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Electrokinetic assisted diffusion-based extracellular vesicles isolation with ultra-thin silicon nitride nano-sieve
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There has been increasing interest in the clinical applications of EVs, as they offer a promising alternative to traditional drug delivery systems. Thus, methods to isolate intact EVs have been required. Our preliminary studies showed that intact EVs could be obtained via diffusion-based separation, but the separation time was long (~6 hours) due to the large membrane thickness (15 μm) relative to the size of the EVs [1]. To address this issue, we fabricated ultra-thin silicon nitride nano-sieves with 200 nm pore and 50 nm pores. Furthermore, to increase the separation rate of diffusion, electric pulse was applied. The EVs then were concentrated while removing soluble proteins by electroosmotic pumping. The fabricated ultra-thin Si3N4 nano-sieve was placed between the PDMS inlet and outlet chambers, and EVs were isolated from human serum with a 300 nm thick - 200 nm pore membrane by applying electric pulses, and soluble protein was removed with a 100 nm thick - 50 nm pore membrane by electroosmotic pump. From 3 mL of human serum (1:1 diluted with PBS containing 0.01% Triton X-100), 3.2∙1010 number of EVs could be isolated in 30 min and concentrated in 10 min. The EV separation rate was increased more than 10-fold compared to diffusion-based separation. The feasibility of using electroosmotic pumps for EV concentration and purification steps on 50 nm pore membranes was also demonstrated. 
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