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We have used high-pressure freezing, freeze-substitution and dual-axis electron microscope (EM)
tomography to study the organelles involved in the synthesis, processing and secretion of insulin in
three dimensions (3D) at ~6nm resolution in the pancreatic beta cell line HIT-T15.  These data have:
(1) revealed the complexity of structural relationships among the Golgi, endoplasmic reticulum (ER)
and compartments of the endosomal-lysosomal system [1], (2) provided evidence that multiple
transport mechanisms act in concert in the same region of the Golgi ribbon [2], and (3) suggested a
role for the ER in regulating membrane traffic/sorting at the trans Golgi — the presumptive site
where proinsulin is sorted and packaged into nascent secretory granules [1, 2].

We are now using these methods to analyze mechanisms related to insulin granule biogenesis,
movement and recruitment to sites of exocytosis in islets of Langerhans isolated from Balb/c mice.
250-400nm-thick sections cut from high-pressure frozen, freeze-substituted and plastic-embedded
islets are imaged either at 300 keV on a Technai F30 intermediate voltage EM (FEI) or at 750 keV
on a JEM-1000 high voltage EM (JEOL) using high tilt-rotate specimen holders (Gatan).  Tilt series
data are recorded digitally as the sections are serially tilted through 1° or 1.5° increments over a
range of 140° or 120°, respectively, about two orthogonal axes using the microscope control
program SerialEM.  Semi-automated methods for CCD data acquisition, image montaging and
image alignment by cross-correlation controlled by SerialEM help to minimize electron dose to the
specimen.  Images are more accurately aligned with one another by tracking the positions of gold
fiducial markers (10-15nm) on both surfaces of the sections using a modification of the TILTALIGN
program that uses subsets of fiducials to solve for local alignments, and movies of the aligned “tilt
series” images are constructed [3]. The 3D density distributions (tomograms) calculated using an R-
weighted back-projection program from each set of aligned tilts are then aligned with each other and
combined to produce a single, dual-axis 3D reconstruction [4] (FIG. 1).

3D reconstructions (each measuring at least 4 mm x 4 mm x 0.3 mm) generated in this way and
modeled using the IMOD software package [5] reveal the structural complexity of processing
compartment intermediates at the trans-face of the Golgi (FIG. 2), and provide further evidence that
cargo is sorted not in one but in multiple, distinct trans-cisternae.  These data also continue to
support a role for the ER in sorting and packaging cargo for exit and/or modifying the lipid
composition of trans-Golgi cisternal membranes.

To lay the groundwork for visualizing these organelles in a close-to-native state in 3D, we have
initiated: (1) cryo-EM tomography of insulin granules and stacked Golgi fractions isolated from the
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insulin secretory pathway of insulinoma beta cells and embedded in a thin layer of vitreous ice by
plunge-freezing (FIG. 3), and (2) cutting frozen-hydrated sections directly from high-pressure
frozen, vitrified mouse islets at –170°C (FIG. 4).  3D reconstructions generated from such specimens
should allow us to relate 3D structure data at the subcellular and molecular levels to the biochemical
mechanisms for insulin granule formation and exocytosis in the pancreatic beta cell.
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