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Abstract 

Mitochondria are crucial for cellular function, but their own genome, mitochondrial 

DNA (mtDNA), often gets mutations, which lead to mitochondrial dysfunction and 

diseases. To recover the desperate condition by supplying genes, this study developed 

a peptide-based gene delivery carrier inspired by a mitochondrial transmembrane 

protein, mitoNEET. The nanoparticles direct the encapsulated genes to the 

mitochondria, enabling efficient uptake and expression. Delivery of exogenous mtDNA 

to mtDNA-depleted ρ0 cells restored multiple mitochondrial functions. This scalable 

approach holds promise for mitochondrial gene therapy and advanced genome-

editing applications, offering a comprehensive breakthrough in treating mitochondrial 

dysfunction.  
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