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The nematode Caenorhabditis elegans is a model organism where the anatomy of all somatic cells is 
well established from serial thin sections [1,2].  However the advent of high pressure freeze fixation 
(HPF), freeze substitution, and electron tomography can now help in preserving and annotating 
individual organelles and cytoskeletal elements that escaped notice in earlier TEM images.  
Currently we are examining details of the microtubule bundle of the touch neuron, the terminal web 
beneath the microvilli of the intestine’s apical membrane, and the canaliculi of the worm’s excretory 
canal (kidney) cell (Figure 1). We have also identified a new organelle in the plasma membrane of 
the hypodermis.  In each case electron tomography offers superior resolution of the normal 
cytoskeleton, its relationship to the plasma membrane, and the chance to look for specific anatomical 
changes in mutant animals or after introduced cell damage. 
 
Multiple images are collected in a tilting series through semi-thick sections (80 -150 nm) using 
SerialEM [3].  Protomo [4] is used to compute a 3D tomographic reconstruction using weighted 
back-projection.  Larger volumes can be stitched together from dual tilt tomograms of serial semi-
thick sections.  Thus it is reasonable to model a volume of one micron in depth, in one nm steps.  
Annotation and modeling is done by hand using IMOD [5] and Amira (Visage Imaging).  
 
Figure 1 shows the 3D reconstruction of a portion of the excretory canal.  Panel A shows one view 
within the tomogram of the excretory canal, where individual plasma membranes have been traced 
by hand in IMOD as colored lines.  The white arrow in panels A,C indicates a wispy cytoskeletal 
structure lying within the canal lumen, which becomes visible only by HPF and electron 
tomography. Panel B shows a collage of overlapping membrane tracings of the branched canaliculi 
that surround the lumen, using separate colors (green, pink, white, purple) in IMOD for different 
groups of canaliculi; each group resembles beads on a string, connected by narrow necks. Panel C 
shows a 3D model of the tomogram for the canal, canaliculi, and neighboring cells. Ribosomes are 
shown as red spheres. The shapes of the lumen and canaliculi are known to undergo dramatic 
changes depending on the physiology of the whole animal, and the canaliculi can disappear or 
become malformed in mutations affecting cytoskeletal components [6,7]. Electron tomography will 
be used to compare details of these shape changes in mutants. Supported by NIH RR 12596 to DHH. 
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FIGURE 1.  3D model of the C. elegans adult excretory canal from a dual tilt tomogram, 150 nm 
semi-thick section.   Scale bar in A, 0.5 microns. 
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