Mitochondria Disorders
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Figure 1. The biochemistry of mitochondrial energy production.



Table 1. Biochemical classification of mitochondrial dissaszas.

Defects of mitochondrial substrate transpaort
Camitine deficiency {primary rmuscle, primary systamic,
secandary]
Camitine palmitoyltransfarass (CPT) deficiencies
CFT | daficiancy, hapatic form
CPT 1l daficiency, muzcular and fatal infantile forms
Camitine-acylcamiting ranslocase daeficiency
Defects of mitochondrial substrate utilization
Falty acid cxidation
Cafacta in wary long chain, kong chain, medium chain
and short chain acyl-CoA dehydrogenases (WLCAD,
LCAD, MCAD, SCAL)
Elactron transfer flavoprotain (ETF) deficiancy
Trifunctional enzyma deficiency
24-Diencly-CoA reductase deficiency
Ehart-chain 2-hydroxyacyl-CoA dahydroganasa
deficiancy
Riboflavin-responsive multiple bata-cxidation anzyme
defects
Ketone synithasis
3-Hydromxy-3-meathylglutanyl-CoA [HMG-CoA) lyasa
deficiancy
Pyruvate axidation
Ceficiency of pyruvata dehydrogenase complax
companants
Pyruvate dehydroganass (E,) deficiency
Dihydrolipoamida acetyl transferaze (E;) deficiency
Dihydrolipoamida detwdrogenase (E,) deficiancy
Protein X deficiency
Phospha-E phosphatass daficiancy
Defects of the citric acid cycla
Alpha-ketogutarate dahydroganasa complex deficiency
Fumarz=a deficiency
Aconitz=a deficiancy
Defects of the reapiratony chain
Complex | {MADOH-ubiguinone reductase) daficiency
Complex 1l {succinate-ubiguinona reductase) deficiency
Coenzyma Oy deficiancy
Complex 1l {ubiquinclkoytochrome ¢ reductase) deficiency
Complex IV {cytochrome ¢ axidase) deficiency
Multiple respiratory enzyrme deficiencies
Defects of cxidation-phosphorylation coupling
Complex V [ATF synthase) deficiency
Luit's diseasa

Table 2. Ganstic classification of mitochandrial diseases.

Dafacts of Mitochondrial DMA
Point mutations [maternal inheritanca)
Large-scala rearrangemeants of mtOMA {usually sporadic)
Singla deletions
DOuplications
Dafacts of nuckar DNA {mandelian inharitance)
Defects in ganes encoding mitochondrial protaina
[enzymas, translocasss or structural proteing)
Defects of mitcchondrial protein importation
Defects of interganomic comrmunication
Multipla dalstions of miOMA,
Depletion of mtOMA

Table 3. The respiratory chain complaxeas.

Mo, of miOMA-ancoded

mtDMA genes

Enzyma complex subunitsfotal no. of subunits ancoding subunitas

| {MADH-ubiguinone reductasa) Tiapprax.40 MNO1, 2,3, 4, 4L, 56

Il {Succinate-ubiquinona reductase) Cvd

NI [Ubigquinal-cytochrome o reductasa) 111 cytochrome b

W (Cytochroma o oxidasa) 313 COC L, SO I, SO
ATPas== @, B

W [ATF synthase) 214




Table 4. Defacts in mtOMA causing syndromes with neurcrmuscular manifestations.

mtOMA defect .
Imheritanca
Phanatype Type of mutation Gane {if ko) Rafarences
Myopathy Multipla delationa Sporadic o2
Singla duplication 108
mtOMNA deplatian AR 29, 118, 120, 1943
A32430G, AJZ51G, £32303T EANaLast R Matarmal 25, 78, 180
A123205 ERR A R ELT 20
T14700C EAMAS Matarmal o
C15890T EAMAF Sparadic 16
ABILAG EAMALE 7T, 173
EI0E2A Cioe 11 Sporadic a1
Multipla poirt mutations + Cytochrome b Sporadic 1
a microdelation
+ Raspiratony failura AFP43G, TAZEOC, AZINEG PR L Matsrmal 15, 73, 03
+ Cardiomyopathny 32545, AZPBOGE, CEI0ET ERM A Matarmal 25, 5, 213
ABILAG EAMALE 172
A4NTG EAMAE 184
Myoglkobinuria Multipla delations 132
15-bp delation o Sporadic o6
FEO Single delations Sporadicimat BE, 205
{+ othar =igns) Tandermn duplication Matarnal 55
Muliipls delstions ARGAD 18, 170, 217, 218
ARP43GE, CIISET PR L Spaoradicimat 7B, 117
ABEDOG, ARTOAG ERAM A Eporadic 17, 167
TAZEEC, TAZT4C, GAZIBA tAMAE as, 175, 187
AR344G EAMALE Matarmal T
T12311C, G123154 ERR A R ELT 5, B3
KSS Singla delation Sporadic BE, 205
Tandermn duplication Sporadic =3
TEHA%EAGE ATFazs 6 Sporadic 188
Encephalamyopathy A3243G, AJZ43T ERp A e Matarnal 78, 171
T14703C EFIM AT Matarmal o
G1ED154 tAMA T 134
ABILAG EAMALE Matarmal T
MERRF Mulipls delstions 16
ABI44G, TAAEEC, GEIEIA EAMALE Matarmal 140, 172, 174, 214
A3243G AN aLast R Matarmal B
MELAS Single delstion Sporadic =28
ABZA3GE, AJZERG, TIZTIC, ERp AL Matarmal 72, 78, 74,132
T2221C, AJZEDG
ARAEGE tAM A Sparadic BD
G1E424 tAM AT 183
ABO14G EAIM AT 106
T330EC MO Matarnal 3
AT1084G MO 100
G125124 MOS 158
TOAETC o Matarmal 107
TEAEGE ATPaszs 6 Matarmal 187
MERRF/MELAS TAIEET EAMALE Matarmal 214
TI120C ERR A=A HER Matarmal 128
A3243G ERp A e Sporadic an
Leigh syndroma Single delstion Sporadic 143
5537 T ineart tAMATF Matarnal 150
ABILAG EAMALE Matarmal 149
A1644T ERM AT Matarmal a
TEANEC, TEQAEE, TH1TEC ATPasze § Matarmal 3z, 149, 167
Palyneuropathy Mulipla deletions AlVsporadic 33, 111, 114
Single delstion 210
AFZ43G EAM AL Matarmal ED, B2, 07, 155
ABILAG EAMALE 2@, 129
GEES494 tAMATE 13
Table 4. Defacts in miDMNA causing syndromes with neurcrmuscu lar manifestations [Continued).
A defect Inharitance
Franatyps Typa of mutation Gane {if kmawn) References
‘Banzory ataxic neurcpathy Multiple delatiors Bporadic iz ]
283445 EAM AT Matarnal 26
MMGIE Multiples delkatiors ARfsporadic B4, 135, 106
5823134, EAMALTE Eporadic 202
MARF TENGIG ATPaze @ Matarnal a7, 160, 187
Motor neuron dissase 5-bp microdaletion Cox | Bporadic 42

Abfreviatons: AD, axosomal dormhant AR autosomal recessive; Ma, maternal. Other abbreviaions as defined in fext.



Table 5. Central nernvous system manifastations of
mitachondrial diseasas.

Sirokelike episodes

Baizuras

Myoclonus

Optic nauropathy

Bansorineural hearing loas

Ataxia

Dewvalopmantal dalay or regression
Damentia

‘Vascular headacha

Myalopathy

Cw=tonia

Ba=al ganglia calcification
Elewvated CSF protein concantration.

History and physical examination suggest mitochondrial disease

i

Clinical Investigations:
Blood for CK, lactate, pyruvate, alanine, glucose

Urine for organic and amino acids

CSF for protein, lactate

EKG, consider echocardiogram or Holter monitor
EMG

Brain CT or MRI

/

Well-defined mitochondrial
syndrome
(MELAS, MERRF, NARP)

TN

Muscle Biopsy

— b

Yes

Blood analysis for
known genetic mutations

Y

Histochemistry
RRFs
COX staining
SDH staining
Electron Microscopy

Molecular genetic studies of mIDNA
Point mutations
Large scale rearrangements
miDNA depletion
mtDNA sequencing

Biochemical studies
Respiratory chain
ENZYMES
PRC
CPTII

Figure 2. Diagnostic evaluation for patients with neuromuscular symptoms and
suspected mitochondrial disease.
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