Mitochondrial DNA
Lamellae Matrix granule

M ITO CH’ OND R‘A lec no. 51 6 Inner membrane

Inner boundary membrane _— . . Ribosome
( lahen L= mi-l-ochondfi&) Cristal membrgne e e

* Generation of ATP (metabolic energy) from carbs & fatty acids
breakdown

* Their own circular DNA (2-10 copies), encode for

37 genes (tRANAS, rANAS, & 13 mitochondrial protein irtatiRane space
subunits) = 99% of mitochondrial proteins (~1500) are encoded Feripheral space
by nuclear genome
+ Thought to have evolved from bacteria via endosymbiosis e e e =
+ Main source of mt is oocytes, mutations in mtDNA are
inherited from the mother

ATP synthase

G Struchue

Outer membrane — permeable to small molecules (porins/channel proteins)
Inner membrane — high protein percentage (T0%)
L cristae (folds) increase surface area
L Function? oxidative phosphorylation, ATP generation, metabolite transport
completely impermeable to passive transport
Intermembrane space — composition similar to cytosol
Matrix— contains mt genetic system & enzymes responsible for Krebs cycle

@ Propecties

= Abundant in with high energy requirements (synapses/neurons, cardiac tissue)
— Exchange genetic material

— Transfer to daughter cells

— PRegulate autophagy

— Regulate cell survival and apoptosis

— According to energy demand

Fusion s Fission CDiuiSion)g
! V
» Increase in mitochondrial oxidative + Increase in resistance to oxidative
capacity & ATP/radicals production stress
* Repair of reversibly damaged mitochondria * Segregation of damaged mt
Limitation of mtDNA mutations during » Mitophagy (eating mt)

* aging + GTPase proteins

* GTPase proteins
P - Drpl: assembles into a ring around mt,

- Mfnl: outer membrane fusion pinching it and resulting in fission
- Opals inner membrane fusion

@ Mitochondrial Proteing
* Nuclear genome —s most mt proteins required for DNA replication, transcription, translation, oxidative phosphorylation

and enzymes for mt metabolism

- Targeting of proteins to mt outer membrane by N-terminal presequences, which are recognised by heat shock proteins (HSP)
+ Pass through Tom complex channel (outer membrane) then through Tim complex channel (inner membrane)
* Protein presequence removed

+ Protein folding completed

—v mRNA — cytosolic ribosorme — ?nlypffl'iﬂld chain — HSP (eary pelypephides b mt) = Tom = Tim — into iner RN bTR
(with N-terminal presequunce)

import motor complex

mt matrix



* Mitochondrial genome

* Carried by HSP to inner membrane

* Inserted into inner membrane via Oxa translocase

synthesis of protein in mt matrix

mt DNA — mt ribosone —> Paly(wloﬁo{c chain — HSP (ary polypeptides b mt) —> Oxa transhose — mé inner Mmembrane

- Phosphatidylcholine, phosphatidylserine, phosphoatidylethanolamine (which can be synthesized from decarboxylation

Phosphatidylserine Phosphatidylethanolamine Phosphatidylcholine
H,C—O—R; H,C—O—R, H,C—O—R;
HC—O-R:2 HC—O-R: HC—O-R;

HQc—o—???—O—CHz—CH-NH3 Hzc—o—g—o-cv-i,;cr-lz-r\u-q3

D Mitochondriod diseases
* limited repair of mtDNA

O-

+ most affected tissues: muscle, cardiac & CNS (high ATP

needs)

. ‘maternally inherited (males more affected)
» mother could be healthy but the ovum has defective mt
* Deleterious mutation in mt genomes = embryo doesn't survive
- Classifications genetic (nuclear/mitochondrial) vs biochemical
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8 Mitochonadriad  Phospholipids
Glycerophospholipids are synthesized in ER and carried to mt by proteins
of phosphatidylserine in inner mt membrane)

+ Cardiolipin (four fatty acid chains, large)
- Synthesized in mt
- Restricts proton flow across membrane
(oxidative phosphorylation efficiency)
- Involved in fusion & fission
OH
CHy—CH—CH, —(—CH; CH CH,——CH,—CH—CHj,
I o o
Og §O (0] :é ‘:O
R, R Courliolipin R R
Biochemical
* Defects of mt transport (molecules movement
across inner membrane through translocons)
+ Substrate utilization
» Defects of Krebs cycle
* Abnormalities of respiratory chain rxn
+ Defects of oxidative phosphorylation coupling
Gemetic

Defects of mt DNA (3% semes)
Defects of nuclear DNA

_l—) 13 encode for ETC proteins

LE the vest encode for tRUA [rRNA| nc RNA (mn—wa(.‘a‘j RNA)
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Diseage / Defeck

Biochemicha| mt

Rrrnvate Dehyﬂffa%fmolse

(PDH) Defici ency

Pumarase Deficien ey

Electon Tﬂm?f)ad;
Cheun (ETC) Defect

LufFs Diseage |
nonthyroidal
hypormttnbolism

Main Problens

disorders

imfm'neo{ ConAs ion q’i
fyruvmte —> acetyl-Con

defect in grels cycle

defect in any of tre
fowr ETC corplexes

defective oowloh'n\j ot
oXidation ¥ fho?fhﬂfzr{a.‘hbw
(respimkion fr‘nr.eedi@
moteFemlently o
PMS(’M@M{’EM\)

Gewetic mt  disorders

(MERRF)

Myaclowic Epilepsy b3
ﬂ"t’ljt’-ol Red Eibey
disease

(MELAS)

Mitochondrial,
Encephanlomyopatinic,
Lackic Acidosic &
Stoke-like episodes
Syndmml,

(LHON)

Leber’s Hereditary
OP‘HC NUAM!)[’RFAY

(NARP)
Nemroonic hy
A’rﬂxim *ﬂoms

P'\Swuwi',om.

Mutation in mt tRAA
Jeme [—{:RN&: Pe%f)ah%ible for
SynH\ﬂSi%inj ETC ?ry\e:m_g Lo
AP fmfw-hev\)

Mﬂk‘ﬂcinﬂ in mE DNA

Mukation in mt DA
affeckiving oxidative
Fmsrho(y |ation

Mulkﬂ&iov\ in m{tDNA

Features

Severe metabolic  aciclosis
1 lactate in blood /CSF
1 pyruvate + 1 alanine

mitochondrial eacephalomyopathy
relatively Small head

1 fumarate, + 1 Sucinatc

impaired electron trwspork Y
oxidativg phos p hotylation
U AT produckion  (energy deficit)

WM urine

Notes

Mﬂ‘tjo(i\y of ead:im&s

are. mole

maxinao| rese\m,tion even witonk ADP

1 metbolism (hywm{‘&ball'sm)
P bedy heat (hyperthormia)

impaire] mt prodein SynHusis
VTP produckion
Lackic acidpsis

Lactic Acdosis
Stroke - like erisan(es

{ oxidedive ?'nos?knfy[ﬂhm efCiciancy
L ATp rraobn.c-l‘ion

Optic nerve deomera.;(:ian X
Vission Loss

Nevwrs apmic, A%—ﬂrrh\/
Moxia
Retinitic ‘?\'\c_]mzy&ugay

- 50% males affected
(dv wot +Homsmit o
oFF;Fr.'n.j)

c 0% females affected
(chthlaswlc_ inheritance)

» males > femalps be geue on

Y-chaomosine reacks witia
MEONA mutation



PEROXISOMES
( pr= rW)(iSnV\M—S)

+ Small, membrane-enclosed, single lipid bilayer
+ Contain enzymes for energy metabolism
* Replicate by division (~fission)
* Most human cells ~500 px
- peroxisomal proteins = peroxins (PEX)
L Internal proteins: synthesized in cytosol (free ribosomes)
Transmembrane proteins: synthesized in RER (bound-ribosomes)

I Functions

+ Oxidation rxns, producing hydrogen peroxide (H O ) which is harmful
+ Convert H O into water + oxygen

- Oxidative rxns, breaking down uric acid, amino acids, lactic acid & fatty acids —s mt alo break down Fhs
+ Synthesis of cholesterol, bile acids (liver) & plasmalogens (imp in membranes of heart & brain)

L’ Syndesis in: ogp esker + ether + double bonds ——
L cytosol
Ly Py
L mt

W Assembly of px A X Division
+ px transmembrane proteins are derived from ERA + Similar to mt fission
* Fusion of two ER-derived vesicles carrying px * GTPase proteins:
transmembrane proteins - Drpl

* They form a channel called importomer

+ Internal/lumenal px proteins synthesized by
cytosolic ribosomes are imported into px through a
importomer channel
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Cytosolic ibosomes k i
= V, V.
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\ Vi Fusion 7 Va

B

\mpon\ __— Importomer

=" (M/rox'\Sa mal digeates

HE=0r—C—R,

esten
H,C——CH,—CH,—N"ICH,),

* Simle perxisomal Defeck in Specific pr entyne
eizyne deficioncies
o Peroxicomad Gosenesis Muwknkions in PEX. opues 12| PBD |ex|: 23““’53“’ Syndeme
Disodders (PBDS) (leads to multifle px enzyme deficigmdies) ¢ Lethal
* PEY geme impairmont = inabitity
to impoct PX internal /matrix
o X- linked Defective 4runspock of very long-chained freteins = non—functionad px =
Adrensleuko dystophy fatly acids (VLCFAs) ko px A s s o ot
(XALD) Ueads 4o damase in wihite wablex of  brvin Swbstapices i e

+ impaired advcenal glands )

At least {0 genes nunkated
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