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8L.4 The impact of mitochondrial ROS formation for epilepsy
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Mitochondrial ROS are implicated to be responsible for a large
number of brain pathologies including neuronal cell loss observed in
various forms of epilepsy. However, brain seizure activity is characterised
by intense activation of mitochondrial oxidative phosphorylation. This
stimulation of oxidative phosphorylation is in the low magnesium model
of seizure-like events accompanied by substantial increase in formation
of reactive oxygen species (ROS). It has remained unclear which ROS-
generating site can be attributed to this phenomenon. Here, data are
provided, which show stimulatory effects of calcium ions and uncou-
plers, mimicking mitochondrial activation, on ROS generation of isolated
rat and mouse brain mitochondria. Since these stimulatory effects are
visible with the superoxide sensitive dye hydroethidine, but with the
hydrogen peroxide sensitive p-hydroxyphenylacetate only in the
additional presence of SOD, it can be concluded that the complex redox
properties of the ‘Qo’ center at respiratory chain complex III, delivering
superoxide to the mitochondrial inter membrane space, are very likely
responsible for these observations. In accordance with this hypothesis
redox titrations of the superoxide production of antimycin-inhibited
submitochondrial particles with the succinate/fumarate redox couple
confirmed for brain tissue a bell shaped dependency with a maximal
superoxide production rate at +10 mV (pH=74). This reflects the
complex redox properties of a semiquinone species which is the direct
electron donor for oxygen reduction in complex Ill-dependent super-
oxide production. From these experiments it can be concluded that
under conditions of increased energy load complex Il site can contribute
to superoxide production of brain mitochondria, which might be
relevant for ROS production to the mitochondrial inter membrane space
during epilepsy-related seizure activity. On the other hand, the ROS
related damage of mitochondrial DNA detected in hippocampal samples
of patients with temporal lobe epilepsy and Ammons horn sclerosis is
very likely related to mitochondrial ROS produced by respiratory chain
complex I in the mitochondrial matrix space.
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Dysfunction of mitochondria has severe cellular consequences and is
linked to aging and neurodegeneration in human. Several surveillance
mechanisms have evolved which prevent the accumulation of non-
functional mitochondria and ensure cellular integrity. Whereas irrever-
sibly damaged mitochondria can be selectively removed by autophagy,
various intraorganellar proteases degrade non-native mitochondrial
proteins and limit mitochondrial damage. These include AAA proteases,
conserved ATP-dependent metalloproteases in the inner membrane.
AAA proteases exert dual activities within mitochondria: 1) they
conduct protein quality control surveillance and degrade misfolded
and damaged inner membrane proteins top peptides; and 2) they act as
processing peptidases and regulate mitochondrial gene expression and
dynamics. Two isoforms of m-AAA proteases which differ in their
subunit composition have been identified in human mitochondria.
AFG3L2 subunits form homooligomeric isoforms or assemble with
homologous paraplegin subunits into heterooligomeric proteolytic
complexes. Interestingly, heterozygous missense mutations in AFG3L2

cause dominant hereditary ataxia SCA28, whereas mutations in
paraplegin cause a recessive form of spastic paraplegia. The pathogenic
mechanisms of these neurodegenerative disorders remained enigmatic.
Increasing evidence points to an intimate link of m-AAA protease
function to mitochondrial dynamics and to the dynamin-like GTPase
OPA1l. OPA1 is required for mitochondrial fusion, regulates cristae
morphogenesis, and protects cells against apoptosis. Knockdown
experiments in mammalian cells and the analysis of Afg3I2-null mutant
mice revealed that the ATP-dependent proteolytic activity of AFG3L2 is
required for the balanced formation of long and short forms of OPA1, a
prerequisite for mitochondrial fusion. Stress conditions, like low ATP
levels, result in the complete turnover of long OPA1 isoforms by the ATP-
independent metallopeptidase OMAT1, which is accompanied by an
inhibition of fusion and a fragmentation of the mitochondrial network.
The control of OPA1 stability by different peptidases and stress-induced
mitochondrial fragmentation is emerging as an important process
during mitochondrial quality control.
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Parkinson's disease (PD) is the most common movement disorder
and the second most common neurodegenerative disease after Alzhei-
mer's disease, affecting an increasing number of patients due to the
demographic trend towards an aged population. Oxidative stress,
mitochondrial dysfunction and protein aggregation are pathophysiolo-
gical alterations consistently found in the course of the disease, however,
the etiology of sporadic PD still remains enigmatic. Thus, the identifica-
tion of genes which are reponsible for familial variants was a major
breakthrough. Importantly, several PD-linked gene products have a direct
or indirect impact on mitochondrial integrity, emphasizing a crucial role
of mitochondria in the pathogenesis of PD. Loss-of-function mutations in
the E3 ubiquitin ligase parkin or the mitochondrial kinase PINK1 are
associated with autosomal recessive parkinsonism. Our previous work
revealed that parkin is a stress-responsive protein with a remarkably
wide neuroprotective capacity, preventing cell death under various stress
conditions. An early consequence of parkin or PINK1 silencing in human
cells is a decrease in mitochondrial membrane potential and ATP
production and increase in mitochondrial fragmentation. Remarkably,
parkin can increase the clearance of dysfunctional mitochondria by
mitophagy in a PINK1-dependent manner. We will discuss the under-
lying mechanisms and present data indicative of a regulatory crosstalk
between the autophagic machinery and mitochondrial dynamics.
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Studying the pathogenesis of neurodegeneration due to the
genetic defect of pantothenate kinase, the key enzyme of coenzyme
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