Carbon nanoneedle perforations for high-precision intracellular delivery of molecules
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Macromolecular delivery such as RNA, DNA and proteins inside the cells is a mystery which has not been unraveled still. Especially, the precise intracellular delivery of nucleic acids is a process, which is not efficient thus leading to lower transfection efficiency. Hence, there is an utmost need for the synaphic delivery of materials and molecules inside the cells, to determine the efficiency of the vehicle delivering macromolecules. Patient-specific cell-based therapies have revolutionized regenerative medicine. However cell membranes are highly impermeable to the macromolecules. There are plethora of strategies to overcome the cellular barrier, such as by using viral vectors, chemical methods such as lipofection, calcium phosphate precipitation, electroporation. But in all the strategies exploited, the efficiencies are less, as well as poorly scalable, highly toxic and expensive. (1) 

In this work, we propose to utilize a carbon nanoneedle platform for efficient delivery of fluorescent dyes inside the cells. This platform facilitates the utilization of nanoneedles to forcefully deform the cellular membranous barrier and deliver the fluorescent dyes inside the cellular milieu. This platform punches the cells using a centrifugation induced supergravity. This platform can be effectively utilized for plasmid DNA transfection inside the cells, thus increasing the efficiencies to ten/fold. Moreover, the toxicity also decreases as compared to lipofectamine and electroporation.
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