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Abstract 

Particle tracking is a powerful method to explore various problems in cell biology. It can be 
used to study membrane protein and lipid diffusion, cytoplasm compartmentalization, 
endocytosis of extracelullar proteins and phagocytosis of antigens. In particular, particle 
tracking experiments have led to a better understanding of the motion and behavior of 
proteins in the plasma membrane. Unfortunately, most of the particle tracking techniques 
developed to date have used area detectors and have thus been limited to two dimensional 
systems. To address this limitation, we have developed a 3-D particle tracking system that 
uses the inherent localization of two-photon excitation. We use a feedback system to position 
the sub-femtoliter two photon excitation volume to maximize the fluorescence and obtain a 
series of images from which we construct the 3-D trajectory of the particle. In addition, the 
images provide information about the local environment of the particle. The axial range of our 
system is over 30 pun and has a frequency response of approximately 50 Hz. It is capable of 
tracking particles across the length of most cells and with a frequency response sufficient to 
follow many cellular processes. To illustrate the capability of our instrument, we present data 
on the endocytotic pathway of macrophage cells. [This work was supported by NIH RR03155.] 
 




