
Coming Events
2020

APT&M 2020 – Atom Probe 
Tomography & Microscopy
July 7–10, 2020
Oxford, England
https://aptm2020.web.ox.ac.uk

Microscopy & Microanalysis 2020
August 2–6, 2020 
Milwaukee, WI 
www.microscopy.org

emc2020: 17th European Microscopy 
Congress
August 23–28, 2020
Copenhagen, Denmark
www.emc2020.eu

16th International Congress of 
Histochemistry and Cytochemistry 
(ICHC)
August 30–September 2, 2020
Prague, Czech Republic
http://ichc2020.com

Neuroscience 2020
October 24–28, 2020
Washington, DC
www.sfn.org/meetings/neuroscience-2020

2020 MRS Fall Meeting & Exhibit
November 29–December 4, 2020
Boston, MA
www.mrs.org/fall2020

ASCB 2020 Annual Meeting
December 5–9, 2020
Philadelphia, PA
www.ascb.org/meetings-events/future-ascb-meetings

2021
Microscopy & Microanalysis 2021
August 1–5, 2021
Pittsburgh, PA 
www.microscopy.org

2022
Microscopy & Microanalysis 2022
July 31–August 4, 2022 
Portland, OR 
www.microscopy.org

2023
Microscopy & Microanalysis 2023
July 24–28, 2023 
Minneapolis, MN 
www.microscopy.org

2024
Microscopy & Microanalysis 2024
July 28–August 1, 2024 
Cleveland, OH 
www.microscopy.org
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Carmichael’s Concise Review

Imaging Many Proteins Frozen In situ
Stephen W. Carmichael* and Jeffrey L. Salisbury
Mayo Clinic, Rochester, MN 55905

*carmichael.stephen@mayo.edu

The fundamental tenet of modern biological understanding is the relation-
ship between structure and function. That is, what something does is directly 
related to its shape, what it is made of, and the arrangement of its parts. This is 
true at every size scale from the organism, to the organ system, the tissue, the cell, 
the organelle, the macromolecular complex, and finally at the molecular level. 
Recent advances in microscopic imaging have provided game-changing progress 
that is important for the understanding of biological mechanisms. A large group 
led by Eric Betzig and Harald Hess, and including David Hoffman and Gleb 
Shtengel, recently used a correlative microscopy technique that combines three-
dimensional (3D) fluorescence super-resolution (SR) microscopy and high-reso-
lution volume reconstruction by block-face scanning electron microscopy (SEM). 

Figure 1:  Cryogenic super-resolution fluorescence microscopy of high-pressure frozen cells coupled with 
FIB-SEM enables multicolor 3D nanoscale visualization of proteins in the context of global ultrastructure. 
Clockwise from upper left: Volume-rendered cell with correlated orthoslice (inset) of mitochondria and endo-
plasmic reticulum (ER) proteins; endolysosomal compartments of diverse morphology; heterochomatin sub-
domains defined by protein reporters of transcriptional activity; adhesion proteins correlated to membrane 
roughness at contacting cerebellar granule neurons; and a peroxisome (pink) juxtaposed to an ER sheet (red) 
and mitochondrion (cyan). The size of the orthoslice on the left is 4 × 4 µm. The one on the right is 7.5 × 11.5 µm.
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Using these techniques Hoffman et al. imaged whole cells 
and defined a “pipeline” sequence for sample preparation 
and imaging steps using cryogenic fixation, as opposed to 
room-temperature chemical fixation, to preserve the fine 
details of macromolecular structural relationships. By fix-
ing the cells in a matter of milliseconds using high-pressure 
freezing and then using liquid helium to maintain them at 
a temperature as low as 8° Kelvin, formation of ice crystals 
that would have greatly altered the ultrastructure was pre-
vented. This freezing process is referred to as vitrification.

Cells prepared in this manner were first imaged using 
SR fluorescence microscopy, and the same specimen was 
then processed for SEM using heavy metal contrast agents 
and plastic infiltration. Focused ion beam SEM (FIB-SEM) 
was then used to serially mill and image cell structures at 
sequentially deeper levels using back-scattered electrons. 
Combining these techniques allowed the investigators to 
correlate nanostructure architecture without compromis-
ing ultrastructural integrity normally seen using ambient-
temperature fixation. Combing the correlative microscopy 
techniques, including cryogenic 3D SR structured illumina-
tion microscopy, single-molecule localization microscopy, 
and 3D FIB-SEM of block faces, produced image volumes 
containing global contrast of subcellular ultrastructure 
with exceptional preservation and resolution. Correla-
tive fluorescence and FIB-SEM microscopy highlights 
cell features not readily apparent from data using either 
microscopy method alone. Importantly, these combined 
microscopy techniques permitted unique classification of 
exceptionaly long or convoluted endosomes, lysosomes, 
peroxisomes, and vesicles derived from mitochondria.

3D correlations throughout the cell revealed unex-
pected localization patterns of proteins. In fact, nearly 
every system studied by Hoffman et al. revealed unex-
pected results. Examples of such results include: vesicles 
within the nucleus that demonstrated a marker protein 
associated with the endoplasmic reticulum; an increase 
in the irregular morphology of peroxisomes as their size 

increased; compartments with lysosomes that had excep-
tionally diverse and convoluted morphology; a web-like 
adhesion network, probably of actin filaments, between 
cerebellar granule neurons; and classically EM-defined 
domains of heterochromatin and euchromatin each char-
acterized by the presence or absence of markers of tran-
scriptional activity. With careful registration of the SR 
fluorescence image volumes and the images obtained with 
FIB-SEM, the investigators were able to image whole cells 
with a resolution down to about 40 nanometers.

Much of what we know about the structural and 
functional organization of the cell comes from the syn-
thesis of findings from electron microscopy, biochemis-
try, and molecular biology. Whereas this synthesis has 
proven to be powerful, fusing the insights from these 
disparate methods necessarily involves developing new 
models, and therefore possible biases, of how specific pro-
teins are spatially distributed in relation to ultrastructure. 
Using this new specimen processing and imaging pipe-
line, Hoffman et al. were able to unambiguously demon-
strate precise localization of selected proteins. They also 
outlined how their pipeline can be used to screen a large 
number of cells and then select volumes of interest.

Finally, Hoffman et al. outlined future directions 
where their correlative technique could be made even more 
powerful. However, even in its current form, their cryo-SR/
FIB-SEM system is quite elegant and can address a broad 
range of biological questions. It is important to note that 
this instrumentation is located at the Janelia Advanced 
Imaging Center and is available to outside users. One can 
apply through the website www.aicjanelia.org.
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