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Abstract: Micro- and nanofluidic systems, in conjunction with biochemistry, microscopy, nanomaterials, and 

machine learning components, serve as potent tools with a wide array of applications in the biomedical field. 

These applications encompass crucial areas like molecular diagnosis, biophysics, and optogenetics. In this 

presentation, we shed light on an innovative pneumatic-controlled nano-sieve device. This device is packed with 

magnetic beads and facilitates the rapid concentration of drug-resistant bacteria from blood samples. 

Subsequently, an isothermal amplification and CRISPR assay are conducted. This system achieves an on-chip 

concentration factor of 20x, effectively pushing the bacterial detection threshold to 100 cfu/mL. To make sensing 

automatic and devoid of the need for specialized instruments, a computer vision program is developed. This 

program exhibits an approximate accuracy rate of 100% in discerning both positive and negative samples within 

the microfluidic chip. This attribute renders it particularly suitable for on-site detection in resource-limited 

environments. Furthermore, we delve into our recent strides in comprehending the interactions between 

nanomaterials and eukaryotic organisms. This understanding is facilitated by a deformable microfluidic platform, 

advanced microscopy, and molecular dynamic simulations. Within this context, we explore a range of clinical 

applications. These applications span from in vivo bioimaging employing optofluidics to addressing dentine 

hypersensitivity and advancing the realm of synthetic biology.  
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