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Microscopies based on focused electron probes allow the cell biologist to image the 3D ultrastructure of
eukaryotic cells and tissues extending over large volumes, thus providing new insight into the relationship
between cellular architecture and function of organelles. Here we consider two such techniques: electron
tomography in conjunction with axial bright-field scanning transmission electron microscopy (BF-STEM) [1],
and serial block face scanning electron microscopy (SBF-SEM) [2].
The advantages and limitations of each technique are illustrated by their application to determining the 3D
ultrastructure of human blood platelets and other biological systems, in terms of specimen geometry and
spatial resolution [3]. For example, many features of the complex membranes composing the platelet
organelles can be determined from both approaches, although STEM tomography offers a higher ~ 3 nm
isotropic pixel size, compared with ~5 nm for SBF-SEM in the plane of the block face and ~25 nm in the
perpendicular direction. We demonstrate that STEM tomography is advantageous for visualizing the platelet
canalicular system (CS), which consists of an interconnected network of narrow (~50 to 100 nm)
membranous cisternae [4]. However, SBF-SEM enables visualization of complete platelets, each of which
extends ~2 micrometers in the minimum dimension, whereas BF-STEM tomography can typically only image
approximately half of the platelet volume due to a rapid non-linear loss of signal in specimens of thickness
greater than ~1.5 micrometers.
Despite the difficulty in using SBF-SEM to visualize the small organelles of CS in blood platelets, the
technique can still provide quantitative results by applying stereological methods to randomly selected slices
through the 3-D data [3]. Currently, the performance of SBF-SEM is limited by radiation damage, which
reduces the depth information perpendicular to the block face due to shrinkage of the embedding material.
New approaches to 3D image segmentation based on deep learning techniques are likely to be available
soon, which promise to extend greatly the usefulness of both methods [5, 6].
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Fig. 1. Morphology of unactivated human blood platelets visualized by serial block-face scanning electron
microscopy; transparent plasma membrane in one of the cells reveals internal structure of canalicular
system (cyan and yellow), mitochondria (magenta), alpha granules (blue), and dense core vesicles (red).

