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Abstract
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Mitochondrial dysfunction is a hallmark of numerous pathological conditions, including cancer, neurodegenerative 
disorders, and rare metabolic diseases¹. Although mitochondria are attractive therapeutic targets, effective 
intervention remains limited by the lack of delivery systems that combine cytosolic access, organelle speci�city, 
and functional versatility¹. In parallel, the integration of small molecules, biologics, and gene therapy within a single 
nanocarrier remains a major challenge in nanomedicine.
We report a multifunctional polypeptide-based nanocarrier platform engineered for ef�cient cytosolic delivery and 
selective mitochondrial targeting, while enabling transport of diverse therapeutic and functional cargos. The 
system is based on cell-penetrating diblock copolymers composed of poly-L-ornithine (PLO) and polyproline 
(PPro), designed to promote membrane translocation and cardiolipin-mediated mitochondrial localization². 
Modular chemical functionalization supports the conjugation of mitochondria-active small molecules and 
biologics, as well as the formation of stable polyplexes for non-viral gene delivery.
Beyond mitochondrial targeting, the nanocarriers exhibit intrinsic endosomolytic properties that facilitate cytosolic 
release³. Exploiting this feature, the platform was adapted for plasmid DNA delivery, yielding enhanced stability 
and transfection ef�ciency in advanced cancer cell models. Mitochondrial targeting and gene delivery can be 
combined sequentially within the same construct, enabling coordinated subcellular interventions. The chemical 
versatility of the system further allows incorporation of unconventional cargos, including light-driven molecular 
motors, which retain functionality and exhibit light-responsive behavior without inducing cytotoxicity or oxidative 
stress4.
Functionally, the nanocarriers modulate mitochondrial activity, alter oxidative phosphorylation, and induce 
controlled bioresponses in a concentration-dependent manner. This adaptability supports applications across 
multiple disease areas, including targeting therapy-resistant cell populations in metastatic cancers such as 
peritoneal carcinomatosis5, as well as potential extension to neurodegenerative and rare mitochondrial disorders¹. 
Overall, this platform provides a �exible and translatable approach for integrated subcellular targeting, cytosolic 
delivery, and advanced therapeutic modulation.
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