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Mitochondrial degeneration is considered the causes of various diseases. Parkinson’s disease (PD) is
the second most common neurodegenerative disorder to Alzheimer’s disease, which is characterized
by selective loss of midbrain DA neurons and the resultant movement disturbance. Genetic studies to
isolate PD genes have revealed that there is a type of PD that caused by mitochondrial dysfunction.
Thus, improved mitochondrial functions should be a promising therapeutic strategy for some kinds of
PDs. In this study, we introduced a light-driven proton transporter, Delta-rhodopsin (dR), to
Drosophila mitochondria by which the mitochondrial proton-motive force (Ap) and mitochondrial
membrane potential (A¥m) are maintained in a light-dependent manner. The loss of the PD-associated
mitochondrial gene CHCHD?2 resulted in reduced ATP production, enhanced mitochondrial peroxide
production and lower Ca?*-buffering activity in dopaminergic (DA) terminals in flies, which were
improved by the light-dependent activation of mitochondrion-targeted dR (mito-dR). Moreover,
mito-dR suppressed a-synuclein aggregation, DA neuron loss and reduced dopamine content in brain
tissues caused by CHCHD2 loss, improving motor behaviors. These beneficial effects were canceled
by neuronal uncoupling protein (UCP) 4A inhibition, suggesting that the ROS suppression by mild
uncoupling via UCP is important for this mechanism. Collectively, the enhancement of Ap by mito-dR
could improve mitochondrial functions, suppressing ROS generation and subsequent o-synuclein
aggregation and neurodegeneration.




