
The Molecular Analysis Facility (MAF) provides instrumentation and 
professional expertise for detailed characterization of biological samples 
such as cells.   Figure 1 shows the AFM capabilities to map cell stiffness.   
In Figure 2 time-of-flight secondary ion mass spectrometry (ToF-SIMS) is 
used to detect and localize polymer nanoparticles within HeLa cells using 
the MAF ION-TOF TOF. SIMS 5.  The ability to detect nanoparticles and 
determine their 3D location within cells is critical in studying nanoparticle 
targeting and localization.  These label-free nanoparticles were seen to 
be trapped within endosomes in the cells as was expected based on the 
nanoparticle design.   Using ToF-SIMS to detect polymer nanoparticles 
not only enables label free detection, but also has the potential to 
add chemical information about the nanoparticles and surrounding 
cell environment.  Figure 3, shows a TEM image of the single cell alga 
Caulerpa prolifera showing many chloroplasts,  trabeculae, mitochondria, 
cytoplasm, and vacuolar openings.  Chemically fixed and embedded (in 
epoxy) plant samples were ultrathin sectioned with the MAF Leica UC-6 
Ultramicrotome, stained, and imaged on the MAF FEI Tecnai F20 G2.  All 
work, including Caulerpa culturing from purchased plants, was done 
at the MAF. The image is unretouched other than contrast/brightness 
adjustments.  

This research is part of ongoing research for development of tool 
techniques for both the TEM and FIB.  In addition, the plants are kept 
on hand for undergraduate research projects enabling students to 
learn advanced biological TEM techniques.  By utilizing a combination of 
these techniques, detailed information about the cell and sub-cellular 
environment can be obtained.  
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Figure 2: Time-of-flight secondary ion mass spectrometry (ToF-SIMS) images of polymer 
nanoparticles within HeLa cells:  RGB overlay, R = cell body, G = nanoparticles, B = 
fluorine contaminant.  Nanoparticles were seen mostly within the cells.  Green signal 
outside of cells is from nanoparticles that stuck to the silicon wafer.  
The image is 200 μm x 200 μm. 

Ultrathin Sectioning & Imaging

Figure 3: TEM of A micrograph of a leaf-like 
blade structure of the single cell alga Caulerpa 
prolifera showing many chloroplasts, trabeculae, 
mitochondria, cytoplasm, and vacuolar openings.  
Chemically fixed and embedded (in epoxy) plants 
samples were ultrathin sectioned with a Leica 
UC-6 Ultramicrotome, stained, and imaged on  
an FEI Tecnai F20 G2.  The image is unretouched 
other than contrast/brightness adjustments.  
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Figure 1: AFM of NIH 3T3 fibroblast.  The image 
was taken using the Dimension ICON AFM, with the 
PeakForce tapping mode.  The color is the stiffness 
in arbitrary units.  The image is 50x50 μm.
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