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Introduction

The ability to combine information gathered using different
imaging modalities through correlative microscopy has
opened doors for new scientific discoveries and improved
productivity of sample investigations. One of the largest
challenges in these types of experiments is the time and
effort involved in relocating the same area of the sample in
successive instruments. Commercial solutions from ZEISS
provide streamlined workflows and ensure quick and easy
sample relocation to facilitate access to these multi-modal
types of information. These solutions include Shuttle & Find
and ZEN Correlative Array Tomography software modules as
well as the use of ZEISS Atlas 5.

The Shuttle & Find software module for ZEN provides a quick
and easy workflow for collecting and combining data from
your ZEISS light and electron microscopes. Sample relocation
is performed through the use of fiducial markers to calibrate
the coordinates of the stage position between instruments.
This can be accomplished through the use of special sample
holders with embedded fiducials, coverslips with fiducial
markers printed on them, or even defining your own sample
holder. A quick three fiducial calibration on each instrument
allows images to be acquired all over the sample and then
relocated on the next system with the click of a button

and removable fiducial markers allow for additional sample
preparation steps in-between imaging modalities for

uncompromised imaging with each technique.

For three dimensional correlative microscopy, ZEN Correlative
Array Tomography (CAT) guides you through the complete
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workflow of detecting serial sections, imaging, and recon-
structing the data from the light and electron microscope.
Intuitive software wizards walk you through automatic
recognition of serial sections and transfer of a user defined
region of interest to all identified sections. Images of these
regions are automatically acquired and then aligned in order
to obtain a three dimensional image with z-resolution
corresponding to the thickness of the sections. This tech-
nigue can be used not only to obtain three dimensional light
microscopy images with high z-resolution, but also to
correlate them to SEM images for 3D correlative microscopy.

ZEISS Atlas 5 provides high end, software to automatically
drive the SEM instruments as well as correlate images from
multiple sources. Relocation of sample areas between micro-
scopes can be accomplished via overview images or fiducial
calibrations with Shuttle & Find. Efficiency of FIB-SEM
imaging is also improved through the ability to precisely
target sub-surface sites via correlation with light or X-ray
data. It also provides the ability to automatically acquire
array tomography data for 3D imaging [1].

This reference list compiles a collection of papers that have
utilized, provided protocols, or reviewed correlative
microscopy approaches. These examples of expanding the
understanding of samples through correlative microscopy
bridge a multitude of techniques including light (brightfield,
widefield fluorescence, confocal, and superresolution),
electron (SEM, FE-SEM, FIB-SEM, TEM), and X-ray microscopy
in both life science and materials applications.

Upper right: courtesy of Jeffrey L. Caplan and Kirk J. Czymmek, Bioimaging Center, Delaware Biotechnology Institute.
Bottom: courtesy of Kathleen L. Prudic, Department of Ecology and Evolutionary Biology, Yale University, Jeffrey L. Caplan and Kirk J. Czymmek, Bioimaging Center,

Delaware Biotechnology Institute.
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Auriga electron
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Nat Cell Biol. 2013 Jun; 15(6): 591-601, tip structure

doi:10.1038/ncb2739
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Karanasios et al; Autophagy initiation by Cell culture HEK CLEM to ZEISS Crossbeam  Atlas5 for Alignment Volocity

ULK complex assembly on ER tubulove- 293 investigate the 540 Merlin3view relocalization using post- Software

sicular regions marked by ATG9 vesicles early stages of Superresolution processing

(2016), Nature Communications 7, 12420; autophagosome microscope software
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Kasthuri, N., et al., Saturated Reconstruc- Brain tissue serial  Automated ZEISS Sigma Matlab VAST

tion of a Volume of Neocortex, Cell 162, sections technoogy for scanning elec-
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doi:10.1016/j.cell.2015.06.054 of sub-volume of  ZEISS Atlas,
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Microscopy in the Laboratory: Analysis of the  Microanal.  (solid oxide fuel FIB-preparation for ~ Nvision

Triple-Phase Boundary in a Solid-Oxide Fuel Cell cell) nano-XRM, FIB-SEM

Electrode Using X-ray Computed Nanoto- tomography

mography and FIB-SEM. Microscopy and
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Chen, Y. et al. Direct-methane solid oxide fuel ~ Nano Ni-YSZ SOFC (solid  Energy Storage ZEISS Xradia Versa,
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microstructure of carbon nanotube multi-yarn. (CNT) yarns acterization of CNT  ZEISS Xradia 520 Versa
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using XRM and FIB-SEM to span length scales  copy and Microscopy between ZEISS Crossbeam 540,

and modalities in 3D materials. (2015). Analysis XRM and FIB-SEM ZEISS Atlas
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Brno, Czech Republic, EU sample holder
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J. Vis. Exp. (112), 53870, doi:10.3791/53870
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Optical Materials, Imaging & Microscopy, Microscopy Find, correlative
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In Situ Cellular and Enzymatic Investigations of Saxicolous Lichens Using
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Jung-Kyun Kim, Yong-Eun Kwon, Sang-Gil Lee, Chang-Yeon Kim, Jin-Gyu Kim, Min Huh,

Eunji Lee, Youn-Joong Kim (2017). Correlative microscopy of the constituents of a dinosaur
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PLoS ONE 12 (10): e0186600.
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Jung-Kyun Kim, Yong-Eun Kwon, Sang-Gil Lee, Ji-Hyun Lee, Jin-Gyu Kim, Min Huh,

Eunji Lee & Youn-Joong Kim (2017). Disparities in correlating microstructural to nanostruc-

tural preservation of dinosaur femoral bones. Scientific Reports.
doi:10.1038/srep45562

Benjamin Wipfler, Hans Pohl, Margarita | Yavorskaya and Rolf G Beutel (2016).

A review of methods for analysing insect structures — the role of morphology in the age

of phylogenomics. ScienceDirect. Current Opinion in Insect Science 2016, 18:60-68.
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Carolina Cardell, Isabel Guerra (2015). An overview of emerging hyphenated SEM-EDX and
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Trends in Analytical Chemistry. ScienceDirect.
doi:10.1016/j.trac.2015.12.001

Stefanie Freitag. ZEISS Scanning Electron Microscopes with Integrated Raman
Spectrometers Investigate Solid State Materials. Technology Note September 2015.
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Correlative RISE microscopy: Raman imaging meets scanning electron probe microscopy.
doi:10.1017/51551929514001175

Brian J. Cardotta, Mark E. Curtis (2017). Identification and nanoporosity of macerals in
coal by scanning electron microscopy. International Journal of Coal Geology.
doi:10.1016/j.coal.2017.07.003
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Kopek, B. G., et al., Diverse protocols for cor- Aldehyde-fixed Correlative super- Fiducials

relative super-resolution fluorescence imaging
and electron microscopy of chemically fixed
samples, 916, VOL.12 NO.5, 2017, nature
protocols, doi:10.1038/nprot.2017.017

Hauser, M., et al., Correlative Super-Resolu-
tion Microscopy: New Dimensions and New
Opportunities, Chem. Rev., 2017, 117 (11),
pp. 7428-7456,
doi:10.1021/acs.chemrev.6b00604

Kirmse, R., and Hummel, E., Correlative
Microscopy Protocols A Reference Guide to
Correlative Sample Preparation, Zeiss White
Paper, June 2013

Stempinski, E., S., et al., Correlative Light and
Electron Microscopy Techniques: Challenges
and Successes, Microsc. Microanal. 21 (Suppl 3),
2015, doi:10.1017/51431927615005164
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resolution fluores-
cence imaging and
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Overview of existing
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Overview of CLEM Laser scanning
methods confocal microscope,
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& Find and ITO  ware packages
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Carl Zeiss Microscopy GmbH

07745 Jena, Germany

microscopy@zeiss.com
Www.zeiss.com/corrmic


http://facebook.com/zeissmicroscopy
http://flickr.com/zeissmicro
http://twitter.com/zeiss_micro
http://youtube.com/zeissmicroscopy
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