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Recent advances in the field of electron microscopy (EM) have led to the development of technology and
instrumentation, capable of achieving higher resolution than previously available. However, the
development of procedures to obtain optimal preservation of specimens, remains a challenge. As a
research driven microscopy core facility, our goal is to identify methods that offer superior preservation
for a wide spectrum of samples through experimentation. These innovations, combined with the
application of various advanced microscopy technologies, allow us to serve the interests of researchers
from multiple disciplines, including material, chemical and biological science.
Cryofixation is widely accepted as a superior approach for immobilization and preservation of cellular
architecture. Examples include high pressure freezing-freeze substitution for preservation of cells and
tissues, and modern cryoEM technology for proteins and macromolecules. In addition to instrument
limitations, not all samples are appropriate candidates for cryofixation. As such, conventional chemical
fixation methods are still the most popular way to analyze the ultrastructural changes in experimental
conditions. Vascular perfusion fixation is a special requirement for the structural preservation of liver,
central neuron system, lung and muscle tissue. Immersion or bad perfusion fixation results in damage to
cell ultrastructure, which sarcoplasmic reticulum (SR), T tubule and mitochondria in skeleton muscle are
particularly susceptible to (Fig. 1).
T cells are specialized lymphocytes that play a central role in cell-mediated immunity, including antiviral
immunity. Recent developments in CAR T-cell immunotherapy have added a new weapon in the fight
against cancer. Mitochondria are metabolic organelles that actively transform their ultrastructure involved
in antiviral responses, and cell death. Mitochondria fusion generates discrete and fragmented mitochondria
that can increase the production of reactive oxygen species, facilitate mitophagy, accelerate cell
proliferation and mediate apoptosis [1]. Also, mitochondria remodeling is a signaling mechanism that
instructs T cell metabolic programming [2]. Morphological changes in mitochondria of T cells in cancer
mouse models, is an important aspect for cancer research. However, the preservation of tiny amounts of
flow sorted T cells from mice, is technical challenging. Traditional chemical fixation with glutaraldehyde
and osmium tetroxide make it difficult to define clear mitochondrial structure in T cells, due to the small
size of the cell with large nucleus (Fig. 2 top panel left). A modified rOTO protocol (rOTO: reduced
osmium-thiocarbohydrzide-osmium), with additional uranyl acetate and lead aspartate staining, further
increase heavy-metal content [3, 4, 5], such that the membrane structure of T cell mitochondria is greatly
highlighted (Fig. 2 top panel middle). This en bloc staining method can also provide contrast and increase
sample conductivity, which reduces charging during SEM imaging (Fig. 2 top panel right). We also use a
similar approach to study host cellular compartments that serve as Wolbachia niches. The rOTO protocol
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produces a clear outline of Wolbachia (Fig. 2, bottom panel middle), making it much easier to distinguish
Wolbachia from other cytoplasmic organelles (Fig. 2, bottom panel middle red arrow) in cultured JW18
cells, as compared to traditional TEM chemical fixation (Fig. 2 bottom left red arrow). This is also true
for Wolbachia identification in the ovary of Drosophila. Serial block face scanning electron microscopy
provides strong evidence that Wolbachia reside intracellularly, within modified host endoplasmic
reticulum niches (Fig. 2, bottom right).
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Figure 1. Perfusion fixation is very important for ultrastructural preservation of skeleton muscle. Left:
immersion fixation; Right: perfusion fixation (orange arrow: SR; orange arrow head: T-tubule; red arrow:
mitochondria).

Figure 2. Different sample preparation method reveals different mitochondria (top panels) and wolbachia
(bottom panels) appearance in flow sorted T cells (top panels), and cultured JW18 cells (bottom panels).

https://doi.org/10.1017/S1431927619004306 Published online by Cambridge University Press

