
 

PROGRESS REPORT

3

Subcellular microdissection for the identification of organelle proteins

Overview and problem description

Protein interactions are defined by subcellular location of specific proteins

with respect to time. Current fluorescent, nanogold, or radioactive labeling 

methods provide a means to trace protein subcellular localization, but do not 

effectively reveal the identity of the targeted interacting proteins. While direct 

imaging mass spectrometric analysis from tissue is a promising development for 

rapid mapping of smaller proteins, the measurement and sequence analysis of 

larger proteins (>30 kD) requires a method for pooling material from a number of 

optically defined sites.  Therefore, there is a need for methods of fine dissection 

that can accumulate and elucidate subcellular protein structures.  This approach 

can be applied to address many types of biological questions, such as structure 

of Golgi apparatus and the effects of disease pathologies on mitochondria.  

Currently, there is an absence of technologies to enable subcellular proteomic 

analysis.  We proposed to develop the method as outlined in the figure below.

Laser capture microdissection (LCM), invented at NIH, is a commercially 

available technology, but its limited spatial resolution (7.5 µm) and requirement 

for operator-targeting make pooling of specific subcellular  targets sufficient for 

mass spectrometric analyses impracticable. Automated expression 

microdissection (xMD) was also developed at NIH, and has a demonstrated 

resolution of 1 µm  for the analysis of nucleic acids.  However, the staining and 

chemical derivatization used for xMD may introduce significant confounding 

factors for mass spectrometric proteomic analyses.  To allow routine proteomic 

analysis of subcellular  organelles, we propose to refine xMD for unsupervised 

capture of optically labeled subcellular targets. 
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Abstract: 

Laser capture microdissection (LCM) and expression microdissection (xMD), a related 
technology, are being explored to allow unsupervised capture of subcellular 
compartments in a high-throughput fashion.  Our objective is to establish a means of 
dissecting these chemical components of cells while preserving spatially relevant 
associations of proteins and other biomolecules. LCM, as originally developed at NIH, 
exhibits a limitation in that lateral resolution is constrained by the IR laser beam size and 
the volume expansion of the melted polymer. A team of engineers, histologists, and 
analytical chemists are testing materials and methods to enhance the lateral and depth 
resolution of thesemicrodissection techniques, in order to procure subcellular organelles, 
such as nuclei, cilia, mitochondria, and the Golgi apparatus. The subcellular targets of 
interest can be selectively stained with either metal-containing or darkly staining dyes 
(e,g., immunohistochemical) so that they can be identified and transferred to film 
surfaces in an unsupervised manner for chemical proteomic analyses using mass 
spectrometry.  In the first four months of this award, we have been able 1) to routinely 
make new thermoplastic films of varying thickness, absorbance, and polymer 
composition, 2) bond to the apical surface of epithelial membranes and transfer 
fluorescence-labeled elements selectively where the film was activated with these thin 
transfer films; and 3) began optimizing procedures for direct digestion of proteins on the 
thermoplastic films for introduction into an electrospray ionization mass spectrometer 
(MS) for proteomic analysis. 


