
Photonic Crystal Biosensor Characterization 

Figure 2: Biosensor Characterization. Schematic illustration of photoreplica-molded 

photonic crystal biosensors (a). Sensors exhibit both wavelength- (b) and angle-

dependent (c) resonance, allowing the detection of biomolecules within an 

evanescent field region extending above the sensor surface. 
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Molecular Mechanics Underlying Apoptosis Abstract  

Molecular and cellular mechanics play an integral role in many biologically 

and clinically important processes, but methods to assess the strength and 

health of cell attachment remain limited in both scale and throughput. To 

address the need for a robust method to assess the density and strength of 

cell attachment, we have developed Photonic Crystal Enhanced Microscopy 

(PCEM) - a wide-field, label-free technique designed to image cell 

attachment. Briefly, PCEM allows direct detection of localized changes in 

dielectric permittivity as cell attachment proteins are deposited on 

nanofabricated photonic crystal (PC) biosensors. In this work, we 

characterize the processes of cell adhesion, growth, movement, and 

differentiation as they relate to cell adhesion on a range of substrates, and 

in context with several cell models. Systems studied include primary 

cardiomyocytes, mesenchymal stem cells, and hepatic and pancreatic 

carcinoma cell lines. PCEM provides cell attachment information that is not 

available via traditional light microscopy, and as a label-free technique, it 

can be used to study cell and molecular mechanics over prolonged periods 

in the absence of perturbing or cytotoxic labels, stains, or fluorophores. 

PCEM is a robust tool for the study of 

cellular and molecular interactions 

1. PCEM is capable of detecting cell attachment in a number 

of cell models, and in context with a variety of extrinsic 

molecular signaling cues.  

2. Photonic crystal biosensors are inexpensively fabricated, 

easily functionalized, and capable of long-term study in the 

absence of cytotoxic fluorophores and end-point assays. 

3. Wide-field imaging at high (approx. 30 sec/frame) temporal 

resolution allows facile viewing over large areas, opening 

the possibility of label-free culture optimization and 

screening studies to optimize mechanical properties. 

4. Decreased lateral propagation allows achievement of 

higher spatial resolution over alternative label-free imaging 

techniques. 

 
 

PCEM Instrumentation 

Figure 1: PCEM Instrumentation. Collimated 637 nm light emitted from a diode 

laser is directed into a ½ wave-plate for control of polarization before being 

attenuated by a variable neutral density filter. The beam is then directed through 

a diffuser and into a beam expander to provide a broadly uniform illumination 

source. The angle of incidence upon the sample is controlled by an angle-tunable 

mirror mounted on a translational stage. Transmitted light is magnified and 

focused by an objective lens and recorded by a CCD.  

Figure 3: Detection of HepG2/C3 

Carcinoma Cells. Cells cultured on 

PC biosensors and imaged via light 

microscopy (a) correspond to PCEM 

images (c), noting increased AMT 

shift in areas of increased cell 

attachment. Individual AMT plots are 

shown for background (red) and on-

cell (blue) pixels (b). As cellular 

attachment density increases, there 

is a resultant shift in the resonant 

condition, decreasing the angle of 

minimum transmission. PCEM data 

corresponds with light microscope 

images, as illustrated in (d, see inset 

for light microscopy data). 

PCEM for the Study of Cellular Mechanics in HepG2/C3 Carcinoma Cells 

 

 

  

Figure 4: PCEM imaging of cardiomyocyte physiology. 

Regions on cells (blue) are compared with regions on 

background (red). a) Cropped bright field and 

corresponding PCEM images are shown for neonatal rat 

cardiomyocytes in culture on uncoated as well as 

fibronectin- and collagen-coated PC biosensors. b) On 

both coated (fibronectin + collagen) and uncoated 

sensors, cells exhibiting stretched morphology showed 

greater AMT shift then their rounded counterparts (p = 

0.0133 and p < 0.0001, respectively).   Contractile    cells 

Molecular Dynamics of Integrin-Dependent Cardiomyocyte Attachment 

exhibited significantly 

greater AMT shift 

than non-contractile 

cells cultured on 

coated sensors (p = 

0.0133).  

Figure 5: PCEM imaging of 

mesenchymal stem cell 

differentiation. Differentiation of 

porcine adipose-derived stem 

cells with neurogenic induction 

medium stimulates the 

production of dendrite-like cell 

projections and retraction of 

cell bodies. d) Cells prior to 

treatment showed significantly 

greater attachment protein 

density than cells after 

treatment (p = 0.0007).  
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Figure 6: PCEM can be used to detect changes in cell 

attachment caused by apoptosis. Three individual pixels were 

chosen from regions on the cell body (blue), on the cell 

periphery (green), and outside the cell boundary (red). Curves 

generated for pixels on the cell body and the cell periphery 

overlap before treatment with staurosporine, indicating the 

presence of protein-dense cell attachments in these regions. 

After induction of apoptosis via staurosporine, PCEM shows 

decreased cell attachment administration, as well as retraction 

of peripheral cell attachments (green).  


