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CoaepyxaHue

Ponb 1 perynaumna UTK

Myt notpebnenna O_B opraHunsme
CTpykTypa 1 yHKuUmsa Mx
OxuncantenoHoe pochopuanpoBaHme
MunkpocomanbHOe okucieHue
[lepokcmaasHbiv NyThb

MoHooOKcHnreHasHble cuctembl AMoKCUreHasHble
CUCTeMblI

CBobogHble pagnKkanbl, [NepekMcHOe OKUCAEHME U
aHTUOKCUAAHTbI



Poab LITK

* JHepreTuyecka
— 1 obopoT UTK =12 ATP.

* [lnacTnyeckas
—a-KG [ glu. K™ e
— OA [] asp. ! /“
— Succinyl-CoA [ heme. w7

* PerynatopHas

— LICM (obpa3oBaHMe MOYEBMHbLI B MeYEHM) CBSI3aH
c UTK.



vl 1acTUYECKAdA POb

Other : \ LllTK

amino acids,
purines, Acetyl CoA
pyrimidines \
\ Oxaloacetate \
' Aspartate 4#* ” Citrate
‘ Fatty acids,
’ - sterols
\ Purines
Succinyl o-Ketoglutarate f
CoA
| / | S \ Other
Porphyrins, Glutamate amino acids

heme, chlorphyll




rery/inioOpHan poOJib «BCJ/1IOMIICAda
Kpebca»

NH,, CO,

acnaprary

MoueBuHA

OA

dpymapar

Anernn-KoA
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LITK




[yTn ytuamsaumm O_B opraHusme

AN\ Mumoxonopuanvroe

ObIXaHuUe 9 0_ 9 5%

Muxkpocomanenoe §.1(0)9,
OKUCIeHUe

llepekucnoe

OKUCJ/leHUue 2-5%



Buonormnyeckoe okmncnernme (60O)

OKucneHue — npoyecc omHAMuUA 3/1eKMpoHOB
BocctaHoBneHue — ux npucoeduHeHue

buonornyeckoe okKucaeHme moxcem
npoucxoaumb be3 ydyacmus MONEeKyNAPHO20
Kucsaopoda

TkaHeBOe AblXxaHue — npoyecc npouzsodcmsa
knemkamu 3Hepeuu 8 popme ATQ nymem
KOHmMpoaupyemou peakyuu s3aumodeucmsus
sodopoda ¢ kucsnopodom ¢ obpazosaHuem 800bI

2H* +2e +15,0 —> HZO



bnomMmeanunMHCKOe 3HavyeHune
BO

OcHoBa Xun3HeaeaTeNbHOCTU obecneymBaeT
AHTUIHTPOMUUHYIO QYHKLLMIO OPraHN3Ma

02 BHEAPSETCS B CTPYKTYPY Pa3/IMyHbIX CybcTpaToB

C MOMOLblo GEepPMEHTOB OKCUreHas

— MHoezue nekapcmsa, noAOMAHMBbI, XUMUYECKUe
KaHyepozeHbl U dpyaue KceHobuomuku
memaboau3upyrom ¢ NOMOUibIo hepMeHmMo8 3mozo
K/1acca u uszsecmHsi kak cucmema yumoxpoma P450

[epokcmgHbiM nyTem obpasytotca MmHorme BAB

(20pmoHbl, meduamopsl, Pg, LT, TXA udp.)

MpumeHeHre O, MOXeT ObITb XM3HEHHO
HeO0bX0AUMbIM A5 IeYEHUA AbIXaTEe/IbHOWN U
cepievyHoOn He0CTaTOYHOCTH



Fatty acids

Glucose

ATP
NADH

Pyruvate

Shrehe

Acetyl CoA

Ketone /

bodies

FAD(2H)

NADH

> NADH
> FAD(2H)

CO,
CO,

electron
transport
chain

Amino acids

Nitrogen
A Urea

— Phase 1 of respiration
The oxidation of fuels

— Phase 2 of respiration
ATP generation from
oxidative phosphorylation
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e [locne yumo3sonbHou cmaduu 60, 3H€p23ﬂ npou3sodumcs us
YaCMU4YHO OKUC/NEHHLIX MONEKY y2/1eB0d08 U UCNO0/1b3yemcs
0215 npou3zsodcmsa ATQ

. I7p0%3305cm3a 3Hepauu bosnee 3¢pghekmusHO Ha conpAaroUux
MemMbpaHax

e [Ipu asapobHom okucneHuu npodykyusa AT® u3 «nuujesnbix»
MoneKyn max sagpgoekmusHo



MuTtoxoHApUU: 10KaN3aLuna B KJ1eTke

— :—_"———i:—;—;"‘ = PR
W@W

flagellar axoneme

myofibril

CARDIAC MUSCLE SPERM TAIL
e MuUTOXOHAPUK: BbITAHYTbIE LnANHAPLI, @ 0.5 - 1.0 um.

e B xuBbIX k1eTKax Mx MOBM/IbHbIE 1 NNACTUYHbBIE OPraHebl,
MOCTOAAHHO M3MeHsWMe GopmMy, CNOCObHbIE K AeNEHUIO U
C/IMSTHUIO B COOTBETCTBUM C PU3NONOMMYECKMM COCTOAHMEM

TKaHW



Obuwas cTpykTypa Mx

* B neuenu okojo 67% o01iero
0einka MX HaXOJIUTCS B MaTPHUKCE,
21% - BO BHYTpEHHEW MeMOpaHe,
o 6% - B MEKMEMOpPaHHOM
IIPOCTPAHCTBE U B HAPYKHOM
MeMOpaHe.

7~ # » Kaxxaple U3 3THX KOMIAPTMEHTOB
COJICPKUT CIIEU(UIECKUE OCIIKH,




CpaBHUTENbHaA XxapakTepucTunka
membpaH Mx

BHyTpeHHAS membpaHa
NADH I

HapyxHasa membpaHa

— MAOQO (MoHOaMuHOOKCKHaasa)

— 9noHrasa XK

— XonmHgocdgoTtpaHcdepasa

— Poconmnasa A

Matrix

— ®epmeHThl UTK

— ®epmeHTbl B-okncn KK
—[NBK-kapbokcunasa
—rar

COI

LinToxpomsl b, ¢, C, a, a,

KapHuTnHauymn
TpaHcdepasa

AO®P-ATD TpaHcnokasa
dPocoaT TpaHcepasa
my-acn TpaHcrnokasa

my- OH™- TpaHcnokasa

NBK TpaHcnokasa
ManaTt-unTtpaT TpaHcnokasa

ManaTt-0-KI' TpaHcnokasa
translocase



NlunnaHeIn coctaB membpaH Mx

mitochondrial
Outer :l
mitochondrial

Cholesterol - Sphingolipids

- Cardiolipin | Phosphatidylcholine

Minor lipids Phosphatidylethanolamine

BHyTpeHHAA MeMbOpaHa:

» coagepxut 70 % 6enka n 30 % nunuaoos
* Cneundonyeckuinn ®PJ1 - kapamonmnuH
 Mano xonectepona u cMHronnMnnaoB
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JNeKTPOH-TPAHCNOPTHAA (4blXxaTe/1bHaA)

uens ITL (AL)

e B Mx coaepxatcsa pepmMeHTHble aHcambaum - OTL, ALl (do 70
6es1K08) TPAHCMOPTUPYIOLLME BOCCTAHOBJIEHHbIE SKBUBAJIEHTbI U
HanpaBasloWwmMe X Ha PUHANBbHYIO peakumio ¢ 02 ¢
obpazoBaHMeM BoAbI

e KomnoHeHTbl L, nMmobunmsoBaHbl BO BHyTpeHHeN meMbpaHe
Mx

e /IBMXYLLEN CMNOM TPAHCMOPTA 31ekTpoHOoB no ALl aBasetcs
pasHuua OBl (pegokc-noTteHumana) ee KOMNOHEHTOB

NAD/NADH — 0.32V
KoQ/KoQH, +0.04 v
O,/H,0 ~ +0.82



Cxema /111 n nericTBue HHTMOUTOPOB

B-OH anui-KoA,
IIBK, u3ouurpar, ||
o-KT, manar, riry | |

CYKIIUHAT

Mmajionam

a-rnnuepodocdaT

aumn KoA




OTHoweHue P/O

P/O konnyecTBeHHbIN NOKa3aTe b CTeNeHu
conpsixeHns OP

OTHoweHune P/O oTpaxaeT kon-Bo monekyn OH,
nowezwmx Ha obpasoBaHme ATO kK koiMyecTBy
MOrNIOLWEHHbIX aTOMOB KMCN0POA3

[pu TpaHcnopTe anekTpoHoB c NADH B ALl
obpasyetcs =3 monen ATO

Mpwv TpaHcnopte anexktpoHos ¢ FADH,, 8 1L
obpasyetca =2 monen ATO

— NADH 3asucumsie cybcmpams P/O = 3

— FADH,, 3asucumsie cybcmpamsr  P/O = 2

— AdpeHanuH, ackopbam P/O =1



Complex |

Flavoprotein |

NADH dehydrogenase,
FMN,
FeS centers

NADH coenzyme )

oxidoreduciase

Complex 11

Flavoprotein 2

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

Succinatecoenzyme ()
oxidoreducuase

Crpyktypa AL : O630p

Fauy acyl-CoA dehydrogenase

'

R R T
—>( Cytochrome ¢ —»

Flavoprotein 3
Electron-ransferring
flavoprotein, FAD,
Fe=S centers
l Complex ITI
KA\ Cytochrome bg complex,
U0/ UOH, 2 btype hemes,
Q{)oo? 3 Rieske Fe-S center,
Crtype heme (cyt q)
Coenzyme Q<cytochrome ¢
oxidoreductase
Flavoprotein 4
Snglycerophosphate
dehydrogenase
FAD,
Fe-S centers

1 o
9 "aOl"

»

Complex IV

Cytochrome aag complex,
2 a-type hemes,
Cuions

Cytochrome ¢ oxidase



DNeKTPOH-TPAHCMOPTHasA (AblXxaTesibHaA) Lerb

5TU_(AU) )
g

18




OyHkumm AL

Obuwan pmHanbHasa ctagma BO Bcex aspobHbIxX
KNeToK

NAD* u FAD BocctaHosneHHbie o NADH+

H™ n FADH, B okncantenbHbix peakumusax s
AL peokucnaiotca go NAD™ n FAD

B conpsaratowmnx komnaekcax (I, lll v 1V)
NPOUCXOAMUT NPeBpPaLLEHMNE SHEPT UM
TPAHCNOPTa 3/1IEKTPOHOB B 3Hepruo AT

[naBHbIM NCTOYHUK ATO 1 Ap. BUAOB
brnonormyeckm KOHBEPTUPYEMOW SHEPT UM
a3pO0bHbIX KNeTOoK



MexaHun3m obpasoBaHmna ATO B Mx
(2unomessi conpamerua T u OD)

e Xummnyeckoro conpsxenumsa (Cnentep)
e KoHdopmaymoHHoro conpsixxeHus (bonep)

e XemuocmoTuuyeckoro conpskeHusa (Mutuen,
1961) HobeneBckasa npemusa 1978 r



XeMMOoCMOTHNYeCcKoe conpsaxeHue

vAg

COJIHIIC nmuma

oorarnle
IHeprueu
JJICKTIPOHDbLI

TparcMeMOpaHHbII
JIEKTPOXUMHUYECKU

Ainl aYaBna s FaVNda s nlh s A aVala alaN a Fav )

) PaAllLﬂ UITUInIUo

Obwunm nyTb ncnonbsyetca Mx,
X/s10ponaacmamu u npokapuomamu
4151 NPOU3BOACTBA SHEPIUN Ha
bnonornyeckme Hyxabl

XeMuocmoTunyeckoe conpsixkeHue
OTpa>XkaeT CBA3b MeXAY
XUMNYECKUMU peakLnaMm («XxeMm»)
reHepauumn ATO n membpaHHbIM
TPAHCNOPTOM («OCMOTUYECKOE»)

[lpouecc conpsaxeHUda NnpoTeKaeT B
ABe CBSA3aHHbIE CTAANMN, KAXKAAS U3
KOTOPbIX MPOUCXOAUT C y4acTUEM
komnnekcoB [1LL BHyTpeHHeu

AKTHUBHBIN Cunres
MeMOpaHHbIN ATOD
TPAHCHOPT

Bpamenue
JKI'YTUKOB U

Ap.

mMembpaHbl Mx




Komnaekc | (NADH-CoQ reductase)

Intermembrane
space

(P-Phase) /"' > =1

uQ
2Fe-S
Centers
Martrix
(N-Phase)
\ FMNH, FMN
\,
e QY
l\—._.- l'l
Y |

NAD* NADH + H#

CoLepXuT:
FMN

FeS ueHTpbl
(22-24 (Fe-S)
benkaB 5-7
KAacTepax

AkuenTtop
31eKTpoHOoB Ko

Q



KosH3aum Q1o (K0Q10) nam YémuxmHoH

O

H,C

J 10

e KOQ10 KOMMOHEHT pacnoNOXeHHbIN B «cepegnHe» L]

e TpaHcnopTupyeT anekTpoHbl ¢ NADH, ¢ cykyunama, ayun-KoA v o-
anuyepogocgpama



KoQ

0
0 CH
H;C 3
H3C\o X X X X X A A X X AN
0) CH; CH; CH; CH; CH; CH; CH; CH; CH; CH;
(a) O Oe
G+ @
HyCO | | CH, (Ims 1 « CH,0 —~ “—CH,
H,CO (CHy—CH=C—CH,);p—H CH0 —_ _A-r
O OH
Coenzyme Q, oxidized form Semiquinone Coenzyme Q.
(Q, ubiquinone) intermediate reduced form
(OH+«) (QH,, ubiquinol)

* OKMCNFeTCsa LNMTOXPOMaMM

® 3TO KONNEKTOP 31eKTPOHOB Heckoibknx FAD-
3aBUCUMbIX AT



Komnaekc Il (Cykyuram-KoQ pedykmasa)
mnn CAT

Intermembrane o Komnnekc Il COZAEPXKUT
Complex II space
- FAD n 7-8 Fe-S 6enkos B
3 KnacTtepax

e Komnnekc Il CAT,
04HOBPEMEHHO PepMeHT
LTK v nHTerpanbHbiv
6enoK BHYTpeHHeu
MeMbpaHbl Mx

e MaccaCAl ot 100 go 140
kD

Succinate Fumarate



Komnnekc Il n |l

// Complex III
2 Intermembrane

Complex Il Space

Matrix

Succinate Fumarate

e KOQ akuenTtupyeT 31eKTpOoHbI ¢ 06emnx Komnaekcos |
n |l v nepeHocuT Ha komnnexc .



Intermembrane
spa e(l"pl ase)

Matrix (N-phase)

* The electron transfer pathway following oxidation
of the first UQH, at the Q site near the cytosolic
face of the membrane



Q-cycle (2/2)

Intermembrane
space (P-phase)

Matrix (N-phase) On site

2 &

Net ¢
UQH, + 2HY, +2Cyte, ——> 4H},

* The pathway following oxidation of a second

UQH,,

+ 2 Cyt g .q + UQ

Synopsis
2H7 out

Second UQH, Cyt ¢
A
|

from pool .
2e” oxidation
le™
|

—"at Qp site X

‘e
4-/

uQ

to pool 22

UQH, I

to pool
uQ—

“at OQn site

!

oHt



Komnaekc IV: Jumoxpom ¢ Okcuda3za

/‘ e Komnnekc IV Ha3BaH

/ Ljumoxpom ¢ Okcuda3sou
NOTOMY YTO aKLenTUpyeT

- 3/1eKTPOHbI C LLUTOXPOMa C U
| HanpaenseT gna 4-x

| . 3/1eKTPOHHOrO0

8228850 f55% BOCCTAHOB/IEHUS O, o H,0

Intermembrane
space

(P-Phase)

Matrix
(N-Phase)

/
$0, + 2H* y \

o, 2@



KomnaekcV H™-AT®-a3a
(ATO-cuHmasa )

lOHHbIE rpaAueHTbl Ha
BHYTPEHHeN MeMbpaHe - popma
XpaHeHus bruonormyeckm
KOHBEPTMPYEMOU SHEPTUH,
KOTOpas COBEPLUAET MOJIE3HYIO
paboTy, Korga NOTOK MOHOB NAET
B 0OpaTHOM HanpaBaAeHUMU

ObpaTHbIM NoTok H+ npoTumB ero
31€KTPOXMMUNYECKOT O FPasnNeHTa
yepe3 ATP-CMHTA3y — UCTOUHMK
cnHTesa ATO us AAD v OH

JTOT Be3Aecywnm pepmeHT
UrpaeT posab TYPOMHDI
npeBpaLatoLLLeN SHEPTUIO
NPOTOHHOro rpaaneHTa B ATO




CTpyKTypa NPOTOHHOIO rpagueHTa

e A uH cocmoumu3z AY u ApH"

e BesmumHa A pH* = 180 mB (= 250 kB/cw?
sHymp membpaHebl Mx)

e ApH* cocmasnsem =1 pH

e Pacceumsb 3Hepauto A uH* (pazobujums OQ) moucHo
Bo3deucmsys Ha 0ba KOMNoHeHMaA



ATO/AD TpaHcnokasa

Marrix — + Cyrosol
I B
¥

- A\ 9
4"."; = ADPY»
( )
> +
.//~
n& (1 ATP oue for 1ADP, =1 He . (=1 Scharge_,,)

++ +

N

« TpaHcnopT AT® n3 Mx (4/3 ATO/AD TpaHcnokasy)
nponcxoamT B MeMbpaHe MUTOXOHAPUN MO 3MEKTPO-

XuMmyeckomy noteHumany (AuH)



®OyHKUMOHMpoBaHme ALl

"

=" complex Il

complex |




OyHKUMOHaNbHAA cxema AL

4H+ 4HjL 2H+

0anananana
I

NADH + N*

AD* FARH
49%D
TCA

e B LU umeetcs 3 unkna: F-unkn, Q-umkn n O-yukan. )

° FIpOTOHHble HaCcoCbl POPMUPYHOT 31EKTPOXMMUYECKNI ADP+P.  ATP
rpagueHT ApuH*

e JHeprusa ApH ucnonb3yetca ans coseplieHns aAns
BbIMOJIHEHWUA MO1Ie3HOMN paboTbl (cMHTE3 AT,
OCMOTMYECKOU, MEXaHNYECKOW 1 Ap.)

2H"

e



Inhibitors of Oxidative Phosphorylation

Name Function Site of Action
Rotenone e transport inhibitor Complex |
Amytal e” transport inhibitor Complex |
Antimycin A e transport inhibitor Complex Il
Cyanide e transport inhibitor Complex IV
Carbon Monoxide |e transport inhibitor Complex IV
Azide e transport inhibitor Complex IV

2,4 ,-dinitrophenol

Uncoupling agent

transmembrane H™ carrier

Pentachlorophenol

Uncoupling agent

transmembrane H™ carrier

Oligomycin

Inhibits ATP synthase

OSCP fraction of ATP
synthase




The Structures of Several Inhibitors of
ETC and OP

CH,

O N

H
N
O A \f s
c:“s -
(CHy) ,cucn,cn?\[‘\" Q

CHY TCO0CH,

Amvial Demerol
Rotenone {amobarbical) (meperdine)

H HO CHy CHy  CH

o O l CH,
2 ﬂ é INH ~—_ ‘& e OCCH,CHICH,),
3 .
(Y ‘=
: ) OH
£ ThenoMwriflucroacetone NHCHO «CH 215 CH,
(8]
Ancimycin A,
‘\/CHS

s/\(:\u </ ‘> <_‘>_'\.=c_.\.<—>

Carboxin Dicyclohexylcarbodiimide (DCCD )




YuacTtku cBsizbiBaHUA MHriMbuTopos /1L v

od

N

Rotenone
Ptericidin
Amyral
Mercurials
Demerol

Cyanide
Azide
Carbon
Antimycin / @ monoxide
\ - Cyte Cyte /
: Complex I
o a o i -
; o { Cyte
uQ uQ
mec ‘
Complex IIT
309 +2H*
Succinate
Thenowvltri- @
fluoroacetone
Carboxin

Proton
gradient
-~
Complex I
\
NADH-
coenzyme Q
reductase
ATP
syntha
/ NADH
DCCD
Oligomycin
Uncouplers: 2 4-dinirophenol
Dicumarol

FCCP




S( Carbonyl cyanide-p-triﬂuoin-
methoxyphenyl hydrazone
—best known as FCCP; for Fluoro Garbonyl
Cyanide Phenylhydrazone

— C=N
s

F,C — O N—N=C
U H So=N

Dinitrophenol

OoN OH

NO,



[enctBne pasobumtenen OP

O_ H+ OH

NO, \» NO,

NO, NO,

* 2,4-pnHntpoderon (2,4-AHD), kak chabas kMcaoTa
CBA3bIBAET NPOTOH B MeXMeMbpaHHOM NPOCTPAHCTBE U

NepeHoCUT ero B MaTpUKC Mx (paccemsas sHepruio
AuH™)



2,4-NTHO cHuxaetr ApH"

;
ow W ooy w o W ogeoyogowt o s

Mesicmemopanno H W g+ g H f H* g+ H'
e npocmpancmeéo  H" H o H* H* H'

o

NO,
NO,
NO,
O,N

OH

Mampuxc Mx



JHAOreHHbIEe Pa30bLWMTENIN FEHEPUPYIOT
TEenao

* HekoTopble XMBOTHbIE B npoLecce aganTtaynmm K XON04Y,
aHabKro3a, a Tak)Ke HOBOPOXAEHHbIE XNUBOTHbIE
cogepaT BXXT u npomnssogat 6oabluoe Koa-BO Tensa
3a cyeT pa3obuweHns OP

* B)KT atnx opraHnsmoB cogepxxat mHoro Mx, Bo
BHYTpeHHeN meMbpaHe KOTOpPbIX Masio AT®-cunmemassi,
HO MPUCYTCTBYeT besloK TepMOreHuH namn 6enokx-
pasobuwmTens, 0bpasyrowmm NnacCUBHbIE MPOTOHHbLIN
KaHaJ, paccemBatoumni sHepruo AuH" B Buae Tenna



Pasobuwatowme 6enkn
Uncoupling Proteins (UCP 1-5)

B pas/inyHbIX TKaHAX Ye/10BEKA M XXMBOTHbIX
BblgeneHo 9 smgo UCP 7-5, ypoBeHb
3KCNPECCUN N PYHKLMSA KOTOPbIX Pa3/INYHA:

Pa306LLI,eHl/Ie oo (perynaums npoaykumm ATO)
FeHepau,Mﬂ TernJja (agantayus K Xon1o4y)
[peaoTBpaweHne obpasoBaHus AQK
[lpegoTBpaweHre anontosa u Ap.



HapyweHunsa mutoxoHgpuanbHoro OP

CornacHo koHuenuuu D. Wallace (1998-2008)
nobor TkaHn HeoH6X0AUM MUHUMAJIBHO

A0MNYyCTUMbIN (NOPOroBbIN) YPOBEHb MPOM3BOACTBA
ATO

CHMXEeHMe 3TOro YpoBHA BeJeT K HapYLLEeHUIO
HEPro3aBMCUMbIX QYHKLNM

Hanbonee sHeprozaBncnmbie TKaHM (HEpBHaA,
ceTyaTka, MMOKapA, CKeneTHas M-pa, Xenesncrasa )

Pesknn gednunt ATQO B opraHmsme «gaeT»
CUMMTOMATUKY MOPAXKEHNA UMEHHO STUX TKAHEN



MutoxoHapuanbHble 60i1e3HU
(MuToxoHapuanbHaa MmeaULMHA)

* Mx coaepxat konbueByto AHK
(MtDNA)

e 13 6enkoB AL 13 1000 6enkos Mx
kKoaupytotca B MIDNA., gpyrve - B
AAEePHOM

e OnuncaHbl HeKOTOopble 3aboneBaHmsA U

CUHAPOMbI, CBSI3aHHbIE C
nospexaeHnem MtDNA



HekoTopbie Mx 3aboneBaHuS

e HasBaHusa Mx 3aboneBaHnm obpasytotcsa nytem abbpeBumatyp
(cokpaweHnmn). KnmHnyecku npoTekatoT B BUAE KOMIMIeKca
CUHAPOMOB MOpPa)xXeHMs 3HePro3aBUCUMbIX TKAHEN

— LHON, Lebers hereditary optical neuropathy;

— MERRF, myoclonic epilepsy and ragged-red-fiber
disease;

— MELAS, mitochondrial encephalomyopathy, lactic
ac:dos:s and strokelike episodes;

— NARP, neurological muscle weakness,ataxia, and
retinitis pigmentosa,

— Leigh disease — SNE, subacute necrotizing
encephalomyelopathy;

— KSS, Kearns—Sayre syndrome;

— CPEO, chronic progressive external ophthalmoplegia.



KAnHmnyeckue npoasaeHUda U nevyeHne Mx
3aboneBaHNN

e MaHudectauyus
— MblweyHble cyaoporu n cnabocTb
— YTOMANAEeMOoCTb,
— JlakTaT-aumnaos,
— HapyweHue pyHKUMU LIHC,
— HapyweHwue 3peHus.
* JleueHue
— OueHb mpydHoe U 4acmo mano 3gPekmusHoe

— Obnezuaem cocmosHue Ha3Ha4vyeHue KoQ, meHaduoHa,
sumamuHos B1, B2, PP, C, K, N-auemun kapHumuHa,
cykyuHama u 2aymamama



LHON

LHON is a hereditary disease that often leads to sudden blindness
from death of the optic nerve especially among males.
— Any one of several point mutations in
 subunits ND1, 2, 4, 5, and 6 of NADH dehydrogenase (complex I),
» cytochrome b of complex Il, or
 subunit | of cytochrome oxidase
— may cause this syndrome.

* Most frequent is an R340H mutation of the ND4 gene at position
11,778 of mtDNA. It may interfere with reduction of ubiquinone.

* Mutations in the ND1 gene at position 3460 and in the ND6 gene at
position 14484 or in the cytochrome b gene at position 15257 cause
the same disease.



MERRF, MELAS et al.

The most frequent (80 — 90%) cause of MERRF, which is
characterized by epilepsy and by the appearance of
ragged red fibers in stained sections of muscle, is an A
— G substitution at position 8344 of mtDNA in the TyC
loop of mitochondrial tRNALys.

A similar disease, MELAS, is accompanied by strokes
(not seen in MERRF) and is caused in 80% of cases by
an A — G substitution in the dihydrouridine loop of
mitochondrial tRNALeu.

CPEO, Leigh disease, and KSS often result from large
deletions of mtDNA.

NARP and related conditions have been associated with
an L156R substitution in the ATPase 6 gene of ATP
synthase.



Can Mitochondrial Diseases be
Treated?

» Attempts are being made to improve the
function of impaired mitochondria by
adding large amounts of ubiquinone,
vitamin K, thiamin, riboflavin, and
succinate to the diet.

— One report suggests that mitochondrial decay

during aging can be reversed by
administration of N-acetylcarnitine.



MurkpocomManbHOe OKUC1eHue

* Mukpocombl (MC) - (MnkpoTenbLa)
MCKYCCTBEHHbIE BE3UNKY1bl, 0Opa30oBaHHbIE
n3 obpbiBkos IINC B npouecce
FOMOreHM3aumnm TKaHW.

* B membpaHax MC pacnonoxeHol
MUKpOCOMaJsibHble 1Ll, OCHOBHbIE QYHKL MM

KOTOPBbIX:
e CuHTte3 BAB (ropmoHsbl, meguatopsl, Pg, LT, TXA)
e JleTOKCMKALMSA KCEHOOMOTMKOB



Lintoxpom P, MOHOOKCUrEHa3bl

BaXKHasA CMCTEMA AE€TOKCUKAL MM MHOTMMX JIEKAPCTB U
rMAPOKCUANPOBAHUA CTEPOUA 0B

* Liutoxpom P, - cynepcemencTso rem-

cogep>Xawmx MOHOOKCUIreHa3, NU3BECTHO -
1000 pepmeHTOB

= NADH n NADPH nocrasmisator
BOCCTAHOBHUTEIILHBIC SKBUBAJICHTHI 115
BOCCTAHOBJICHUS LIUTOXPOMOB, KOTOPEIC
00paTUMO OKHCJISIFOT CyOCTPAThl B PEAKIIHUSX
UMECHYEMBIX 2UOPOKCUTIAZHBIM UUKIOM



Cytochrome b5

* In liver microsomes, cytochromes P, are

found together with cytochrome b5 and
have an important role in detoxification.

— Benzpyrene, aminopyrine, aniline, morphine,
and benzphetamine are hydroxylated,
iIncreasing their solubility and aiding their
excretion.

— Many drugs such as phenobarbital have the
ability to induce the formation of microsomal
enzymes and of cytochromes P450.



Monooxygenase System (Microsomal

Oxidation)

The substrate can be oxidized by incorporation
of one atom of O,

The enzymes are monooxygenases or
cytochrome P, , - also mixed function
oxidase.

The enzymes are associated with the smooth
endoplasmic reticulum, preparated as
microsomes.

RH + O, + NADPH + H* [ R-OH + H,O +
NADP?*



OYHKLUMOHMPOBAHME MUKPOCOMA/IbHOM

AL

[

O’)
H,0

N 5 l)450

NADP H+H" NADP* RH R.OH



Posib uutoxpoma P,., B MMKPOCOMAa/IbHOM
OKNC/IEHUM

Substrate A-H

P P450AH

3+>\

P450 P450 A-H
| NADPH-CYT P450 REDUCTASE

Fed*
NADP* XFADHQ 2Fe,S,™
NADPH + H* X 2Fe,S,2*
2H*
\{ P450-AH
Fe2+ — 0,
H,0

P450 A-H

e2+—O g

A-OH



MexaHn3M MUKPOCOMa/IbHOIO
OKUC/1IEHUSA

Apolar substrate

"y ‘! gt% o&«a

o |
| R i, th, “

Oxygenated product

Monooxygenase a) Hydroxylation  b) Hydroxylation  c) Epoxidation  d) Dealkylation
114.n.n ( heme P450] aromatic alipathic



Llnkn untoxpoma P450

S ' J = Atv ted|
R & oxygen CytP450
reductase
H
~S-}f-Fed ({o
H®



BapmaHTbl CTpOEeHNs MMKPOCOMaIbHOW

Al

CN~
NADH m===p- Flavoprotein, == Cyt bs t Stearyl-CoA desaturase

Amine oxidase, etc e Flavoprotein, l

NADPH === Flavoprotein == Cyt P450 === Hydroxylation

» Lipid peroxidation
Heme oxygenase



[lepeknCHble peakummn

e Jltobble KNCNOPOA-3aBMCHMbIE MPOL,ECCHI
conpoBoXxaatoTcst obpasoBaHnem AQK

e B HopMme npn Mx okmcneHnun 40 5% 02
npespawaetca B AQK, npu HapyLeHnu
OYyHKLUMN MX nX npoayKuma pe3ko BO3pacTaeT

¢ MMKPOCOMaJ'IbHOE OKUC/ZIEHNE COMPOBOXA4aAETCA

obpasoBaHmem AQK (ogHO e” BOCCTAHOBIEHME
0O2)



Mx - npoayueHT APK

*JIctounnkoM ADK npu Mx nucyHKIHUU SBISICTCS
ceMuxuHoH KoQ)

(a) 0 Os OH
6+@ 6+@
H,CO | ’ CH, <|3Hs [ ™ . GED CH, [ =" D l N—CH,
H,C0 (CHy—CH=C—CHy) y—H CH)O R Heo—L_ /R
0 OH OH
Coenzyme (), oxidized form Semiquinone Coenzyme Q,

(0Q, ubiquinone) intermediate reduced form
(QHe) (QH,, ubiquinol)



MexaHn3am obpasoBaHmsa AQK

°«O,+e 00, +e 0H,0,
e VMicmoyHukom € asnsemcsa Fe?*, NAD(P)H+H"*,

UOHU3Upyrowee usaydyeHue (paduonus 8odsbl),
cmumynayua MC okucneHus

+0, + HO, 0 OH + OH- +'0,

A®K atakyoT ntoodble MoneKynbl UHALNMUPYSA LEeMNHble
peakuumn, nospexaas memoéparbl, 6enkn, HK, Bbi3biBas T.0.

noBpexaeHme u rmbesnb KNETOK, MyTaunn, KaHUEePOoreHes u



AHTHMOKCMAQHTHAsA 3awmTa (AO3)

HedepmeHTaTuBHasA — AO BewecTsa o6pasytolme MeHee

aKTUBHbIE pagnKasibl U «racaT» LenHble peakumn (sumA,E,C, GSH,
auc, adpeHanuH, KC, moyesuHa, bunupybuH , npupodHsie nosnugeHonsi,

kpacumenu, gnasoHoldbl u dp.)

(PepmeHTaTUBHanA npeactasieHa depmeHTamm (COJ, kaTanasa,
rNOTaTUOH-NEPOKCUAA3a, MIOTAaTUOH-PeAyKTa3a u Ap.)

O +0 + 2H" [ H O_+ O_(cog)
¢ 2H202 [] ZHZO + 02 (Kamana3a)
2GSH + H202D2HZO+GS-SG (GSH-nepo:ccuaa3a)






