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Our Vision Our Approach 

Our Team 

The RLE Biological Microtechnology and 

BioMEMS Group performs research on 

microfluidics applied to fundamental and applied 

problems in cell biology. Our interests are 

specifically in cell sorting and stem cell biology. We 

take a quantitative approach to technology design, 

and take projects all the way from engineering 

design to fabrication to elucidating biological 

information with our technology. 

 

We perform research at the intersection of biology and microtechnology, 

applying microfabrication technology to illuminate biological systems, 

especially at the cellular level. Specifically, we develop technologies that 

enhance or enable the acquisition of information from cells. Our research 

builds upon various disciplines: electrical engineering, microfabrication, 

bioengineering, surface science, fluid mechanics, mass transport, etc. We 

take a quantitative approach to designing our technology, using both 

analytical and numerical modeling to gain fundamental understanding of 

the technologies that we create. We then take our designs through 

microfabrication to packaging and testing and to biological assay. 

Image-based sorting of cells 

We developed an image-based single-cell 

sorting method that enables 

simultaneously sorting multiple cells of 

interest following high-resolution imaging 

with high purity, and we demonstrated 

its use for rare cell isolation. Our overall 

approach is to spatially segregate cells 

using a microwell array, image them, and 

then remove desired cells from the array 

by encapsulating all the undesired cells in 

a photopolymer. 

Microfluidic control of cell pairing and fusion 

Cell fusion has been used as a 

tool to generate hybridomas 

and reprogram somatic cells. 

Conventional approaches 

provide poor and random cell 

contact, yielding very low 

efficiencies.  We can fuse cells 

at high efficiencies by 

combining a microfluidic chip-

based strategy for controllably 

pairing cells and established 

fusion protocols.  Skelley, A.M. et al. Nat. Methods 6, 147–152 (2009). 

Our Projects 

  

Sensors for assessing cell health in microsystems 

In order to assess the physiological 

impact of microsystems on cell health, 

we have developed cell-based sensors. 

Each sensor cell can quantify stress via 

expressing correlated fluorescence level. 

These sensors can provide insight into 

designing cell assays that minimize stress 

levels and can provide a map for optimal 

operation regimes when using 

technological platforms. 

S. P. Desai and J. Voldman, Integrative Biology, 3, 48-56, (2011). 

  
Iso-dielectric Separation of Cells and Particles 

Iso-dielectric separation (IDS) 

microfluidic device used to 

measure electrical properties 

of the cells. The spatial 

conductivity gradient makes 

cells with different electrical 

properties pass through the 

electrodes at different 

positions (isodielectric point - 

IDP). 

 
Vahey, M. D. & Voldman, J, Analytical Chemistry 80 (9), 3135-43, (2008). 

Microprobes for the Neural System 

Tsang W.M. et al, J. Neuroscience Methods, 204, 355-365, 

(2012). 

Flexible split-ring polyimide cuff electrodes 

designed for neural stimulation of the moth 

Manduca sexta can deliver electrical stimuli 

and capture neural activity to allow flight 

biasing of freely flying moths 

Microfluidic perfusion system for stem 

cell biology 

We make use of a 

microfluidic perfusion 

device to study the effect 

of cell-secreted factors in 

self renewal of mESCs. We 

find that perturbing cell-

secreted signaling causes 

mESCs to exit their stable 

self-renewing state and to 

exhibit properties 

characteristic of epiblast 

cells. 

Przybyla, L. M. and J. Voldman.  Proceedings of the National Academy 

of Sciences 109(3): 835-840, (2012). 

Kovac, J. R., Y. Gerardin and J. Voldman, Advanced Healthcare Materials, vol., 2012, in press. 


