOU avaypa-
dovtal eival TIHEC
Kown¢ amodoxng yLa
{WLKA ptoxovdpla. Ot
Hopeg papdol avrimpo-
owrnevouv TNV E, Kat ot
KOKKLWVEC pafBdoL tnv E.

“(mV)

—-200

+200

+400

+600

Zuprmioxo I

Xopmioxo I1

I(Fe/S)Nz

<. A
2 =z

z @
e

sl
. n 2
it 5 4
I—'IE E'_",&.')
R =

)

[
U
(3]
2 %
g o
£ @
-

UQu] |

Zupmioxko 111

br

I
b
Rieske Fe/S IIH
[ex

l

—

Zopmioko IV

=]
—

<
=
o
=
F——

o3
S
—_




Ta TE0OEPA GUUTTAOKO TNG AVATIVEUOTIKNG AAUCIiOAC

Yopmdoxo I

PraPonpwteivn 1

Agudpoyovaon NADH,
FMN, H,0
Fe-S gévrpa 1
2 0
e —
Of€e160avaywyaon Yopmdoxko ITI YLopmioko IVK
tou {evyouc NADH-
ouvévivpou Q i Eubpxkgxcg ;‘;‘i’ﬁﬁ?ﬁ“ﬁfoq ZUPImAOKO KUTOXpOUATOS
/UQH, xévipo Fo-S Rieske —»( Kutoxpopac | aas, 21::32:;? éﬁnou a,
aipn vomou C (cyt ¢y)
B e — e —
Yopmioko I1 Ofe18o0avaymydon tov O€e18aon
{evyouc ouvéviupou KUTOXP@WHATOC C
Praforpwreivn 2 Q-KUTOXpORATOS ¢
Agudpoyovdon nAextpikou,
FAD (opolomoAira

ouvdedepévo), Fe-S kévrpa,
/b—ulmc.aium\
O€e1boavaymyaon tou

{elyoug nAeKTPIKOU -
ouvev{upou Q




IIINAKAX 20.1 [Tpwteivikd oOPmAoKa tng pitoXovéplakng alvoidag peta@opds nAektpoviwy

ZOUTTIAOKO Madla Yriopovadeg [TpooBetikég opddeg Oéon npdobeong yia:
Avaywydon NADH-UQ 980 44 FNN NADH (nmAevpad untpag)
Fe-S UQ (Aiméikdg mupnvag)
Avaywydon niektpikov-UQ 140 4 FAD HAektpixo (mAsvpd untpag)
Fe-S UQ (limédikdg mvpnvag)
Avaywydon UQ-xvroxpwuarog ¢ 250 9-10 Afpn b, Kvtéxpwua c (mhevpa
Afpn b,, SrapepPpavikod Xwpov)
: b120.1
Aipn c,
Fe-S
Kvtéxpwua c 13 1 Aipn ¢ Kvtéxpwpa c,

Kvtéxpwua a

O&e18don TOL KUTOXPWHATOG € 162 13 Afpn a Kvtéxpwpa c (mAevpd
Afpn a, SrapepPpavikod Xwpov)
Cu,

Cu,




IMNES
MEMERAME

INTEAMEMBRAMNE
SPACE

H‘I-

Acetyl-Cod,

Pyruvaie,
Fafly asicls,
amino acids
from cytoaol

ArminGg acids

H-I‘




To 2upTtrAoko | ogeidwvel To NADH kai avayel o ouvevlupo Q

O1mwg uttodnAwvel To OVoud Tou, JETa@EpPEl Eva (euyog nAekTpoviwy atré To NADH oT1o
ouvévCuuo Q, pia pikpry, udpd@ofn KiTpivn Evwaor.

(a) 2H* B

To oUNTTAOKO ATTO pITO-
Xovoplia Bociag kapdIag
(Me utToAOYICOMEVN HAla
980 kD) trepiéxer 44
TTOAUTTETTTIOIKEC OAUTIDEC,
€va JOPIO UOVOVOUKAED--
TIdiou eAaBivng (FMN),
Kal 9 oupttAéyuara Fe-S.

IIepimiaopa

NADH* + H*

Ta nAekTpovia apxIka peTagépovtal oto FMN kKal oTn OUVEXEIQ PEOUV HECW TWV CUNTTAOKWYV
010 pou-B¢iou (deUTEPOC TUTTOC TTPOCOETIKAG ouddac) otnv oufikivovn () ouvévlupo Q).

H ouvoAIk avTidpaon TTou KaTaAueTal atrd 10 EVCUNO QUTO Eival:

NADH + UQ + 5H* ¢ ; NAD* + UQH,

A 4



PAaBivo-povo-voukAeoTidlo (FMN)

FAD

FMN

isoalloxazine ring

OH OH
Flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN)

S—

riboflavin

H " +e- C
ﬁ
C

H o o
H |!|+
H, N \N*o

R

(FMNH)
(semiquinone)

T o
CH, N
IS B
CH, T lr o
R H
(FMNH.,)
(fully reduced)




__________________________________________________________________________
2. UUTTAOKO TTPWTEIVWYV O10NPOU-0EIOU CUUMETEXOUV
o€ avTIOPACEIC oceIdoavaywyngc.

(a)

Cys —S

Cys —S

Protein

A. Tuttog Fe-S. 'Eva 10v 010ripou ouvTovileTal e TEOOEPA KATAAOITTA KUOTEIVNG.

B. Tutrog 2Fe-2S. Auo 16vTa o180 pou evwvovTal JETAEU TOUC HECW YEQUPWV
OOUAQIdiou.

[. TUTToG 4Fe-4S. Téooepa 16vTa a1drpou EVWvVovTal JETALU TOUG HECW YEQUPWV
OOUAQIdiou.



CH3

3 I
2uveviuuo Q CH30 (CH;—CH=C—CH,);o—H
AlQpEUBPAVIKOS XWPOQ CH30 CH3 OUIﬁIKIVOVn (U Q) ]
00 00 o) (TTANPWG OgeIdWUEVN HOPPR)

H,CO CH, -
0.
“3°° CH30 R

o0 00 Evdidueoo nuikivévne (UQH")
Mioa 1 1 (MEPIKWG avnyuévn HopePn)
CHsO CH3
OH
P H* + e
OH
CHsO R

OuBikivoAn (UQH,)
CHsO CH;  (TTANPWS avnypevn Lopen)



Intermembrane 4H*
space (p side) Complex|

Pon

NAEKTPOVIWY
OlOECOU TOU
2. UUTTAOKOU |

Membrane

Matrix & arm

Matrix
(N side)

, Series Pivee- ..
NAD™  of Fe-s—
centers
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-
Ta nAekTpovia pEouv atmo 1o QH, OTO KUTTOXPWHA C HECW
TNG oce1doavaywyaong Tou euyoucg Q-cyt ¢ (ZupTTAeyua lll).

Ta KUTTOXPWHATA €ival TIPWTEIVEG NETAPOPAC NAEKTPOVIWV, OI OTTOIEC
TTEPIEXOUV MIa TTPOCOETIKN OpAda aiung. Katd t1n HETAPOPA TWV NAEK-
TPOViwV Ta I6VTA O10IPOU TOU KUTTOXPWHATOG EVAAAACOOVTAI JETACU TNG
KaTdoTaong avaywyns (Fe*?) kai Tng katdotaong ofeidwang (Fe*s).

MEow Tou oupTTAEyuaTog [l Ta nAekTpovia peTagEpovTal aTrd TO avny-
MEVO ouvEVCUpPOo Q OTO KUTTOXPWHA ¢, TO OTTOIO €ival Pia JIKPOU Jopla-
KOU B&poucg udaTtodIaAuTh TTPWTEIVN.

Tautdxpova, Ye TNV por TwWV NAEKTPOVIWV OTOUG dIAPOPOUC TUTTOUG TWV
TTPOCOETIKWY ONAdWY ToUu OUPTTAEYHaTOC I, yiveTal AvTAnon TTpwToviwy
aT1rd TN MITOXOVOPIAKK YATPA TTPOG TOV DIANENBPAVIKO XWPEO.

UQH2 + 2 Cth Coﬁ. + 2 H+Ur']Tpag > UQ + 2 Cth Caov. .




Intermembrane Rieske iron- AO |J r’] TOU
space (p side) sulfur protein ’
2.UpTtTAOKOU |

Heme c,
Cytochrome ¢, To évlupo cival éva
oModIuEPEG ME 11

OIOKPITEG TTOAUTTETTTI-

2Fe-2S

" Iy Y N | OIKEG aAUCidEG.
Heme b 2 EAA Py SR e Heme b, , ,
| - o e — K" 2TO AEITOUPYIKO TTUPH-
Heme b, — 8+ 103 L0 e Cavern VO TOU KABE HOVOpIE-
e = POUC UTTAPXOUV TPEIG
_ UTTOMOVAOEG:
cytOChrome b i; 'v 'q'r. _\ | s ; " _'- : Heme bH To KUT(’)Xp(L)IJG b

(TrpaoiIvo) pe duo
aipeg (by kal by),

AN S N s a % MIOa TTPWTEIVN
@AY ARG GRP 2, odrpou-Beiou pe
v S&% Nk L AT A KEvTpa 2Fe-2S (Hwf3)

KOl TO KUTOXPWHATA C4

(MTTAE) pe TNV aipng
TOU.




H TTpooBeTIKA opdda Twv
KUTTOXPWHATWY b, €4 KAI C €IVAl  ¢Hy=cH N /= cH;

uia o1dnpoTTpwToTTopPUPIVN IX, Ve
’ , —fFa —
oJola JE TNV aiun TNG PN=
LUOCQAIPIVNG KAl TNG chs L/ "\—d ‘cHacHacoo
aloo@aIpivng. s A
Iron protoporphyrin IX
!'I’—Cys
Ol dihEG TWV KUTTOXPWHATWY C, — CHs CHCH 3
KAl ¢, O€ avTiBeon Ye EKeivn TOU L = =
, , CHaCH [T, CH;
KUTTOXPWHMATOC b, €ival 5 =
OMOIOTTOAIKG TTPOODESEPEVEC TN

OTNV TTPWTEIVN HéoW cis L/"\—] “cHacH,c00"
Ocl0a10epIKWV DECUWV.

CH; CH>CH,COO ™

Heme C
(in c-type cytochromes)



Pon nAekTpoviwyv dlauecou Tou 2UuTTAOKou Il

To oupTtrAoko Il peTapEpel Ta NAEKTPOVIA ATTO TO avnyuévo ouvévCupo Q (UQH,) oto
KUTOXPWHA € HECW £VOC JOVADIKOU 0CEID0aVAYWYIKOU HOVOTTATIOU, YVWOTOU WG KUKAOG Q.

(a) IIp@to np10v Tou KUKAOU Q

2TNV EOWTEPIKN MITOXOVOPIOAKN

i , Oéon Q, Eovoyn HEUBPAVN UTTAPXE! M1 MEYGAN
ot e S 2H" exéq Seapev amé UQ kai UQH,.
Tpito UQH, Cyt e O kuUkAog Q &ekiva otav Eva
amd Sefapevi uopio UQH, amo autn
oegauevn dlaxEETal O€ Pia

2 e~ ofeidwon

PN 1e~  B¢on (amokaAoUuevn Q) oT0

Vaipes / ZL'JU'IT)\E)KO 1l KOVT(']’ aTnv
Begapevia le~ TAEUPA TNG PEPPPAVNG TTPOG
UUU UQ TO KUTTOPOOdIGAUUQ, OTTOU Kal
otn Béon Q,

ogeldwveTal o€ dUO BAparTa.

Apxikad, éva nAektpovio ammo Tnv UQH, petagépetal otnv mpwreivn Rieske kai katotmiv yéow
Tou Cyt ¢, 010 KUTOXpWA c. AuTA n dladikacia arreAeuBepwvel duo H* 010 KUTTAPOdIGAUMA
kal agnvel Tnv UQ -, éva aviov nuikivévng Tou ouvevguuou Q, otn Béon Q,,.

To OeUTEPO NAEKTPOVIO PETAPEPETAI OTN CUVEXEID OTNV aipn b, petarpémrovrag Tnv UQ- og UQ
KOl 0T OUVEXEID TTEPVA HEOW TNG aiung by o€ éva popio UQ oe pia deutepn B€on
TTPOOdEONG KIVOVNG, TNV Q,,, METATPETTOVTAG 0€ UQ -, n oTT0ia TTApaPEVEL IOXUPA TTPOODEUEVN
oTn 6éon Q, OAOKANPWVWVTAG £TC1 TO TTPWTO AUICU TOu KUKAoU Q.




To deUTEPO NUIOU TOU KUKAOU gival TTAPOPOIO PE TO TTPWTO, PE Eva deuTEPO uopio UQH, va
ogedwveTal 0N B€on Q,, Kal Eva NAEKTPOVIO VO OIOXETEUETAI OTO KUTOXPWHA € Kal TO GAAO va
METAMEPETAI OTNV Aiun b, KAl KATOTTIV OTNV aAiun by.

QoT1000, 0 AUTO TO TEAEUTAIO MUICU TOU KUKAOU Q, TO NAEKTPOVIO ATTO TNV by HETAPEPETAI OTO
aviov TNG nuIKIivovng UQ -, Tou dnuioupynBnke oTo TTPWTO AUIOU TOU KUKAOU 0Tn B€an Q,..

Me tnv TpooBnkn duo H* atrd Tn piroxovoplakn puATpa mTapayeral Eva popio UQH,, trou
atreAeUBepwveETal ATTO TN B€0N Q,, KAI ETTIOTPEPEI OTN dECAPEVH TwV OUVEVIUPWY Q,
oAoKANnpwvovTag Tov KUKAo Q.

() Aeitepo P16V TOU KUKAOU Q

Yuvoyn

o EtTopévwg og kGBe
AR S KUKAo Q, Suo UQH,

ArapepPpavikog
x@pog (Betikd @optio)

Aettepo UQH, Cyte , ,
aro Se€apevn G(p(]lpOUVT(ﬂ aTTo Tn
[ decapevry UQ/UQH,

2 e~ ofeibwon

) ; ; - " “
SN “ombeon 17 ka éva ETTIOTPEPETAN

Qp
UQH; mipog OIEKTTEPAIWVOVTAG TNV

UUU agewg{ﬁ\ uQ kaBapr ofeidwan Tou

otn Bé¢on Q,,

T deuTtepou UQH.,,.

UL
AN

2HY



ECEAIKTIKO OEVOPO TTOU KOTAOKEUAOTNKE ME
Baon TNV apivocikn aAAnAouxia Twv
KUTOXPWHATWY C.

Neurospora
Saccharomyces
Kpeatopuya
[MTyKouivog

Kota,\
MNeploTept AAOVVOG Candida

X ar
Kaykoupo Nt
Kouvehl ] KWpo
oupouvt \ EAD
[awapog \

'Am%

ZKU}\O
Avopwriod1BNKog

Rhodospirillum rubrum Paracoccus denitrificans

Wapl PwToouvOeTIKO  BakThplo
BakTtAiplo ATTOVITPWONG
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-
H oce1iddon Tou KUTTOXPWHATOG C KATAAUEI TV Avaywyr TOU

LOPIAKOU OCUYOVOU O€ VEPO.

To TeAIKO oTadIO
NG METAPOPAG
TWV NAEKTPOVi-
wv OTnVv ava-
TIVEUOTIKN
aAucida KaTtaAu-
£TAI ATTO TNV
0¢e1ddon Tou
KUTTOXPWMOATOG
C (2UpTTAOKO
V).

eAeiTal atro 13 TTOAUTTETTTION-
KEC aAUOideC Kal TTEPIAANPBAVEI WG
TTPOCOETIKEC OUADEC:

~ S
NN

))) AP @ 4y
AN f’\‘/’

T

=
<

%

e Tpia 16vTa XOAKOU

« Kal OUO POpPIa aiung, TNV aiun a
Kal TNV dipn as.

2 cytcc,, +4 H"+20, » 2 cytc Coe. T ¥2H,0O +




H aipn A @€pel pia oppulouada otn 6€on TNG
MEBUAIKAC opadacg TNG aiung TNG aigoo@aipivng,
Kal Yo ueyaAn udpoyovoavlpakikn opada (C,s)
oTn 0€on TNG PIVUAIKAC ouadac.

TANAAASTC [

CHs CHs CHs

CH; | N\ “cH,cH,co0"

Heme A _
(in a-type cytochromes) CHO CH,CH,COO



Ta Tpia 10vTa XOAKOU TNG KUTTOXPWHMIKAG 0CEIdAONG OIOTACCOVTAI O€
OUO KEVTPA TTOoU ovoudadlovTtal A kai B.

To KEVTPO A TTEpPIEXEI BUO 10VTA XOAKOU (Cu,/Cuy,)
ouvOEedEPEVA JETAEU TOUG UE DUO KATAAOITTA KUOTEIVNC,

EVW TO KEVTPO B 1rEPIEXEI €va 10V XaAKoU (Cug) TTOU
OUMTTAOKOTTOIEITAI PE TPIa KATAAOITTA 10TIDIVNG.

Cys

His

Cu,/Cu,

His




Por nAekTpoviwv dlauecou

4 Cytc ,
X TOUu 2UpuTTAOKOU |V
4H 4e” .
Intermembrane | | Ta 500 NAeKTPOVIa OTTO BUO PBPIa
spa.ce e | QAVNYMEVOU KUTOXPWHATOG C
(p side) METOPEPOVTAI OTO BITTUPNVIKO

KEVTPO Cu,. ATTO €0w TTEPVOUV
MEOW TNG aiung a oTto kévipo Fe-Cu
(KuTOXpWHO a5 Kal KEVTPO Cug).

‘Eva Joplo oguyovo deaueUeTal
aTnV aign a5 Kal avayeTtal o€ aviov
utrepoéeidiou (O,2) TTapaAauPa-
VOVTaG T OUO NAEKTPOVIA OTTO TO

Heme a; -

Subunit kKEvTpo Fe-Cu.
]|
Me TTapadoarn dUo ETTITTAEOV
. NAEKTPOViwV atrd aAAa duo uopla
Subunit cyt ¢ éva deuTepo popio O, avaye-
_I/ Tal, o1réTE Ta 500 O,2 PETATPE-
TTovTal o€ dUO Popla vepou, UE TNV
Matrix KatavaAwaon TE00ApWY TTPWTOVIWV
(N side) [ atrd TN MITOXOVOPIaKK UATEA.
4H* \
(substrate) l Tnv idia oTIYUA, TEOOEPA TTPWTOVIA

avTAouvTal aTrd TN MATPO OTOV
4H* SlaPEUPBPAVIKO XWPO PE Evav

(pumped) AYVWOTO aKOUA UNXAVIGUO.



2 XNMATIKA ATTEIKOVION TNG PONG TWV NAEKTPOVIWY Kal TwWV
TTPWTOVIWYV JIAUECOU TWV CUUTTAOKWY TNC AVATTVEUOTIKNG

aAuCidag.
W) 4HY 4H* 2H?t
_— @\
Altapepﬁpcwu{éq
XWPOG /
2

—

Hlextpird  ®oupapikéd

Mnrtpa

NADH + H* NAD*

4H* 2H* 2HY



2 UyKpivete T0 AG®” yia Tnv occidwaon Tou nAekTpikou atré To NAD* kai atré 1o FAD
KQI AITIOAOYEIOTE TO YEYOVOG OTI N NAEKTPIKA apudpoyovaon XPNOIUOTIOIEI WG
ouvevlupuo ToFAD kai 6x1 to NAD*. Aidovrail:

NAD*/NADH Eo'=-0,32 Volt

FAD/FADH, Eo’= 0 Volt

oupuapikd/nAekTpikd  Eo’= 0,03 Volt

[a TN o&eidwaon Tou NAeKTPIKOU atrd T0 NAD* £XOULE:

(a)  Poupapikd + 2H* + 260 —— nNAeKTPIKO Eo’= 0,03 Volt
(8) NAD*+ 2H* + 2e- — NADH Eo’= -0,32 Volt

EtTopévwg yia Tnv ouvoAikn avTidpaaon oceidoavaywyne (B)-(a) 1oxuel:

NAEKTPIKO + NAD* poupapikd + NADH AEo’= -0,35 Volt

Aedopévou 611 0 AG°’'=-n F AEo’,
To AG®°’ Tn¢ ogcidwoncg Tou nAekTpikou atrd to NAD* givau:
AG°'=-2 23,062 (-0,35) = 16,1 Kcal/mol



Evw, yia Tn ogeidwon Tou nAekTpikoU atro 1o FAD €xoue:

(a)  Poupapikd + 2H* + 260 —— nNAeKTPIKO Eo’= 0,03 Volt
(3) FAD+ 2H*+2e- — FADH, Eo’= 0 Volt

EtTopévwg yia Tnv ouvoAikn avTidpaaon oceidoavaywyne (B)-(a) 1oxuel:

NAEKTPIKO + FAD ¢qoupapiko + FADH, AEo’= -0,03 Volt

Aedopuévou oT1 1o AG°'=-n F AEOo’,
To AG®” Tn¢ 0ogegidwaong Tou nAekTpikou atrd 1o FAD civai:
AG°®'=-2 23,062 (-0,03) = 1,4 Kcal/mol

Apa, n occidwan Tou nAekTpikou atrd o NAD* dev
gival eQIKT BepUodUVANIKA.



To BakTAplo arsenophilum sulfospirillum TTou avakaAuEOnke TTPdCPATA, XPNOIUO-
TTOIEI WG AVAVEUOTIKO OCEIDWTIKO YIa TNV OCEidwan dIapopwyV OpyavIKwY UTTOOTPW-
HaTWV Ta apaevikd 16vTa (AsO,3). Me Baon Tov TTivaka Twv TTPOTUTTWY dUVAUIKWY
aAvaywyng Twv avtidpacewy TTou divovTal TTAPAKATW:

CoQ + 2H* + 2e- — CoQH, + 0,06 V
OAaBotrpwreivn € + 2H* + 260 — PAaBoTTpwTEivn C -0,19V
OAaBotrpwreivn b + 2H* + 26 — PAaBotrpwreivn b + 0,10V
OCIKO + 26~ — AKETAADEUON -0,59V
As (V) +2e- — As (lll) +0,16 V
NAD* 2H* + 2e- — NADH + H* -0,32 V

AIaTAETE TOUC PETAPOPEIC NAEKTPOVIWYV TTOU XPNOIYOTIOIEI TO BAKTAPIO AUTO, £TOI
WOTE VA ETTITPETTETAI N AuBOPUNTN PON TWV NAEKTPOVIWV ATTO TOV XOPNYyO TWV
NAEKTPOVIWYV OTOV TEAIKO QTTOOEKTN.

O¢iké — NAD* — PAaBomrpwreivnc — CoQ — PAaBotrpwreivn b — As (V)
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[Twg yiveTal n eTavogeidwaon tou FADH, ;

To FADH, 110U oxnuartifetal katd TNV 0geidwarn Tou NAEKTPIKOU OTOV KUKAO TOU KITPIKOU
0&€0¢, 1 MEOW TOU CUCTAPATOC METAPOPAG TNG 3-PWOPOPIKNG YAUKEPOANG (TTOU
XPNOIUOTTOIEITAI VIO TNV ETTAVOLEIdWON Tou KUTTapotTAacpaTtikou NADH) i kata tnv [3-
0&eidwon TWV AITTAPWYV 0LEWYV, ETTAVOLEIDWVETAI JE TN METAPOPA TOU (EUYOUG NAEKTPOVIWV
uwnAouU duvapikou oTnv ouBIKIVOVN, JECW TOU OUNTTAOKOU Tou eUyous NAEKTPIKOU-Q
(ouuttAoko Il), kKaBwg Kal AAAwV eVEUUIKWY OUCTNUATWV.

Complex I1

Fauty acyl-CoA dehydrogenase

¢

Flavoprotein 3

Fe-S centers

Electron-transferring
flavoprotein, FAD,

l

pool

el

Flavoprotein 2

Succinate dehydrogenase,
FAD {(covalent),
Fe-S centers,
bype heme

Succinate—coenzyme ()
oxidoreductase

Complex II1

Cytochrome be; complex,
2 btype hemes,
Rieske Fe-S center,
C-type heme (cyt o)

(Gt

Flavoprotein 4

Coenzyme Q—cytochrome ¢
oxidoreductase

dehydrogenase
FAD,

Fe-5 centers

Sm-glycerophosphate

H,0

1 A
? ()9 II

Complex IV \ /

Cytochrome aay complex,
2 a-type hemes,
Cu ions

Cytochrome ¢ oxidase

Me 10 TPOTTO QUTO T NAeKTPOVIa Tou FADH,
glodyovtal oTnv aAucida PJETAPOPAC
NAEKTPOVIWV YIa va KATAAACOUV HECW TWV

ouuTTAOKWV Il kar IV oTo popiakd oguyovo.




Intermembrane
To oUUTTAGKO TTEPIEXEI TNV space (p side)
NAEKTPIKA agpudpoyovaorn.

Aopn Tou ZuumnAokov |

Phosphatidylethanolamine

‘Exel 0U0 dIauEUPPAVIKEC
uttopovadeg C kai D kai
OUO utTopovades (A kal B)
TTPOG TNV MITOXOVOPIOKN
MNATPA.

2TNV utTopovada A eivail
OMOIOTTOAIKA TTPOCOEDEUEVO
10 FAD ka1 akpIpwg Tricw
TOU gival n Béon déoueuong
VI TO NAEKTPIKO. Matrix
H B utropovéda xel Tpia (Nside) | ¢
KEVTPQ TTPpWTEIVWV Fe-S
KaBwg Kal pia B€on dEOEU-
ong yia Tnv ouIkivovn,.

Ta nAekTpdvia KivouvTal (UTTAE BEAN) R & /
a1ro 10 NAEKTPIKO 010 FAD Kai aTn g L. - /L Substrate-
OUVEXEID HEOW TWV TPIWV KEVTPWY Fe-S &y binding
KOTAAAYOUV OTNV OUBIKIVOV. site



Intermembrane Glycolysis
space (p side)

NAD* . NADH +H*
) ) cytosolic /
To oUoTnua PETAPOPAC Tou glycerol 3-phosphate
YAUKEPOPWOPOPIKOU dehydrogenase

(eTTioNG YVWOTO WG

ouUOoTNUA METAPOPAS TNG CH,OH
3-pwOoPOpIKrig .
VAUKEPOANG). Glycerol 3- Dihydroxyacetone CIH o
phosphate phosphate 2-0-®
CH,OH
|

mitochondrial
glycerol 3-phosphate
dehydrogenase

CHOH

|
CH, -0-(P)

QH, -1

Matrix (N side)



To FADH, 1TTOU OXNnuaTi- for- R
(eTal KATA TNV ofcidwan ol
TWV ANITTAPWY 0ZEWV

BpiokeTal TTPOCOEDEUEVO

ETF:Q
oTNV aQuUOPOyovaan ToU oxidoreductase
akuAo-CoA.
Ta NAeKTPOVIO HETAPEPOVTAI OE UIO Acyl-CoA
OeUTEPN PAABOTTPWTEIVN TTOU dehydrogenase ~ FAD

ovopadetal ETF (electron transfering

flavoprotein), n otroia ye Tn o€1pd TNS TA Fatty acyl-CoA
atrodidel HEOW TNG oésidoavaywyaonc

Tou {euyouc¢ ETF-ouBikivovng, iog

TTPWTEIVNC 010\ pou-B¢iou, oTNV

ouBIKIvVOvN.

Enoyl-CoA




Intermembrane
space (p side)

o). - }”
Fumarate ©
Succinate

NADH + H*

To ouptrAoko I, aAAG kal Ta GAAa Eviupa TTOU PHETAPEPOUV
nAekTpovia ammo 1o FADH, ato ouvéviupo Q, dev avtAouv
TTPWTOVIA ATTO TNV MITOXOVOPIOKA UATPO OTOV DIAUEMPBPAVIKO
XWPEO, UE ATTOTEAECHA N YPAPMIKA HETABAANOUEVN KAION
TTPWTOVIWV TTOU ONUIOUPYEITAI VO €XEI MIKPOTEPO NAEKTPOXN-
MIKO dUVAUIKO.




EE —————————————————————————..
H oceidwaon Twv avnydEVWY ouveVCUUWY Kal N puwao@opuAiwon

Tou ADP ¢gival ouleuydEVEC JE MIA KAION TTPWTOVIWYV KATA JAKOC
TNG ECWTEPIKNG MITOXOVOPIAKNC MEMBPAVNG.

H Ommapgn aképaiwv
iemenprcopsee Uil oot (s oot
W TITOUV aTTO KATEPYQTia

TWV JITOXOVOPIWV PE
UTTEPIXOUG) TTOU
METAQPEPOUV NAEKTPOVIA
gival amapaitnTn
TTPOoUTTO6e0n yIa TN
ouvBeon Tou ATP.

MOPTaKO O,, dIAPETOU TWV POPEWV TNG AVATIVEUOTIKAG aAucidag, odnyei oTn
METAKIVNON TTPWTOVIWV £EW aTTO TO MITOXOVOPIO E CUVETTEIA TN dNIoUPYIa EVOG
NAEKTPOXNMIKOU QUVAUIKOU OTN MITOXOVOPIOKK MEMPBPAVN.

» To ATP ouvTiBetal KaBwg Ta TTPpWTOVIA PEOUV TTICW OTO Matrix Tou JIToOXovVOpiou
OIaMECTOU TOU EVCUMIKOU CUUTTAEYMATOC TNG ouvBaong Tou ATP.



______________________________________________________________________________________
[Meipaparikn ammddeicn TnG ouleugng TNG METAPOPAC
NAEKTPOViIWV Kal TG ouvBeong Tou ATP ota pitoxovopia.

O, consumed

Add
ADP + P,

l

Add

succinate

Add
CN-

Time
H mpooBrikn ADP kai Pi pévo odnyei o€ pikpr) 1 kaBoAou au¢naon TnG avatrvorg (aupo)
N TNG ouvBeong ATP (KOKKIVO).
Ortav 1TpoaoTiBeTal NAEKTPIKG, N avaTrvor) apxilel aNECowS va QUCAVETAI E TTAPAAANAN
au¢non TnG ouvBeong Tou ATP.
H mmpooBnikn Tou kuaviou (CN-), n otroia euTTOdICEl TN METAPOPA NAEKTPOVIWV PETAEU TNG
0&e1daong Tou kutoxpwuatog (Complex IV) kai Tou O,, avaaTéEAAEI TOOO TNV AvATIVON)

000 Kal TNV ouvBeon Tou ATP.

ATP synthesized

Aképaila pitoxovopla
alwpouvTal o€ €va
PUBNIOTIKG YECO TTapouaTia
£VOG NAekTpodiou O, TTOU
KATaypagel TNV Kartava-
Awaon Tou O, kal KaTd
dlaoTriuata Aaupavovral
dciyparta Tou avaAuovTal
yia TNV TTapoucia tou ATP.



[Tw¢ emTuyxaveTal N ouleucn TNG 0EEIdWONC TWV AVNYUEVWV
OuVveVCUMWYV PE TNV puwao@opuAiwan Tou ADP ;

ApPXIKG UTTOOTNPIXONKE N atTown OTI N METAPOPA TWV NAEKTPOVIWV 0dNYEi OTO
OXNMATIOPO €VOG OMOIOTTOAIKOU €VOIAUETOU UWNANG EVEPYEIAG, TO OTTOIO
XPNOIMEVEI WG Evwaon uwnAou duvapikou yia TRV JETAPOPA TNG PUWOPOPIKNG
ouadag oto ADP.

[MapAaAAnAa, avatrTuxbnke Kal N Bewpia NG dNUIOUPYIAC MIAG EVEPYOTTOINMEVNG
OTEPEODIATALNG MIOC TTPWTEIVNG, TTOU OTN OUVEXEIO wBEi oTn ouvBeon Tou ATP.

Opwcg n eTi dekaEeTieEG Epeuva yia TNV avalTNOoN TWV EVEPQYOTTOINMEVWY AUTWV
eVOIQUEOWY aTTEREI AKOPTTN.

To 1961, o Peter Mitchell diatutrwoe TV amrown o1 N HETAPOPA NAEKTPOVIWYV KAl
n ouvBeon Tou ATP gival OuleUyPEVEG PE MIa BaBuidwon CUYKEVTPWONC
ITPWTOVIWYV TWV OUO TTAEUPWYV TNC ECWTEPIKNS MITOXOVOPIAKNGS MEMBPAvNG,
TTAPA ME £va OUOIOTTOANIKO €VOIAMECO UWNANG evEPYEIAG (MOVTEAO XNMIKAGS
ouleugng) N YIa evepyoTToINUEVN OTEPEODIATALN TNG TTPWTEIVNG (MOVTEAO
aAAOYAG TNG OTEPEOOONNG).

H XNUEIWOUWTIKA UTTO0€E0N



Evd nAekTpovia péouv dIa Eoou
NG QVArNVEUCTIKNG GAUCIDAS, avTAOUVTAL TIPWTOVIA ] ]
amnoé Tn pia MEeUpa TG HEPBPAVNG oTNV AAAn - EEWTEPIKA ITOXOVEPIaKn

HeEpBPavn

YynAn[H] | |

EowTepikn UTOYXOVEPLAKA
HepBPavN

AlapepBpavikde xwpog
_  XapnAn [H7]

MATpa

+

+

2UJQWVA JE TO JOVTEAO TNG XNMEIWOHWTIKAC UTTO0E0NC,
N METAPOPA TWV NAEKTPOVIWYV dIa JETOU TNG AVATTVEU-
OTIKNG aAuCidag odnyei o€ AvtAnon TTPWTOVIWY aTTo TN
UATEA, KAl £TO1 dNUIoUpPYEITal PIa dlIapopa NAEKTPIKOU
OUVOMIKOU METAEU TwV OUO TTAEUPWYV TNG ECWTEPIKNAG
UEUPBPAVNG, N OTToia ATTOTEAEI TNV TTPWTOVIO-KIVNTAPIA
duvaun TTou odnyei otn ouvBeon Tou ATP atrd T10
oUuTIAOKO TNG ouvBaong Tou ATP.



‘EAEYX0OC TNC XNMEIWOPWTIKNC UTTO0EONC

Dawg

Otav pwTIoTOUV AVOOUCTOUEVO JEU-
Bpavikd KuoTidIa TTOU TTEPIEXOUV
BakTtnplopodowivn (Troppupry HEUPPAVI-
KA TTpWTEIiVN atrd aAoBakTrpia, TTou
QAVTAEI TTPWTOVIA OTAV QWTICETAI) KAl
kaBapliouévn ouvBaon tou ATP atrd
MITOXOVOpIa KapdIdg Bodg, TOTE
ouvTiOeTal ATP.

H*
/ Baxtnpiopodoypivn

To Treipapa auTo €0¢€IEE KATNYO-
PNMATIKA OTI:
Mitoxovipilaxn , ,
F,F-ATP ouvdon H avatrveuaTikn aAucidd
Kal n ouvBeon Tou ATP
gival BroxnMUIKA d1a@pOPETIKA
K OUCTANATA TTOU OUVOEOVTal
ADP + Py ATP , ,
H* LOVO JE PIa TTPWTOVIOKIVNTAPIA
O mpooavaTtoAioudg TG ouvBdong Tou ATP oTnv ava- BUVG IJ |"| .

ouvOUAOoMEVN auTH JEUPBPAVN gival avTioTPOPOG TOU
QUOIOAOYIKOU OTa PITOXOVOPIA.

Kuotibio
ambicwv




[MelpapaTLKA oTOoLKELO TTOU uTtooTnpilouv To POoAo TS Babuidwonc

MPWTOVLWV otn ouvBeon tou ATP.

Matrix [HY]1=10""m
[K¥1=[CI"']=0.1m

| — =9
[H'1=10""m P

(a) %@%

Intermembrane space _A&

pH lowered from9to 7;
valinomycin present; no Kt

[K*1, [CI7]

(b)

Mua texvnta emiBaAAopevn NAEKTPOXNILKN KALoN
Uropel va odnynoetL otnv cuvBeon ATP amouocia evog
0&el60UUEVOU UTIOOTPWHATOG HOTN NAEKTPOVIWV.

(A) AltopovwpEVa PLITOXOVOPLA ETWACTNKOV amoucia
UTTOOTPWHOTOC O€ VA PUOULOTIKO cuoTnua pe pH 9
ntou mepleixe 0,1 M KCl, wote va eméABeL Loopporia
Tou puBpuLotikoL kot tou KCI petagu tng pitoxovopl-
OKNC HEUBPAVNG KoL TOU TtEPIBAANOVTOC LECOU.

(B) Ta putoxovépla Staxwplotnkav tTwpa ano to
puOULOTIKO StaAupa pe pH 9 kat emavalwpndnkav oe
puOuLOTIKO SLaAupa pe pH 7 mou mepleixe BaAlvopu-
Kivn aAAa xwpic KCI.

H aAAayn tou puBuotikol dnpioupyet pia dStadopa
U0 povadeg Tou pH KATA UAKOC TNC ECWTEPLKAG
pLtoxovOpLakng HepBpavng Kat n mpog Ta €w pon
Tou K*, (mou Sie€ayetal amod tn BaAvopukivn),
SnuLoupyel pLa avicopporia ¢opTiou KATA UKOG TNG
MeEUBPAVNG (UATPA APVNTLKN).

To aBpolopa Tou XNULKoU SuVaLKOU TTou TtapExovTal amno tn dtadopd tou pH Kol Tou NAEKTPLKOU SUVOLLKOU Elval pLo
TIPWTOVLO-KLVNTAPLO SUVAUN LKAV VLo va UTtooTnPiEeL Tn ouvBeon ATP amoucia evog o&eldoUEVOU UTTIOOTPWLATOG.




H amavinon Bpioketal 0To pITOXOVOPIOKO GUPTTAOKO TTou atrokaAeital FF4- cuvBaon
ToUu ATP.

To F, TuAua 1ng ouvBaaong tou ATP avayvwpi-
OTNKE YIA TTPWTN QOPA O€ NAEKTPOVIKES MIKPO-
PWTOYPAPIEC MITOXOVOPIAKWY TTAPACKEUAOUA-
TWV, ME TN HOPP OPAIPIKWY TTPOECOXWV N

owuaTIdiWyY 8,5 nm oTnNV €0WTEPIKA PEMBPAvVN.

Ztpogeio

Ta atrogovwpéva cwuaTidla KaTtaAuouv TNV
udpoAuon Tou ATP, Tnv avTtioTpo®n avTidpacon
TNG ouvBaong Tou ATP.

ATTOYUUVWHEVN ATt auTd Ta cwparTiola, ol
MEMPBPAVEC UTTOPOUV AKOMN VA DIEKTTEPAIWOOUV

TN METAPOPA NAEKTPOVIWV OAAG dev PYTTOPOUV <
va ouvBEoouv ATP.

H cuvBaon Tou ATP cival pia agloonueiwTn
JMopiakn pnxavr). Eivar éva évluuo, pia

AVTAiQ TTPWTOVIWV Kal EVOG TTEPIOTPEPOLE-
VOG JOPIAKOG KIVNTHPAOG.




H doun Tn¢ ouvBaong Tou ATP

O1 o@aIpIKEG DOPEG TTOU TTAPATNEOUVTAI
atroteAouv Tn povada F,, TTou kataAuel Tn
ouvBeon Tou ATP. Autég o1 ogaipeg F, gival
OUVOEDEUEVEG O€ £VA OAOUENBPAVIKO
TIPWTEIVIKO OUMTTAOKO TTOU OTTOKAAEITAI
povada F, (F, unit).

H F, ammoteAeital atmo TTEVTE TTOAUTTETTTIOIKEG
aAucideg atrokaAoUueveG a, B, v, O, Kal &, JE
OTOIXEIOPETPIA UTTOMOVADWYV a5 B3YOE.

H F, diapoppwvel Tov diapePBpaviko TOpo f
diauAo dia yéoou Tou OTToIoU KIvouvTal TA
TTPWTOVIA VIO va wWBAoouV T ouvBeon Tou
ATP ka1 repIAapBavel TpeIC udPOPORES
UTTOMOVAdEG TTou cuuBoAiovTal UE a, b, Kal ¢,
ME OTOIXEIOMETPIA @.b,Cq 15

O1 a- ka1 b-uttopovadeg NG F, dilapoppw-
VOUV JEPOC Tou oTdTopa (stator) — evog
OTATIKOU OTOIXEIOU ayKUPORBOoANUEVOU OTN
MEUPBPAVN - Kal 0 dAKTUAIOC e TIC 8 €wg 15
C-UTTOPOVADBEC OUVIOTA £va BACIKO OUOTA-
TIKO TOU oTpOo@Eiou (rotor) Tou KIvnTrPQ.

(@ ATP

ADP + P:

Mnrtpa

ArapepBpavirog

XWPOg

|

- Fy

- Fy




IIINAKAX 20.2 Opyévwon twv vropovadwv g F,F,-~ATP cuvBdong tov {upopvknta

ZOPIMAOKO Agitovpyia mpwteivikig vriopovadag MdadZa (kD) Zrowxeloperpia
F, @ 554 @ Ztdaropag
@ 51,3 @ Ytdropag
Y 30,6 Ztpogeio
1) 14,6 1 Ztpogeiot
£ 6,6 1 Ztpogeio
F, 2,9 1 Yrdropag
b 2,3 ’1\ Xtdtopag
@ 7,8 @—1 SD Yrpogeio
d 19,7 1 Ztdropag
h 10,4 1 Ytdaropag
1 Xtdaropag

OSCP 20,9

O1 dopég Fy aTOUG TTPOKAPUWTIKOUG OPYAVIOUOUG Kal T GUTA

exouv 10 €wg 15 c-uttopovAdEG, VW PJOVO 8 C-UTTOPOVADEG
BpiokovTal aTig douEG Fy Twv OTTOVOUAWTWY Kal OAEG | OTIG

TTEPIOOOTEPEG DOMPEG TWV AOTTOVOUAWV.



Me 17010 TPOTTO N POI TTPWTOVIWV WOEI TNV
ouvBeon Tou ATP;

AUTO ETTITUYXAVETAI HECW TTEPIOTPOPNG TNG Y UTTOOVADAC TOU

F, TToU TTPOCdidEI ACUPPETPIO OTO ECANEPEG 0535 KAI AVAYKACEI

TIC TPEIG KATAAUTIKEG B-BE0¢€IC va €XOUV TPEIC TEAEIWG dIOPOPE-

TIKEC OTEPEODIANOPPWOEIC:

* TNV avoikT (O) diapdpPwaon pe oXedOV KaWia ouyyEVEIa VIO
TO UTTOOTPWHQ,

* TN xaAapn (L) diapudppwon Ye XaunAn ocuyyévela Kal

« TNV oQIXTH (T) dlapdpPwaon PE uPnA ouyyEvela.

O pnxaviopog aAAayric déopeuonc yia Tn ouvBeon Tou ATP.

 H ouvBeon Tou ATP gekiva pe rpdodeon Twv ADP kai Pi o€ pia

Béon L.

': * 270 OEUTEPO PBriMA, MIA EVEPYEIOKA £CAPTWHEVN AAAQyT TNGOTEPED-
;7 e dlapoépPwaong, eCaitiag TNG TTEPICTPOPNG TNS Y UTTOMOVAdAG KaTdA
- 120° avTiBeTa TTPOC TN YOPA TWV OEIKTWYV TOU WPOAOYIOU, METATPE-

T merTn Béon L oe T, Tnv T og O kair Tnv O o¢ L.
Ll o « 270 TpiTO BAMA, TOo ATP ocuvTiBetal otn Béon T kal atreAeuBepwveTal

atrd 1n B€éon O.

}' ApE « AUo emiTAéov TTEpAoUATA PECW AUTOU TOou KUKAOU TTapdyouv dUo
akopn ATP kai emoTpé@ouy 10 £EVCUUO OTNV apxIKr TOU KATaoTaon.

Cyrle repeats



[Mwg n pon Twv TTpwTtoviwv JEow TNG F, woei Tnv
TTEPIOTPOPI TNC UTTOOVAOAC ;
O unxaviopuog auTog CapTATAl ATTO TIC OOMEC TWV UTTOUOVA-

OWV a Kal ¢ TNG TTPWTOoVIOaywyou povadag Fo Tng ouvBa-
ong Tou ATP.

HudiauAog npwTtoviwy
TIpOG TNV TAeUpd TOU
KUTOOOAIoU

— AoTICpaywIKo ofU

Huuwsiauhog npwtoviwy
Mpog TNV MAsUpa
™G prTpag

Yropovada e Yrnopovada a
H utropovada ¢ atroTeAgital atmo H utropovada a trepiExel dUo NUIdI-
QU0 a-£AIKEG, O OTTOIEC OIATTEP- QUAOUG, Ol OTTOIOI ETTITPETTOUV OE
vouv Tn JEUPBPAvVN. TTPWTOVIA va €I0€EAB0UV Kal va

dIATTEPACOUV, £V JEPEI KAl OXI
TTANPWG, TN HePBpPAvN.



H* H* H* H*
H* H H e H ye

Hkivnon twv & - -
TTPWTOVIWV
OlAUECOU TNG

Mropei va

MnATpa = Agv propei va
-TeploTpagei

ala
=

4 . H- TEPOTPAPEL TIPOG B + B
p 8 “ p GV r] g H Kapia kateuBuvon H Tpog TN popa
TWV OEIKTOV

TOU poAoylou

wWOEi TNV TTE-
pPIOTPOYN TOU
OOKTUAIOU C.

‘Eva TTpwTtovIo €I0€pXETAI ATTO TOV JIANEUPPAVIKO XWPO OTOV OIAPEUBPAVIKO NUIdIAUAO TNG
UTTOMOVADOG a KAl EEOUDETEPWVEI TO APVNTIKO QOPTIO O° £va KATAAOITTO ACTTAPTIKOU TNG
UTTOPOVAdAG C.

Me TO CUYKEKPIMEVO POPTIO ECOUDETEPWHEVO, O OAKTUAIOC C PTTOPEI VA TTEPIOTPAPEI TTPOG TN
@OoPA TWV JOEIKTWYV TOU POAOYIOU KATA HIA UTTOMOVAdA C

To TTPWTOVIO TOU ACTTAPTIKOU TNG OITTAAVAG UTTOPOVADAG C EPXETAI TWPA OE ETTAPN UE TOV
NUISIaUAO TNG UATPAC KOl JTTOPET TOTE VA PETAKIVNBEN TTPOC AUTH, ETTAVAPEPOVTAG TO CUCTNUA
OTNnV apxIKA TOU KATAoTAOT.



C subunits




O BaKTUAIOG C €ival OTEPEA DECUEUPEVOG OTIG
UTTOJOVADEG VY Kal €. Apa, N TTEPIOTPOPI) TOU
daKTUAiou ¢, TTou wleiTal atrd TN Baduidwon
TNG CUYKEVTPWONG TWV TTPWTOVIWY, WOEI TNV
TTEPIOTPOYPI TNG uTToovAadag y. H tTapouadia
OMWG TWV aAUCidwV b, kal & eutrodilel TNV
TTEPIOTPOYPI) TOU £€APEPOUC. To yEyOovOC auTo
ecao@alilel aAAayr oTn ouyyEvela
TTPOOdEONC METALU TNG Y UTTOMOVADAC KAl TWV
TPIWV UTTOPOVAdWY B TOU ECAUEPOUG a50,,
atrd TN oPIXTH oTEPEDdIATALN T, N oTToia
TTEPIEXEI TO vEOOUVTIOEUEVO ATP 10U OEV
UTTOPEI va aT1TeEAEUBEPWBEI, va TTEPVANE OTNV
avoixtn otepeodiaracn O kal 1o ATP va
ATTEAEUBEPWVETAI OTN MITOXOVOPIOKA MATEA.




[16oa TpwToVvIa XpeidlovTal yia Tn ouvBeon evog ATP;
ECaptaral amrd tov opyaviouo. lNari;

To Blogvepyelakd KOOTOG TNG ouvOeong
evog ATP ecaptdral atrd Tov aplOuo tTwv
UTTOPOVAOWV € Tou dakTuAiou Tng ATP
ouvBAaong, O OTTOI0G TTOIKIAEI EUPEWG
METAEU TWV OPYAVIOUWV.

e 2TOUG TTPOKOPUWTIKOUG Opyaviououg,
TOUG XAWPOTTAAOTEG Kal TOUG MUKNTEG,
ol ouvBdoec ATP €xouv avaTtTugel pia
ocIpa peyebwyv dakTuAiou ¢ atrd 10 €wg
15 uTTOOVADEC.

* AT6 TN OTIYUA TTOU Pia OTPO®N TOU C-
dakTuAiou Trapayel 3 ATP, 1o K60TOC
KAaTtaokeung evog ATP troikiAAel atro 3,3
(10/3) €wcg 5 (15/3) TTpwTdVIA.

ATTO TNV AAAN TTAEUPA, Ta OTOIXEIO OEiXVOUV OTI OAQ TA OTTOVOUAWTA KAl OAA 1)
Ta TTEPICOOTEPA ACTTOVOUAQ TTEPIEXOUV DAKTUAIOUG C UE OKTW POVO
utTToMoVAdEG. 'ETol, Ta TTEPITTOU 50.000 OTTOVOUAWTA KaI dUO EKATOMMUPIA
aoTTOVOUAQ 01N yNn atraitouy 8/3 1) 2.7 TTpwTtovia yia va oxnuartioouv Eva ATP.



H €icodoc¢ Tou ADP ota pitoxovopla atmraiTei
TNV ££000 TOU ATP.

To ADP kai ATP dev diaxéovtal eAeUBepa dla HECOU TNG ECWTEPIKAG MITOXOVOPI-
aKNAG MEUPBPAvNG. 'Evac €10IKOG peTagopéas — n peraromraon ATP- ADP gival
UTTEUOUVOC YIa TV EAEYXOUEVN KivNON QUTWYV TWV UYPNAQ QOPTIOUEVWYV HOPiwV.
Mia evdiagpEpouaa 1010TNTA AUTOU TOU PETAPOPE Eival TO YEYOVOS OTI Ol POEG TWV
ATP kai ADP cival oulcuypévec. To ADP s1cépxeTal OTn MITOXOVOPIAKN MRTPA
povo gav eEépxeral ATP kal avrioTpo@a.

AlapepBpavikdg Xwpog
++ + + 4+

i Armoteosy H petarorrdon ATP- ADP Bpioke-
ADP Tl O€ a@Bovia OTNV ECWTEPIKN

Meupé TG wATpac MEUPBPAVN, ATTOTEAWVTAC TTEPITTOU
{ w10 14% TWV TTPWTEIVWY TNG

MEUBpPAvVNG. Eival éva dipepéc duo
Avriotpoon / Béon ouvdeong VoukAeoTIdiou, N
OTTOIa EVAAAAKTIKA «BAETTEI» TTPOC

UTTOMOVAOWYV KOl TTEPIEXEI Mia JOVO
TO IAPENPBPAVIKO XWPEO N TN

ADBS + ATB= —» ADPX + ATR- MNTEA.



H yetakivnon tou ATP 1Tpo¢ 10 KUTTapOTTAQC A EUVOEiTal
EVAVTI TNC avTioToIXNG JETAKivnong Ttou ADP.

H* 1 ATP ouw forl ;-U}Pin =118 m (=1 ="'_']-“"'-lg':"q:nuL;'

- =0 +
- ==31

AedopEVOU OTI N ECWTEPIKA PHEPPBPAVN gival
BETIKA QOPTIOMEVN £CW YIVETAI CAPEC OTI N
eCWTEPIKN Kivnon Tou ATP guvoeital atro tnv
eCwTEPIKN Kivnon Tou ADP, e€aoc@aAifovtag OTi
10 ATP Ba peTagpepBei £Ew.

H eowTtepikn Kivnon tou ADP guvoeital Evavri
TNG E0WTEPIKNG Kivnong Tou ATP yia Tov idlo
AOyo.

To ¢oprtio Tou ATP o€ pH
TTEPITIOU 7,2 gival -4, Kal TO
@oprtio Tou ADP oTo idio pH

givai -3.
Abevivn NH,
I

c
//N‘“*c/ SN

H I |
C\N/c \ _CH

DwopopIKEg ONAdEC

H H p1BoZn
OH OH

‘ET01, N KaBapr] aviaAlayn
evoc ATP (£¢w) yia éva ADP
(MEOQ) €XEI WG ATTOTEAEOUA
TNV KaBapn Kivnon evog
apVNTIKOU (pOPTiOU aTTO TN
MATPQ OTO KUTTAPOTTAQC Q.

(Autr) n diladikaacia gival
IcoduUvaun ME TNV Kivnon
EVOC TTPWTOVIOU aTTO TO
KUTOOOAIO OTn WATPA.)



[Tola gival n avaAoyia P/O yia TNV JITOXoVOPIOK OCEIDWTIKA
PWOPOPUAIWON OTA OTTOVOUAWTQ;

H avaloyia P/O gival o apiBudc Twv popiwv Tou ATP 1Tou oxnuartidovral
KATA TNV OCEIOWTIKA PWOPOPUAiwon KaBwc dUo NAEKTPOVIA pEOUV aATTO
TNV avnyuévn Hoper evog ouvev{UOU OTO HOPIOKO OEUYOVO.

H avaloyia auth e¢apTtaTal amrd Tov aplBuo Twv TTPWTOVIWVY TTOU JETAKIVOUVTAI
a1Td TN MITOXOVOPIAKK MATPA OTO SIANEUBPAVIKO XWPEO KATA TNV ETTAVOLEIdWON
Twv ouvevCupwyv NADH ) FADH,, kaBwg kal atré tov apiBuod Twv TTpwTtoviwv
TTOU ATTAITOUVTAI VIO T ouvBeon evog ATP.

O 1eAeuTaiog, ecaptaral Ao TOV ApPIOPO TwV UTTOUOVADdWY € TOU DAKTUAIOU
NG ATP ouvBdong kal uTToAOYIoTNKE yIa Ta OTTOVOUAWTA O€ 2,7 TTpwTovia /

MOpIo ouvTIBEuevou ATP.
Edw, Tpétrel va TTpooBEcoupe Kal Eva eTITTAEoV HY TTOU aTtTaiTeital yia mn

META@OPG TOUu oxnuaTi{ouevou ATP o1o KUTTAPOTTAQC Q.

Suvettwe, n avaroyia P/O yia o NADH €ival 10 H* / 3,7 H* = 2.7
ka1 yia o FADH, €ivai 6 H* /3,7 H* = 1.6



R EEEEEERRESEEEEEE———————————————————————.
PYOMIZH TH2 ANATINOHX

[Twg eAEyXeETAl 0 PUBPOGS TNC aAUCiIdAC PETAPOPAG NAEKTPOVIWY; KATw atrd
(PUCIOAOYIKEG OUVONKEG, N METAPOPA TWV NAEKTPOVIWV TWV AVNYHUEVWV
ouvevCUpwy oTo O,, gival oTeEVA CUVOEDEPEVN UE TN PO POPUAIWaAN TOU
ATP. 'ET01, n 0ZEIOWTIKI PUOQOPUAIWGCT ATTAITEI:

 NADH () aAAn TTNnyR NnAekTpOoviwy uwnAou duvauikou)
- O,

- ADP

. Pi

O KupI0TEPOC TTaPAyovTac TTou KaBopilel To puBuO TNG OZEIDWTIKAG

Pwo@opuAiwong ival 1o etTitTredo Tou ADP. H puBuion autr) ovouddeTal
AVATTVEUOTIKOC EAEYXOC KOl O UNXAVIOUOC AUTOC £XEI IDIOTNTEC AUTOPUB-
MIGNG.

TT.X. O€ TTEQITITWON MEYAANG KATAVAAWONG EVEPYEIAC (EvTOVN MUIKNA
epyaoia) Trapayeral ADP, o1rote digyeipeTal n aAucida JETAPOPAC
NAekTpOoViwv Kal To ADP etmavapwao@opuAiwveTal TTpog ATP.



o
O

o

-

=]
0

5 \ H d1a8éoun
S | Mpoodrikn ADP ADP exel oxedov
E \ eEavTANBel
2
Xpovoc

O puBbpo6C KaTavaAwaong TOU OEUYOVOU O VO OUOIOYEVEG
TTOPOAOKEUAOUA IOTWV AUCAVETAI TAXUTATA OTAV TTPOCTEDEI
ADP ka1 yeta peliwveTal otov apxiko pubuo, otav 1o ADP
TTOU TTPOOTEONKE £XEI peTaTpaTTei o€ ATP.



AVOAOTOAEIC TNC
QVATIVEUOTIKNG
aAugidac Kal TNG
PLWOPOPUAIWONC

H oAityouukivn kai To DCCD
(OIKUKAOECUAO-KapPPodNuidlo) gival
QVAOTOAEIC TNG OCEIOWTIKAG
PWOPOPUAIWONG, avaoTEAAOVTAG TN
dpdaon TG ouvBaonc Tou ATP, aAAa
AOYW TNG ouleucnc avaoTEAAETAI KAl
N METAPOPA NAEKTPOVIWV DIQNECOU
TNG AVATIVEUOTIKNG aAUCidag.

NADH

QO&eldoavaywydon

Tou euyoug

NADH-Q
MapepmnodileTal

aro poTeEVoOvN
KAl QUUTAAN

QH,

_H MNapepmodifeTal
= Ao AVTIMUKIV A

Kutoxpwpa ¢4

Kutoxpwpa ¢

QOtelddon Tou
KUTOXPWHATOG
- MapepmnodileTal
N arto CN7, N5~,
kat CO

0,



ATTOOUCEUKTIKEC OUTIEC

H o@ikTr) ouleucn NETAQOPAC
NAEKTPOVIWV KAl PO POPUAIW-
onG OIQKOTITETAI ATTO TNV
diviTpopaivoAn (DNP) kail pepi-

KEC AAAEC OCIVEC APWHATIKEG

ouaoieg (aTTOCUCEUKTIKEG OUTIEQ). 2,4- Dl{l[l)tNrg;:henol

Ol ouaieg auTEC gival IoXUPA UDPOPOREC KAl CUVETTWG
UTTOPOUV VA PETAPEPOUV TTPWTOVIA KATA UNKOG TNG
EOWTEPIKNG MITOXOVOPIAKNG MEMBPAVNG. H pory dnAadn Twv
nAekTpoviwyv atmmod 1o NADH 1rpog 10 O, TTpoXwpa Kavovikd,
aAAG Oev oxnuarietal ATP uia kai n YpauuIika JeTaBaA-
AOuEVN KAiON TTPWTOVIWYV dIATAPACOETAl.



O, consumed

Add Add

venturicidin DNP
or Uncoupled

oligomycin

Add
ADP + P;

Add
succinate

g

ATP synthesized

Time



Intermembrane Matrix (N side) AT[OOUCE:U&” TF]Q
space (p side) ’
0CEIOWTIKNG

\ i
PWOPOPUAIWONC

H atmmoouleucn TNG 0EEIDWTIKAG
PWOPOPUAIWONG Eival Eva JECO
yia TNV TTapaywyn 0epudtnrag
woTeE va dlatnpnBei n Bepuokpacia
TOU owaTog o€ {wa TTou
BpiokovTal o€ XEIPEPIa VAPKN, O€
opIohEva veoyévvnta (wa, KaBwC
Kal o€ ONAACTIKA TTPOCAPUOCHEVA
OTO YUXOC.

H mrpwrteivn atmoouleucns UCP TT0U
BpioKeETAI OTNV ECWTEPIKN MEUBPAVN

Fl
Uncoupling protein —= TWV MITOXOVOPIWV Tou AITTwWOOUC 10TOU,
(thermogenin) — EVEPYOTTOIEITAI ATTO TA AITTAPA 0EEQ WG

ATTOKPION O€ OPPOVIKA epeBiouara.
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