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A. Personal Statement 

My research lab is interested in nanobiosensing, mechanobiology, optogenetics, and nanomanufacturing. One 
of our projects is to develop sensitive and specific point-of-care (POC) systems for infectious diseases and 
cancers. Recently, we developed a prototype of funnel adapted sensing tube (FAST) with BMI for power-free 
and pipette-free detection of SARS-CoV-2 RNA fragments. An isothermal amplification process is coupled with 
a CRISPR-Cas12a assay, achieving a detection limit of 10 fM. This detection system is operated by manually 
transferring and mixing the reagents in a 3-D printed device without the needs for electrical power, designed to 
be used in low resource limited settings or simple home tests. In addition, we developed a computer vision based 
linear kernel algorithm for low light detection without using expensive instruments. This algorithm can easily be 
developed as a smartphone app for remote sensing and reading. In this proposal, we aim to improve our FAST 
system to be a commercialization product for the multiplexing detection of human papillomavirus infection and 
parasites. Our lab has been working with BMI for several years and we enjoy the fruitful collaboration (see 
publication 1 and 3). I have the technical background and project management experience to lead the successful 
completion of the proposed work. In addition, our lab has access to all experimental equipment and resources 
that are needed to complete the proposed research. In summary, I have a demonstrated record of innovation 
and leadership in the field of POC systems, providing ample preparation for directing this project. 
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C. Contribution to Science 

1. Nanobiosensing: My lab is striving to develop detection systems and assays for the sensitive detection of 
biomarkers such as nucleic acids and proteins. For example, my lab developed a fully integrated microfluidic 
system and fluorescence sensing unit for the liquid phase CRISPR-Cas13a detection assay. Within 5 min, a 
detection limit of 2 pfu/mL of purified Ebola RNA was achieved without amplification. This system has also been 
used for CRISPR-Cas12a detection of African swine fever virus. Recently, we developed a magnetic bead-
quantum dot assay for simple naked-eye virus sensing. The magnetic beads are used to capture the DNA probes 
and also remove the impurities. Thus, the detection sensitivity is not affected by the presence of bodily fluids. A 
solid-phase CRISPR assay based on PDMS micropillars was also developed by us for one-step and background 
free viral DNA sensing. All these work set the foundation for the proposed CRISPR system of immobilizing 
quantum dot reporters on the ultra-high aspect ratio nanostructures. 
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2. Mechanobiology: Characterizing the mechanical properties of cells and tissues is important for the 
understanding of various diseases. Microfluidic devices have been widely used to analyze single cells, such as 
tumor cells, stem cells, and microorganisms. We developed a microfluidic system for the in situ studies of cell 
mechanics and cell-to-cell interaction. By using microalgae cells as a model, we showed that the cells could be 
physically immobilized in a transparent channel by nanochannel confinement without using chemicals such as 
paraformaldehyde solution. The height of the nanochannel is tuned by adjusting the roof deformation; thus, it 
can provide quantitative information on cell mechanics. We also showed that the in situ co-culture of bacteria 
and microalgae results in the cell wall damage of the microalgae, demonstrating that this nano-sieve device is a 
useful platform to study cell to cell communication. Currently, the PI’s lab is studying the endocytosis behavior 
of the microalgae cells by using fluorescent nanoparticles, total internal reflection fluorescence microscope 
imaging, and molecular dynamic simulations. The new knowledge we gain in this project can then be used to 
understand the interactions between nanomaterials and cells such as microorganisms, tumor cells, and stem 
cells. 
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3. Optofluidics and Optogenetics: Brain imaging is an emerging field for the study of immunology, 
neuroscience, and virology. We recently developed a liquid-core and air-cladding waveguide platform for efficient 
light signal collection and local drug delivery. The very high hydrophobicity at the air-solid-liquid interface creates 
a large air pocket at the interface. Based on the effective refractive (neff) model, the neff value at the interface 
approaches 1 and significantly reduced the waveguide loss, enabling highly efficient fluorescence collection. 
This breakthrough, coupling with the quantum dot labeled CRISPR assay we developed, will achieve ultra-
sensitive fluorescence detection and only require an LED array to excite the waveguide chip, ideal for 
miniaturized and multiplexing detection. More importantly, this waveguide chip allows deep layer stimulation in 
the brain tissues to treat neurological problems such as depression and Alzheimer's disease. Our low loss 
waveguide channel is directly patterned on PDMS, a biocompatible, inert, soft, and transparent material, ideal 
for in vivo study. Importantly, the liquid core can also be used to deliver therapeutic agents such as CRISPR 
reagents, vaccines, and drugs into the tissues/organs with a programmable flow rate and is superior to the state 
of art solid-core waveguide configurations. 
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4. Nanomanufacturing: My lab is dedicated to understanding the interactions between biomolecules and 
nanostructures at the single-molecule level to enhance biomarker trapping and sensing. We developed several 
novel nanolithography techniques for the unconventional patterning of micro-and nanostructures on microfluidic 
devices. A novel stencil lithography was developed based on a flexible nanofilm. Nanostructures were defined 
on the nanofilm by using laser interference lithography and can be used as a template to fabricate nanofeatures 
on various substrates. Patterning uniform and scalable micro-and nanostructures on unconventional substrates 
enables many applications such as disposable sensors and implantable devices. By using this technique, we 
are developing a lab-on-fiber platform for simple molecular diagnosis. 
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